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Abstract
Aim: The breakup of the Soviet Union and the associated independence of Tajikistan in 1991
resulted in significant structural changes in the political and socio-economic framework of this
area. Specifically the Eastern Pamirs, a peripheral and ecologically disadvantaged region in
the outermost east of Tajikistan, was heavily dependent on the economical integration and
the structure of subsidies within the USSR. The production of meat, and therefore animal
husbandry, was the region’s principal duty within the framework of the Soviet state-directed
economy, with vital goods and energy sources being imported. The allocation of pastureland
was subject to a management plan with up to four seasonal pasture camps, particularly the use
of remotely located pastures was supported. Today, shortages of financial and transportation
resources, as well as energy supply, could possibly lead to a concentration of livestock numbers
on pastures in the vicinity of the permanent settlements. Furthermore, under the new conditions of market economy, the size of herds are strongly dependent on the prosperity of the
owner, which leads to further spatial concentration of livestock. The majority of the herdsmen
change their pasture camps only twice a year, which results in extended grazing periods on
particular pastures. All in all, this leads to an overexploitation of forage resources, at least
in locally limited areas. Therefore, the question posed here is whether or not a sustainable
carrying capacity of the pasture areas is ensured.
The overall aim of this thesis is to provide an overview of the pasture potential of the Eastern
Pamirs of Tajikistan using the example of two subdistricts, Alichur and Kona Kurghan. This
comprises several subsidiary studies on topics which are used to determine pasture potential.
Firstly, information about vegetation and its distribution needed to be gathered, therefore an
investigation of the determining environmental factors was necessary. Next, the availabilty of
phytomass was explored, and finally the forage quality was considered, including information
about important pasture types and/or plants as well as their nutritive value for the pasturing
animals.
Methods: Based on phytosociological recordings and hierachical cluster analysis, different
vegetation classes were identified. Subsequently, the interrelation between vegetation distribution and environmental, as well as spectral variables, based on remote sensing data, were
analysed using NMDS-ordination in combination with variable fitting. Variables that highly
correlated with the ordination space were used as predictor variables in a random forest model,
in order to model the distribution and extent of the different vegetation classes. Furthermore,
phytomass amount was assessed by a point-intercept method that was calibrated by clipping
and weighing phytomass on test plots. Finally, forage quality was assessed based on five
strategies: examination of available literature; interviews with herders, animal observations,
sample collection and nutritive value evaluation according to the Weender-van Soest-analysis,
calculation of digestible nutrients and metabolisable energy.
Results: In total, seven different vegetation classes could be defined. “Spring turfs” and
“alpine mats” predominantly consist of sedges that show high vegetation coverage and an
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absence of dwarf shrubs and hard cushions. On the contrary, “scree vegetation” indicates the
lowest cover values. The four remaining classes can be summarised as dwarf shrub dominated
vegetation, with Krascheninnikovia ceratoides (teresken) being the prevailing species. The
groups differ according to total coverage and the occurrence of hard cushions, and were named
“deserts”, “dwarf shrub deserts” and “dwarf shrub cushion steppes”. The latter class was further subdivided into two types (wormwood and teresken) on the basis of the occurence of
Artemisia leucotricha. Furthermore, eleven variables that showed the highest fit with the ordination space were selected as predictor variables to model vegetation distribution. These are:
altitude, slope, vertical distance to isobaths, UTM easting, UTM northing, Normalised Difference Vegetation Index (NDVI), NDVI texture, Soil Adjusted Vegetation Index (SAVI), SAVI
texture, RapidEye Band 5 and RapidEye Band 1 texture. A random forest model was used to
model the distribution of the seven introduced vegetation classes as well as the classes “water”
and “snow and ice”. The total model accuracy, based on out-of-the-bag validation, accounts for
77.4 %. The assessment of phytomass amounts indicated lowest values for “deserts”. “Dwarf
shrub cushion steppes (wormwood-type)” show the highest phytomass production, however,
the major part is linked to Acantholimon diapensioides cushions with a low nutritive value.
Highest nutritive values of more than 10 MJ/kg dry matter were analysed for Stipa caucasica
subsp. glareosa, Dracocephalum paulsenii, most sedge-dominated spring turfs, Festuca spec.,
Hordeum brevisubulatum subsp. turkestanicum, Carex stenophylla, Dracocephalum heterophyllum and Oxytropis microphylla. However, Krascheninnikovia ceratoides was identified
to be the most important pasture plant, particularly in winter. The most valuable summer
fodder plants are the local Stipa species followed by Dracocephalum paulsenii. Furthermore,
Carex-Kobresia- spring turfs and plants of the genera Oxytropis and Astragalus, as well as
Smelowskia calycina, are important as forage.
Synthesis: Based on the results form this work, in combination with livestock numbers and
the distribution of the pasture camps (both provided by Tobias Kraudzun in another work in
this project) it can be concluded that the pasture potential of the entire region is sufficient to
feed the actual number of pasture animals. However, taking into account limited day ranges of
the animals reveals that the carrying capacity of the entire utilised pastureland is at its limits
or is already overused. This is particularly true for winter pastures and pastures in the vicinity
of permanent settlements, but also, to a lesser extent, for remotely located summer pastures.
On the contrary, extensive areas throughout the entire study area, but in particular in remote
valleys in the north-west, can be hardly used with the present distribution of the camps.
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Zusammenfassung
Fragestellung: Der Zusammenbruch der Sowjetunion und die Unabhängigkeit Tadschikistans
führten zu gravierenden Veränderungen der politischen und sozio-ökonomischen Rahmenbedingungen. Davon in besonderem Maße betroffen ist der Ostpamir, der als peripher gelegener
und klimatisch benachteiligter Raum in hohem Maße von den wirtschaftlichen Verflechtungen
und Versorgungsstrukturen in der UdSSR abhängig war. Im Rahmen der sowjetischen Planwirtschaft galt die Fleischproduktion und damit Viehwirtschaft als die zentrale Aufgabe der
Region, Konsumgüter und Energieträger wurden importiert. Die Verteilung der Weideflächen
unterlag einem Managementplan mit bis zu vier saisonalen Weidestandorten, die Nutzung zentrumsferner Weiden wurde gefördert. Heute führen Engpässe an Finanz- und Transportmitteln
sowie der Energieversorgung möglicherweise zu einer Konzentration der Viehzahlen auf zentrumsnahe Weiden. Außerdem sind unter den neuen marktwirtschaftlichen Bedingungen die
Herdengrößen stark vom Wohlstand des Eigentümers abhängig, was zu weiterer Konzentration
der Viehbestände führt. Darüber hinaus leisten sich die meisten Viehbesitzer nur noch zwei
Herdenumzüge pro Jahr, was eine verlängerte Nutzung bestimmter Weideflächen zur Folge hat.
Insgesamt führt dies zu einer zumindest lokal begrenzten Übernutzung der Futterressourcen.
Es stellt sich daher die Frage ob die nachhaltige Tragfähigkeit der Weidegebiete gewährleistet
ist.
Das Ziel der vorliegenden Arbeit ist die Abschätzung des Weidepotenzials im Ostpamir anhand
von Untersuchungen auf dem Weidegebiet der Beispielgemeinden Alichur und Kona Kurgan.
Dies führt mehrere untergeordnete Studien mit sich, da das Weidepotenzial verschiedensten
Einflussgrößen unterliegt. Zunächst wurden Daten zur Zusammensetzung und Verbreitung der
Vegetation erfasst. Einhergehend wurden die zugrunde liegenden Umweltfaktoren untersucht.
Darüber hinaus mussten Daten zur Verfügbarkeit von Phytomasse erhoben werden. Schließlich
wurde die Futterqualität der vorhandenen Vegetation analysiert. Dies beinhaltet die Identifikation wichtiger Weidetypen und Futterpflanzen sowie deren Futterwert für die jeweiligen
Weidetiere.
Methoden: Zunächst wurden auf der Basis pflanzensoziologischer Aufnahmen und hierarchischer Clusteranalyse unterschiedliche Vegetationseinheiten identifiziert. In einem zweiten
Schritt wurden Beziehungen zwischen der Vegetationsverteilung und Umweltparametern sowie
spektralen Fernerkundungsdaten anhand von NMDS-Ordinationen untersucht. Hochkorrelierte
Variablen dienten anschließend als erklärende Variablen in einem random forest Modell mit dem
die Verteilung und Ausdehnung der einzelnen Vegetationseinheiten modelliert wurde. Außerdem wurde die verfügbare Menge an Phytomasse mit Hilfe einer point-intercept Methode
erhoben. Diese wurde vorher auf der Basis von Ernteergebnissen auf Testflächen kalibriert.
Schließlich wurden Daten zur Futterqualität auf der Grundlage folgender Methoden erhoben:
Auswertung vorhandener Literaturdaten; Interviews mit Viehhirten; Weidetierbeobachtungen;
Futterprobenentnahme und Futterwertanalyse nach der Weender-van Soest-Methode; Berechnung der verdaulichen Nährstoffe und der umsetzbaren Energie.
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Ergebnisse: Insgesamt wurden sieben unterschiedliche Vegetationseinheiten identifiziert.
“Quellrasen” und “Alpine Matten” werden von Cyperaceen dominiert und zeigen die höchste Vegetationsbedeckung. Zwergsträucher und Hartpolster sind hier nicht zu finden. Die
niedrigsten Deckungswerte wurden für die “Felsvegetation” ermittelt. Die vier übrigen Klassen
können zusammenfassend als Zwergstrauchvegetation bezeichnet werden. Krascheninnikovia
ceratoides (Teresken) ist hier die vorherrschende Art. Die einzelnen Klassen unterscheiden
sich vor allem in Bezug auf die Gesamtdeckung und das Vorkommen von Hartpolstern. Im
Einzelnen wurden sie mit “Wüsten”, “Zwergstrauchwüsten” und “Zwergstrauchpolstersteppen” bezeichnet. Letztere wurden anhand des Vorkommens von Artemisia leucotricha in
zwei Typen unterteilt: Wermut und Teresken.
Anschließend wurden die 11 Variablen mit der höchsten Korrelation zum Ordinationsraum als
erklärende Variablen für das Vegetationsmodell ausgewählt. Dies sind: Höhenlage, Hangneigung, Höhe über Tiefenlinien, UTM easting, UTM northing, Normalised Difference Vegetation Index (NDVI), NDVI Textur, Soil Adjusted Vegetation Index (SAVI), SAVI Textur,
RapidEye Band 5 und RapidEye Band 1 Textur. Um die Verteilung der sieben Vegetationsklassen sowie der weiteren Klassen “Wasser” und “Schnee und Eis” zu modellieren wurde
ein random forest Modell verwendet. Die Gesamtgenauigkeit des Modells, basierend auf outof-the-bag Validierung, kann mit 77.4 % angegeben werden. Die niedrigsten Phytomassewerte wurden für die Klasse “Wüsten” ermittelt. “Zwergstrauchpolstersteppen (Typ Wermut)” besitzen die höchsten Werte, allerdings hängen diese vor allem mit dem Vorkommen
schwerverdaulicher Acantholimon diapensioides Polster zusammen. Die höchsten Futterwerte mit mehr als 10 MJ/kg Trockenmasse wurden für Stipa caucasica subsp. glareosa,
Dracocephalum paulsenii, die meisten Quellrasen, Festuca spec., Hordeum brevisubulatum
subsp. turkestanicum, Carex stenophylla, Dracocephalum heterophyllum und Oxytropis
microphylla gemessen. Als wichtigste Futterpflanze, vor allem im Winter, wurde allerdings Krascheninnikovia ceratoides identifiziert. Die wichtigsten Sommerfutterpflanzen sind
die lokalen Stipa-Arten und Dracocephalum paulsenii. Außerdem haben Carex-KobresiaQuellrasen und Pflanzen der Gattungen Oxytropis und Astragalus sowie Smelowskia calycina
eine große Bedeutung als Weidefutter.
Synthese: Auf der Grundlage der ermittelten Ergebnisse, in Kombination mit Viehzahlen und
der Verteilung der Weidestandorte (beides wurde von Tobias Kraudzun zur Verfügung gestellt
und ist das Thema einer anderen Arbeit im gleichen Projekt), kann geschlossen werden, dass
das Weidepotenzial des gesamten Untersuchungsgebiets ausreichend ist, um den derzeitigen
Viehbestand zu versorgen. Unter Einbeziehung eingeschränkter Nutzungsradien um die Weidestandorte konnte allerdings aufgezeigt werden, dass die Tragfähigkeit des aktuell genutzten
Weidelandes an ihre Grenzen stößt oder diese bereits überschritten hat. Dies gilt im Besonderen
für Winterweiden und Weiden in der Nähe der festen Siedlungen, in einem geringeren Ausmaß
aber auch für entfernt liegende Sommerweiden. Im Gegensatz gibt es ausgedehnte Flächen
von denen bei der derzeitigen Verteilung der Weidestandorte davon ausgegangen werden kann,
dass sie kaum genutzt werden. Diese verteilen sich über das gesamte Untersuchungsgebiet,
jedoch mit einem Schwerpunkt in abgelegenen Tälern im Nordwesten.
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Резюме
Постановка вопроса: Распад Советского Союза и независимость Таджикистана привели к глубоким изменениям политических и социально-экономических условии. От этого
особенно затронут восточный Памир, который как периферический и по вопросу климатических условии ущемленный регион во время СССР зависел в высшей степени от
экономической интеграции и снабжения. В рамках советского планового хозяйства мясное производство и вместе с тем животноводство считались центральными заданиями региона. Потребительские товары и носители энергии импортировались. По плану
управления пастбищ пастбище распределялись по сезонному пользованию до четырёх
разных видов. Пользование отдалённых от центра отгонных пастбищ поддерживалось.
Сегодня недостатки финансовых и транспортных средств, а также энергоснабжения вероятно ведут к концентрации выпаса скота на присёлных пастбищах. Кроме того при
новых рыночных условиях объём стад сильно зависит от благосостояния собственника,
что дополнительно приводит к концентрации животных на определённых территориях.
Сверх того, большинство владельцев скота позволяют себе только лишь две перекочёвки в год, что влечёт за собой продленное использование определённых пастбищ. Это в
целом ведёт по меньшей мере к локально ограниченной чрезмерной эксплуатации кормовых ресурсов. Возникает поэтому вопрос, гарантирована ли устойчивость потенциальнoй
ёмкости пастбищ. Целью данной работы является оценка потенциала пастбищ восточного Памира с помощю исследования пастбищных областей примерных общин Аличур
и Кона Курган. В связи с этим ведутся некоторые подчиненные исследования, так как
пастбищный потенциал зависит от различных влиянии. Сначала были собраны данные
растительного состава и распространения растительности. Вместе с тем были исследованы ответственныe факторы окружающей среды. Сверх того, нужно было генерировать
данные o доступности фитомассы. Наконец, анализировалось кормовое качество существующей растительности. Итогами этого анализа представляются определение важных
типов пастбищ и кормовых растений, а также их кормовое значение для сельскохозяйственныx животных.
Методы: Сначала идентифицировались на основе Фитоценологических инвентари- зационных описей и иерархического кластерного анализа разные подразделения растительности. Во втором шаге были осмотрены отношения между распределением растительности и экологическими параметрами, а также и со спектральными данными дистанционного зондирования с помощю ординации неметрического многомерного шкалирования.
Затем высоко-коррелирующие переменные служили объяснительными переменными в
моделе random forest (англ. случайный лес). С этой моделю моделировались распределение и распространение отдельных подразделении растительности. Кроме того, имеющаяся в распоряжении фитомасса изчеслялась пойнт-интерцепт-методом. Прежде этого
она калибровалась на основе урожаев пробовых площадок. Наконец, данные кормового качества генерировались помощю следующих методов: анализ литературных данных;
интервью с пастухами; наблюдения сельскохозяйственного скота; отбор кормовых проб
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и анализ кормовой ценности методом Веендер-фан Соест; расчет удобоваримых питательных веществ и реализуемой энергии.
Результаты: В целом идентифицировались семь разных подразделении растительности. “Пойменные луга” и “Альпийские луга” господствуются семейство осоковые и показывают наивысшее покрытие растительности. Здесь карликовые кусты и жесткие обивки
не находятся. Самое низкое покрытие растительности показывает “скалистая растительность”. Четыре остальных класса можно общим смыслом обозначать как карликовокустарная растительность. Крашенинниковия роговидная (терескен) – это здесь преобладающий вид. Отдельные классы растительности отличаются, прежде всего, относительно общим покрытием и существованием жестких обивок. В отдельном их называли “пустыни”, “карликово-кустарные пустыни” и “карликово-обивко-кустарные степи”.
Последние подразделялись посредством наличия Полынь беловолосистая на два типа:
Вермут и Терескен. Затем одинацать переменных с наивысшей корреляцией к ординационному пространству были выбраны как объяснительные переменные для модели
растительности.
Это: Высота и склонность местоположение, высота над изобата глубины, градус долготы по универсальной поперечной проекции Меркатора (UTM), градус широты по универсальной поперечной проекции Меркатора (UTM), нормализованный разностный вегетационный индекс (НРВИ), текстура НРВИ, почвенный вегетационный индекс (ПВИ),
текстура ПВИ, текстура по каналу 5 спутника Рапид Ай и по каналу 1 спутника Рапид Ай.
Чтобы моделировать распределение всех, то есть семи классов растительности, а также
следующих классов „вода“ и „снег и лед“ использовалась модель random forest (англ.
случайный лес). Общая точность модели, базированная на проверке достоверности по
методу out-of-the-bag (аут-оф-се-бег), достигает 77,4 %. Самые низкие результаты фитомассы показывает класс „пустыни“. „Карлико-кустарные степи (тип Полынь)“ имеют
наивысшые результаты фитомассы. Но это прежде всего связано с обилием неудобоваримых растении Акантолимон диапенсиевидный.. Наивысшые кормовые ценности с
больше чем 10 MJ/кг сухого вещества установились у Ковыль галечный, Змееголовник
паульсена, наибольшие виды пойменные луга, Овсяница, Ячмень туркестанский, Осока
узколистновидная, Змееголовни разнолистный и Остролодочник мелколистный. Однако
самым важным кормовым растением, прежде всего зимой, идентифицировалась Крашенинниковия роговидная. Самые важные летние кормовые растения – это локальные
виды Stipa и Змееголовник паульсена. Кроме того имеют луга Осока-Кобрезия и растения видов Остролодочник и Астрагал, а также Смеловския чашечная большое значение
как подножный корм.
Синтез: На основании установленных результатов, в комбинации с величиной стад и
пространственным распределением пастбищ (и то и другое предоставлялось в распоряжение Тобиасом Краудцуном и является темой другой работы в этом же самом проекте),
можно делать вывод, что пастбищный потенциал всей области исследования хватает,
чтобы снабжать нынешнее поголовье скота. Однако, при включении ограниченных радиусов пастбищепользования показалось, что потенциальная ёмкость пастбищ использованных в настоящее время дошла до границ или уже превзошла их. Это считается
прежде всего для зимных и присёлных пастбищ, но и на более низком уровне и для отгонных летных пастбищ. В противоположности имеются территории, о которых исходя
из нынешнего распределения изпользованных пастбищ можно пологать, что они едва ли
используются. Они распределены по всей областью исследования, однако в основном на
северо-западе.
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Preface
After the dissolution of the Soviet Union, life in one of its remotest corners, the Eastern
Pamirs, changed dramatically. The modified socio-economy and the associated impacts on
ecology led to the idea of an interdisciplinary research project in this high mountain region.
The initiators of this idea were Prof. Hermann Kreutzmann (Berlin) and Prof. Cyrus Samimi
(Vienna). Prof. Kreutzmann has already had a great deal of experience in socio-economic
research work on transformation processes in High Asia. Prof. Samimi, whose exploratory
research focuses on pasture ecology, added the ecological component to this idea which can
be regarded as the basis for this thesis. In 2006 they filed an application to the Volkswagen
Foundation, proposing a project entitled “Transformation Processes in the Eastern Pamirs of
Tajikistan. Changing Land Use Practices, Possible Ecological Degradation and Sustainable
Development”. From early 2007 to summer 2010, two PhD-students were funded within this
project. Tobias Kraudzun (Berlin) was working on a socio-geographical question about pasture
management and livelihoods. The second study, which is presented here, focuses on pasture
ecology and potential.
I would like to thank Prof. Cyrus Samimi for planting the idea for this work, for continuing
support throughout the project and for the first review of this thesis. I owe my deepest
gratitude to Prof. Michael Richter, who was the first to encourage me to focus my attention
on ecological subjects and who prepared the second review of this thesis. The entire project
would not have been possible without the financial support of the Volkswagen Foundation
and the kind supervision of Dr. Matthias Nöllenburg. Thank you very much! I would also
like to express my thankfulness to Dr. W. Bernhard Dickoré for the identification of unknown
plant species. Without his help and knowledge, a detailed classification of the Eastern Pamirs’
vegetation would have been impossible. For graciously undertaking the task of correcting
the English of this thesis, I would like to thank Daisy Taylor. I am also grateful to Andrei
Dörre who kindly translated the abstract into Russian and Natalie Schulz who translated
Russian literature into German. Tobias Kraudzun deserves thanks for all kinds of technical
and intercultural support. Without his companionship the accomplishment of this project
would have been considerably harder. Furthermore, for the companionship in the field I would
like to thank Carolin Bimüller, Desiree Dotter, Fanny Kreczi and Stefan Schuster. In Tajikistan,
I would like to thank all the people of the Pamirs that hosted me in their yurts or houses or
supported this thesis with information, administrative help or technical assistance. Ibrahim
Gambarov hosted us for many months and took care of our equipment during our absence.
The NGO ACTED in Murghab and in particular Akim Boronbaev gave a great deal of logistical
support. Mamatumarov Raïmberdi Abilazovich has to be thanked for providing an insight into
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Chapter 1
Introduction
The breakup of the Soviet Union and the associated independence of Tajikistan in 1991 resulted
in significant structural changes in the political and socio-economic framework. Specifically
the Eastern Pamirs, a peripheral and ecologically disadvantaged region in the outermost east
of Tajikistan, was affected in a multifarious manner. Most significantly the end of the Soviet
alimentary system that supported the region with vital goods from outside, including fuel and
additive forage, struck the population most severely (Breu et al., 2005).
The only feasible land use option in this harsh environment is extensive livestock herding.
In this instance the main task of the installed kolkhozes, and later sovkhozes during the
Soviet period, was the production of meat. The allocation of pastureland was subject to a
management plan with up to four seasonal pasture camps which, in some cases were located
far from the permanent settlements. For example, in the case of the subdistrict Kona Kurghan
which will be highlighted in this work, several summer pastures are situated in the Chong Pamir
(Great Pamir) near the Afghan border, more than 100 km away from the central village. Such
long distances had not posed a big problem in the past, as moving to the certain pastures was
supported by transport resources (e.g. fuel availability, trucks). After the dissolution of the
Soviet Union the pasture management system radically changed. Very long distances can be
bridged only by a small number of prosperous herdsmen. A consequence of this change might
be an overexploitation of easy-to-reach pastures in areas surrounding permanent settlements,
while vast but remote areas lie fallow. Furthermore, under the new conditions of market
economy, the size of herds are strongly dependent on the prosperity of the owner, which
leads to further spatial concentration of livestock. The majority of the herdsmen change
their pasture camps only twice a year, which results in extended grazing periods on particular
pastures. Considering these preconditions, an assessment and map of the pasture potential of
the region could help to establish a reasonable pasture management. Preparing a tool of that
kind is the subject of this work.

1.1 Aims and hypotheses
The overall aim of this thesis is to provide an overview of the pasture potential of the Eastern
Pamirs of Tajikistan using the example of the two subdistricts Alichur and Kona Kurghan.
This comprises several subsidiary studies on topics which determine pasture potential. Firstly,
information about vegetation and its distribution has to be gathered therefore an investigation
of the determining environmental factors is necessary. Next, the availabilty of phytomass needs
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to be explored and finally the forage quality must be considered including information about
important pasture types and/or plants as well as their nutritive value for the pasturing animals.
Considering these prerequisites, the following research questions will be pursued:
1. Which are the prevailing vegetation units in the Eastern Pamirs?
2. How are these units differentiated from each other?
3. Which are the predominant factors leading to the present vegetation patterns?
4. Which are the spatial extensions of the different vegetation types?
5. What is the quantity of available phytomass of the different vegetation types?
6. What is the forage quality of the different pasture types?
Additionally, three topical as well as one methodological hypotheses will be posed:
1. The pasture potential of the area of Kona Kurghan and Alichur commune is overall
adequate for the actual number of livestock;
2. The pasture potential reaches its limits on pastures close to the permanent settlements;
3. The pasture potential is not yet utilized on the peripheral pastures;
4. The combination of terrain and spectral attributes leads to an improvement of vegetation classification in contrast to classical remote sensing approaches such as supervised
maximum likelihood classification, for example.

1.2 Structure of the study
After defining the aims of the study, a short introduction to the study area will be presented,
followed by information about the state-of-the-art on vegetation and pasture studies as well
as remote sensing studies in the Eastern Pamirs. Then, the last part of this chapter turns
attention to the sampling design. As this plays an important role in each of the individual
parts of this study it has to be considered before going into detail. Chapter two highlights
the general ecological prerequisites of the Eastern Pamirs’ vegetation, which forms the basis
of the subsequent parts. Chapter three uses the findings documented in the second chapter
to model the itemised vegetation units over the entire study area. In the fourth chapter the
phytomass availabilty in the different vegetation units is examined, while chapter five focuses
on the forage quality. Finally, chapter six concludes and summarises the results from previous
chapters.
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1.3 Study area
The Pamir Mountains, a high mountain area in Central Asia, are located between 37◦ and 39◦ N
and 72◦ and 75◦ E. The majority of these mountains are situated in Tajikistan, especially in the
Gorno-Badakhshan Autonomous Oblast (GBAO) while smaller parts of the Pamirs belong to
Afghanistan, China and Kyrgystan (see fig. 1.1). The mountains are named after the so-called
pamers, flat and wide high valleys with typical mountain meadows in altitudes around 3500 to
4000 masl, however, the highest peaks reach more than 7000 m (e.g. Peak Somoni, formerly
known as Peak Kommunisma, with a height of 7495 m). The Pamir Mountains can be divided
at 72◦ 45’ E into two regions of completely different nature: the western part (the Western
Pamirs) is characterised by narrow and deeply incised valleys as well as high peaks, which
results in a very high relief energy, while the eastern part (the Eastern Pamirs) represents
a high plateau. Wide valleys between 3500 m and 4000 m filled with alluvial sediments are
separated by relatively low ranges with peaks mostly around 5000 m to 5500 m. In contrast
to the Western Pamirs, this area is distinguished by relatively low relief energy and distinctive
aridity. The latter is a result of very high mountain ranges which frame the plateau. Westerlies,
which represent the prevailing winds, are substantially intercepted by the Western Pamirs.
Possible influence from the Indian Monsoon is cut off by the Hindukush, the Wakhan Range
and the Karakorum. Furthermore, the Pamirs are surrounded by the Tien-Shan and the Alai
in the north, as well as extensions of the Kunlun-Shan in the east. Due to this situation they
are often considered to be a mountain knot (Agakhanjanz, 1979; Breu and Hurni, 2003; Hurni
et al., 2004; Kreutzmann, 2002, 2003; Succow, 1989; Walter and Breckle, 1986).

1.3.1 Climate
In general, the Eastern Pamirs can be described as a high mountain desert (Breu and Hurni,
2003; Walter and Breckle, 1986), however, it is relatively difficult to gather representative
and reliable information on climate for this region. This is due to the position of the existing
climate stations exclusively at the bottom of wide valleys and also because of non-functioning
of the stations and inaccessibility of the data since the Tajik independence. The stations were
installed during the Soviet period. Nowadays, the budget for maintainance and operation is
very low, a circumstance which might falsify the data. Furthermore, it is very difficult to get
access to long-term time series. The collected data is recorded in a book as well as broadcast
daily to the Meteorology Department in Dushanbe. Whenever books are filled they are sent to
Dushanbe but (digital) processing of the data is lacking and requests to the institute responsible
for handling this data were met with difficulties. Either there was no willingness to share this
data, or prices for the acquisition of the data were incredibly expensive. Moreover, the bulk of
pasture land is located outside the wide pamer valleys at higher altitudes. Walter and Breckle
(1986, p. 331) estimate precipitation in the alpine belt to be twice compared to lower altitudes
therefore the climate data measured at the Pamirian climate stations cannot represent the high
mountain summer pastures, which are often located above 4000 m. Nonetheless, given these
limitations, the best possible description of the climate shall be discussed. Miehe et al. (2001)
specify the average precipitation at the station Murghab (3640 m) with 72 mm/a and the
annual average temperature is quoted at -1 ◦ C (see fig. 1.2). On the contrary, Walter and
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Figure 1.1: Overview on the study area
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Breckle (1986, p. 329) published data from the same station from 1941 to 1951 and found
the annual average of this period was 103 mm/a, with the maximum being 145 mm/a and the
minimum being 40 mm/a. At the same time they reproduce data according to Sveshnikova
(1962), from the climate station of the Pamir Biology Station at Chechekty (3864 m) from
1939 to 1955. Here, the annual average amounted to 70.5 mm/a (maximum 131.7 mm/a,
minimum 29.3 mm/a). Walter and Breckle (1999, p. 427) recorded the average as 66 mm/a
for this station. However, all the sources agree that the main part of the precipitation occurs
in summer (May till August) as sleet or snow, rarely as rain. In winter the monthly average
reaches only 2 to 3 mm and a closed snow cover in general is absent (Breu and Hurni, 2003;
Walter and Breckle, 1986, 1999).
According to Walter and Breckle (1986, p. 330) the annual average temperature fluctuates
between -1 ◦ C and -2.8 ◦ C. The January average is at -20 ◦ C or less. The absolute minimum
can even reach -40 ◦ C to -45 ◦ C. In July the average temperature rises between 8 ◦ C and 12 ◦ C,
however, only 10 to 30 nights per year are frost-free (down to 10 to 13 nights according to
Walter and Breckle (1999, p. 427)). Furthermore, 130 days are cloudless, which leads to
an annual sunshine duration of more than 3000 hours. Hence, the insolation is very high,
with approximately 90 % of the solar constant (Walter and Breckle, 1986, p. 330; Walter and
Breckle, 1999, S. 427). For these reasons the potential evaporation in the region is extremely
high. Exact measurements are unavailable but Walter and Breckle (1986, p. 330) estimate it
to be about 1000 mm/a. The relative humidity is 50 % to 70 % in winter and approximately
20 % in summer.
Ancillary to the data already published, the author visited the climate stations of Murghab,
Kara Kul, Shymak and Bulunkul during the field stays and photocopied as much data as
possible and contact with the Tajik Meteorology Service is still being pursued. The analysis
of climate data is the subject of work in another project by Schuster (in preparation) which
will also evaluate data of the Tropical Rainfall Measuring Mission (TRMM, see section 2.1)
as well as NCEP/NCAR reanalysis data.

Precipitation
Subsidiary data on precipitation can be derived from the Tropical Rainfall Measuring Mission
(TRMM, see section 2.1). Figure 1.3 displays the strong precipitation gradient from west to
east. On the western declivity of the Pamirs, the west winds bring more than 500 mm/a, while
the eastern parts around Murghab town lie in the rain shadow of the high ranges and receive
less than 100 mm/a. A similar effect can be observed in the south of the map. Here, areas
south of the Wakhan Range receive significantly higher amounts of precipitation (dark blue
colours) than the region beyond the range, originating from the Indian Monsoon.

Soil temperature
An essential condition for vegetation growth are temperatures above 0 ◦ C. Figure 1.4 shows
thermoisopleths of the soil temperature 15 cm below ground (main root zone) for three different
locations within the study area for summer 2007 to summer 2008. The temperatures from
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Figure 1.2: Climate diagram of Murghab, based on data provided
by Miehe et al. (2001)

Madian valley (left) represent a wide valley in the lowermost area of the Eastern Pamirs
(3545 masl), while the locations Tamdy and Pshart valley stand for highly elevated summer
pastures (4189 m and 4220 m, respectively). The former is situated in a north-exposed valley
in the outmost south-west of the study area. In contrast, the latter is located in a northexposed valley in the north. The vertical orientation of the isopleths indicates the extreme
continental climate, with large annual and small daily temperature differences. The absolute
minima measured are -19.2 ◦ C for Tamdy, -16.8 ◦ C for Pshart and -10.5 ◦ C for Madian valley.
The absolute maxima are 31.4 ◦ C, 14.1 ◦ C and 42.7 ◦ C, respectively. Taking into account a
minimum temperature of 0 ◦ C, the duration of the vegetation period decreases from the low
situated winter pastures (e.g. Madian valley, 7 months, from mid-March till mid-October)
to the highly elevated summer pastures, and from the south (e.g. Tamdy valley, 6 months,
from beginning-April till end-September) to the north (e.g. Pshart valley, 5.5 months, from
mid-April till end-September) of the study area. However, this small sample size represented
here can only be an initial indication of to the growth conditions for vegetation in the Eastern
Pamirs. In such a mountainous area micro-climatic differences caused by relief play a very
important role therefore a larger number of samples would be essential. Furthermore, humidity
and precipitation have strong influence on vegetation, information on which can be found in
a study by Schuster (in preparation).
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Figure 1.3: Estimated annual precipitation for GBAO based on TRMM data (1998-2009)

1.3.2 Geology
The Pamir Mountains are characterised by a very complex geology. Depending on the reference
it can be subdivided into four or five geological units. Named after the dominant rocks, Gundlach (1934) uses four zones: Northern Sediment Zone, Northern Crystalline Zone, Southern
Sediment Zone and Southern Crystalline Zone. On the contrary, Khain (1994) preferred the
arrangement into five units. The Northern Pamir is dominated by precambrian and paleozoic
metamorphic rocks, basalt series and marine sediments. In the Central Pamir, terrigene and
volcanic clastic sedimentary rocks prevail. The Central Pamir is separated from the south by a
narrow but very complex unit, the so-called Rushan-Pshart-Zone. This zone can be described
as the continental slope of an oceanic rift basin, which separated the continental blocks of
the Central and South Pamir in the late Paleozoic era. In the north, it consists of terrestrial
Paleozoic sediments, then a transition zone with marine Mesozoic sediments in the center
follows. The south is characterised by ophiolitic series. Finally, Khain (1994) denominates the
South-West Pamir and the South-East Pamir. The former consists of precambrian metamorphic rocks with different kinds of gneiss and jurassic-miocenic granite complexes. The latter
comprises of terrestrial series from the Carboniferous and Permian era, followed by Triassic
and Jurassic formations as well as red continental clastic rocks with volcanic rocks in the
south (Breu and Hurni, 2003; Agakhanjanz and Breckle, 2004; Franz, 1973). Irrespective of
the tectonic zones, the youngest intrusive rocks in the Eastern Pamirs are formed by syenites
and gabbros originating from the Miocene (15 to 21 million years before our time) (Khain,
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Figure 1.4: Soil thermoisopleths of Madian, Tamdy and Pshart Valley (Bimüller, 2009)

1994). The study area has parts of the Southern Sediment Zone and Southern Crystalline Zone
(according to Gundlach (1934)) or South-East Pamir and Rushan-Pshart-Zone (according to
Khain (1994)), respectively. A generalised map, based on Gundlach (1934), Khain (1994) and
Nedzvedsky (1968, p. 18-19) and modified by Bimüller (2009) and Dotter (2009) is presented
in figure 1.5.

1.3.3 Soils
Walter and Breckle (1986, p. 331) describe the majority of the soils of the Eastern Pamirs
as grey-brown, skeleton-rich soils, which are very poor in humus and akin to the Serozems of
the deserts. They are commonly characterised by the accumulation of sodium and magnesium
carbonate. A detailed study was presented by Bimüller (2009) who investigated the traits of
soils under different pasture intensities. Altogether, six different soil types were accounted for,
based on the following analytical classification:
• Arenosols
• Leptosols
• Regosols
• Chernozems

30

1.3 Study area

Figure 1.5: Geology of the Pamir Mountains based on Gundlach (1934), Khain (1994)
and Nedzvedsky (1968, p. 18-19). Modified by Bimüller (2009) and Dotter (2009)

• Kastanozems
• Cambisols
Arensols are sandy soils that almost entirely lack a differentiation into horizons. In the study
area they predominantly occur on silicate-rich substrate in the region around Bash Gumbez
and Alichur. The dominant vegetation are dwarf shrub cushion steppes with Artemisia leucotricha and Acantholimon diapensioides. Leptosols are shallow and skeleton-rich azonal
soils that particularly emerge on steep slopes. A typical development that can be detected on
the Leptosols in the Eastern Pamirs are yermic horizons with stone pavement. The typical
vegetation belongs to the classes scree and desert vegetation. Regosols are soils that are characterised by initial pedogenesis on loose rock. Chernozems show a dark mollic horizon as well
as a high alkali status. In the research area they are limited to areas around permanent water
streams where riparian vegetation, like spring turfs, could develop. In contrast to Chernozems,
Kastanozems are shallower and they are not distributed to isobaths, but to wet slopes where
alpine mats are present. Finally, Cambisols are soils that are characterised by the process of
brunification. For further information readers are referred to Bimüller (2009).
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1.3.4 Historical Background
The extremely peripheral Pamir region came to the forefront of international consciousness
when the British and Russian Empire faced each other in the “Great Game” in the second half
of the 19th century. Frontiers, in the present sense of the word, did not exist in the Pamirs at
that time, however, in 1891 the Russian tsarist army set up the military base “Shah Jan” in
the Eastern Pamirs, which was renamed as “Pamirski Post” in 1893. This garrison represents
the first nucleus of a permanent settlement in the Eastern Pamirs and grew in the aftermath
to the district’s principal town, Murghab. In 1895, a joint commision of the two countries
drew the border between the areas of influence along the Amu Darya river system (including
Panj and Oxus). In doing so, traditional dominions were ignored, as were land use systems
and interrelations between peoples, for example, the traditional seasonal routes of the mobile
animal husbandry of the Kyrgyz herdsmen were cut. At that time the Pamir region belonged
to the “General Governorate Turkestan” which was founded in 1867. Following a strategy
of ethnonymic unification, Turkestan was first transformed into the “Turkestan Autonomous
Soviet Socialist Republic” in 1918 then in 1924 it was split into six separate areas which were
intended to be composed of a more or less homogeneous national population. Among several
Turk-speaking republics (Usbekistan, Turkmenistan, Kyrgyzstan), one special republic for the
Iranian-speaking population was instituted: Tajikistan. Firstly, the new country received the
status of an Autonomous Soviet Socialist Republic (ASSR) inside the Soviet Socialist Republic
(SSR) Usbekistan. In 1929, Tajikistan became discrete a SSR.
Tajikistan is certainly dominated by an Iranian-speaking population, however, big internal
differences do exist. While the predominant language Tajik is western Iranian, the Pamirian
population speaks eastern Iranian languages. Moreover, the majority of the Pamiris avow themselves to the Ismailic Islam, while the Tajiks are predominantly Sunnites. Such ethnological
differences, coupled with differences in the development, are the main reason why the Pamirs
received a special territorial status and the Autonomous Province of Gorno-Badakhshan was
installed. This originally happened in 1923 when the Pamir region was a part of the Turkestan
ASSR although the present “Gorno-Badakhshan Autonomous Oblast” (GBAO) was founded
with the establishment of the Tajik ASSR in 1924. After some restructures, the province
reached its final configuration in 1932. In the following years, the extremely peripheral region
was gradually integrated into the Soviet state-run economy system. The production plan for
the Pamir region was arranged specifically to produce products from agriculture and animal
husbandry (Western Pamirs) or animal husbandry only (Eastern Pamirs). Consumable durables
such as fuel, staple foods and additional winter forage were exclusively imported from outside
and brought to the region on the Pamir highway which was built from Osh via Murghab to
Khorog, in 1932 and extended to Dushanbe in 1940 (Hurni et al., 2004; Kreutzmann, 2002,
2003, 2004).
On the one hand, the Soviet rural development measures improved the living conditions in
the harsh environment of the Pamirs and the population grew from 56000 in 1926 to 220000
in 2000. On the other hand, the local people became increasingly more trapped in subsidy
dependence - during the Soviet period, nearly 90 % of the consumable durables were imported
(Kreutzmann, 2002, p. 40). When the Soviet Union broke down in 1991, the end of the
alimentary system stopped the provisioning of the GBAO and led to grave supply problems.
The outbreak of the Tajik Civil War (1992-1997), which forced many refugees to seek shelter
in the Pamirs, aggravated the supply situation. The consequence was a major collapse in

32

1.4 Research Status on vegetation ecology and remote sensing in the Eastern Pamirs
prosperity for the local population and a throwback to subsistence economy with many skilled
workers such as medical doctors or teachers, being forced to resume work as peasants (Breu
and Hurni, 2003; Breu et al., 2005; Hurni et al., 2004; Kreutzmann, 2002).
The Kyrgyz-dominated Eastern Pamirs were characterised by low population density and
marginal seasonal pasture use in the Pre-Soviet time. Energy requirements were met by a
combined use of animal manure and dwarf shrubs. With the establishment of the Russian
garrison Pamirski Post in 1893 the first permanent settlement was built. Herdsmen decided
to settle within its vicinity because here products and heating material were provided by the
Russian troops. This can be regarded as the first step away from extremely scattered settling
towards central locations. Collectivization began in the 1940s (Kraudzun et al., subm). The
Soviet-style planned economy led to a general increase of population, as well the transformation from nomadism towards transhumance with permanent settlements. Particularly in
winter, the Kyrgyz became sedentary in planned villages, while during the summer months
they still migrated to, often remote, high pastures which were assigned to their respective kolchoz/sowchoz. In these instances they lived in yurt camps as before and this is still the case
(Kreutzmann, 2003). Energy demands were first satisfied by increasing the amounts of dwarf
shrubs but this firewood extraction led to grave impacts on the pasture ecosystem. In 1961,
dwarf shrub extraction was banned and the region was provided with Siberian coal. After the
Tajik independence the lack of fuel, transport resources and additional winter forage as well as
the increased population (around 14000) resulted in severe problems due to energy and forage
issues (Kraudzun et al., subm; Breckle and Wucherer, 2006).

1.4 Research Status on vegetation ecology and remote
sensing in the Eastern Pamirs
During the Soviet period many studies have been carried out on the vegetation, its distribution
and its productivity in the Pamirs. The latter will be subject of a separate chapter (see
chapter 4). The most important results by Russian scientists are summarized in Walter and
Breckle (1986). In addition, Swiss and German scientists and students from the University
of Berne and the University of Erlangen-Nuremberg worked in Gorno-Badakhshan and short
synopsis of the most relevant results will be given here.

Results of Walter and Breckle (1986) and Agakhanjanz
In total, 738 different species of higher plants were reported for the Eastern Pamirs (Agakhanjanz and Breckle, 2004). According to Agakhanjanz (1979), Agakhanjanz (1985) and Agakhanjanz and Breckle (2004) they are distributed over four different altitudinal belts which are
characterised by smooth transitions. From 3500 masl to 4200 m, mountain deserts with
Krascheninnikovia, Artemisia and Xylanthemum prevail, mountain xerophytes and mountain
steppes occur between 4200 m and 4700 m and Acantholimon, Astragalus, Stipa and Festuca
are the dominant genera. The belt of cryophytes follows from 4700 m to 5000 m. Here, plants
like Draba, Kobresia, Oxytropis, Sibbaldia, Torularia and Leontopodium appear. Above
5000 m, the nival belt begins with only some scattered subnival aggregations. Walter and
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Breckle (1986) found that, in general, the vegetation of the Eastern Pamirs is of a xerophytic
character. The individual vegetation formations can be described as deserts, semi-deserts or
desert steppes. Altogether, they differentiate between four main vegetation types:
• Deserts with predominantly dwarf shrubs
This vegetation type is predominantly composed of dwarf shrubs and cushion plants.
The vegetation cover does not exceed 8 % to 15 % and the species richness is as low
as 3 to 7 species per 100 m2 . Four different associations can be described: the most
common is the Krascheninnikovia ceratoides association with several subtypes. Furthermore, the Artemisia rhodantha association prevails on sandy soils. An Artemisia
leucotricha association as well as an association with two further Artemisia species or
with Xylanthemum pamiricum also exists.
• Desert steppes, poorer in dwarf shrubs
This formation can be distinguished into herb-rich steppes and grass steppes. The
latter occurs predominantly on valley sands with Stipa, Poa and Festuca being most
important genera. The herb-rich steppes can be divided into the Christolea pamirica
and the Allium polyphyllum association.
• Cushion plant associations
Cushion plant associations can reach a vegetation cover of 30 % to 40 %. The plants
fit close to the ground and hence are well adapted to the unfavourable temperature
conditions and strong winds in the high altitudes. Walter and Breckle (1986) describe
five different types of cushion plants: hard cushions with taproot (e.g. Gypsophila
capituliflora), firm cushions (e.g. Acantholimon diapensioides), loose cushions without
adventitious root (e.g. Oxytropis poncinsii), loose cushions with adventitious root (e.g.
Artemisia viridis) and air cushion plants without adventitious root (e.g. Acantholimon
pamiricum).
• Alpine meadows
Depending on the degree of humidity, three main types of alpine meadows can be distinguished. Low soil humidity favours Leymus secalinus or Hordeum turkestanicum
meadows. If moderate brackish conditions prevail, Carex stenophylla dominates. Moderate humid meadows are composed predominantly of sedges. Carex pseudofoetida
and Kobresia pamiroalaica prevail under low saline conditions. Puccinellia occurs if
the situation is slightly brackish. Wet meadows are also dominated by sedges (e.g.
Carex melanantha, Carex orbicularis). On brackish soils halophytic plants like Glaux
maritima and Triglochin maritima occur.
Larger woody plants are exclusively bound to river valleys in lower altitudes. The most important species are Salix spp., Berberis kaschgarica, Betula turkestanica and Hippophae
rhamnoides.

Further works on the geoecology of the Eastern Pamirs
The study of Schmeißer (2007) can be regarded as the first ecological work within the current
research project. She investigated the relationship between vegetation patterns and environmental factors on pastures in the vicinity of the town Murghab. The main findings show that
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altitude, soil moisture and exposure are the most important factors regarding the small-scale
distribution of vegetation types. Grazing pressure is less important. However, increasing grazing intensity could be detected on a gradient in the closer proximity to the pasture camps.
Further environmental factors, such as slope, stone pavement or animal trampling are of minor
importance for the actual vegetation cover. She concluded that the pastures of the study area
are in a relatively stable condition and that the carrying capacity is still sufficient for the actual
number of livestock animals.
Furthermore, the project-related work of Dotter (2009) investigated the main factors which
control the contribution of vegetation patterns in the same study area like this work. In contrast
to Schmeißer (2007) the focus was on the prominence of disturbances, such as grazing and
small rodents, as control factor. Like Schmeißer (2007) she concluded that topographical as
well as soil parameters have strongest impact on the vegetation patterns but that grazing and
the activities of marmots are also important. The latter can alter ecosystems in a way that
the settling of new species is supressed and biodiversity as well as living biomass is lost. The
grazing of goats can lead to similar effects. In contrast, moderate yak grazing can induce an
enhancement of biodiversity.

Works concerning mapping of vegetation in the Eastern Pamirs
There are two studies concerned with mapping vegetation in the Pamirs, based on satellite
remote sensing. The first is a diploma thesis prepared by Budka (2003) from the working
group of Prof. Samimi at the University of Erlangen-Nuremberg. The second was generated
within the framework of the Swiss Pamir Strategy Project (PSP) by Hergarten (2004).
The research question posed by Budka (2003) was to explore how the actual land use could
be understood without previous knowledge about the region, and to derive a meaningful map
of land use employing unsupervised classification. The study was based exclusively on spectral
properties of satellite images (Landsat 7 ETM+ from summer 2000) and attempted to differentiate between the seven classes “alpine vegetation”, “high pastures”, “riparian vegetation”,
“water surfaces”, “uncultivated land”, “glaciers”, and “clouds” by the use of the ISODATA
algorithm based on a classification tree. The author concluded that vegetation is strongly
bound to the occurence of water and can be found primarily along streams, lakes or in the
vicinity of glaciers. The majority of the region can be described as poorly or non-vegetated
land. Moreover, pasture quality was estimated based on the following assumption: dense vegetation equals high pasture quality. This simplified approach concludes that only 500 km2 of
the study area exhibits a vegetation coverage of more than 50 % and hence a good pasture
quality. In contrast, 27300 km2 were assigned to the class 0 % to 24 % vegetation cover. These
results have a very low and unfavourable resolution. The present work shows that the most
important pastures belong to different dwarf shrub formations with a vegetation cover mostly
between 5 % and 40 %, therefore a class 0 % to 24 % makes little sense. Moreover, it is quite
tenuous to presume that pasture quality is determined by vegetation density. In this research
it will be shown that plants of very scattered vegetation classes can also have high nutrient
values.
Hergarten (2004) investigated the land use problems in connection with transitional processes
in Gorno Badakhshan based on remote sensing. Like Budka (2003), the overall aim of his
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study was to derive a land cover classification based on eight Landsat 7 ETM+ scenes from
summer 2000/01. However, he implemented additional information into a model approach. In
the study the classes “vegetated area”, “urban and build-up area”, “water surfaces”, “barren
land” as well as “perennial snow and ice covered area” should be mapped. Vegetation was
further subdivided into “forest land area”, “irrigated cropland”, “valley meadow vegetation”,
“high valley meadow vegetation”, “sparse steppe and alpine vegetation”, “medium steppe
and alpine vegetation”, “dense steppe and alpine vegetation” as well as “bare soil and rock
surface”. Altogether, 63 ground control points were recorded across the Pamir mountains. In
the first step, an unsupervised ISODATA classification was applied in order to find meaningful
clusters in the data. The results showed that features like water, snow and dense vegetation
were particularly specifiable, though it was nearly impossible to distinguish between bare soils
and sparse vegetation. Therefore, a second step was conducted: supervised classification with
a Maximum Likelihood Classifier and a Neural Network Classifier. However, these results were
still unsatisfying. Hence, in a third step, an expert system with the Expert Classifier module
of ERDAS IMAGINE was executed, resulting in a hierarchical decision tree.
These results indicate that 65 % of the total area of Gorno Badakhshan is dominated by “bare
soil and rock surface”. “Sparse and medium steppe and alpine vegetation” are predominantly
bound to gentle slopes and high plains in the Eastern Pamirs. “Dense steppe and alpine
vegetation” as well as “meadow vegetation” is strongly limited to locations with direct water
influence. The determination between different types of dwarf shrub dominated vegetation,
such as the very important teresken and wormwood vegetation “[...]turned out to be virtually
impossible due to different reasons as the sparse coverage, ecological adaptation of the plant
species and the varying soil background” (Hergarten, 2004, p. 76). Moreover, the published
maps show that the ground control points were nearly always set next to roads which leads to
a sample bias. The portion of “bare soil and rock surface” is by far much too large as shown
below. Nevertheless, the two described studies represent the first remotely sensed estimations
of the land cover of the Pamirs that form a sound basis for this project.

1.5 Sampling design
1.5.1 Plot positioning
The described preconditions require a positioning of sample plots that meets several demands.
On the one hand, it has to be appropriate for the sampling of vegetation cover on the level of
species abundance in a large area, taking into account the full range of different environmental
gradients. This means it needs to fulfil ecological representativeness. On the other hand, the
collected data is explored by statistical methods and furthermore used to train statistical
models. Such procedures require independent data that is unbiased from subjective decisions.
Therefore, it must be statistically representative.
In order to determine an appropriate sampling design a short introduction into the techniques
of vegetation survey is advisable. Smartt (1978) describes two principal forms: the intrinsic
approach and the extrinsic approach. The first form is very subjective, where the researcher is
looking for “representative” locations to sample. In contrast, the latter is objective, but very
unflexible. Hence, the author recommends a mixture of the two forms, for example stratified
sampling with “optimum” allocation. This means a proportion of samples that are allocated
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to each stratum is allowed to vary according to the cost of sampling and the variability of the
population in the stratum.
A more detailed consideration on this topic is presented by Rolecek et al. (2007). There it is
argued that preferential sampling (which belongs to the intrinsic form) has clear advantages,
as it seeks existing vegetation types and the full range of environmental gradients in the study
area. However, the sample structure is biased by the subjective decision of the investigator.
This means it fulfils ecological, but not statistical, representativeness. On the contrary, random
and systematic sampling (belonging to the extrinsic form) can lead to independent data and
consequently to statistical representativeness but ecological representativeness is not ensured
by this procedure. A good alternative to both ecological and statistical representativeness
may be stratified random sampling. One can choose stratification so that the full variabilty of
the present vegetation is covered. However, neither solution guarantees that the determining
environmental factors are adequately considered, a problem that is most often related to the
resolution of maps or data used to stratify. Furthermore, other factors that only become
apparent in the field, such as grazing pressure, for example, cannot be taken into account by
stratified random sampling. Accessibility of sites is also not taken into consideration, an issue
which is of particular importance for mountainous regions like the Eastern Pamirs. Taking all
these considerations into account Rolecek et al. (2007) recommend stratified random sampling,
but advise to extend it by preferential sampling where necessary.
In this study, further sample limitations had to be considered. Satellite images and digital
elevation models were used to collect remotely sensed information on the examined field plots
in order to extrapolate the plot information to the whole study area by statistical models.
Hence, the plots require relatively homogenous vegetation and their size needs to be large
enough to extract the raster information. Hirzel and Guisan (2002) showed that a large plot
size increases sampling efficiency for statistical models, however, this is a criterion that is
difficult to achieve by random sampling in this rugged environment.

1.5.2 Plot size
Plot size influences the analysis of spatial patterns of plant populations, correlations between
species occurrences or performances and vegetation-environment correlations (Chytrý and
Otýpková, 2003; Otýpková and Chytrý, 2006). Therefore, an adequate relevé size is very
important. A frequently used technique is the minimum-areal-concept (Mueller-Dombois and
Ellenberg, 1974; Richter, 1997). This is defined as the 90 % to 95 %-portion of the total
species number of an area. In order to determine its size, an initial small plot is set up and
the species number is counted. In a second step the plot size is increased and it is checked
wether the species number increased as well. This procedure is repeated until the increment
of the plot size does not lead to a significant increase of the species number. However, this
method was refused in this study, because:
1. It is apparently circular. For example, Toman (1990) (cited in Chytrý and Otýpková
(2003, p. 566)) argues that the minimum areal is “[...] the smallest possible area, which
already shows representative species combination, so that a reliable syntaxonomical
classification of the stand is possible.” This implies that the minimum areal can only be
determined if the properties of the vegetation type are already known.
2. It does not produce satisfactory results (Otýpková and Chytrý, 2006).
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“Today it is commonly accepted that vegetation can be studied in plots of any size [...]”
(Otýpková and Chytrý, 2006, p. 465). However, it needs to be chosen appropriately with respect to the aims of the study. Several authors have called for the introduction of standardised
plot sizes (see Podani, 2006, p. 114). Chytrý and Otýpková (2003) allude, that most types
of grassland and low-shrub vegetation, the most common vegetation types in the Eastern
Pamirs, are sampled in plots of 10 to 50 m2 . Though, they also point out that compared with
the average plot size used for herbaceous or low-shrub vegetation, relatively large plots are
frequently used for sampling species-poor or very open vegetation types, such as vegetation of
screes which are also quite frequent in the study area. A second important factor considering
the decision of plot size concerns the spatial resolution of the remotely sensed data bases. In
order to avoid errors related to edge effects to neighbouring areas and inaccurancies of the
georeference, a sample plot has to exceed at least the extension of one raster pixel (Samimi,
2003). Taking these preconditions into account, a combined and nested sampling design was
set up, which is described in detail in the next section.

1.5.3 Plot levels
The prepared sampling procedure comprises features of preferential, systematic and random
sampling. A nested design with three different sample levels was used:
• Level-1 plots, with an extension of 60 m × 60 m, are the core element of the study. The
size was determined in relation to the remotely sensed data. It exceeds the utilized
RadidEye-images (6.5 m × 6.5 m) by nine times and the ASTER-DEM (30 m × 30 m) by
two times. They were set up systematically in preferentially selected valleys, distributed
over the entire study area, attempting to set at least one plot to the valley bottom and to
the two slopes, respectively. In three example-valleys, such cross sections were extended
to several transects along the valley’s longitudinal section. This systematic transect
method was completed by further preferentially set plots in very ample or remote areas.
The extraction of remotely sensed data, the description of the environmental variables
and the collection of mixed soil samples were based on this sample-level.
• Level-2 plots were used to sample species cover with a quadrat or relevé-method (see
Küchler and Zonneveld, 1988, p. 51). A quadrat was delimited and species cover was estimated by a modified Braun-Blanquet-approach (see section 2.1). According to Chytrý
and Otýpková (2003) the size of these phytosociological recordings was set to 16 m2
(4 m × 4 m), which is recommended for most types of herbaceous vegetation, such as
vegetation of screes, alpine herbaceous vegetation or semi-desert scrub. Inside each
level-1 plots, four level-2 plots were established randomly by the so-called random-walkprinciple (Spitzer, 1976). This starts from an arbitrary position inside the level-1 plot
using random numbers for direction and number of steps. Whenever the border of a
level-1 plot was reached it was moved on following the rule ’arrival angle equals emergent
angle’. The final position marks the center of the level-2 plot. Furthermore, data on
grazing pressure was acquired on this level. Finally, the data from the four plots was
aggregated and its median considered as representative for the specific level-1 plot.
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Figure 1.6: Sampling design and plot levels

• Level-3 plots extend 1 m × 1 m and serve as the basis for phytomass aquisition. They
were placed in the lower left corner of level-2 plots.
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Chapter 2
Composition and ecological
determinants of vegetation
This chapter picks up the first three research questions posed in section 1.1. In order to investigate the different vegetation units and the differences between them, phytosociological records
were conducted which were subsequently classified. Adjacently, the underlying environmental
factors were explored by ordination and environmental fitting.

2.1 Data ascertainment
Level-1 plots provide information about vegetation type, environmental variables and characteristics of soil. Firstly, the geographical/geometrical dimensions of the plots were established
and stored to ArcPad GIS (ESRI) with the help of a GPS instrument (ASUS MyPal A632N
GPS Pocket PC). At the same time, vegetation type and data for the following environmental
variables was collected:
• date
• location (region and/or subdistrict)
• pasture type and seasonal usage (summer, winter, spring, autumn)
• geology
• elevation (measured with GPS)
• slope (measured with an inclinometer)
• exposure (measured with a compass)
• curvature (concave, convex, plane)
• colour of the substrate
Exposure, as a circular variable, was transformed to south- and west-exposedness. Leyer and
Wesche (2007) recommend using the cosine for north- and the sinus for east-exposedness. Both
transformations lead to values between -1 and +1, which can be directly used in statistical data
exploration. In the study area the main precipitation gradient is from south-west to northeast. Hence, a focus on south- and west-exposedness for wetter sites seemed to be more
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appropriate. They are expressed through -cos and -sin, respectively. Additionally the slope
was taken into account by multiplication with its sinus, analoguous to the heat-load-index
described by McCune and Keon (2002). The resulting transformations are:
south-exposedness = − cos θ · sin α
west-exposedness = − sin θ · sin α
θ = exposure in
α = slope in ◦

(2.1)
(2.2)

◦

Secondly, soil samples were extracted from five or more different spots in each level-1 plot
spanning the depth from 1 to 15 cm, which is the main root zone of most dominant plants
in the Eastern Pamirs (see Walter and Breckle, 1986, p. 338f.). Five hundred to 1000 g
(depending on moisture and skeleton portion) were collected, dried and sieved with a 2 mm
sieve to separate the skeleton fraction from the fine soil fraction. One hundred and fifty
grams of the fine soil fraction (<2 mm) were packed into plastic bags and analysed in the
geomorphological laboratory at the Univerity of Erlangen-Nuremberg (see section 2.2).
Phytosociological data was ascertained on level-2 plots. Initially, present plant species were
listed. Unknown species were collected, herbarised and later identified by expert Dr. W. Bernhard Dickoré (Munich). Thereafter, the dominance of each species was estimated according
to an adjusted Braun-Blanquet-scale using the classes described below. Due to the local situation, with many cover values falling in the 10 to 15 % range, it is deemed reasonable to divide
the original classes 1 (between 1 and 5 %) and 2 (between 5 and 25 %) into equal portions:
• r: very rare; only a few specimen occur inside the relevé
• +: frequent, but very sparse with a coverage <1 %
• 1: coverage between 1 and 12.5 %
• 2: coverage between 12.5 and 25 %
• 3: coverage between 25 and 50 %
• 4: coverage between 50 and 75 %
• 5: coverage between 75 and 100 %
The collection of phytomass data and fodder samples is described in a separate section (see
sections 4.2 and 5.2.4).
In addition to the data directly collected in the field, precipitation data was extracted from
raster data provided by the Tropical Rainfall Measuring Mission (TRMM). TRMM started in
1997 and is a remote-sensing project operating between 35◦ N and 35◦ S. It detects rainfall in
a 5◦ × 5◦ -grid. Three core instruments collect data which in combination provides estimates
of the rainfall. These are a precipitation radar, a passive microwave imager, as well as a visible
and infrared scanner (Kummerow et al., 2000). In this work, the annual mean as well as the
January and July precipitation were used, based on average monthly data for the years 1998
to 2008. An upcoming detailed consideration of TRMM data in the Eastern Pamirs will be
given by Schuster (in preparation).
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2.2 Methods concerning soil analysis
As described above, mixed soil samples were taken on 181 relevés in order to use their analytical
values as environmental variables in the explorative data analysis of vegetation (ordination).
In this section the analytical procedure of each evaluated parameter will be described.

2.2.1 Preparation during the field work
Samples were taken from at least five different spots inside a 60 × 60 m relevé and from the
upper 15 cm of the soil profile which represents the main root zone. Subsequently, the samples
were air dried and sieved with a 2 mm mesh sieve to separate the skeleton from the fine soil
fraction. The (percent) ratio of soil skeleton mass to sample mass was defined as the the
variable soil skeleton. The fine soil fraction was brought to the geomorphological laboratory
at the Institute of Geography, University of Erlangen-Nuremberg, for further analyses.

2.2.2 pH-value
In a first step the pH-value of the samples was measured. The pH has a very strong influence
on pedogenesis and controls important biological, chemical and physical processes, such as
alteration (Schroeder, 1992). For the analysis, 10 g of air dried fine soil were spiked with 25 ml
of a 0.01 M CaCl2 -solution. After 30 minutes of periodic agitation, the pH-value of the soil
suspension was measured using a pH electrode.

2.2.3 Cation exchange capacity (according to Trüby and Aldinger)
The cation exchange capacity describes the capability of soil to adsorb cations (e.g. nutrients)
and to deliver them when needed. It is therefore an important measure of the nutrient regime,
as well as for the buffering properties of a soil (Schroeder, 1992).
The process to determine the cation exchange capacity of a soil involves the following 3 steps;
Firstly, soil compounds associated with cations are being dissolved into an extraction solution.
Secondly, the extraction solution is mixed with an exchange solution of low pH. Thus, cations
will dissociate from the soil through exchange with protons of the exchange solution. Thirdly,
the dissociated, free cations are being quantified by spectrometry and their concentrations
used to calculate the cation exchange capacity of the soil sample:
Owing to the dry environment of the study area, most of the soil samples possessed a high salt
content. To prevent adulteration of the cation exchange capacity measurement by salt, the
samples were washed repeatedly with distilled water until the electric conductivity fell below
50 µS. After drying, 50 ml of a 1 M ammonium chloride (NH4 Cl-)solution were added to 5 g of
the samples, the resulting suspensions were vigorously shaken and incubated over night. The
next day the suspensions were shortly shaken and centrifuged. After measuring its pH, the
supernatant was decanted and filtered. The final volume of the exchange solution was 20 ml
and consisted of 2 ml of the filtered supernatants from the extraction process, 2 ml caesium
chloride (CsCl), 1 ml lathan oxide (La2 O3 ), 0.2 ml nitric acid (HNO3 ) and 14.8 ml H2 Odist. .
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CsCl and La2 O3 were added as ionisation buffers to avoid adulterations of measurements.
Finally, the pH and electric conductivity of the exchange solution were measured as they are
required when calculating the amount of exchangeable protons (Schlichting et al., 1995).
Calcium ion (Ca2+ ) and magnesium ion (Mg2+ ) concentrations were measured by absorption
at the Atom Absorption Spectrometer (AAS), while potassium ion (K+ ) and sodium ion (Na+ )
concentrations were determined by emmision at a flame photometer (Unicam M Series). The
following equation transforms the ascertained concentrations ([c]=mg/l) into cation exchange
capacity ([CEC] or [c(cmolc /kg)]):
c(cmol/kg) =
cef f
V
Z
M
WS

=
=
=
=
=

cef f · V · Z · 100
M · WS

(2.3)

effective concentration of the extract considering the dilution
extraction volume in l
valency (K=1; Na=1; Ca=2; Mg=2)
molar mass in g/mol (Na=23; K=39; Ca=40; Mg=24)
weighed sample in g

In this work, only the sum of all cations, this means the total cation exchange capacity was
considered in further analyses. For detailed results on individual cation exchange capacities
based on the single values of K, Na, Ca and Mg ions, readers are referred to Bimüller (2009).

2.2.4 Particle size analysis
Soil particle size is a very important factor for water, air, roots and soil animals (Scheffer
et al., 2002). Its determination combined wet sieve (Blume et al., 2000) and x-ray analysis.
Samples with a high salt and carbonate content were pretreated to avoid adulterations of
the results. Carbonate was destroyed with 10 % hydrochloric acid (HCl). Salty samples were
washed repeatedly with distilled water until the electric conductivity in the wash solution fell
below 200 µS. Additionally, for samples with a Corg content higher than 2 % a humus destruction with hydrogen peroxide (H2 O2 ) was implemented.
Ten grams of air dried soil samples (80 ◦ C) were resuspended in 80 ml 0.1 M sodium pyrophosphate (Na4 P2 O7 ). After shaking for 16 hours samples were wet-sieved into coarse
(2000-630 µm), medium (630-200 µm) and fine sand (200-63 µm) fractions. The remaining
suspension containing the fractions silt and clay were analysed with the x-ray particle size
analyser “SediGraph III 5120 310” (Micrometrics).

2.2.5 Electric conductivity
The electric conductivity is a sum parameter for dissolved charged substances, this means it is
a measure for the net ion content in the soil. Even though electric conductivity does not reveal
the type of ions present in a given sample, it does mirror the overall concentration of dissolved
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electrolytes appropriately. Hence, the electric conductivity also indicates the proportion of
dissoluble salts in the soil (Hölting, 1998). Five grams of soil samples were prepared by
resuspending and vigorously shaking in 25 ml distilled water for 2 h to dissolve electrolytes.
The electric conductivity was measured with a conductivity instrument GMH 3410 (Greisinger
electronic Gmbh) (Schlichting et al., 1995).

2.2.6 Organic substance
Organic matter is synonymous with organic carbon and is one of the most important factors
influencing soil fertility (Schroeder, 1992). Experimental determination of carbon, however,
only reflects total carbon content. It does not distinguish between organic compounds and
inorganic carbonate. Thus, organic carbon content is determined indirectly in a two-step
protocol as follows:
Firstly, unprepared dry samples were analysed with a TruSpec CN-Analyser to ascertain total
carbon content. Secondly, the ignition loss was determined. Ten grams dried soil (105 ◦ C)
were ignited for three hours at 430 ◦ C. After cooling, the sample was re-weighed. Since organic
carbon combusts completely at this temperature, any decrease in mass was equal to the loss
of organic carbon. The samples were tested again with the CN-Analyser. This time, the result
represented the content of inorganic carbon, as the organic fraction had been completely
incinerated. The difference between total and inorganic carbon content is equal to the organic
carbon content in the sample (Blume et al., 2000).
Additionally, the content of carbonate was calculated taking into account the ignition loss with
the equation:
100.09
12.0107 · Ccorrected
100 − IL
=
100 · Cinorganic

CaCO3 ( %) =
Ccorrected

(2.4)

IL : ignition loss ( %)
The results were used further to calculate C/N-ratio as well as humus content (Scheffer et al.,
2002). The latter was estimated by multiplying the organic carbon content by the factor 1.72,
which is the standard for mineral soils (Sponagel et al., 2005).

2.2.7 Nitrogen
Nitrogen is one of the most imporant nutrients for plants and thus plays a very important
role in ecosystems. In this work, it was measured with a TruSpec CN-Analyser via oxidative
incineration at 980 ◦ C. In order to differentiate between organic and inorganic nitrogen, an
unprepared sample was analysed first. The result gave the total nitrogen content. Other
samples of equal weight were prepared by heating in a muffle furnace at 430 ◦ C to incinerate
organic nitrogen compounds. Subsequent analysis with the CN-analyser revealed the inorganic
portion of nitrogen. The organic nitrogen content could be calculated by simple subtraction
of inorganic nitrogen content from total nitrogen content (Blume et al., 2000).
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2.3 Methods concerning statistical evaluation
2.3.1 Preliminary remarks
Analysing phytosociological data means to compare the different values assessed during the
field work. Most often these values are measured in different scales. For example, cover or
abundance is estimated in classes (e.g. Braun-Blanquet; ordinal scale) while the nitrogen content of the soil is exactly analysed in the laboratory (rational scale). This mixture of different
measurement scales (nominal, ordinal, interval and ratio scale variables) in the same data
matrix leads to problems in the analyses because they are not comparable (Podani, 1999).
Another problem appears with the commonly used Braun-Blanquet-abundance/dominancescores and variations of these in phytosociology. This data is in ordinal scale, but a lot of
statisical instruments require data in rational scale to calculate. In order to solve this problem,
the ordinal scale data is often transformed into “pseudo-rational” data by using class-average,
-median etc. However, some authors see this conversion very problematic as the newly calculated distances are based on variables measured on the ordinal scale to which arithmetric
operations do not apply and metrising ordinal information introduces illusory precision to the
analysis (Podani, 2005, 2006; Scott et al., 1997; Shah and Madden, 2004). Consequently “the
subsequent metric clustering or ordination procedure can be no more than a self-deceptive
attempt to preserve a ’metric’ structure that does not exist” (Podani, 2005, p. 498f.). The
solution to this sounds easy; if assessing data in ordinal scale then subsequent multivariate
analysis should also be ordinal in nature (Podani, 2005; Scott et al., 1997). However, such
multivariate methods are rarely implemented in standard statistical software packages.
Other authors do not see such a serious methodological mistake in using usual multivariate
methods when analysing ordinal data. In contrast to Podani (2006), who thinks that the reason for this mathematically incorrect use lies in the imperfect knowledge of multivariate data
exploration methods, they point out that “[...], the use of conventional multivariate methods
reproduce the researcher’s intuitive classification/ordination scheme much better than multivariate methods explicitly developed for ordinal data” (Ricotta and Avena, 2006, p. 840).
However, at the same time they emphasise that analysing Braun-Blanquet’s transformed ordinal variables with methods applicable to ratio-scale variables can only be justified when
shifting the attention from the metric space to the underlying topological space. This means
the statistics are not computed in the usual metric space, but in a topological space in which
the only available information concerns data structure, while metric information is completely
neglected. In their opinion this is not a serious problem because data structure is usually
considered more important than metric differences (Ricotta and Avena, 2006).
However, own experience has shown that metric information is often used and interpreted
by researchers ignoring the described mathematical problem. In this work methods are used
that follow the objections of Podani (2005, 2006); Scott et al. (1997) and Shah and Madden
(2004). They will be desbribed in the following sections.

2.3.2 Classification
To first get an overview into the different existing vegetation units the collected phytosociological data was classified by using hierarchical cluster analysis. Two initial steps were
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applied in order to prepare the data set for a consistent classification. Firstly, the data was
transformed to presences/absences, which gives “[...] a more robust fidelity estimation than
cover/abundances as they are less affected by temporal fluctuations and observer bias” (Chytrý
et al., 2002, p. 80). Then a preliminary classification, using the hclust function with singlelinkage in the R-package stats (R Development Core Team, 2009b), was conducted. This type
of cluster analysis is agglomerative, this means it follows a bottom-up approach. The algorithm starts with each relevé representing a single cluster. These clusters are then successively
agglomerated to larger entities depending on a linkage algorithm. The single-linkage algorithm is based on nearest-neighbour similarity, which tends to chain the relevés and therefore
hides group structures. Though, it is especially suitable to detect outliers which are better
separated from the data before determining the final classification (Leyer and Wesche, 2007).
As a distance measure the Jaccard-coefficient was used here. It is often recommended for
ecological binary data as it compares only true-true pairs between two relevés. False-false
pairs, which frequently occur in ecology due to the missing of one species in both relevés, are
ignored (Leyer and Wesche, 2007). The formula is:
Jaccard-coefficientjk =

a
a+b+c

(2.5)

a = number of species occuring in j and k
b = number of species occuring only in j
c = number of species occuring only in k

After the elimination of detected outliers the ultimate classification was calculated. In this
work, the divisive form (i.e. a top-down approach) was favoured. In contrast to the agglomerative type, the algorithm starts with the total data set in one superordinate cluster, which
is then successively divided into smaller clusters (Leyer and Wesche, 2007). The procedure
was conducted using the function isopam from the correspondent R-package (Schmidtlein
and Collison, 2010). This method implies dimensionality reduction and partitioning of the
resulting ordination, which is used to optimize the clusters for a maximum performance of
group indicators. Once again the Jaccard-coefficient was used as the distance measure.
The species-relevé table was sorted on the basis of the cluster analysis results and imported
into the program JUICE (Tichý, 2002). Here, the fidelity for each species was calculated
and sorted in a synoptic table according to the vegetation cluster for which it is an indicator
species. In contrast to Tichý and Chytrý (2006), who recommend the use of an adjusted
phi-coefficient, the indicator value (IndVal) introduced by Dufrêne and Legendre (1997)
was used in this work. This is based on a measure of specifity and a measure of fidelity.
Specificity is the maximum value if a certain species occurs exclusively in the relevés of
one certain cluster whereas fidelity is the higher value if this species is present in every
single relevé of the same cluster. The indicator value is calculated by multiplying these two
measures, this means it becomes maximal if the individuals of a species occur solely in relevés
that belong to one special cluster, and at the same time are abundant in each of these
relevés. In this work, its categorical form as described by Chytrý et al. (2002) was favoured.
Despite some disadvantages of this method compared to the phi-coefficient, in the author’s
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opinion the advantages preponderate. In particular, the choice prevents from the necessity of
choosing an arbitrary s-value, which is required when calculating the adjusted phi-coefficient.
Fidelity significance was tested by using Fisher’s exact test with p ≤ 0.01 (Chytrý et al., 2002).

IndV al =

N
Np
n
np

=
=
=
=

number
number
number
number
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of
of
of

np
np (N − Np )
·
n · Np − 2np · Np + np · N Np

(2.6)

relevés in a dataset
relevés in the particular cluster
occurences of a certain species in the dataset
occurences of a certain species in the particular cluster

2.3.3 Ordination
Ordination is considered to be a sound research tool for the analysis of ecological data and
thus is widely used in environmental studies (Minchin, 1987; Ruokolainen and Salo, 2006).
The aim of ordination techniques is to reduce the glut of incognisable information about
relations among objects by replacing the original variables by new synthetic variables (e.g.
CA-axes, PCs) in order to display as much variance as possible with as few axes as possible
and hence try to preserve the distances between these objects as well as possible (Legendre
and Legendre, 1998; Leyer and Wesche, 2007). In the last few decades, a broad variety of
different approaches have found their way into the analysis of ecological data. Before choosing
an ordination technique one has to look at the aim of the analyses and find out which method
is the most suitable for the collected data and the underlying questions.

Direct vs. indirect gradient analysis
Ordination techniques are divided in two major groups: direct and indirect gradient analysis. Although direct gradient analysis (or constrained ordination, e.g. CCA) is favoured in a
lot of studies for the analysis of species-environment relationships (Ter Braak, 1986), in this
work, it was decided to use indirect gradient analysis. This choice is motivated by a paper
of Økland (1996) which highlighted the differences between these two methods. In general,
every ordination technique aims at ordering samples/species along a limited number of axes
that represent the main gradients in the data set. Indirect gradient analysis computes the
sample/species ordination axes in a first step and then interprets the specific ordination space
by relating the axes to underlying environmental variables in a second step. In contrast, direct
gradient analysis implements a multiple regression step of the sample/species data with the
environmental data during the ordination process. This means the ordination axes are dependent on the environmental variables and thus, the part of variation of the vegetation which is
not related to the recorded environmental factors will be discarded.
The central question in the present work is: which environmental factors lead to which vegetation formation? To address this issue, direct gradient analysis is very problematic, because
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compositional gradients not initially taken into account (e.g. because the most important environmental factor for this gradient was not measured during the field work) would be masked
and hence the potential for the generation of new hypotheses is lost.
Which indirect technique to choose?
Minchin (1987) compared five different ordination methods and found non-metric multidimensional scaling (NMDS) the most robust and effective. Another study by Ruokolainen and Salo
(2006) tested the performance of four ordination techniques (CA, DCA, PCoA and NMDS) on
a set of complex vegetation data. NMDS performed visually best and was the only ordination
method that found clear differences between all different test sites. These test results as well
as other advantages (see below) led to the decision to use this ordination technique as the
central tool of explorative data analysis in this project.
Non-metrical multidimensional scaling (NMDS)
NMDS was first introduced by Shepard (1962) (cited in Legendre and Legendre (1998) as
well as Kruskal (1964)) and belongs to the group of non-metric ordination methods. The
main advantage of NMDS is that it works with rank values, therefore the crucial factor is
exclusively the order of the distances and not the distances themselves, that is it only cares
about monotony in the relation between the objects and not for the absolute values (Backhaus
et al., 2006; Leyer and Wesche, 2007). As the underlying data set in this work is ordinal scaled,
NMDS meets the requirements for its proper analysis.
Legendre and Legendre (1998) and Leyer and Wesche (2007) both highlight another benefit
of this method; compared to commonly used ordination techniques, where the distances are
usually predefined with the used method (e.g. PCA/RDA: euclidean distance; CA/DCA chisquare-distance) and often inappropriate for ecological analyses, NMDS is not limited and the
use of every distance matrix is possible. This makes NMDS a flexible and more robust method
compared to most of the other ordination techniques. The challenge of an NMDS is to find
the unknown positions of special objects in the floristical or ecological space which is built
by the species. This is possible when interpreting the distances in this space as similarity or
dissimilarity. The closer two objects in the considered space are situated, the more similar
they are regarded (the further two objects are, the more dissimilar they are) (Backhaus et al.,
2006). NMDS then reduces the dimensionality of the original space and tries to project the
objects into this new space in such a way that the “real” distances are distorted as little as
possible (Leyer and Wesche, 2007). Keeping these basic tasks in mind, in the following section
the four main steps of an NMDS will be explained.
Firstly, the resemblance is measured, note that similarities always allude to pairs of objects and
never to single, isolated objects. The next step is to choose an appropriate distance model.
Displaying objects in a certain space always means illustration of similarities/dissimilarities in
terms of distances. Similar objects are closer together (small distance) and vice versa. Since
the present data set was recorded in an ordinal scale it is important to use an appropriate
distance measure. The measure of discordance according to Podani (2006) appeared to be a
sound solution. In this work, it was calculated by using the function gowdis from the R-package
FD (Laliberté and Shipley, 2010). The underlying formula of this measure is:

49

Chapter 2 Composition and ecological determinants of vegetation

measure of discordancejk =
n
a
b
c
d

=
=
=
=
=

1 − 2(a − b + c − d)
n(n − 1)

(2.7)

number of variables
number of pairs of variables ordered for objects j and k identically
number of pairs of variables that are reversely ordered in j and k
tied in both j and k, corresponding to joint presence or joint absence
d is the number of all pairs of variables that are tied at least for one
of the objects being compared such that either one, two or three scores are zero

In the following step the ordination configuration is calculated. The aim of the NMDS is to
detect a configuration of similarities/dissimilarities in a certain space (i.e. floristical space)
with as few dimensions as possible. At the same time its distances should fulfil the following
condition in the best possible way:

if similarity/dissimilarityij > similarity/dissimilaritykl

(2.8)

then dij > dkl
d = distance
i, j, k, l = objects

This means the NMDS tries to find a configuration in which the rank order of the distances
between the objects represents the rank order of the similarities/dissimilarities in the best
possible way. The search for this configuration is carried out iteratively. This means the
NMDS starts at an arbitrary, initial configuration and tries to improve it stepwise, until the
rank position of similarity/dissimilarity and distance correspond to each other (Backhaus et al.,
2006; Kruskal, 1964).
After the calculation, the goodness-of-fit of the certain configuration has to be checked. This
can be done by the “stress value”, a function which measures how far the reduced-space
configuration is from being monotonic to the original distances (Kruskal, 1964; Kruskal and
Wish, 1992; Legendre and Legendre, 1998). To understand how this factor works, a new
factor, the so-called disparity, has to be introduced. Disparities are numbers which should
differ as little as possible from the distances, as well as fulfilling the following constraint:

if similarity/dissimilarityij > similarity/dissimilaritykl
then dˆij > dˆkl
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dˆ = disparity
i, j, k, l = objects

This connotes that disparities are (weak-monotone) transformations of similarities/dissimilarities. Stress is determined by the differences between distances and disparities.
The bigger the stress-factor, the less the distances conform to the similarities/dissimilarities
(Backhaus et al., 2006). In this work the function metaMDS from the R-package vegan
(Oksanen, 2010) was used. The stress-factor was calculated by the equation:
v

u P
u
2
ˆ
[d
−
d
]
u
ij
j ij

stress = t i6=P
2
i6=j

dij

(2.10)

d = distance
dˆ = disparity
i, j = objects

Leyer and Wesche (2007, p. 149) give benchmarks for the stress value:
• <1 % unrealistic, to be checked, very rare;
• 1-5 % excellent, result reliable, very rare;
• 5-10 % good, result very probably reliable;
• 10-15 % result probably useful, plot details should not be interpreted;
• 15-20 % result maybe usable, high risk of misinterpretations;
• >20 % result probably worthless.
However, they also point out that usually after 20 iterations the results are more or less stable
and that 100 to 200 tries are, in practice, sufficient. For data sets with a lot of variables (some
hundred) it is relatively difficult to reach a good projection. In this case stress values between
10 and 15 % are not exceptionally bad.
Kruskal (1964, p. 119) gives more or less similar benchmarks:
• <5 %: impressive;
• 5-10 %: satisfactory;
• 10-15 %: we wish it were better;
• 15-20 %: one may be cautious;
• > 20 %: unlikely to be of interest.
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The last decision to be made for NMDS is about the number and interpretation of dimensions.
The floristic space is defined by the used metric and by the number of dimensions both of which
have to be determined before running the NMDS. In contrast to other ordination methods,
the projection of an NMDS is changing with the number of dimensions. For example, values
of the first two axes in a three-dimensional solution differ from values of the first two axes in
a two-dimensional solution. This makes the question about the number of dimensions very
important. The chosen number should meet the “real” number which is generally not known.
In most cases only very few dimensions are interpretable and presentable so that for practical
reasons the number is always quite limited (Backhaus et al., 2006; Leyer and Wesche, 2007).
Following a rule of thumb helps with the decision of how many dimensions should be chosen:
from the statistical point of view the number of dimensions is usually determined by the stress
value (Legendre and Legendre, 1998) which should be as small as possible and should decrease
with an increasing number of dimensions. Leyer and Wesche (2007) recommend to try several
dimensions (generally up to 5 or 6) and then to chose the number with the biggest decrease of
stress. This is a compromise between relatively lowest stress and lowest number of dimensions
possible and this decision can be aided by using the elbow-criterion (see fig. 2.7).
Leyer and Wesche (2007) recommend the following workflow:
1. decision if transformations are necessary, for example downweighting of rare species,
weakening of high abundances;
2. running of the first NMDS with as many dimensions as possible (usually 6) and 50-100
starting configurations;
3. compare decrease of stress with increasing number of dimensions;
4. choose the smallest number of dimensions which show an acceptable reduction of stress
(elbow-criterion);
5. check with Monte-Carlo-Test, if the axes display signicantly less stress than a randomly
selected order of the objects (significant p ≤ 0.01 at e.g. 100 permutations);
6. calculation of the final NMDS (with best starting configuration and appropriate number
of dimensions);
7. due to the complexity of the method, the proceeding should be documented comprehensively (used algorithm/software, transformations, distance, origin of the starting configuration, number of dimensions, results of the Monte-Carlo-Tests, stress value).
In an NMDS, axes originally do not have decreasing meaning like those in a DCA, for example.
However, to achieve better interpretability rotation of axes was applied in a way that the objects
are distributed along the largest gradients (Backhaus et al., 2006; Legendre and Legendre,
1998; Leyer and Wesche, 2007).
In the present thesis, the gradient analysis was calculated with tools of the R-package vegan
(Oksanen, 2010). Firstly, the function metaMDS was used to compute the NMDS then
the environmental variables were fit to the ordination. Linear trends were explored by the
function envfit. Non-parametric relationships could be revealed by the function ordisurf,
which fits smoothed surfaces onto the ordination, using general additive models (GAMs) with
thin plate splines (Wood, 2003). The coefficient of determination (R2 ) was employed as
goodness-statistic of the fit. The significance was assessed with a permutation test (999
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permutations) for linear, and ANOVA for non-parametric relationships (see Virtanen et al.,
2006, p. 521). A level of p ≤ 0.05 was regarded as significant, p ≤ 0.01 is denominated as
highly significant. A higher R2 for the surface fit was presumed to be an indicator for a nonparametric relationship and vice versa. Moreover, for linear responses, the direction cosine from
the envfit output was applied to expose direct connections of the individual ordination axes
with particular environmental variables. They represent the angle between the ordination axes
and the environmental vector and hence can be used to display their relationship (see Kantvilas
and Minchin, 1989, p. 103). The values -1 and +1 depict negative and positive congruence
between the axis and the variable, respectively. Zero connotes complete dissimilarity.

2.3.4 Miscellaneous statistical tools
Finally, a short overview on frequently recurring statistical tools is presented below.
Descriptive statistics
In order to describe data and results from this work, boxplots have been used. These graphics
are specifically suitable to compare the distribution of values in different groups, particularly
the quartiles, as well as being able to detect outliers and extreme values (fig. 2.1). In detail the
values are most often compared by means of the median and the arithmetric mean as a measure
of localisation and the interquartile range (IQR) as a measure of dispersion. Values larger than
1.5 times the IQR are termed outliers, if values extend more than three times the IQR, they
are called extreme values (Sachs and Hedderich, 2009). Boxplots were calculated using the
function boxplot from the R-package graphics (R Development Core Team, 2009a).

Figure 2.1: Interpretation of a Boxplot
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Test statistics
This research often distinguished a number of groups from each other, for example different
vegetation classes are compared relative to a certain value. As described above these groups
were compared by boxplots, however, to test if they significantly differ from each other, methods of test statistics are needed. Here, the so-called Mann-Whitney-U-Test was used. The
advantage of this test method is its independence from the distribution of the data, therefore
this kind of test belongs to the group of non-parametric tests (Sachs and Hedderich, 2009).
An u-test compares the overall tendency of the mean values of two groups, this means it tests
if the variables of the first group are basically larger than those of the second group. In this
research, the values were transformed to ranks, and these ranks, not the values themselves,
have been used. The null hypothesis to be tested is that both random variables are equal
therefore the alternative hypothesis, which shall be “proven” by this test, is that both random
variables are not equal. Previously a significance level has to be defined, which determines
the thresholds of the test statistic. Any test statistic beyond this threshold would indicate
that the null hypothesis is rejected. The smaller the significance level, the more difficult it
becomes to reject the null hypothesis and therefore accept the alternative hypothesis. In other
words, if the test statistic is beyond the threshold value, the alternative hypothesis can be
accepted with even more certainty for the smaller the significance level is taken (Bahrenberg
et al., 2008). In the present work this level was set to 5 %. Comparisons which are below a
level of 1 % are expected to be highly significant. The test procedure was carried out with the
function wilcox.test from the R-package stats (R Development Core Team, 2009b).
Bivariate correlation
In order to check linear interrelations between two variables, correlations based on the Spearman rank correlation coefficient were calculated. This method does not require gaussiandistributed data and gives reliable results even with a small sample size. For data comparison,
the values are again transformed into their ranks, and these values are then used for comparison. Subsequently, only the individual pairs of ranks are included into the correlation. The
analysis was conducted with SPSS 15.0. The level of significance was set to 5 % (significant)
and 1 % (highly significant), respectively.

2.4 Results of the vegetation analysis
2.4.1 Classification
Altogether 212 relevés, based on vegetation recordings of 848 4 × 4 m-plots, were classified
according to their species composition using hierachical cluster analysis as described in section 2.3.2. Overall 226 different species were identified, of which 108 only occur on one or two
relevés and thus were excluded from the cluster analysis. Among the remaining 118 species
the degree of presence is highest for Krascheninnikovia ceratoides (teresken) with an occurence on 148 plots, followed by Acantholimon diapensioides (106) and Stipa caucasica
subsp. glareosa (85). A complete species list can be found in the appendix in table A.1.
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Preliminary classification
The preliminary agglomerative classification with a single-linkage cluster algorithm (see section 2.3.2) reveals two types of outliers (fig. 2.2). The first is a single relevé (no. 78),
solely composed by the grass Leymus secalinus in association with Taraxacum spec.. Indeed,
Leymus secalinus also occurs in other relevés, but always together with several dwarf shrub,
cushion and herb species. Thus, this plot is considered to be a special case that cannot be
compared to any of the other vegetation recordings and has to be excluded from the classification. The second outlier is a class of “scree vegetation”, characterised by high fidelity values
of Didymophysa fedtschenkoana (71.4 %), Saxifraga stenophylla (55.6 %), Dracocephalum
stamineum (54.1 %) and Nepeta longibracteata (53.6 %). In order to receive a more consistent classification this group should also be separated from the main vegetation group, which
can be considered as pasture-relevant vegetation. Nevertheless, the “scree vegetation” will be
included as an individual vegetation class into the further analysis (ordination and modelling),
because it forms a widespread and important vegetation type in the Eastern Pamirs.

Classification at cut level A
By cutting the dendrogram at a similarity of 7, two main vegetation formations can be recognised (see fig. 2.3). The first (group 1) shows high abundances of dwarf shrubs and cushions,
while sedges are of minor importance. With a fidelity of 86.0 %, Krascheninnikovia ceratoides is the prevailing indicator species. In contrast, the second (group 2) is characterised
predominantly by sedges, grasses and herbs. Dwarf shrubs and hard cushions are absent. The
most important indicator is Carex pseudofoetida with a fidelity of 92.2 %. It is followed by
Kobresia royleana (66.1 %) and Carex melanantha (63.3 %).

Classification at cut level B
A second cutting level, set at a similarity of 5.5, distinguishes the two principal groups in each
case into two subgroups. Group 1 is segmented into two main types of dwarf shrub vegetation.
The first class (group 1.1) indicates relatively low total coverage values. The most important
indicator species is Stipa caucasica subsp. glareosa with 46.7 %. The second class (group 1.2)
has remarkable cover values that are composed by a co-occurence of dwarf shrubs together
with cushion plants. It is confined to the other vegetation formations mainly by a high fidelity
of the hard cushion Acantholimon diapensioides (77.7 %).
Group 2 splits into two final subclasses that cannot be further separated on closer levels. Group
2.1 is characterised predominantly by high cover values of the sedges Carex pseudofoetida,
Kobresia royleana and Carex melanantha. These plants form dense green meadows in the
isobaths around permanent streams, which are subject to ground water influence. Hence,
this vegetation formation is denominated “spring turfs” in this work. Indeed, the three sedge
species show high fidelity values (55.6 %, 39.8 %, 29.8 %), but since they are also important
in group 2.2 (33.6 %, 24.1 %, 34.6 %) they are not a good indicator to separate between the
two subgroups. In this respect grasses and herbs get more important as separators. The most
outstanding species is a Taraxacum spec., which was not fully identified, with a fidelity of
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Figure 2.2: Hierarchical cluster analysis for outlier detection. Algorithm: single-linkage. Distance:
Jaccard
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52.4 %. Furthermore, the legume Oxytropis glabra (36.8 %) is an important indicator, which
is exclusively present in group 2.1. It is followed by Poa pratensis (35.2 %) and Potentilla
multifida (30.2 %).
As explained above, Group 2.2 is also predominantly constituted by sedges, but with a lesser
coverage compared to group 2.1. Due to a location mostly on slopes, ground water influence
does not play the dominant role. Here, this vegetation unit is named “alpine mats”. It is
distinctively delimited from “spring turfs” by the fidelity of several herb and grass species. The
most important are Lloydia serotina (77.8 %), Smelowskia calycina (73.8 %), Leontopodium
ochroleucum (73.2 %), Draba altaica (72.4 %) and Potentilla pamirica (72.2 %).
Classification at cut level C
A last cutting level was set at a similarity of 4.5. It reveals a more detailed view of the vegetation of the Eastern Pamirs, that will be used as the final classification in this work. Groups
1.1 and 1.2 could further be divided into two subgroups, respectively (1.1.1, 1.1.2, 1.2.1 and
1.2.2). For group 2 no more subclasses could be identified.
Group 1.1.1 represents the lowest cover values among the different identified dwarf shrub
vegetation units. It mostly occurs in extremely exploited spots near settlements and roads,
where very few dwarf shrubs are left, leaving behind pure deserts. Therefore, this formation is
simply termed “deserts” here. The best indicator species are Zygophyllum obliquum (69.0 %)
and Christolea crassifolia (49.3 %). In contrast, in the connatural group 1.1.2, dwarf shrubs
still exist to a considerable amount - mainly Artemisia rhodantha, which is the only strong
indicator for this group with a fidelity of 43.2 %, but also Krascheninnikovia ceratoides. Even
though the former most often grows in the form of herbaceous cushions due to frequent grazing, this vegetation formation is named “dwarf shrub deserts” in this thesis.
The “cushion-group” 1.2 could further be subdivided into two types. The first is predominantly
formed by Krascheninnikovia ceratoides-dwarfshrubs and Acantholimon diapensioides cushions in association with grasses (mainly Poa attenuata), which reach remarkable cover values of
up to 40 % and can therefore be considered as “dwarf shrub cushion steppes (teresken-type)”.
Similar to this type, the second subclass also comprises relevés, which are dominated by dwarf
shrubs, cushions and grasses. Again Krascheninnikovia ceratoides and Acantholimon diapensioides are the prevailing species but, in contrast to the first type, the dwarf shrub Artemisia
leucotricha plays the most important role. This formation is referred to as “dwarf shrub
cushion steppes (wormwood-type)”, here. Individual indicator species for the first type are
Potentilla bifurca subsp. orientalis (43.7 %), Poa attenuata (26.2 %) and Dracocephalum
paulsenii (20.2 %). The second type is predominantly characterised by Artemisia leucotricha
(80.9 %), but also by Stipa orientalis (41.3 %) and Xylanthemum pamiricum (36.3 %).
Table A.2 in the appendix displays the fidelity measures of all species according to the different
cut levels.
Vegetation structure
Figure 2.4 gives an overview on the vegetation structure of the different identified classes.
Total coverage is highest in “spring turfs” (62.8 ±2.9 %) and “alpine mats” (65.0 ±5.1 %). In
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Figure 2.3: Hierarchical cluster analysis: Final classification. Method: isopam (Schmidtlein and Collison, 2010). Distance: Jaccard
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relation to the dwarf shrub classes, the highest cover values are reached in “dwarf shrub cushion steppes”. With 25.5 ±1.4 % the “wormwood-type” shows a slightly higher coverage than
the “teresken-type” (22.1 ±1.4 %). The two desert formations indicate significantly lower
vegetation cover (p ≤ 0.01) with 11.0 ±0.8 % in “dwarf shrub deserts” and 4.6 ±0.6 % in
“deserts”. The overall lowest values were ascertained for “rocks and scree vegetation” with
only 1.9 ±0.5 %.
For “spring turfs” and “alpine mats” the high cover values are exclusively composed by herbs
and grasses. In the other formations the herb and grass layer constitutes, in general, only 1.7 %
to 9.1 %. However, outliers of up to 20 % can be found particularly in “dwarf shrub cushion
steppes” of the “wormwood-type”. Dwarf shrubs and cushions play a more important role in
these formations. The former shows highest values in “dwarf shrub cushion steppes (wormwood-type)” (14.4 ±1.0 %), followed by “dwarf shrub deserts” (7.4 ±0.7 %) and “dwarf shrub
cushion steppes (teresken-type)” (6.2 ±0.8 %). In “deserts” they only amount to 3.0 ±0.5 %,
which is primarily linked to its exploitation as firewood. Hard cushions of the species Acantholimon diapensioides are more or less absent in “deserts” and “dwarf shrub deserts”. Apart
from some outliers of up to 5 % coverage, their average coverage is below 1 %. On the contrary, they reach 6.0 ±0.8 % in “wormwood-type” and 6.9 ±1.1 % in “teresken-type dwarf
shrub cushion steppes”. Some outliers even show up to 45 % coverage of cushions.

2.4.2 Ordination
The dataset analysed by NMDS is composed of 181 60 m × 60 m-relevés for which as well as the
ascertainment of phytosociological data and the environmental variables previously described
(see section 2.1), soil analyses were conducted. In the first step, several calculations were
carried out, starting with six dimensions and then reducing them to lastly one dimension. The
resulting stress values were used to draw a stress-vs.-dimension diagram (elbow-criterion, see
section 2.3.3) in order to detect the most reasonable number of dimensions to use in the final
calculation. A pronounced elbow could not be detected, but according to the recommendations
of Leyer and Wesche (2007) the number of dimensions could be set to four. This appeared
to be the most appropriate alternative between the lowest possible dimension number and an
acceptable stress value.
Secondly, a preliminary calculation with four dimensions and a random starting configuration
was conducted, comparing 100 runs. It resulted in a best configuration with a stress value of
12.7, which was used as the starting configuration for the final calculation. A Monte Carlo
test with 200 randomisations demonstrated that the performed calculation significantly reduced more stress than an accidentally selected configuration (p ≤ 0.01).
Subsequently, the final NMDS was carried out. Although starting with a previous best configuration, the stress value could not be further reduced. Hence, the final result is a configuration
with a stress value of 12.7, a non-metric fit of R2 =0.98 and a linear fit of R2 =0.93 (fig. 2.8).
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Figure 2.4: Vegetation structure of the different identified vegetation units (1: “deserts”; 2: “dwarf
shrub deserts”; 3: dwarf shrub cushion steppes (teresken-type); 4: dwarf shrub cushion steppes (wormwood-type); 5: “spring turfs”; 6: “alpine mats”; 7: “rocks and scree vegetation”)
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Figure 2.5: Photos of the identified vegetation units: (a) overview on the desert near Subashi (b)
desert formation with Zygophyllum obliquum (c) dwarf shrub desert with Artemisia rhodantha in the
Pshart valley (d) and (e) dwarf shrub cushion steppe (type teresken) (f) dwarf shrub cushion steppe
(type wormwood) near Alichur (g) spring turf in the Madian valley (h) spring turf in contrast to the
desert in the Sarez Pamir (i) alpine mat in Gumbez Kol Pshart (j) scree vegetation on the slopes of
Gumbez Kol Pshart (k) Leymus secalinus steppe (subdivision of dwarf shrub cushion steppes) (l) woody
vegetation with Salix spec. in the Madian valley
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Figure 2.6: Photos of important plant species: (a) Krascheninnikovia ceratoides (b) withered
Krascheninnikovia ceratoides (September 2008) (c) Christolea crassifolia (d) blooming Acantholimon
diapensioides (June 2008) (e) Potentilla bifurca subsp. orientalis (f) Artemisia rhodantha (g) Artemisia
leucotricha (h) Stipa caucasica subsp. glareosa (le.) and Stipa orientalis (ri.) (i) Carex pseudofoetida
(j) Leontopodium ochroleucum (k) Kobresia royleana (l) Saxifraga stenophylla
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Figure 2.7: Elbow criterion

Before fitting the collected environmental variables onto the ordination diagram they were
checked for redundancies, using the Spearman rank correlation coefficient (see section 2.3.4).
In this connection ignition loss and humus were excluded from the analysis because of a very
high correlation with C org (r=0.78 and r=1.0, respectively; p ≤ 0.01) and N (r=0.79 and
r=0.82, respectively; p ≤ 0.01). Furthermore, the sand fraction from the soil analyses was
eliminated due to a high redundancy with the silt fraction (r=0.95; p ≤ 0.01). Moreover, July
precipitation was omitted, because of a very high correlation with annual mean precipitation
(r=0.92; p ≤ 0.01).
An overview of the linear vector fits with the ordination is presented in figure 2.9. A detailed
summary including the vector and surface fits for each environmental variable is provided in
figs. 2.10 to 2.12. Considering a level of significance of p ≤ 0.01 the non-parametric fits
of soil nitrogen and soil organic carbon indicate the highest correlation with the NMDS
configuration, accounting for an R2 of 0.53 (N , 1st vs. 3rd axis) and 0.55 (C org , 1 vs. 2),
respectively. The linear fits of these variables correspond with the first axis, with direction
cosines of 0.98 (C org ) and 0.94 (N ), which separates “spring turfs” (light blue dots) and
“alpine mats” (pink dots) from the dwarf shrub classes (dark blue, green, red and black dots).
This indicates the importance of organic substances in the soil as an indicator to distinguish
between herb-grass and dwarf shrub dominated vegetation. Certainly, the primary cause for
this situation is due to the convenient topographic conditions and therefore the availability of
water.
The second axis can be described as an axis of altidude (cos α=-0.91), slope (cos α=-0.86)
and soil pH (cos α=-0.98) which enables the “spring turfs” and “alpine mats” to be seperated
from each other. The former are bound to flat valleys where water can accumulate, while the
latter occur on slopes in high altitudes. Furthermore, flat desert plains in relatively low altitudes
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Figure 2.8: Stressplot of the final NMDS with 181 relevés, 4 dimensions and 100 runs

can be split from dwarf shrub cushion steppes, which are characteristic for slopes in higher
elevations. However, the relation between soil pH and altitude is a pseudo-correlation. A view
onto the geological map reveals that the so-called “Murghab Limestone” occurs in the relatively
low areas around Murghab, while the sampled sites in higher altitudes are characterised by acid
metamorphic and intrusive rocks. Overall, altitude shows a relatively high correlation with the
NMDS configuration which is best represented by a non-parametric fit (R2 =0.49, 1 vs. 2).
Slope indicates a moderate correlation (R2 =0.21, 2 vs. 3). On the contrary, the non-linear
relationship with soil pH is comparatively weak (R2 =0.14, 1 vs. 2).
Moreover, utm-easting, as a variable of large-scale location, and annual mean precipitation
are important predictors for vegetation distribution. They show the third and the fourth highest
fit to the total configuration, with an R2 of 0.51 (3 vs. 4) and 0.5 (1 vs. 4), respectively. A
direction cosine of 0.91 and -0.99, respectively, displays a strong correlation with the fourth
ordination axis. Furthermore, January precipitation (cos α=0.99), utm northing (cos α=0.81), soil skeleton (cos α=-0.99), south-exposedness (cos α=0.83) and soil CaCO3 -content
(cos α=-0.77) orientate along this axis. The first variable displays a relatively high fit with an
R2 of 0.32 (3 vs. 4), followed by CaCO3 -content (R2 =0.31, 2 vs. 4). The other variables
only indicate moderate to weak correlations with the configuration. Utm northing shows an
R2 of 0.19 (3 vs. 4), soil skeleton indicates 0.14 (1 vs. 2), while south-exposedness amounts
to 0.11 (1 vs. 4). Soil cation exchange capacity and soil clay only disclose fits of R2 =0.09
(1 vs. 4). In addition, soil silt and distance to isobaths were detected as significant variables
describing vegetation distribution. Their vectors point primarily in the direction of the third
ordination axis (cos α=0.93 and cos α=0.85, respectively), with a total R2 of 0.17 (3 vs. 4)
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Figure 2.9: Ordination and linear fit of the environmental variables (Overview) - black:
deserts, red: dwarf shrub deserts, green: dwarf shrub cushion steppes (teresken), dark
blue: dwarf shrub cushion steppes (wormwood), light blue: spring turfs, pink: alpine
mats, yellow: rocks and scree vegetation

and 0.11 (2 vs. 3), respectively. Finally, grazing pressure (incl. manure), west-exposedness,
distance to settlement and grazing pressure (excl. manure) show significant but weak fits.
The first shows an R2 of 0.11, the second of 0.08, the third and the fourth only amount to
R2 =0.07. The remaining environmental variables (electric conductivity, C/N ) failed the test
of significance at the 5 %-level.

In summary it can be stated that the described ordination is able to distinguish between meadow
formations (“springs turfs” and “alpine mats”) and dwarf shrub formations along the first axis.
Furthermore, “spring turfs” and “alpine mats” can be separated by the second axis. On the
contrary, the different dwarf shrub classes partly overlap each other in the present configuration
so that individual relationships to specific environmental variables become obfuscated. It was
therefore decided to separate the total dataset into sub-datasets, based on the different cut
levels of the classification. For each of these subsets a separate NMDS ordination was carried
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Figure 2.10: Ordination and fit of the environmental variables (total data part I) - black: deserts, red:
dwarf shrub deserts, green: dwarf shrub cushion steppes (teresken), dark blue: dwarf shrub cushion
steppes (wormwood), light blue: spring turfs, pink: alpine mats, yellow: rocks and scree vegetation
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Figure 2.11: Ordination and fit of the environmental variables (total data part II) - black: deserts, red:
dwarf shrub deserts, green: dwarf shrub cushion steppes (teresken), dark blue: dwarf shrub cushion
steppes (wormwood), light blue: spring turfs, pink: alpine mats, yellow: rocks and scree vegetation
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out, using the same number of dimensions and following the same procedures as described
previously.
Ordination of the meadow classes
The first subdataset contains 27 60 m × 60 m-relevés with herb-grass dominated vegetation,
originating from the “spring turfs” and the “alpine mats”. The NMDS ordination, reduced
to four dimensions, represents the original data with a non-parametric fit of R2 =0.995 and a
linear fit of R2 =0.97. The stress value amounts to 7.04.
In the diagram (first vs. second axis, see figs. 2.13 to 2.15) “spring turfs” (light blue dots)
conglomerate in the central left part, while “alpine mats” (pink dots) are distributed over
the entire right part. Among the different environmental variables, eight indicate a highly
significant (p ≤ 0.01) non-parametric fit to the resulting configuration. A further nine factors
correlate significantly at a level of p ≤ 0.05 while the remaining six variables fail at this level.
The best fit was detected for west-exposedness (R2 =0.92, 1st vs. 2nd axis). In general,
“spring turfs” indicate values near zero, while “alpine mats” show positive or negative values
indicating an independency on slope rather than on exposedness. Therefore, the former might
be the better indicator in this case. This assumption is supported by the a high fit of slope
with an R2 of 0.85 (1 vs. 3). Its fitted vector strongly correlates with the first ordination axis
(cos α=0.91). Furthermore, the relationships of distance to settlement (R2 = 0.52, 1 vs. 3),
soil skeleton (R2 = 0.51, 1 vs. 4) and altitude (R2 = 0.7, 1 vs. 4) are displayed by this
axis (cos α=0.96, 0.99, 0.8). To conclude, “spring turfs” are separated from “alpine mats”
on the first axis by lower slope angles, less soil skeleton, lower altitude and less distance to
settlements. The latter is linked to the existence of permanent streams on “spring turfs” as
yurts and permanent buildings tend to be set up in the vicinity of these water resources. The
second axis shows a gradient of soil pH (cos α=-0.89) with a linear fit of R2 =0.26 (1 vs. 2).
For south-exposedness the non-parametric correlation (R2 = 0.79, 1 vs. 3) is also stronger,
although there is a relationship between the fitted vector and the third axis (cos α=-0.85). The
fourth axis can be explained as a soil N (cos α=-0.91) and soil Corg gradient (cos α=-0.9)
with the former presenting a non-parametric fit of R2 =0.4 (3 vs. 4). The latter fits linearly
with an R2 of 0.28 (1 vs. 4). Finally, there are several variables that cannot be allocated
to one of the ordination axes: soil clay indicates a non-parametrical fit of R2 =0.62 (1 vs.
3), annual mean precipitation accounts to an R2 of 0.5, soil CaCO3 -content and distance
to isobaths to 0.49, and utm northing to 0.4. Finally, soil silt shows a fit of R2 =0.39 and
grazing pressure (excl. manure) of R2 =0.31.
Ordination of the dwarf shrub classes
This sub-dataset comprises 148 60 m × 60 m-relevés from the four identified dwarf shrub classes
(see section 2.4.1). The final four-dimensional NMDS ordination led to a stress value of 13.75,
a non-parametric fit of R2 =0.98 and a linear fit of R2 =0.88. Considering the first and second
ordination axis, three entities can be separated visually (figs. 2.16 to 2.18). “Dwarf shrub
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Figure 2.12: Ordination and fit of the environmental variables (total data part III) - black: deserts, red:
dwarf shrub deserts, green: dwarf shrub cushion steppes (teresken), dark blue: dwarf shrub cushion
steppes (wormwood), light blue: spring turfs, pink: alpine mats, yellow: rocks and scree vegetation
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Figure 2.13: Ordination and fit of the environmental variables (meadow relevés - part I) - light blue:
spring turfs, pink: alpine mats
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Figure 2.14: Ordination and fit of the environmental variables (meadow relevés - part II) - light blue:
spring turfs, pink: alpine mats
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Figure 2.15: Ordination and fit of the environmental variables (meadow relevés - part III) - light blue:
spring turfs, pink: alpine mats
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cushion steppes (wormwood-type)” are located predominantly in the lower right part of the
diagram (blue dots), while “dwarf shrub cushion steppes (teresken-type)” can be found in the
upper right (green dots). “Deserts” (black dots) and “dwarf shrub deserts” (red dots) still
overlap in the central part of the ordination plot.
Among the environmental variables the ordination is explained best by annual mean precipitation and utm-easting, with a non-parametric fit of R2 =0.62 (1st vs. 2nd axis and 2
vs. 4, respectively). The fitted vector of these variable largely conforms with the second
axis (cos α=0.92 and 0.99, respectively), which indicates that “dwarf shrub cushion steppes
(wormwood-type)” occur primarily in the moister west region of the study area compared to
the other dwarf shrub classes. The third variable with a remarkable non-parametric fit is altitude (R2 =0.59). In contrast to the former variables, its vector is strongly linked to the first
axis (cos α=0.99). This means that “deserts” and “dwarf shrub deserts” are generally found in
lower altitudes than “dwarf shrub cushion steppes”. Furthermore, a relatively high correlation
could be detected for January precipitation (R2 =0.42, 2 vs. 3) and utm-northing (R2 =0.35,
1 vs. 2). Moderate non-parametric fits were found for soil CaCO3 − content (R2 =0.34, 1 vs.
2), soil N (R2 =0.3, 1 vs. 2) and soil Corg (R2 =0.22, 1 vs. 3). While the vector of the former
mainly varies along the second axis (cos α=0.99), the two other variables comply with the first
axis (cos α=0.94 and 0.99, respectively). These correlations reveal that “dwarf shrub cushion
steppes (wormwood-type)” grow on soils with a lesser CaCO3 -content than “dwarf shrub
cushion steppes (teresken-type)”, “deserts” and “dwarf shrub deserts”, a situation which is
bound to the geological properties of the region (R2 =0.21, 2 vs. 4). While the area around
Alichur in the south-west of the study area is characterised by intrusive and volcanic rocks, in
the north-east the so-called “Murghab Limestone” occurs. On the contrary, soil N and soil
Corg separate the desert from the steppe formations. Minor relationships were ascertained for
the soil parameters silt (R2 =0.2, 2 vs. 4), soil cation exchange capacity (R2 =0.16, 2 vs. 4),
soil pH (R2 =0.15, 1 vs. 3), soil skeleton (R2 =0.12, 1 vs. 2) and soil clay (R2 =0.08, 2 vs.
4). In particular, soil skeleton is strongly linked to the second ordination axis (cos α=0.99),
showing that “dwarf shrub cushion steppes (wormwood-type)” grow on more fine-grained soils.
Further fits were ascertained for slope (R2 =0.15, 1 vs. 3), distance to settlements (R2 =0.14,
1 vs. 2), distance to isobaths (R2 =0.14, 1 vs. 4) as well as south exposedness (R2 =0.09, 1
vs. 2). The fitted vector of distance to isobaths perfectly conforms to the first axis (cos α=1.0). In regards to the vegetation, this reveals that the desert formations are located further
afield from isobaths than the steppe formations. Lastly, both indicators for grazing pressure
present correlations with a fit of R2 =0.1 and 0.07, respectively (1 vs. 4). All of the described
relations are significant at a 1 %-level. West-exposedness, soil electric conductivity and soil
C/N miss significance (p > 0.05).

Ordination of the deserts and dwarf shrub deserts
The previous ordination revealed clear boundaries between desert and steppe formations as well
as between the two particular steppe formations, however, it failed to distinguish definitively
between “deserts” and “dwarf shrub deserts”. Therefore, a further ordination was carried out
in order to highlight the differences between these two classes. Again, four dimensions were
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Figure 2.16: Ordination and fit of the environmental variables (dwarfshrub relevés part I) - black:
deserts, red: dwarf shrub deserts, green: dwarf shrub cushion steppes (teresken-type), dark blue: dwarf
shrub cushion steppes (wormwood-type)
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Figure 2.17: Ordination and fit of the environmental variables (dwarfshrub relevés part II) - black:
deserts, red: dwarf shrub deserts, green: dwarf shrub cushion steppes (teresken-type), dark blue: dwarf
shrub cushion steppes (wormwood-type)

75

Chapter 2 Composition and ecological determinants of vegetation

Figure 2.18: Ordination and fit of the environmental variables (dwarfshrub relevés part III) - black:
deserts, red: dwarf shrub deserts, green: dwarf shrub cushion steppes (teresken-type), dark blue: dwarf
shrub cushion steppes (wormwood-type)
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selected and the workflow remained the same as described above. The NMDS displayed the
included 65 60 m × 60 m-relevés with a stress value of 11.09, a non-metric fit of R2 =0.99 and
a linear fit of R2 =0.94. Relating the first and second ordination axis “deserts” (black dots) are
displayed in the lower left part of the diagram, while “dwarf shrub deserts” (red dots) occur
in the upper right (figs. 2.19 and 2.20).
Considering a level of significance of p ≤ 0.01 altitude showed the best fit of all the variables
(R2 =0.48, 1st vs. 2nd axis). Although its non-parametric relationship is better than the
linear, it largely corresponds to second axis (cos α=-0.93). The parameter soil silt indicates a
similar coherency (cos α=-0.87), but does not fit as well (R2 =0.27, 1 vs. 2). The same is true
for the annual mean precipitation (R2 =0.1, 2 vs. 4, cos α=-0.86). In addition, distance to
settlements indicates a relatively high non-parametric relation (R2 =0.31). Although its linear
fit fails significance, a separation of the classes mostly along the second axis is displayed. This
shows that “deserts” occur, compared to “dwarf shrub deserts”, on coarser soils, in lower
altitudes, under dryer conditions and in the vicinity of settlements. Furthermore, the variables
cation exchange capacity, slope and soil skeleton are well correlated with the NMDS configuration (R2 =0.4, 0.29 and 0.25). At this point, they correspond significantly to the third axis,
with cos α=0.93, -0.89 and -0.91, respectively. However, only slope accomplishes to separate
between the two classes and hence indicates that “dwarf shrub deserts” are characterised by
steeper slopes than “deserts”. Moreover, weak but significant fits could be detected for the
factors grazing pressure and geology. The former shows an R2 of 0.14 (incl. manure) and
0.12 (excl. manure), respectively, and indicates that “deserts” show higher grazing traces
than “dwarf shrub deserts”. The latter shows a fit of R2 =0.15, indicating that “deserts” are
stronger bound to sedimentary rocks in contrast to “dwarf shrub deserts” on intrusive rocks.
Lastly, west-exposedness and distance to isobaths fit linearly to the ordination axes. The former indicates an R2 of 0.13 (1 vs. 3), though, it fails to separate the two vegetation classes.
The latter displays a correlation of R2 of 0.11 and illustrates that “deserts” are located farther
away from isobaths than “dwarf shrub deserst”. The remaining environmental variables are
not significant (p > 0.05).

Ordination of the dwarf shrub cushion steppes
Finally, 83 60 m × 60 m-relevés of the two different “dwarf shrub cushion steppes” (tereskenas well as wormwood-type) were highlighted in a separate ordination. The resulting fourdimensional configuration, with a stress value of 13.65, indicates a non-parametric fit of
R2 =0.98 and a linear fit of R2 =0.87. Plots associated with the teresken-type (green dots)
can be found in the left part of the diagram (first vs. second axis, figs. 2.21 to 2.23) while the
wormwood-type relevés (blue dots) are arranged in the right part. The best fitting parameter
is utm-easting with an R2 of 0.67 (1st vs. 4th axis). Although non-linear, a strong connection
of its fitted vector to the first ordination axis could be detected (cos α=-0.87). The same is
true for the annual mean precipitation (R2 =0.6, 1 vs. 4, cos α=0.93) and the January precipitation (R2 =0.56, 1 vs. 4, cos α=0.8). This reveals that the wormwood-type occurs in the
moister western areas, relative to the teresken-type in the dryer east. Furthermore, the two
classes can be distinguished on the first axis by the CaCO3 -content and the cation exchange
capacity of the soil (R2 =0.23, 1 vs. 4, cos α=-0.81 and R2 =0.11, 1 vs. 2, cos α=-0.83,
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Figure 2.19: Ordination and fit of the environmental variables (desert relevés part I) - black: deserts,
red: dwarf shrub deserts
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Figure 2.20: Ordination and fit of the environmental variables (desert relevés part II) - black: deserts,
red: dwarf shrub deserts
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respectively) as well as south-exposedness (R2 =0.26, 1 vs. 3, cos α=0.95). While the former
two variables indicate that the teresken-type occurs on areas with a higher CaCO3 -content
and cation exchange capacity, the latter is more problematic as it is highly influenced by the
importance of the slope angle. This becomes apparent by the high fit of the variable slope
with an R2 of 0.37 (2 vs. 3). Its surfaces as well as its vector (cos α=-0.85) separate the
two types along the second axis and evidence that the teresken-type in general occurs on
steeper slopes than the wormwood-type. Moreover, soil silt (R2 =0.18, 1 vs. 2, cos α=0.8)
and surprisingly soil pH (R2 =0.27, 2 vs. 3, cos α=0.98) follow the second axis. The latter result contradicts the findings about CaCO3 -content and geology (R2 =0.25, 1 vs. 4),
which localize the teresken-type relevés predominantly on carbonatic rock. Further variables
that fit moderately to weakly with the ordination but help to separate between teresken- and
wormwood-type are soil N (R2 =0.28, 1 vs. 4), soil skeleton (R2 =0.22, 1 vs. 3), soil Corg
(R2 =0.18, 1 vs. 4) and grazing pressure (R2 =0.14 (incl. manure) and 0.1 (excl. manure),
respectively, 1 vs. 4). All these parameters show higher values for the teresken-type sites,
compared to wormwood-type. Altitude, even though depicting a relatively high fit (R2 =0.35,
1 vs. 2) to the configuration, does not help to differentiate between the two types. The same
applies to utm northing (R2 =0.23, 1 vs. 3) and soil clay (R2 =0.22, 1 vs. 2). The variables
west exposedness, distance to isobaths, soil C/N , soil electric conductivity and distance to
settlements fail significance on the 5 %-level.

2.5 Critical consideration
In closing, a critical consideration of the employed methods and the results is essential. In
this juncture, problems of identifying the plant species have to be mentioned in the first place.
Even though unknown species were collected, herbarised and determined by an expert, not
every specimen could be identified. Furthermore, it cannot be fully eliminated that some plants
were overlooked during the phytosociological recordings, due to damage caused by livestock.
This is especially true for grass and sedge species on heavily grazed spring turfs. Concerning
the used methods it has to be pointed out that classification techniques, such as hierachical
cluster analysis, always imply a loss of information, because class-internal variation becomes
masked. Here, methods exclusively based on ordination could be a good alternative. For
further information on this topic see section 3.3.5.
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Figure 2.21: Ordination and fit of the environmental variables (steppe relevés part I) - green: dwarf
shrub cushion steppes (teresken-type), dark blue: dwarf shrub cushion steppes (wormwood-type)
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Figure 2.22: Ordination and fit of the environmental variables (steppe relevés part II) - green: dwarf
shrub cushion steppes (teresken-type), dark blue: dwarf shrub cushion steppes (wormwood-type)

82

2.5 Critical consideration

Figure 2.23: Ordination and fit of the environmental variables (steppe relevés part III) - green: dwarf
shrub cushion steppes (teresken-type), dark blue: dwarf shrub cushion steppes (wormwood-type)
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Chapter 3
Modelling vegetation
3.1 Preconsiderations
In the previous chapter the relationship between spatial distribution of vegetation and environmental variables was analysed using different techniques of explorative data analysis (ordination
etc.). One problem of such evaluations is that they are limited to a small set of collection sites
which are separated by large unsurveyed areas (Ferrier et al., 2002). In order to fill these gaps
the previous results, as well as additional spectral data, were taken as a basis to model the
distribution of vegetation across the landscape. According to Ferrier et al. (2002), Lees and
Ritman (1991), Miller and Franklin (2002) and Moisen and Frescino (2002) such predictions
require the following basics:
• digital maps of the specific environmental variables (e.g. digital elevation models to
derive elevation, slope, aspect, etc.; precipitation models; spectral data from satellite
images; distance buffers around rivers or settlements);
• spatial information on the vegetation attribute of interest (e.g. type, species, abundance
etc.) from a sample of locations;
• coupling of remotely mapped environmental variables and field records on vegetation
attributes with a Geographic Information System (GIS) in order to extrapolate the model
results across extensive regions.
The statistical methods to quantify this environment-vegetation-relationship have become very
flexible today and usually result in a vegetation map (Miller and Franklin, 2002), though it
is common that the response variable is a single species. The main focus of this work is
to predict vegetation assemblages and therefore it is necessary to adjust the model. This
is currently a prevailing opinion in the community of ecological modellers and one of the
major outputs of the second Riederalp workshop on statistical methods for modelling species
distributions, held 2004 in Riederalp, Switzerland. Guisan et al. (2006) as well as Ferrier et al.
(2002) and Arponen et al. (2008) state, that there exist three approaches to extend specieslevel modelling to predict distributions of higher-level entities (e.g. communities, ecosystems,
vegetation groups):
1. assemble first, predict later: vegetation groups are derived directly from a data set using
classical reduction techniques (classification/ordination) in a first stage. Afterwards, the
distribution of each group/entity is modelled as a function of environmental predictors;
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2. predict first, assemble later: predict large numbers of single species in a first stage and
then submit this package of predicted distributions to classification/ordination;
3. assemble and predict simultanously: this means to imply environmental constraints directly into ordination/classification by conducting direct gradient analysis (e.g. CCA,
CGO) and constrained classification via recursive partitioning.
In the present work the first approach will be used.
There is currently a broad range of modelling techniques available to explore the correlation
between response and predictor variables. However, it should be noted that these methods can
differ in their suitability to determine the relationships between the response and the predictor
variable (Segurado and Araújo, 2004). In this work a Random Forest Model was used, which
will be explained in the following section.

3.2 Data and methods
Austin (2007) highlights the fact that predictor variables should be selected with care and
that it is essential to stick to the basic theories of ecology while modelling. There is plenty
of information about ecophysiological and biophysical processes that regulate the relationship
between species and their environment and this must be used to choose potential variables in
order to describe species distribution. Relatively new products like digital elevation models,
satellite imagery and other remotely sensed datasets could result in integration of less meaningful predictor variables only because of their availability. To ensure that only relevant variables
are included in the model, exclusively accepted variables whose use is well documented in
literature were utilized (see Brenning, 2009; Miller and Franklin, 2002; Ohmann and Gregory,
2002). Moreover, only parameters that showed a minimal fit of R2 ≥ 0.2 with the ordination
space were used in the model.

3.2.1 Environmental predictor variables
In this study, 35 variables were extracted from different sources of remotely sensed raster
data for 262 relevés. Firstly, the variables annual mean precipitation, July precipitation and
January precipitation were derived from raster data calculated on the basis of data from
the Tropical Rainfall Measuring Mission (TRMM 07.07.2009) for the years 1998 to 2008 (see
section 2.1).
ASTER Global Digital Elevation Map (GDEM)
In a second step, the ASTER GDEM was used to extract topographic variables. The GDEM is
a product derived from the Advanced Spaceborn Thermal Emission and Reflection Radiometer
(ASTER). The system’s near-infrared band possesses nadir- and backward-pointing telescopes,
which enables it to produce stereo images. The resolution is one arc-second (approximately
30 m), vertical accuracy was assessed to be 20 m with 95 % confidence and the geolocation
accuracy is better than 50 m (Fujisada et al., 2005). Gamache (2004) warns that such optical
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based DEMs are not suitable in mountains as topographic factors like terrain cast shadows or
invisible steep slopes can affect the image quality and hence the DEM’s accuracy. Anomalies,
such as pit-patterns, could result from these inaccuracies, though, for a remote region, such as
the Eastern Pamirs, the number of DEMs is very limited. Apart from the GDEM there is also
the SRTM DEM and a DEM which has been generated by isohypes digitalised from Russian
military maps (1:100000) by Thomas Breu (Berne) and his colleagues. The SRTM DEM and
map-based DEM are both unbiased from the points criticised by Gamache (2004), though a
comparison of the three DEMs, with environmental factors measured in the field, indicate that
the ASTER GDEM performs best. Therefore it was chosen for this work.
Initially, the DEM was preprocessed with the SAGA GIS modules to close gaps and fill sinks
(Böhner et al., 2010) and the variables altitude, slope and aspect were directly extracted. Secondly, further complex topographic variables were derived from these simple variables. Slope
and aspect were used to calculate south- and west-exposedness (see section 2.1). Furthermore, the horizontal and vertical curvature as well as horizontal, vertical and real distance
to isobaths were calculated. The latter includes terrain information derived from the DEM.
In addition, two rasters on the basis of the UTM grid (Zone 43N) were compiled to process
utm easting and utm northing as variables of the superordinate position of a relevé. Finally,
a distance raster was calculated on the basis of the DEM and a point shapefile representing
every single pasture camp and settlement in the study area. The latter was collected by Tobias
Kraudzun (Berlin) in the years 2007 to 2009 and computed with TNT Mips 7.4 (Microimages).
The other calculations were carried out with SAGA GIS (Böhner et al., 2010).

RapidEye images
RapidEye images were then utilized to extract the values of the single spectral bands as well as
to calculate further indices. RapidEye is a German commercial satellite system, consisting of a
ground station and five identical satellites that are equipped with optical cameras. According
to the operator’s homepage (RapidEye, 2010) the system provides scenes of 80 km × 80 km,
with a spatial resolution of 6.5 m and a spectral resolution of five bands. In detail the spectra
are:
• band 1: blue (440-510 nm)
• band 2: green (520-590 nm)
• band 3: red (630-690 nm)
• band 4: red-edge (690-730 nm)
• band 5: near infrared (760-880 nm)
Altogether, 16 georeferenced and orthorectified scenes could be aquired, with an overall extension of more than 9000 km2 and a total cloud cover of less than 10 %. The scenes were
recorded between August 2 and August 12, 2009. It was abandoned to execute atmospheric
and illumination corrections, because this might produce new sources of error. Furthermore,
it was assumed that the model can cope with the interactions between remote-sensing and
topographic data (see Brenning, 2009, p. 240).
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After extracting each band, the classical Normalized Difference Vegetation Index (NDVI) was
computed. It combines the near infrared band (IR) and the red band (R) as follows:

N DV IIR/R =

IR − R
IR + R

(3.1)

IR = RapidEye Band 5 (near infrared: 760-850 nm)
R = RapidEye Band 3 (red: 630-685 nm)

The second index derived is an alternative of the classical NDVI. Instead of the red band it
uses the RapidEye’s red-edge band (690-730nm). Therefore the underlying equation is:

N DV IIR/RE =

IR − RE
IR + RE

(3.2)

IR = RapidEye Band 5 (near infrared: 760-850 nm)
RE = RapidEye Band 4 (red-edge: 690-730 nm)

Thirdly, the red-edge band was combined with the red band:

N DV IRE/R =

RE − R
RE + R

(3.3)

RE = RapidEye Band 4 (red-edge: 690-730 nm)
R = RapidEye Band 3 (red: 630-685 nm)

Another approach, which enables the inclusion of the information of the red-edge band, was
invented by Dash and Curran (2004). It was originally designed for data from the Medium Resolution Imaging Spectrometer (MERIS) and hence is called the MERIS Terrestrial Chlorophyll
Index (MTCI). In this work, it was modified for RapidEye data as follows:
RET CI =

IR − RE
RE − R

R = RapidEye Band 3 (red: 630-685 nm)
RE = RapidEye Band 4 (red-edge: 690-730 nm)
IR = RapidEye Band 5 (near infrared: 760-850 nm)
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(3.4)

3.2 Data and methods
A soil adjusted vegetation index (SAVI) was also computed. This method was specifically
invented to reduce the effect of soil brightness on conventional vegetation indices (Huete,
1988). Therefore, it is a suitable tool to differentiate between sparsely vegetated and nonvegetated areas, which are common in the Eastern Pamirs.
SAV I =
IR
R
L1
L2

=
=
=
=

IR − R
· (1 + L2 )
IR + R + L1

(3.5)

RapidEye Band 5 (near infrared: 760–850 nm)
RapidEye Band 3 (red: 630–685 nm)
correction factor; in this work set to 1.5
correction factor; in this work set to 0.5

Apart from purely spectral data, ten texture parameters were calculated corresponding to the
described spectral bands and indices. For this, a range filter of 3 × 3 pixels was applied, which
calculated a mean value of each pixel and the directly neighbouring pixels. Subsequently, the
resulting standard deviation was used as a parameter of texture. Very similar pixels lead to
a very low standard deviation and indicate homogenous texture. In contrast, different spectral index values between the compared pixels induce high standard deviations that represent
heterogenous texture (see Smith, 2006, p. 19).
In a last step, the data was resampled to rasters of 5 m × 5 m grid cell, which is the resolution
of the delivered RapidEye images, then a selection of these environmental variables were used
as predictor variables for the model. Vegetation type, as defined by the classification (see
section 2.4), is the response variable in this study. In addition to 192 plots where detailed
abundance data was available, 16 “water” relevés, 17 “snow and ice” relevés as well as a
further 37 relevés with only basic information on vegetation, were added. Altogether, this
comprises a dataset of 262 relevés, which are included in the model.

3.2.2 Methods
According to Brenning (2008, 2009) a classifier is fitted to a given training data set. This
consists of polygons with known class membership and consequently known vegetation class.
Additionally covariables representing remote-sensing and terrain attribute data are known for
the training data set as well as for the whole study area. Hence, given a set of new objects
with known covariables, the classifier may be used to predict the class membership. The
general workflow of the single steps conducted to produce the vegetation model is presented
in figure 3.1. In detail, the following steps were carried out:
1. field survey of vegetation at different sites to sample the environmental variation of the
region;
2. classification of distinct vegetation groups with hierachical cluster analysis;
3. analysis of the relationship between vegetation attributes derived from field records and
environmental variables using indirect gradient analysis;
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4. extraction of environmental variables from remotely sensed data bases (topography,
spectral properties, precipitation) in a given grid-cell resolution;
5. modelling of the vegetation groups by a set of remotely sensed predictor variables;
6. evaluation of the models using out-of-bag and cross-validation.
The technical process of the entire model was carried out using a combination of statistic
software and GIS (see e.g. Brenning (2008)). All statistical operations were calculated in the
R-environment on the basis of the package randomForest (Liaw and Wiener, 2002) and then
the results were applied to the spatial data, which was managed via the R-package raster
(Hijmans and van Etten, 2010).

Figure 3.1: Workflow of the vegetation model

Model approach
The model approach used in this work belongs to the group of classification tree models,
which represent a widespread non-parametric prediction method. In general, it identifies
specific thresholds of environmental conditions which are necessary for a species or vegetation
type to exist (Miller and Franklin, 2002). The tree is constructed by repeatedly splitting the
data into two exclusive groups defined by a threshold based on a single explanatory variable
at each step (Breiman et al., 1984; Segurado and Araújo, 2004; Brenning, 2009). Due to the
instability of these models, which can be related to minor variations of the training data set
as well as other problems such as overfitting, several extensions of this method have been
developed in order to stabilise it (Brenning, 2009; Evans and Cushman, 2009). One of these
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techniques is the Random Forest Algorithm, invented by Breiman (2001), which was employed
here. This method is based on random subsets from the set of the response variable, as well
as the predictor variables, generated by bootstrap resampling (Liaw and Wiener, 2002). These
subsets are used to grow and combine a high number of single classification trees (therefore
forest). This means that the trees are split at so-called nodes, utilising the best predictor
within a randomly chosen subset of predictors (Goetz et al., 2010; Brenning, 2009). Bootstrap
is a resampling technique introduced by Efron and Tibshirani (1993), which is based on the
replacement of values. This means it generates a multitude of datasets by drawing a certain
number of values from the original data pool. These values are then replaced to the pool so
it is possible that each value could be drawn several times to generate the bootstrap dataset.
The randomForest-function used here (Liaw and Wiener, 2002) requires presettings for the
number of trees to be utilised in the model, as well as for the number of variables tested
at each split (mtry ). According to Kubosova et al. (2010) a good rule of thumb is to try
several different settings of these parameters √
and choose the combination that leads to the
best fit. Breiman (2001) recommends to use number of variables for mtry . Based on these
suggestions 5000 trees and mtry =4 were chosen for this work. Liaw and Wiener (2002, p.
18) describe the workflow of the algorithm as follows:

1. ntree bootstrap samples from the original data are drawn;
2. for each of the bootstrap samples, an unpruned classification tree is grown, with the
following modification: Rather than choosing the best split among all predictors, randomly mtry of the predictors are sampled and the best split from among those variables
is chosen at each node;
3. new data is predicted by aggregating the predictions of the ntree trees (i.e., the majority
of votes).
In addition to the model fit, the function produces two more values. The first indicates the
importance of the predictor variables. It is based on the increment of the prediction error that
occurs when the data for the examined variable is permuted, while the other variables remain
unaltered. The second is called proximity and is a measure of the internal structure of the
data. It depends on the fraction of trees where two objects are in the same terminal node.
The theory behind this is that closely-related observations should belong to the same terminal
node with greater frequency than more dissimilar ones (Liaw and Wiener, 2002). Proximities
were visualized by so-called heat maps (see Kubosova et al., 2010).

Evaluation of accuracy/goodness-of-fit
A key trait of models needs to be reliability and the ability to highlight uncertainties therefore
an accuracy assessment is essential. There exists a large number of different techniques to
evaluate the goodness-of-fit of a model, one commonly used method is to assess the so-called
true error rate or conditional error rate. It is obtained from independent test data from the
same distribution as the training data set. In order to achieve this, the whole data set is
commonly divided into two groups with the first group being used as training data set and
the second as the test data set, that is not utilised to fit the classifier. A major problem of
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this technique is that a large proportion of data is unavailable to the classifier. A solution to
this can be cross-validation and out-of-bag-validation which are resampling-based techniques
intended to produce “honest” error estimates. Cross-validation partitions the data set into
independent learning and test samples. It repeatedly generates training and test data sets
from the entire data set with known class membership (see Brenning, 2009, p.241). The
workflow is as follows:
1. partitioning the data into k (e.g. 10) equally-sized subsets;
2. training of the classifier on all but one of these subsets;
3. evaluation of the performance of the classifier on the remaining subset;
4. repetition of step 1 to 3 (e.g. 100 times).
The second is a bootstrap-based method which works as follows:
1. at each bootstrap iteration, the data not in the bootstrap sample (i.e. out-of-bag or
OOB) is predicted on the basis of the tree grown with the bootstrap sample;
2. OOB predictions are accumulated and the error rate is calculated.
Testing for spatial autocorrelation
A major problem of many models is that species-environment relationships are fitted without
explicit consideration of the neighbouring spatial context (spatial autocorrelation or dispersal)
which can lead to spatial-invariant models. According to Legendre and Legendre (1998), spatial
autocorrelation can be defined as “the property of random variables which take values, at pairs
of sites a given distance apart, that are more similar (positive autocorrelation) or less similar
(negative autocorrelation) than expected for randomly associated pairs of observations”. This
means, for example, that a species is more likely to occur at a location that is surrounded by
other occurrences of this species. In this work the data was tested for spatial autocorrelation
using the Mantel test, a semi-parametric test that tests against the null hypothesis that there
is no spatial autocorrelation. The test requires two distance matrices (in this work one with
spatial distances and one with “floristical” distances between the vegetation relevés) for which
the correlation to one another is examined. Then random permutation of one of the matrices is
used to generate a null distribution for this correlation (Manly, 1998). The test was performed
with the function mantel.rtest in the R-package ade4 (Chessel et al., 2010).

3.3 Results and discussion
One aim of this work is to provide a vegetation map for the two subdistricts Alichur and
Kona Kurghan. Their territory comprises 8688 km2 (Alichur) and 7747 km2 (Kona Kurghan).
Murghab, as an exclusively administrative center during the Soviet period, does not possess
any pasture land. However, as the city is located within the borders of the subdistrict Kona
Kurghan, its area of 34 km2 is included in the analysis. Hence, the study area compasses
16436 km2 in total. Unfortunately, satellite data was only provided for 9029 km2 (c. 55 %)
and of this data 745 km2 (8.3 %) are covered by clouds. Therefore, a pasture assessment
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could only be achieved for 8282 km2 or c. 50 % of the study area. For this area three different
vegetation models were produced, which will be described in the second part of this section.
In the first part, the utilised data is checked for spatial autocorrelation and the introduced
predictor variables are evaluated for their suitability in separating the different vegetation
classes.

3.3.1 Performance of the predictor variables
Initially, the response variable (vegetation class) was checked for spatial autocorrelation. According to the results of the Mantel test, based on 999 replications, the null hypothesis (the
two distance matrices, spatial distance and “floristical” distance, are unrelated) can be accepted, as a significant correlation could not be detected (r = 0.06; p > 0.05)). Then the
potential predictor variables were checked for redundant information, similar to section 2.4.2.
Predictor variables which correlate to each other with r values of ≥ 0.7 (Spearman rank correlation coefficient) were compared according to their fit with the ordination space. Only
the most significant variable was retained; the remaining ones were omitted from the model
calculation. Variables that failed significance, and those with a relatively weak fit of R2 < 0.2
were eliminated. Furthermore, apart from the vegetation classes already discussed, the new
classes “water” and “snow and ice” were included.
In this context, the three different NDVI variables revealed strong redundancies. N DV IIR/RE
indicated the highest fit (R2 =0.57, p ≤ 0.01, 1st vs. 2nd axis) and hence was maintained.
Although N DV IIR/R (R2 =0.56, 1 vs. 2) and N DV IRE/R (R2 =0.54, 1 vs. 2) also displayed
high and significant (p ≤ 0.01) fits, they were ignored in the final model. Furthermore, all
single bands showed high correlations to each other. Band 5 performed best with an R2 of
0.39 (p ≤ 0.01, 1 vs. 2) and was used in the model. Band 1 to 4, with highly significant
fits of R2 =0.36 and 0.37, respectively, were omitted. Further redundancies could be detected
for the texture values derived from the NDVIs as well as for those from the single bands.
Among the former group, the texture values from N DV IRE/R and N DV IIR/R depict the
highest non-parametric fits to the ordination (R2 =0.41, p ≤ 0.01, 1 vs. 2). Due to a higher
linear fit the choice fell on the former (R2 =0.3 compared to 0.28). In the latter group, the
texture values from band 1 reached an R2 of 0.34 (p ≤ 0.01, 1 vs. 2) which is higher than
the remaining values within this group (R2 =0.23 to 0.32). Moreover, the different distance
parameters to isobaths gave correlations of r ≥0.7. The variable vertical distance to isobaths
fitted best (R2 =0.29, p ≤ 0.01, 1 vs. 3) and was retained for the model computation.
Variables that were ignored on account of missing the significance level of p ≤ 0.05 are RETCI
and its corresponding texture value, vertical and horizontal curvature as well as south- and
west-exposedness extracted from the raster data. Geology and distance to settlements indicated an R2 of less than 0.1 and were excluded. Finally, the three derived precipitation variables
(annual mean precipitation, July precipitation and January precipitation), although fitting
well to the ordination space, were omitted from the model as they produced indefinable borders
of classes, arising from the bad spatial resolution of the TRMM data.
Hence, eleven variables remain as predictors for the model of vegetation distribution in the
study area (see fig. 3.2). These are as follows (in order of decreasing fit with the ordination
space of the vegetation relevés):
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1. N DV IIR/RE (1 vs. 2; non-parametric: R2 =0.57, p ≤ 0.01; linear: R2 =0.44, p ≤ 0.01);
2. utm easting (1 vs. 4; non-p.: R2 =0.5, p ≤ 0.01; lin.: R2 =0.3, p ≤ 0.01);
3. altitude (1 vs. 2; non-p.: R2 =0.49, p ≤ 0.01; lin.: R2 =0.33, p ≤ 0.01);
4. N DV IRE/R texture (1 vs. 2; non-p.: R2 =0.41, p ≤ 0.01; lin.: R2 =0.3, p ≤ 0.01);
5. band 5 (1 vs. 2; non-p.: R2 =0.39, p ≤ 0.01; lin.: R2 =0.17, p ≤ 0.01);
6. SAVI (1 vs. 2; non-p.: R2 =0.36, p ≤ 0.01; lin.: R2 =0.09, p ≤ 0.01);
7. band 1 texture (1 vs. 2; non-p.: R2 =0.34, p ≤ 0.01; lin.: R2 =0.13, p ≤ 0.01);
8. vertical distance to isobaths (1 vs. 3; non-p.: R2 =0.29, p ≤ 0.01; lin.: p > 0.05);
9. SAVI texture (1 vs. 2; non-p.: R2 =0.23, p ≤ 0.01; lin.: R2 =0.09, p ≤ 0.01);
10. slope (2 vs. 3; non-p.: R2 =0.19, p ≤ 0.01; lin.: R2 =0.17, p ≤ 0.01);
11. utm northing (3 vs. 4; non-p.: R2 =0.19, p ≤ 0.01; lin.: R2 =0.13, p ≤ 0.01).

Figure 3.2: Ordination and linear fit of the eleven most important predictor variables - black: deserts, red:
dwarf shrub deserts, green: dwarf shrub cushion steppes (teresken), dark blue: dwarf shrub cushion steppes
(wormwood), light blue: spring turfs, pink: alpine mats

These parameters will be highlighted in the following paragraphs with regard to their single
values inside the different response classes, as well as to their ability to separate between those
classes.
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N DV IIR/RE
“Deserts” (class 1) can be distinguished significantly from all other classes (p ≤ 0.05, see
tab. 3.1). Within this class, with a mean value of 0.04, plot no. 304 represents an extreme
positive value, which can be explained by the relatively high occurence of Carex stenophylla
compared to other desert-relevés (fig. 3.3). Plot no. 15 represents a positive, no. 302 a
negative outlier. The latter belongs to the desert-subtype “dry riverbeds” and is characterised
by very coarse and grey conglomerate. Similar to class 1, “dwarf shrub deserts” (class 2) can
also be separated from the remaining groups (p ≤ 0.001). Relevé 101 constitutes a positive
extreme value because of substantial tussocks of the tall grass Stipa splendens, which makes
it a subclass within “dwarf shrub deserts”. The mean value of class 2 is 0.051. Class 3
encompasses the “dwarf shrub cushion steppes (teresken-type)”. The N DV IIR/RE enables
it to be distinguished from all the other classes (p ≤ 0.001) except the related “dwarf shrub
cushion steppes (wormwood-type)” (class 4, p > 0.05). Relevé 143 could be identified as an
extreme value, which might be due to the sparse dwarf shrub cover and a high dominance
of Acantholimon diapensioides cushions and Carex stenophylla. Furthermore, outliers were
detected for the relevés 34, 145 and 319. Releves 34 and 145 are characterised by aboveaverage cover values of herbs and grasses, whereas releve 319 is heavily grazed and hence
represents a value far below average. Compared to the two desert-classes the N DV IIR/RE value is much higher, with a mean of 0.069. The “wormwood-type” has a similar value,
of 0.062 and, like the “teresken-type”, this vegetation class can be significantly seperated
(p ≤ 0.001) from the remaining classes. The maximum N DV IIR/RE is found in the dense
meadows. “Spring turfs” (class 5) have only a slightly higher mean value (0.173) than “alpine
mats” (class 6, 0.170) and therefore these two vegetation types cannot be distinguished by
using the N DV IIR/RE . They do however show significant differences to the other classes
(p ≤ 0.001). The last vegetation type considered in this work is “rocks and scree vegetation”
(class 7). Owing to the extremely sparse plant abundance, this class is characterised by
the lowest N DV IIR/RE -values among the different vegetation units (mean 0.027) and hence
indicates a significant difference to all the other groups on a level of at least p ≤ 0.05. Finally,
“water” (class 8) and “snow/ice” (class 9) show the lowest N DV IIR/RE -mean values overall,
with -0.234 and -0.030, respectively, and can be clearly segregated from all the other classes
(p ≤ 0.001) as well as from one another. Table 3.1 displays the comparison among the
different groups. To summarise, it can be stated that N DV IIR/RE is an appropriate tool
to classify the majority of the different classes. Only the connatural vegetation types “spring
turfs” and “alpine mats”, as well as the two types of “dwarf shrub cushion steppes” could not
be separated.

Altitude
Overall, the training relevés considered for the model lie between 3562 masl and 5597 m, with
the mean value at 4112 m (fig. 3.3). The lowest situated vegetation class is “deserts” (class
1) with a mean of 3728 m. It can be differentiated by the factor altitude from all other
vegetation classes on a significance level of at least p ≤ 0.01. This is also true for “dwarf
shrub deserts”, which have an average elevation of 3931 m. The two types of “dwarf shrub
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Figure 3.3: Comparison of N DV I and altitude according to the different classes (1: deserts; 2: dwarf shrub
deserts; 3: dwarf shrub cushion steppes (teresken-type); 4: dwarf shrub cushion steppes (wormwood-type);
5: spring turfs; 6: alpine mats; 7: rocks and scree vegetation; 8: water; 9: snow and ice)

cushion steppes” (class 3: teresken-type and class 4: wormwood-type) were distinguished
from all other classes (p ≤ 0.001) except “alpine mats” (p > 0.05). In addition, they were
separated from one another at a significance level of p ≤ 0.05. Class 3 shows a mean altitude
of 4178 m with the lowest plot recorded at 3863 m and the highest at 4506 m and Class 4
has a mean of 4125 m (3877 m to 4367 m). “Spring turfs” (class 5) show a broad range
of values between 3562 m and 4475 m (mean 4055 m), which again confirms that they are
distinguished from other environmental factors by the influence of permanent water. They
are separated significantly from “deserts”, “dwarf shrub deserts”, “alpine mats” and “rocks
and scree vegetation” (p ≤ 0.01), however, the u-test failed for comparison with the two
types of “dwarf shrub cushion steppes” (p > 0.05). “Alpine mats” (class 6) and “rocks and
scree vegetation” (class 7) are significantly different from all other groups as well as from one
another (at least p ≤ 0.04). The mean elevation of the former is at 4318 m, while the latter
is at 4436 m, with relevé no. 330 representing a below average extreme value. The sampled
expanses of water (lakes and rivers) are distributed entirely between 3313 m and 4783 m, with
the mean at 3957 m. They show significant differences in elevation only to the classes “alpine
mats”, “rocks and scree vegetation” and “snow and ice” (at least p ≤ 0.04). The latter
displays the highest altitude values (mean 5072 m) and differs significantly to all other groups
(p ≤ 0.001). A summary of the comparison in given in table 3.2.
Utm easting
“Deserts” (class 1), that occur mostly in the dry north-east of the study area (see section 2.4.2),
are clearly distinguished from the other classes by utm easting on a significance level of
p ≤ 0.001. The mean value for this vegetation type accounts for an utm easting of 408400.
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Table 3.1: Mann-whitney u-test for NDVI IR/RE (1: deserts; 2: dwarf shrub deserts;
3: dwarf shrub cushion steppes (teresken-type); 4: dwarf shrub cushion steppes
(wormwood-type); 5: spring turfs; 6: alpine mats; 7: rocks and scree vegetation;
8: water; 9: snow and ice)

1

2

3

4

5

6

7

8

2

p≤

0.001

—

—

—

—

—

—

—

3

p≤

0.001

0.001

—

—

—

—

—

—

4

p≤

0.001

0.001

0.095

—

—

—

—

—

5

p≤

0.001

0.001

0.001

0.001

—

—

—

—

6

p≤

0.001

0.001

0.001

0.001

0.919

—

—

—

7

p≤

0.051

0.002

0.001

0.001

0.001

0.001

—

—

8

p≤

0.001

0.001

0.001

0.001

0.001

0.001

0.001

—

9

p≤

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

Table 3.2: Mann-whitney u-test for altitude (see tab. 3.1 for explanation of class
numbers)

1

2

3

4

5

6

7

8

2

p≤

0.001

—

—

—

—

—

—

—

3

p≤

0.001

0.001

—

—

—

—

—

—

4

p≤

0.001

0.001

0.046

—

—

—

—

—

5

p≤

0.001

0.006

0.059

0.617

—

—

—

—

6

p≤

0.001

0.001

0.001

0.001

0.001

—

—

—

7

p≤

0.001

0.001

0.001

0.001

0.001

0.015

—

—

8

p≤

0.318

0.805

0.070

0.146

0.447

0.041

0.003

—

9

p≤

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

However, there are two extreme values that have to be discussed (fig. 3.4). Relevé 208 and
304 show below average values which indicate that these plots are located in the western part
of the study area, in contrast to typical “deserts” with Zygophyllum obliquum or Christolea
crassifolia that are bound to the eastern parts. The former relevé is characterised by the
sedge Carex stenophylla which quite often occurs in “deserts”. The latter belongs to the
“deserts”’ subclass “dry riverbeds” that are distributed throughout the whole region. “Dwarf
shrub deserts” (class 2) that are characteristic for the eastern parts (mean 400300), can be
distinguished from “dwarf shrub cushion steppes (wormwood-type)” as well as from “spring
turfs” and “deserts” on a level of p ≤ 0.01. The latter is surprising, given that the two classes
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usually appear side by side on a gradient of elevation and exploitation. However, this is only
true for the north-eastern region around Murghab town. Class 2 also contains one extreme
value (plot 55) which is situated far in the west. This relevé is a special case due to its sandy
soil and the relatively strong dominance of sedges. However, the combination of the remaining
plants led to the classification to “dwarf shrub deserts”. The segregation between “dwarf shrub
deserts”, “dwarf shrub cushion steppes (teresken-type)” (class 3), “alpine mats” (class 6) and
“rocks and scree vegetation” (class 7) failed significance (p ≤ 0.05). The two latter classes
show significant differences only to “deserts” and to “dwarf shrub cushion steppes (wormwoodtype)” (p ≤ 0.001). “Dwarf shrub cushion steppes (teresken-type)” can be significantly
differentiated from the remaining vegetation classes, excepting those mentioned earlier (at
least p ≤ 0.05). The mean value accounts for an easting of 394100. The comparison of
this value to “dwarf shrub cushion steppes (wormwood-type)” (class 4, mean 360000) reveals
that the latter occur more westward, although, four below-average outliers (plots 64, 120, 185
and 310) indicate that this vegetation type is also present in the western part of the research
area. For this reason, the variable utm easting is a useful tool for distinguishing between
the two steppe types (p ≤ 0.001). Beyond this appraisal, all other vegetation classes can
also be separated significantly (p ≤ 0.001). “Spring turfs” (class 5), as a vegetation type
that is primarily bound to the existence of permanent water, cannot be assigned to a distinct
area on the west-east gradient as the values found for this class lie between an easting of
332800 and 416600 and hence more than 80 km linear distance. It can therefore only be
differentiated from both the two desert and the two steppe classes, which depend strongly
on the superordinate location in the study area (at least p ≤ 0.05). The class “water” (class
8) naturally occurs in the whole region and hence fails significant differences (p > 0.05) to
all classes but “deserts” (p ≤ 0.001). On the contrary, “snow and ice” (class 9) is strongly
bound to the wetter and higher west of the Eastern Pamirs (mean easting: 376200). It
can be significantly distinguished by utm easting from “deserts”, “dwarf shrub deserts” and
“dwarf shrub cushion steppes (teresken-type)” (at least p ≤ 0.03). For the comparison to the
remaining classes the u-test missed significance (p > 0.05). A summary of the comparison is
given in Table 3.3.

N DV IRE/R texture
The derived texture of the N DV IRE/R revealed highest values for the classes “spring turfs”
(class 5, mean 0.019) and “alpine mats” (class 6, 0.020, fig. 3.4). It was expected that
the sparsely vegetated dwarf shrub formations would show higher values due to the loose
distribution of single plants. However, it seems that the spatial resolution of 6.5 m of the used
satellite system RapidEye, fails to detect this small scale texture. In contrast, it reacts to
distinct differences in an extensively green area like “spring turfs” and “alpine mats”. These
might be induced by differences in humidity, thufurs, salt efflorescences, or water. All in all,
the N DV IRE/R texture fails to separate the two described classes (p > 0.05), but is able to
distinguish them from all other vegetation classes (p ≤ 0.05), with the exception of “alpine
mats” from “rocks and scree vegetation” (p > 0.05). For the latter (class 7) intermediate
texture values could be observed (mean 0.015). This group could be separated from all other
classes (p ≤ 0.05) except “alpine mats”. With relevé 335, the group contains an extreme value
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Figure 3.4: Comparison of utm easting and N DV I texture according to the different classes (see fig. 3.3 for
explanation of class numbers)

Table 3.3: Mann-whitney u-test for UTM easting (see tab. 3.1 for explanation of class
numbers)

1

2

3

4

5

6

7

8

2

p≤

0.001

—

—

—

—

—

—

—

3

p≤

0.001

0.070

—

—

—

—

—

—

4

p≤

0.001

0.001

0.001

—

—

—

—

—

5

p≤

0.001

0.002

0.051

0.001

—

—

—

—

6

p≤

0.001

0.144

0.226

0.001

0.619

—

—

—

7

p≤

0.001

0.076

0.429

0.001

0.453

0.355

—

—

8

p≤

0.001

0.044

0.113

0.169

0.695

0.512

0.373

—

9

p≤

0.001

0.003

0.031

0.058

0.652

0.161

0.128

0.911

(0.028). This plot is characterised by remarkable patches of Primula macrophylla in the rocky
environment, which might be the explanation for this unexpected value. Finally, relatively low
N DV IRE/R texture-values were identified for “deserts” (class 1, 0.008), “dwarf shrub deserts”
(class 2, 0.009), “teresken-type” (class 3, 0.010) and “wormwood-type dwarf shrub cushion
steppes” (class 4, 0.008). With regards to this, several outliers and extreme values have to
be mentioned (see fig. 3.4), with the most extreme reaching a value as usually only seen in
meadows such as “spring turfs”, for example. These are the relevés 99 and 101 (“dwarf shrub
deserts”, 0.017 and 0.034, respectively), 34 (“dwarf shrub cushion steppes (teresken-type)”,
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0.022) as well as 110 and 124 (“dwarf shrub cushion steppes (wormwood-type)”, 0.017 and
0.019, respectively). No. 101 is a special case inside the class “dwarf shrub deserts” and is
characterised by a high abundance of the tussock-grass Stipa splendens. Relevé 34 consists of
above average amounts of grasses. Relevé 124 is formed by a dense and pale stone pavement
between the plants, while no. 110 shows a rather open and heterogenous vegetation cover
compared to other plots of the “dwarf shrub cushion steppes (wormwood-type)”. The class
“dwarf shrub cushion steppes (teresken-type)” can be distinguished from every other class
(p ≤ 0.05) except “dwarf shrub deserts”. However, the variable N DV IRE/R texture fails to
separate among “deserts” and “dwarf shrub deserts” as well as “dwarf shrub deserts” and
“dwarf shrub cushion steppes (wormwood-type)” (p > 0.05). Moreover, “water” (class 8) can
be separated from the two desert and the two steppe entities as well as from “snow and ice”
(class 9). The latter is the only group that can be entirely differentiated from all other groups
(p ≤ 0.001). The detailed results of the u-test are presented in table 3.4.
Table 3.4: Mann-whitney u-test for NDVI texture (Rededge/Red) (see tab. 3.1 for
explanation of class numbers)

1

2

3

4

5

6

7

8

2

p≤

0.071

—

—

—

—

—

—

—

3

p≤

0.001

0.059

—

—

—

—

—

—

4

p≤

0.024

0.968

0.024

—

—

—

—

—

5

p≤

0.001

0.001

0.001

0.001

—

—

—

—

6

p≤

0.001

0.001

0.001

0.001

0.686

—

—

—

7

p≤

0.001

0.001

0.001

0.001

0.037

0.148

—

—

8

p≤

0.001

0.001

0.001

0.001

0.642

0.815

0.009

—

9

p≤

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

SAVI
The soil adjusted vegetation index (SAVI) works very well as a tool to separate “spring
turfs” (class 5) as well as “snow´and ice” (class 9) from the other classes (at least p ≤ 0.05,
fig. 3.5). The former is characterised by very high values (mean 0.031), while the latter
shows the lowest values (mean -0.016) of all. This is followed by “water” (class 8, mean
0.001) which is differentiated from all the classes except “rocks and scree vegetation” (class
7). However, three outliers (370, 377 and 381) have to be mentioned which have a maximal
value of 0.004, which is still far below the overall average. The second highest values were
measured for “alpine mats” (class 6) with the mean at 0.019, though, they are not significantly
different from the entire groups of deserts and steppes, or from “rocks and scree vegetation”
(p > 0.05). Together with “deserts” (class 1) the latter indicates the lowest values among the
vegetation classes (mean 0.008) and can be distinguished significantly from the two steppe
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classes and from “spring turfs” (p ≤ 0.01). Relevé 140, with a value of 0.038, represents an
outlier for which no explanation can be given. Like the other plots in this group it is typically
characterised by debris and a very sparse plant cover. “Deserts” can be significantly segregated
from all vegetation classes (at least p ≤ 0.03) except class 6 and 7, yet, this class also contains
outliers (15, 303 and 320) with values up to 0.024. An explanation for this is difficult. All
three plots show typical sparse desert vegetation. Intermediate values could be assessed for
“dwarf shrub deserts” (class 2, mean 0.010) as well as the two types of “dwarf shrub cushion
steppes” (class 3 and 4, mean 0.013 and 0.014, respectively). However, there exist many
outliers of values up to 0.047 and hence “spring turf level”. Such exceptions are generally due
to very intact stands or high abundances of grasses. The first class fails difference only with
“alpine mats” and “rocks and scree vegetation”. In contrast, the two steppe types cannot be
distinguished from one another and from “alpine mats”. Table 3.5 shows the results of the
u-test.

Figure 3.5: Comparison of SAVI and band 5 according to the different classes (see fig. 3.3 for explanation of
class numbers)

Band 5
The spectral information of band 5 is a suitable variable to separate the majority of the
different classes. In this respect it distinguishes “dwarf shrub cushion steppes (wormwoodtype)” (class 4), “spring turfs” (class 5), “alpine mats” (class 6), “rocks and scree vegetation”
(class 7), “water” (class 8) as well as “snow and ice” (class 9) from all classes, and from one
another (at least p ≤ 0.04, tab. 3.6). Though the variable failed to differentiate between the
classes “deserts” (class 1), “dwarf shrub deserts” (class 2) and “dwarf shrub cushion steppes
(teresken-type)” (p > 0.05). The highest mean value ascertained was for class 9 with a
reflexion of 0.508 (fig. 3.5). The lowest value was identified for “water” with a mean of 0.052.
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Table 3.5: Mann-whitney u-test for SAVI (see tab. 3.1 for explanation of class numbers)

1

2

3

4

5

6

7

8

2

p≤

0.031

—

—

—

—

—

—

—

3

p≤

0.001

0.008

—

—

—

—

—

—

4

p≤

0.001

0.001

0.364

—

—

—

—

—

5

p≤

0.001

0.001

0.001

0.001

—

—

—

—

6

p≤

0.288

0.436

0.692

0.788

0.053

—

—

—

7

p≤

0.167

0.082

0.008

0.004

0.001

0.096

—

—

8

p≤

0.001

0.001

0.001

0.001

0.001

0.001

0.103

—

9

p≤

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

This is followed by “rocks and scree vegetation” with a mean of 0.127. Classes 1 to 4 and
class 6 display intermediate mean values between 0.212 and 0.288, though several outliers
occur among these groups. Within the “desert” relevés, plots 15, 320 and 80 show high above
average values with the latter reaching a reflexion of up to 0.444. This plot belongs to the
subgroup “dry riverbeds” and is characterised by coarse, bright pebble, which might be the
explanation for the high value. Another outlier of interest occured in the group “dwarf shrub
cushion steppes (teresken-type)”. In this group plot 310 constitutes a higher than average
value of 0.452. It shows a relatively high abundance of the grass Leymus secalinus and thus
has to be considered as a subtype of the steppes. In contrast, two below-average outliers (plots
182 and 306) were detected among the “dwarf shrub cushion steppes (wormwood-type)”. The
latter relevé is a special case, owing to high grazing pressure and the abundance of the prickly
cushion plant Acantholimon pamiricum. For the former, the explanation might be the overall
low vegetation cover in relation to the group average. Lastly, the highest reflexion values
among the vegetation classes could be depicted for “spring turfs” with a mean reflexion value
of 0.332. The relevés 14 and 17 represent outliers which might be linked to the high amount
of salt efflorescences on this plots.

Band 1 texture
In general, it could be observed that the variable band 1 texture produces relatively noisy data
with a lot of outliers (fig. 3.6). However, it is well suited to distinguish between “spring turfs”
(class 5) and the remaining vegetation classes (p ≤ 0.001). An outlier in this class is the
waterlogged relevé 62. On the whole, the other vegetation classes often fail differentiation
using this variable (tab. 3.7). In this context, “dwarf shrub deserts” (class 2), “alpine mats”
(class 6) and “rocks and scree vegetation” (class 7) show no significant differences from
“deserts” (class 1) and “dwarf shrub cushion steppes (teresken-type)” (class 3) and from one
another. The two latter classes are separated on a level of p ≤ 0.001. “Dwarf shrub cushion
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Table 3.6: Mann-whitney u-test for Band 5 (see tab. 3.1 for explanation of class
numbers)

1

2

3

4

5

6

7

8

2

p≤

0.426

—

—

—

—

—

—

—

3

p≤

0.217

0.505

—

—

—

—

—

—

4

p≤

0.001

0.009

0.035

—

—

—

—

—

5

p≤

0.001

0.001

0.001

0.008

—

—

—

—

6

p≤

0.014

0.008

0.010

0.001

0.001

—

—

—

7

p≤

0.001

0.001

0.001

0.001

0.001

0.001

—

—

8

p≤

0.001

0.001

0.001

0.001

0.001

0.001

0.001

—

9

p≤

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

steppes (wormwood-type) (class 4) could be segregated from all other classes except class
3 (at least p ≤ 0.034). Finally, the additional classes “water” (class 8) and “snow and ice”
(class 9) have to be considered. The latter is differentiated from all classes except “spring
turfs” on a significance level of 0.2 %. The former is not significantly different to “deserts”,
“dwarf shrub deserts”, “alpine mats” and “rocks and scree vegetation” (p > 0.05).

Table 3.7: Mann-whitney u-test for Band 1 texture (see tab. 3.1 for explanation of
class numbers)

1

2

3

4

5

6

7

8

2

p≤

0.254

—

—

—

—

—

—

—

3

p≤

0.001

0.066

—

—

—

—

—

—

4

p≤

0.001

0.001

0.099

—

—

—

—

—

5

p≤

0.001

0.001

0.001

0.001

—

—

—

—

6

p≤

0.106

0.587

0.422

0.023

0.001

—

—

—

7

p≤

0.845

0.578

0.116

0.013

0.001

0.277

—

—

8

p≤

0.548

0.599

0.037

0.001

0.001

0.238

0.829

—

9

p≤

0.001

0.001

0.001

0.001

0.513

0.001

0.002

0.001
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Figure 3.6: Comparison of Band 1 texture and vertical distance to isobaths according to the different classes
(see fig. 3.3 for explanation of class numbers)

Vertical distance to isobaths

The variable vertical distance to isobaths is highly suited to separate “spring turf” (class 5)
and “rocks and scree vegetation” (class 7) from all the other vegetation classes (p ≤ 0.001,
tab. 3.8). The former is always linked to permanent water and thus to the vicinity of isobaths
therefore the median vertical distance is only 1 m. Outlier values were detected for the relevés
32, 135 and 156 (fig. 3.6). The first is supposed to be elevated 18 m above the isobath. This
is simply not true, as a small stream flows directly through this relevé. An explanation might
be the inaccuracy in the elevation model in this incised valley. The second is situated in a
moist depression on a high pass. As its value of 15 m above the isobath represents a mean
value throughout the entire 60 m × 60 m-plot, the value is regarded as reliable. The latter plot
displays an extreme value of 359 m. It is a very steep exception of a “spring turf” that is
situated on a moist slope with a subordinate small stream high above the main isobath.
Class 7 is typical for steep and highly elevated slopes and hence it reveals the highest values,
with a mean of 185.2 m, and a range of between 66 m and 302 m. In contrast, the variable
failed to differentiate between “deserts” (class 1), “dwarf shrub deserts” (class 2), “alpine
mats” (class 6) and the two types of “dwarf shrub cushion steppes (class 3 and 4, p > 0.05)
whose values show entirely a broad range from 0 m up to 367 m, including several outliers.
The latter two classes fail in significance to all other vegetation classes (p > 0.05) apart
from “spring turfs” and “rocks and scree vegetation”. On the contrary, “deserts” indicate
dissimilarity to “dwarf shrub cushion steppes” (wormwood-type)” on a level of p ≤ 0.01.
Finally, it has to be mentioned that the classes “water” (class 8) as well as “snow and ice”
(class 9) can be speparated significantly (p ≤ 0.001) from all other classes with the exception
of “water” from “spring turfs”.
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Table 3.8: Mann-whitney u-test for vertical distance to isobath (see tab. 3.1 for explanation of class numbers)

1

2

3

4

5

6

7

8

2

p≤

0.225

—

—

—

—

—

—

—

3

p≤

0.221

0.694

—

—

—

—

—

—

4

p≤

0.014

0.189

0.614

—

—

—

—

—

5

p≤

0.001

0.001

0.001

0.001

—

—

—

—

6

p≤

0.112

0.353

0.562

0.725

0.001

—

—

—

7

p≤

0.001

0.001

0.001

0.001

0.001

0.001

—

—

8

p≤

0.001

0.001

0.001

0.001

0.586

0.001

0.001

—

9

p≤

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

SAVI texture
The texture value derived from the soil adjusted vegetation index (SAVI) indicates relatively
noisy data with a lot of outliers (fig. 3.7), though, it is able to separate “spring turfs” (class
5) from all other groups but “alpine mats” (class 6, tab. 3.9). The two types of “dwarf
shrub cushion steppes” (class 3 and 4), “alpine mats” and “rocks and scree vegetation”
(class 7) fail in significant differences among each other (p > 0.05). The latter group is
exclusively distinguished from “spring turfs”. Comparisons of differences to the other classes fail
significance (p > 0.05). “Alpine mats” show significantly higher texture values than “deserts”
(class 1) and “water” (class 8, at least p ≤ 0.02). The comparison with “spring turfs”, “dwarf
shrub deserts” (class 2) and “snow and ice” (class 9) misses significant differences on the 5 %
level. Furthermore, the latter class does not show significant difference to “alpine mats” and
the two types of “dwarf shrub cushion steppes” (p > 0.05). Finally, it has to be stated that
values of “deserts” and “water” are not significantly different (p > 0.05).

Slope
Similar to distance to isobaths, the variable slope is able to clearly distinguish “spring turfs”
(class 5) and “rocks and scree vegetation” (class 7) from the remaining vegetation classes,
as well as from one another (at least p ≤ 0.02, tab. 3.10). While “spring turfs” usually
occur in association with permanent flowing water that leads to relatively flat environments,
this vegetation class is characterised by the smoothest slope values (mean 4.1◦ , fig. 3.7).
Again the already discussed relevé 156, with 21◦ , has to be considered as an outlier. On the
contrary, “rocks and scree vegetation” is marked by exceptionally steep slopes ranging from
22◦ to 39◦ with the mean value at 29.8◦ . Furthermore, the relatively steep “alpine mats”
(class 6, mean 17.9◦ ) show significant differences (at least p ≤ 0.04) to all other vegetation
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Figure 3.7: Comparison of SAVI texture and slope according to the different classes (see fig. 3.3 for explanation of class numbers)

Table 3.9: Mann-whitney u-test for SAVI texture (see tab. 3.1 for explanation of class
numbers)

1

2

3

4

5

6

7

8

2

p≤

0.003

—

—

—

—

—

—

—

3

p≤

0.001

0.038

—

—

—

—

—

—

4

p≤

0.001

0.017

0.872

—

—

—

—

—

5

p≤

0.001

0.001

0.001

0.001

—

—

—

—

6

p≤

0.003

0.066

0.102

0.121

0.221

—

—

—

7

p≤

0.182

0.796

0.777

0.800

0.003

0.193

—

—

8

p≤

0.231

0.032

0.007

0.007

0.001

0.015

0.093

—

9

p≤

0.001

0.006

0.415

0.308

0.001

0.220

0.527

0.020

groups except “dwarf shrub cushion steppes (wormwood-type)” (class 4). The comparison of
differences between the latter and “dwarf shrub deserts” (class 2) and “dwarf shrub cushion
steppes (teresken-type)” (class 3) failed significance at p > 0.05. Though, apart from “‘spring
turfs” and “rocks and scree vegetation”, significant differences to “deserts” (class 1) could
be detected (p ≤ 0.001). The relevés 191, 194 and 314 represent outliers. The first two
plots are located on steep moraine slopes, while the third is situated on the steep upper slope
near the ridge. The commonly flat “deserts” (mean 7.4◦ ) could be separated significantly
(at least p ≤ 0.05) from all other classes except “dwarf shrub cushion steppes (teresken-
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type)”. However, the group includes three outliers of up to 37◦ which reveal that this type
of vegetation is not exclusively bound to plain areas. Furthermore, the variable slope failed
to distinguish significantly between “dwarf shrub deserts” and “dwarf shrub cushion steppes
(teresken-type)” (p > 0.05). “Snow and ice” (class 9) shows a broad range of slope values
from 0◦ to 55◦ with a mean of 25.1◦ . Therefore, it is not significantly different to “rocks and
scree vegetation” or to “alpine mats” (p > 0.05). Finally, “water” (class 8) has exclusively
values of zero which separates them significantly from all other classes (p ≤ 0.001).
Table 3.10: Mann-whitney u-test for slope (see tab. 3.1 for explanation of class numbers)

1

2

3

4

5

6

7

8

2

p≤

0.042

—

—

—

—

—

—

—

3

p≤

0.081

0.596

—

—

—

—

—

—

4

p≤

0.001

0.639

0.153

—

—

—

—

—

5

p≤

0.017

0.001

0.001

0.001

—

—

—

—

6

p≤

0.003

0.035

0.013

0.058

0.001

—

—

—

7

p≤

0.001

0.001

0.001

0.001

0.001

0.003

—

—

8

p≤

0.001

0.001

0.001

0.001

0.001

0.001

0.001

—

9

p≤

0.001

0.003

0.001

0.002

0.001

0.200

0.419

0.001

Utm northing
This variable is best suited to separate “dwarf shrub cushion steppes (wormwood-type)” (class
4) from the other classes. With the exception of “spring turfs” (class 5) (p > 0.05), this group,
which is primarily found in the southern part of the study area (mean northing 4180000), is
significantly differentiated (p ≤ 0.01) from the remaining classes (tab. 3.11). Two strong
exceptions to this general condition were detected as outliers from plots 106 and 163. Both
plots were wrongly assigned to this class by the cluster analysis, presumably owing to the
relatively high abundance of Stipa orientalis, which is an indicator of the “wormwood-type”
class. However, through simply observing these plots, they would be more suitably allocated
to the “teresken-type”. Furthermore, utm northing failed entirely to distinguish between
“dwarf shrub cushion steppes (teresken-type), “alpine mats” (class 6) and “rocks and scree
vegetation” (class 7) that all show a relatively broad north-south extension (p > 0.05, fig. 3.8).
The first class also misses the significance level of 5 % for the comparison with “deserts” (class
1). The same is true for “dwarf shrub deserts” (class 2), however, this class indicates significant
differences to “alpine mats”, “rocks and scree vegetation” and “spring turfs” (at least p ≤
0.04), as well as for “deserts” (p ≤ 0.01). “Spring turfs” could be segregated significantly (at
least p ≤ 0.04) from “dwarf shrub deserts”, “alpine mats” and “scree vegetation”, though,
utm northing failed to distinguish it from “dwarf shrub cushion steppes (teresken-type)”
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(p > 0.05). Finally, this variable managed to separate between “deserts” and “rocks and scree
vegetation” (p ≤ 0.001). A high number of negative outliers in class 1 and 2 indicate that
these vegetation types are not completely bound the north of the study area but are probably
underrepresented in the south by the sampling design. Finally, “water” (class 8) and “snow
and ice” (class 9) have to be discussed. The former shows significant differences to the classes
1, 2, 6 and 7 (at least p ≤ 0.01). For the latter only differences to class 4 could be detected
(p ≤ 0.002).

Figure 3.8: Comparison of utm northing values according to the different modelled classes (see fig. 3.3
for explanation of class numbers)

Table 3.11: Mann-whitney u-test for UTM northing (see tab. 3.1 for explanation of
class numbers)
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1

2

3

4

5

6

7

8

2

p≤

0.818

—

—

—

—

—

—

—

3

p≤

0.109

0.185

—

—

—

—

—

—

4

p≤

0.001

0.001

0.008

—

—

—

—

—

5

p≤

0.001

0.001

0.354

0.258

—

—

—

—

6

p≤

0.004

0.039

0.339

0.001

0.026

—

—

—

7

p≤

0.001

0.012

0.132

0.001

0.015

0.177

—

—

8

p≤

0.001

0.006

0.395

0.115

0.981

0.004

0.001

—

9

p≤

0.874

0.729

0.274

0.002

0.088

0.458

0.364

0.105
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3.3.2 Model 1
Model 1 classifies the nine introduced classes on the basis of all eleven predictor variables.
N DV IIR/RE , altitude and utm easting were selected by random forest as the most important
predictor variables (fig. 3.9). Although it clearly distinguishes between most classes, it also
reveals some inconsistencies (fig. 3.11). Initially, the map can be divided into four sections.
The mountainous and ragged north-west is dominated by “rocks and scree vegetation”, “ice
and snow” and “water”. In total, “rocks and scree vegetation” encompass an area of 1211 km2
(13.4 %) while “ice and snow” and “water” reach an expanse of 768 km2 (8.5 %) and 448 km2
(5.0 %), respectively. However, this cannot be regarded as the final result, as the latter class
is obviously overrepresented. This circumstance might be related to the spectral similarity
between glaciers and water, as well as to the relatively high importance of the variable utm
easting, which enhances the probability to model water surfaces in the moister west in contrast
to the very dry east of the region. The north-east of the study area is dominated by “deserts”
and “dwarf shrub cushion steppes (teresken-type)”. In the south-east only the latter type
is prevailing. On the contrary, in the south-west, primarily the second steppe type (“dwarf
shrub cushion steppes (wormwood-type)”) occurs. Overall, this class accounts for an area of
1662 km2 (18.4 %). However, the desert area around Alichur village could not be detected
and was completely classified as “dwarf shrub cushion steppe (wormwood-type)”. Once again,
the most probable explanation of this shortcoming is the strong influence of utm easting. A
further problem linked to this variable is the drawing of a linear border between the two steppe
types. This can be observed in the very south of the study area, where the spectral and
topographical properties between the two classes are very similar. “Deserts” were exclusively
modelled in the north-east, with an area of 427 km2 (4.7 %). Adjacently, in higher altitudes
are “dwarf shrub deserts”, which encompass an area of 576 km2 (6.4 %). The most extensive
vegetation type is “dwarf shrub cushion steppes (teresken-type)”, which covers an area of
2840 km2 (31.5 %). In contrast, meadow vegetation is a very limited resource in the study
area, which is exclusively linked to streams or small high-altitude valleys. “Alpine mats” cover
only 14 km2 (0.2 %), while “spring turfs” account for an area of 335 km2 (3.7 %), with the
largest areas along the Murghab/Aksu river and in the Alichur Pamir.
The validation of Model 1, based on OOB estimation, indicates an overall accuracy (average
accuracy of the individual classes) of 77.4 %, cross-validation depicts 77.0 %. Admittedly,
there is a considerable variation between the single classes (tab. 3.12). The classes “water” and “snow and ice” were classified best, with 100 % goodness-of-fit. Though, in the
difficult-to-access north-west, where training data is lacking, the model was unable to clearly
distinguish between these two classes (see above). Then “spring turfs” (89.7 %) and “dwarf
shrub cushion steppes (wormwood-type)” (86.3%) follow. “Deserts” account for an accuracy
of 81.0 %. “Rocks and scree vegetation” were misclassified once to “dwarf shrub deserts” and
twice to “dwarf shrub cushion steppes (teresken-type), resulting in an accuracy of 75.0 %.
The classification of the widespread “dwarf shrub cushion steppes (teresken-type)” was more
difficult with only 71.2 % being correctly detected. However, the majority of the wrongly classified relevés belongs to the connatural “wormwood-type”. “Alpine mats” show only 66.7 %
accuracy, which is mainly linked to incorrect classification to the related “spring turfs”. Finally,
the the most inaccurate class was “dwarf shrub deserts” with 41.2 % being correctly classified.
The main error source for this inaccuracy is due to overlapping with the related vegetation
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Figure 3.9: Relative importance of predictor variables in Model 1

types “deserts” and “dwarf shrub cushion steppes (teresken-type), which is expressed by warm
colours in the corresponding quadrants of the proximity heat map as displayed in figure 3.10.

3.3.3 Model 2
Due to the described shortcomings of Model 1, a second model was established, in which
the predictor variables utm easting and utm northing were eliminated. Among the remaining
variables N DV IIR/RE and altitude have the greatest importance (fig. 3.12). However, without
the variables of superordinate location, it was not possible to reliably distinguish between the
different types of dwarf shrub vegetation. Therefore, the response classes had to be generalised
into:
1. meadow vegetation;
2. dwarf shrub dominated vegetation;
3. deserts;
4. rocks and scree vegetation;
5. snow and ice;
6. water.
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Figure 3.10: Proximity heat map generated by random forest (Model 1). Proximity
matrix is sorted by vegetation class so that the most proximal relevés lie on the diagonal

The first three classes can be regarded as areas relevant for livestock grazing, while the
fourth class plays a subordinate role, and the latter two classes have to be excluded from
the consideration of pasture land. Overall accuracy, based on OOB estimate, amounts to
87.4 %, cross-validation indicates 86.7 %. As found in Model 1, the classes “snow and ice”
and “water” were most accurately predicted with 100 % accuracy (tab. 3.13). Moreover,
92.1 % of the “meadows”, as well as 87.6 % of “dwarf shrub dominated vegetation”, were
classified correctly. The classification of “rocks and scree vegetation” shows 83.3 % accuracy.
Finally, the prediction of the class “deserts” turned out to be the most complicated; due to
a relatively high overlapping with the related “dwarf shrub dominated vegetation” (fig. 3.13)
only 73.8 % could be classified correctly.
The resulting vegetation map (fig. 3.14) significantly differs from the map based on Model
1. The extensive areas of water surfaces in the north-western part of the study area disappeared and only small spots of potentially incorrectly assigned water surfaces are left behind.
Furthermore, the lakes Tus Kul and Sasyk Kul (west of Alichur), and the eastern end of Lake
Sarez (in the north west), as well as Uch Kul in the south were correctly modelled. Altogether,
the classified water area decreased by 404 km2 to 44 km2 (0.5 %), which can be regarded as
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Figure 3.11: Modelled vegetation units of the study area - Model 1
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Table 3.12: Confusion matrix of Model 1 (1: deserts; 2: dwarf shrub deserts; 3: dwarf shrub
cushion steppes (teresken-type); 4: dwarf shrub cushion steppes (wormwood-type); 5: spring
turfs; 6: alpine mats; 7: rocks and scree vegetation; 8: water; 9: snow and ice)
1

2

3

4

5

6

7

8

9

sum

producer’s
accuracy (%)

error of
omission (%)

1

34

5

0

2

1

0

0

0

0

42

81.0

19.0

2

10

14

8

1

1

0

0

0

0

34

41.2

58.8

3

1

2

37

7

2

1

2

0

0

52

71.2

28.8

4

0

1

5

44

1

0

0

0

0

51

86.3

13.7

5

0

0

2

0

26

1

0

0

0

29

89.7

10.3

6

0

0

1

0

2

6

0

0

0

9

66.7

33.3

7

0

1

2

0

0

0

9

0

0

12

75.0

25.0

8

0

0

0

0

0

0

0

15

0

15

100

0

9

0

0

0

0

0

0

0

0

17

17

100

0

sum

45

23

55

54

33

8

11

15

17

261

user’s
accuracy (%)

75.6

60.9

67.3

81.5

78.8

75.0

81.8

100

100

error of
commision (%)

24.4

39.1

32.7

18.5

21.2

25.0

18.2

0

0

Table 3.13: Confusion matrix of Model 2 (1: meadows; 2: dwarf shrub vegetation; 3: deserts;
4: rocks and scree vegetation; 5: water; 6: snow and ice)
1

2

3

4

5

6

sum

producer’s
accuracy (%)

error of
omission (%)

1

35

3

0

0

0

0

38

92.1

7.9

2

6

120

9

2

0

0

137

87.6

12.4

3

0

11

31

0

0

0

42

73.8

26.2

4

0

2

0

10

0

0

12

83.3

16.7

5

0

0

0

0

17

0

17

100

0

16

100

0

6

0

0

0

0

0

16

sum

41

136

40

12

17

16

user’s
accuracy (%)

85.4

88.2

77.5

83.3

100

100

error of
commision (%)

14.6

11.8

22.5

16.7

0

0

a reliable value. “Snow and ice” covered area encompasses 630 km2 (7.0 %). The degraded
land around Alichur village could also be detected with this model approach. In this context,
the area of the class “deserts” increased by 87 km2 to 514 km2 (5.7 %). The entire area of
“meadows” (i.e. “alpine mats” and “spring turfs”) amounts to 411 km2 (4.6 %), which is an
increment of 63 km2 compared to Model 1. Finally, the largest area was ascertained for “dwarf
shrub dominated vegetation”, which covers 4790 km2 (53.1 %) of the analysed area.
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Figure 3.12: Relative importance of predictor variables in Model 2

3.3.4 Model 3
In a final step, the two described models were used to calculate a third combined output which
merges the results by assuming that both models have advantages and disadvantages. While
Model 2 provides more credible results for the classes “water” and “deserts”, it fails to classify
the different types of “dwarf shrub dominated vegetation”. In this context, Model 1 performs
better by taking into account the location-variables utm easting and utm-northing, which
primarily represent different amounts of precipitation inside the study area.
“Deserts” amount to an extent of 505 km2 (5.6 %). The final vegetation map (fig. 3.15)
shows their largest extent in the north-eastern part, though areas around the second largest
village Alichur also show characteristics related to deserts. “Dwarf shrub deserts” cover an
area of 517 km2 (5.7 %). The south of the study area is dominated by “dwarf shrub cushion
steppes”. However, in the south-east the “teresken-type” is prevailing, while in the south-west
the “wormwood-type” becomes more important. The former represents the most widespread
vegetation class, with an extension of 2839 km2 or 31.4 % of the analysed area. The latter
covers a total area of 1472 km2 (16.3 %). “Rocks and scree vegetation” account for 1888 km2
(20.9 %) and can be found predominantly in the north-west of the study area. In this area,
“snow and ice” also has its largest expanse, encompassig an area of 635 km2 (7.0 %) in total.
“Water” surfaces are relatively scarce in the study area. The majority of their total area of
37 km2 (0.4 %) is linked to greater lakes in the west, such as lake Sasyk Kul. Finally, it has to
be emphasised once more that meadows are a very limited pasture resource. “Alpine mats”
account for an extension of only 14 km2 (0.2 %), while “spring turfs” cover an area of 376 km2
(4.2 %).
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Figure 3.13: Proximity heat map generated by random forest (Model 2). Proximity
matrix is sorted by vegetation class so that the most proximal relevés lie on the diagonal

3.3.5 Critical consideration
Finally, a critical assessment of the employed methods and the results is provided. One previously mentioned disadvantage (see chapter 2) of classification techniques, as they are used
in this work, is that information is inevitably lost since the differences between relevés in the
same cluster are ignored, while building the model. An alternative to this approach can be
methods based on ordination, such as generalized dissimilarity modelling (GDM) (Arponen
et al., 2008).
Moreover, ecological and environmental interactions should receive more recognition in models. For example, the distribution of a certain species is influenced by the distribution of other
species and factors, such as competition or parasitism can play an important role, which should
not be neglected in ecological models. In addition, effects of one environmental variable on
a certain species can be diversified according to the levels of other environmental predictors.
However, the implementation of techniques to cope with such interactions in ecological models
is just beginning to be established (Guisan et al., 2006).
The results from chapter 2 revealed the high influence of soil properties on the distribution of
vegetation. However, as soil parameters are not comprehensively available they could not be
taken into account in the model calculation. The same is true for climatic factors, such as
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Figure 3.14: Modelled vegetation units of the study area - Model 2
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Figure 3.15: Modelled vegetation units of the study area - Model 3
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data on temperature and snow cover, as well as high-resolution data on precipitation.
In relation to the model evaluation, it has to be mentioned that a key issue of models is reliability and the possibility to discuss uncertainty. The problem of most uncertainty measurements,
such as cross-validation or bootstrapping is that they assess an overall error whereas the partitioning out of different error components might provide more useful information. However,
research on this is also just commencing (Guisan et al., 2006).
With regards to the model results, it has to be mentioned that the plots that were used to
train the model have a spatial extent of 60 m × 60 m for which relatively homogeneous vegetation cover was assumed. However, there are usually heterogeneous small-scale vegetation
patterns within these plots that could not be detected with the employed methods. For further
information on the small-scale patterns readers are referred to Dotter (2009).
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4.1 Preconsiderations
There is no definitive way to determine the actual yield which is available to livestock animals
(van Soest, 1994, p. 95). A usual practice is to set up so-called exclosures; fenced plots where
the grazing factor is eliminated. It is assumed that in such sites vegetation can grow unbiased
and hence reveals its net primary production. However, in this research the use of exclosures
was refused because of the following conditions:
• In a dry and mountainous region like the Eastern Pamirs, vegetation is highly affected
by temporal and spatial variability of precipitation. Thus forage quantity can differ from
one year to the next and from one valley to another.
• The study area is very large (c. 16000 km2 ). Cost and time intensive exclosures would
only highlight a limited number of spots. Hence this technique is unable to display the
forage quantity of a vast area like the Eastern Pamirs.
• Vegetation in the Eastern Pamirs is disturbed by grazing in almost every area. Totally
unused areas are very rare and usually vegetation does not reach its maximum yield.
Therefore, completely protected sites like exclosures do not represent the real forage
situation.
Instead of exclosures, a relatively high number of spot tests were used to quantify forage
availability. Despite their disadvantages exclosures can provide a good basis to check and
compare the results of these spot tests. It was decided to share data with the Tajik project
partner Prof. Khudodod Akanazarov. Unfortunately, his exclosures in the surroundings of
the village Chechekty were all found destroyed. As an alternative, data from available Soviet
literature was reviewed and serves as reference data for the spot tests.
The assessment of forage quantity is divided into three parts. In section 4.2 a detailed description of the applied methods will be presented. The results from literature sources will
be reviewed in section 4.3. Our field data will be presented in section 4.4. Comparing these
results to those found in the literature and a discussion will conclude into the most probable
range of production values for each vegetation unit.
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4.2 Methods concerning forage quantity
Initially, literature data on forage quantity was collected, however, easily accessible literature
on this topic is very rare. The only relevant work is the book of Walter and Breckle (1986).
Fortunately, the inventory of two libraries could remedy this shortage: the project partner
Dr. Khudodod Aknazarov afforded access to the library of the “Pamir Biological Institute” in
Khorog, Tajikistan. Here, books published in Soviet times could be purchased and reviewed.
Furthermore, important papers mentioned in these books could be received with the help
of Prof. Peter Lindner (Frankfurt) and Dr. Alexej Gunja (Moscow) from the Institute of
Geography of the Russian Academy of Science, Moscow. This data serves as comparative
data for our own spot tests on phytomass, carried out during the field stays. For this purpose,
plots of 1 m2 were sampled randomly inside the same plots where phytosociological data was
surveyed (level-1-plots, see section 1.5.3). In order to support phytomass data derived by
time-consuming clipping a point-intercept method was used (Mueller-Dombois and Ellenberg,
1974; Samimi, 2003). The workflow is as follows: Firstly, 1 m2 is marked, then a so-called
ten-point-frame (a frame of 1 m height and 110 cm width, see fig. 4.1) with 10 pilot holes at
intervals of 10 cm, is set at one side of the established plot. Thin metal poles are lowered
vertically to the ground through the holes. Each plant part that touches the poles is recorded.
For this research, the differentiated plant parts were described as either green, withered and
woody. The frame is moved forward 10 times, in intervals of 10 cm, so that at the end the
squaremeter is covered with 100 pole lowerings. After this procedure the whole phytomass of
some plots was clipped near ground level and the phytomass was separated (green, withered,
woody), dried and weighed. The result is a model which is based on the regression between
phytomass and number of contacts. The model’s quality is discussed together with the other
results concerning forage quantity in section 4.4.

Figure 4.1: Ten-point-frame
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4.3 Data from literature
Phytomass production and availability was arguably the most intensely investigated topic in
the Pamirs during the Soviet time. In particular, this work refers to the books of Agakhanjanz
(1966); Jusufbekov (1968); Jusufbekov and Kasach (1972) and Walter and Breckle (1986) as
well as important papers by Ladygina and Litvinova (1965, 1971b,a, 1974); Litvinova (1969);
Sovetkina (1936) and Stanjukovich (1949).
A major problem concerning the comparison of phytomass data, are differences concerning
the ascertainment, it is therfore very important that information on the technique used in
the specific study is taken into account. Unfortunately, this is not documented in all of the
research works compared here, a severe mistake which was already noted by Ladygina and
Litvinova (1974). They emphasise that an often ignored problem concerning productivity is
that values significantly vary dependent on the cutting height and that without this information comparisons are not feasible. In this context, for example, they state that the values
collected by Sovetkina (1936) are likely too high. The values for the total above ground
phytomass asserted by Ladygina and Litvinova (1974) do not significantly differ (p ≤ 0.05)
from those of Sovetkina (1936), despite the fact that the former authors used exclosures.
Due to this inexplicable discrepancy the work by Sovetkina (1936) has been excluded from
further considerations. In contrast, the values of Ladygina and Litvinova (1974) are relatively
higher compared to all other sources. The values taken from Jusufbekov (1968), Agakhanjanz
(1966) and Sveshnikova (1962, cited in Ladygina and Litvinova (1974)) are significantly lower
(p ≤ 0.05) which is due to the exclosed situation in Ladygina and Litvinova (1974). They
quote that such values are 68 % to 72 % higher compared to values recorded under grazing
conditions. All in all, this results in two groups of productivity data based on the MannWhitney-U-Test. Ladygina and Litvinova (1974) and Sovetkina (1936) present significantly
higher phytomass values, which might mirror the net primary production, while the values
described in Jusufbekov (1968), Agakhanjanz (1966) and Sveshnikova (1962, cited in Ladygina and Litvinova (1974)) show the available phytomass under grazing conditions. The most
important assumptions of these cited research studies will now be presented in order to gain
more insight into individual values.

4.3.1 Agakhanjanz (1966)
O.E. Agakhanjanz is possibly the most important scientist regarding today’s knowledge about
the Eastern Pamirs. Since 1952 he worked on the region’s high mountain vegetation, among
other positions as chief executive of the botanical garden at Khorog. Unfortunately, in
Agakhanjanz (1966) the techniques used for the phytomass assessment are not described. Only
the information is given that all productivity values are based on data of K.V. Stanjukovich
and L.F. Sidorov. Research works of Sidorov are not available, but a paper of Stanjukovich
(see below) is used here.
The book of Agakhanjanz (1966) is a comprehensive work which refers to each type of vegetation throughout the Eastern Pamirs. In principle it is arranged by the different regions, an
exception to this is the first formation treated, simply named “meadow vegetation”. It is stated
that this vegetation type forms the best pastures of the Eastern Pamirs. Regional differences
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of the composition of this vegetation are faintly distinct and therefore they are excluded from
the regional arrangement.
In terms of the classification used in this thesis, “meadow vegetation” consists predominantly of
certain kinds of “spring turfs”, but with two exceptions. Apart from wet types of “meadow vegetation”, Agakhanjanz (1966) presents Elymus dasystachys- (0.25 to 0.6 t/ha) and Rhodiola
pamiroalaica-meadows (0.4 to 0.5 t/ha). The name of the former plant meanwhile changed to
Leymus secalinus, a vegetation type which is embraced as a subtype of “dwarf shrub cushion
steppes” here. Rhodiola pamiroalaica-meadows are assigned to “rocks and scree vegetation”.
The most productive associations with 1.5 to 3 t/ha are the Carex pamirica-meadows, followed
by Carex orbicularis-meadows with 1.2 to 2 t/ha. Furthermore, associations dominated by
Carex melanantha and Carex pseudofoetida with 0.7 to 1 t/ha, Kobresia-meadows (Kobresia
capilliformis, Kobresia pamiroalaica) with 0.6 to 0.9 t/ha, Carex koschewnikowii-meadows
with 0.6 to 0.8 t/ha and Edelweiss-meadows with 0.4 t/ha are mentioned. In the present thesis these vegetation types all belong to the class “spring turfs”, except the latter which was
assigned to “alpine mats” here.
The regional part of the productivity chapter in Agakhanjanz (1966) is divided into Karakul
district in the north-east, Baljand district in the north-west, Aksu district in the south-east,
Shadpud district in the east, Alichur district in the west, Sorkul district in the south-west and
Kysylrabat district in the south-east.
Karakul district comprises the Karakul and Markansu basins. The predominant vegetation
formation are deserts; meadows are rare. The author describes the following pasture types:
• “Teresken-pastures”, composed by mainly Krascheninnikovia ceratoides together with
Christolea and Stipa. The available phytomass ranges between 0.05 to 0.07 t/ha in
summer and 0.01 to 0.02 t/ha in winter;
• “Christolea-pastures” with a productivity of up to 0.05 t/ha throughout the whole year.
In the present work these pasture types both belong to the vegetation unit named “deserts”.
Baljand district describes the upper reaches of the rivers Baljand and Kokubel. The pastures
can be divided into:
• “Artemisia rhodantha-pastures” with a productivity varying between 0.15 to 0.8 t/ha.
Apart from Artemisia they are most often composed of Krascheninnikovia ceratoides
and frequently of Stipa caucasica subsp. glareosa, Stipa orientalis and Ephedra
regeliana;
• “Xylanthemum-pastures” with Xylanthemum pamiricum, Krascheninnikovia ceratoides, Carex stenophylla, Hedysarum cephalotes and Stipa spp. In general, they
produce consumable dry matter of 0.15 to 0.25 t/ha;
• “Hedysarum cephalotes-pastures”, furthermore consisting of Poa spp., Festuca spp.,
Oxytropis spp., Potentilla spp., Hordeum brevisubulatum subsp. turkestanicum and
the cushion plant Acantholimon diapensioides. The phytomass of this pasture-type
ranges from 0.4 to 0.5 t/ha.
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For this work the first two types can be translated to “dwarf shrub deserts”. The latter will be
assigned to “alpine mats”.
As in the former two districts “deserts” are the prevailing vegetation type in the Aksu district.
The author presents the productivity of:
• “Teresken-pastures” with Krascheninnikovia ceratoides and Stipa caucasica subsp.
glareosa. Their phytomass shows values between 0.15 and 0.2 t/ha;
• Associations with Stipa orientalis and Oxytropis spp. and a productivity of about
0.15 t/ha;
• “Xylanthemum pamiricum-pastures” with a phytomass ranging from 0.18 to 0.41 t/ha.
The former two pasture types are referred to as “deserts”, the latter as “dwarf shrub deserts”.
The predominant pasture type of Shadpud district are “Stipa-pastures” composed of Stipa
caucasica subsp. glareosa, Artemisia rhodantha and Carex stenophylla with an available
phytomass of about 0.15 t/ha. In the present work they belong to “dwarf shrub deserts”.
Alichur district is more humid compared to the previous districts therefore relatively speciesrich wormwood-dominated pastures become more important than teresken-pastures. Apart
from Artemisia they are mostly composed of Krascheninnikovia ceratoides, Acantholimon
diapensioides, Poa spp. and Xylanthemum pamiricum. The productivity varies between
0.3 and 0.4 t/ha. In this thesis this vegetation type is named “dwarf shrub cushion steppes
(wormwood-type)”.
Sorkul district, which encompasses the “Great Pamir” with Sorkul lake, is predominantly used
as summer pasture. Agakhanjanz (1966) lists the following yields of the most important
pasture types represented by their dominant species: Stipa orientalis (0.15 to 0.3 t/ha),
Krascheninnikovia ceratoides (0.1 to 0.3 t/ha), “green” Artemisia (0.2 to 0.7 t/ha),
Artemisia leucotricha (0.1 to 0.6 t/ha), Xylanthemum pamiricum (0.15 to 0.4 t/ha),
Acantholimon diapensioides (0.1 to 0.4 t/ha), Oxytropis immersa (0.3 to 0.4 t/ha),
Hedysarum cephalotes (0.5 t/ha), Nepeta pamirica (0.2 to 0.6 t/ha), Poa litvinowia (0.2 to
0.8 t/ha), Puccinellia hackeliana (0.3 t/ha), Kobresia capilliformis (0.2 to 0.9 t/ha), Carex
orbicularis (0.8 to 1.8 t/ha) and Carex melanantha (0.3 to 1.1 t/ha). These values were
assigned to the current classification on the basis of the denoted character plant.
In Kysylrabat district, Festuca-steppes play an important role. The produced consumable dry
matter ranges between 0.8 and 1.2 t/ha.

4.3.2 Jusufbekov (1968)
Jusufbekov (1968) surveyed the pastures and hay meadows in the Eastern Pamirs and the Alai
valley and consequently classified the pastures into four main types: deserts, desert-steppes,
steppes and meadows. He used test plots of 2 m2 size to determine the available aboveground phytomass, on which he clipped the plants 5 to 8 cm above ground, depending on the
rockiness of the specific plot. In the case of dwarf shrubs (Krascheninnikovia and Artemisia)
the harvest was limited to annual green parts. The green matter was weighed immediately upon
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harvesting and then again in dry condition. He also investigated the below-surface phytomass
on 0.25 m2 large and 60 cm deep relevés.
Desert-type-pastures can be subdivided into:
• “Teresken-pastures” with the character species being Krascheninnikovia ceratoides.
The phytomass yields 0.05 to 0.4 t/ha of which 60 % are consumable by livestock;
• “Christolea-pastures” with a productivity of 0.03 to 0.1 t/ha.
In relation to this work, both subtypes can be regarded as “deserts”.
Pastures of the desert-steppe-type comprise:
• “Teresken-Stipa-pastures” which are composed of Krascheninnikovia ceratoides, Stipa
caucasica subsp. glareosa and Stipa orientalis. The available phytomass varies between
0.1 and 0.4 t/ha with 70 % consumable forage;
• “Artemisia-pastures” with the character species being Artemisia rhodantha. The yield
of this type ranges between 0.1 to 0.5 t/ha, but only 0.07 to 0.3 t/ha are consumable
by livestock;
• “Stipa-pastures” with Stipa caucasica subsp. glareosa and Stipa orientalis. The phytomass production varies between 0.2 and 0.4 t/ha and 70 % of this amount can be
regarded as fodder;
• “Stipa-cushion plant-pastures” with a predominance of Stipa and Acantholimon. The
yield of this type is between 0.1 and 0.3 t/ha, but due to the bad digestibility of Acantholimon only 0.05 to 0.1 t/ha are consumable;
• “Stipa-Artemisia leucotricha-pastures” indicate a yield of 0.1 to 0.4 t/ha, whereof 60 %
is edible.
Here, the two latter types are assigned to “dwarf shrub cushion steppes”, while the three
former types belong to the class “dwarf shrub deserts”.
Steppe-type-pastures encompass:
• “Stipa-Festuca-pastures” with a yield of 0.1 to 0.4 t/ha;
• “Festuca-herb-pastures” produce dry matter between 0.2 to 0.5 t/ha, of which 80 % are
esculent;
• “Festuca-Poa-pastures” with a phytomass amount of 0.3 to 0.6 t/ha. However, only
0.2 to 0.4 t/ha are consumed by livestock.
During the current studies very few pure grass-steppes could be found and they have therefore
not been designated as a separate vegetation class.
Meadow-type-pastures may be split into the following classes:
• “Alpine mountain meadows” which are predominantly composed of Carex, Kobresia,
Hordeum brevisubulatum and Poa litvinowiana. The phytomass availability ranges
between 0.2 and 0.6 t/ha and 70 to 80 % are grazed by livestock;
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• “High mountain meadows and hay areas” comprising sedges, grasses and herbs can
produce up to 1.2 t/ha of which 80 % are edible;
• “Carex pamirensis-meadows” show the highest production values of up to 1.6 t/ha;
• “Dark Carex-meadows” are characterised by a yield of 1.2 t/ha;
• “Grass-meadows” with Puccinellia and Alopecurus mucronatus can reach up to 2 t/ha
dry matter;
• “Elymus-meadows” reach an amount of 0.2 to 0.6 t/ha dry matter.
While the first five assemblages belong to “spring turfs”, the latter is regarded as a subtype
of ”dwarf shrub cushion steppes” in the current thesis.

4.3.3 Litvinova (1969)
Litvinova (1969) attended to the examination of the productivity of desert communities, more
precisely of the principal formations of Krascheninnikovia ceratoides and Artemisia rhodantha. She set up line transects of 1 × 100 m2 alongside slopes and placed quadratic plots of
0.25 m2 to 1 m2 within these transects. The results were compared statistically and the plot
number was extended until the results seemed to be reliable. According to vegetation coverage
this was achieved by 50 m2 to 100 m2 test plots. Inside the plots, each plant was excavated,
separated into its different parts (annual, woody, etc.), dried and weighed.
Concerning pastures with a predominance of Krascheninnikovia ceratoides (teresken) the
author determines the most important companion species to be Artemisia rhodantha, Stipa
caucasica subsp. glareosa, Acantholimon diapensioides, Christolea crassifolia and Leymus
secalinus. The all-over yield of such formations ranges between 0.02 and 0.7 t/ha, depending
on the plant composition. She allocates five different subtypes of “teresken-pastures” listed
in table 4.1. These are:
1. Krascheninnikovia ceratoides - Stipa caucasica subsp. glareosa;
2. Krascheninnikovia ceratoides - Artemisia rhodantha;
3. Krascheninnikovia ceratoides - Stipa caucasica subsp. glareosa - Oxytropis chiliophylla;
4. Krascheninnikovia ceratoides - Artemisia rhodantha - Stipa caucasica subsp. glareosa;
5. Krascheninnikovia ceratoides - Acantholimon diapensioides - Hordeum brevisubulatum subsp. turkestanicum.
Assigned to the classification used in this work class 1 stands for “deserts”. The classes 2,
3 and 4 can be embraced as “dwarf shrub deserts” and class 5 shows properties of what is
named “dwarf shrub cushion steppes (teresken-type)”, here.
The Eastern Pamirs’ wormwood pastures with Artemisia rhodantha are characterised by
phytomass productions between 0.4 and 0.8 t/ha. Companion plants in this formation
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Table 4.1: Organic matter (kg/ha) of teresken-communities in the Pamirs (Litvinova,
1969, p. 11)

subdivision

1

2

3

4

5

4110
60
320
3730

6280
190
370
5720

7200
80
490
6630

7490
120
370
7000

9880
550
2710
6620

750
70
680

2060
200
1860

1000
90
910

1750
140
1610

3960
790
3170

total necromass

5290

4620

7490

8770

10990

total organic substance

9400

10900

14590 16270

22070

phytomass
annual parts
perennial parts
root
annual fall of leaves
from above-ground
from below-ground

are Stipa orientalis, Stipa caucasica subsp. glareosa, Hordeum brevisubulatum subsp.
turkestanicum, Krascheninnikovia ceratoides and Acantholimon diapensioides. As in the
case of the teresken-communities, five different subdivisions were separated:
1. Artemisia rhodantha - Krascheninnikovia ceratoides;
2. Artemisia rhodantha - Stipa caucasica subsp. glareosa;
3. Artemisia rhodantha - Acantholimon diapensioides - Stipa orientalis;
4. Artemisia rhodantha - Acantholimon diapensioides;
5. Artemisia rhodantha - Oxytropis chiliophylla - Krascheninnikovia ceratoides.
Related to the current classification, the classes 1, 2 and 5 describe “dwarf shrub deserts”,
class 3 and 4 can be treated as “dwarf shrub cushion steppes (teresken-type)”. A detailed
compilation of the phytomass values is presented in table 4.2.
Litvinova (1969) concluded that the overall productivity (6.5 to 22 t/ha, incl. below-ground
phytomass) of Krascheninnikovia ceratoides and Artemisia rhodantha associations is relatively low compared to other high mountain communities of the Eastern Pamirs. For example,
communities with a dominance of Potentilla pamirica and Oxytropis immersa indicate values of 33.3 to 52.7 t/ha. Sedge-meadows with Carex pseudofoetida and Carex melanantha
even show values of 60.6 to 107.2 t/ha. In this classification the former is a representative of
“alpine mats”, the latter of “spring turfs”.

4.3.4 Ladygina and Litvinova (1971b)
Ladygina and Litvinova (1971b) examined the productivity of steppe communities in the Eastern Pamirs. They used plots of 0.5 m2 to 1 m2 size, which they uniformly distributed over
homogenous vegetation stocks. Depending on the vegetation cover they set as many plots so
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Table 4.2: Organic matter (kg/ha) of wormwood-communities in the Pamirs (Litvinova, 1969, p. 14)

subdivision

1

2

3

4

5

phytomass
annual parts
perennial parts
root

4740 5800 10390
130 160
340
400 360 1030
4210 5280 9020

11290 10560
730
300
2070 1040
8500 9220

annual fall of leaves
from above-ground
from below-ground

1260 2060
150 200
1110 1860

3000
380
2620

3090
740
2750

2820
360
2460

total necromass

1730

3960

9000

8750

11470

total organic substance

6470

9760

19390

20040

22030

that they gathered an overall area of 25 m2 to 50 m2 . The sampling was carried out similar to
Litvinova (1969). The authors divided the steppes into two groups:
• “Lower alpine steppes” from 3500 to 4100 masl are composed mainly of Stipa orientalis,
Stipa caucasica subsp. glareosa and Leymus secalinus. The living phytomass of 3.4 to
6.2 t/ha can be differentiated into 0.1 to 0.2 t/ha annual parts, 0.4 to 0.7 t/ha perennial
parts and 2.7 to 5.5 t/ha root mass. Furthermore, 3.9 to 6.9 t/ha dead necromass was
ascertained;
• “Upper alpine steppes” are distributed in an elevation between 4100 and 4400 m. The
principal species are Hordeum brevisubulatum subsp. turkestanicum, Festuca valesiaca and Poa tremuloides. Compared to the lower steppes their productivity is significantly higher. The authors measured 10.2 to 13.7 t/ha, split into 0.4 to 0.8 t/ha
annual parts, 1.2 to 2 t/ha perennial parts and 8.4 to 10.9 kg/ha roots. Dead necromass
encompassed 7.2 to 9.5 t/ha.

4.3.5 Ladygina and Litvinova (1965)
The topic of the work done by Ladygina and Litvinova (1965) is the productivity of different
plant associations in Eastern Pamirs with a strong focus on desert vegetation. Phytomass assessment was conducted during the climax of vegetation development. Unfortunately, they do
not describe their sampling design in a sufficiently detailed manner. However, the assessment
was carried out on transects of 100 m2 to 200 m2 and plants were dug out and separated into
annual, perennial and dead parts.
Their results reveal that a slowing-down of decomposition processes leads to the accumulation
of dead matter, which amounts to 25 % to 45 % of the total organic substance. Altogether,
70 % to 96 % of the phytomass is located below ground. Krascheninnikovia ceratoides and
Artemisia rhodantha associations indicate an overall productivity of 2.2 to 15 t/ha. Cryophytic
cushion-plant communities reach 7.4 to 35 t/ha.
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4.3.6 Ladygina and Litvinova (1971a)
Ladygina and Litvinova (1971a) worked on dwarf shrub and cushion plant communities in
the Eastern Pamirs. Above-ground phytomass was assessed on transects of 10 m2 to 25 m2
and they also investigated the below-ground-phytomass. Unfortunately, the methods are not
described in more detail but the measurements were taken on the following associations:
1. pure Krascheninnikovia ceratoides;
2. Krascheninnikovia ceratoides - Artemisia rhodantha;
3. Artemisia rhodantha - Stipa caucasica subsp. glareosa - K. ceratoides;
4. Artemisia rhodantha - Stipa caucasica subsp. glareosa - herbs;
5. Potentilla pamirica - Poa glauciglumis - Calamagrostis anthoxanthoides;
6. Potentilla pamirica - Oxytropis immersa - Smelowskia calycina;
7. Ajania tibetica - Colpodium leucolepis;
8. Sibbaldia tetranda - Colpodium leucolepis - Rhodiola gelida.
The results are displayed in table 4.3:
Table 4.3: Phytomass (kg/ha) of different plant communities in the Pamirs (Ladygina and Litvinova, 1971a,
p. 152, 154)

subdivision

1

2

3

4

5

6

phytomass
annual parts
perennial parts
root

5850 13260
100
280
230
890
5520 12090

8170 15210 18000 23500
100
200
920
950
330
360
850
850
7740 14650 16230 21700

total necromass

2530

6810

3800

total organic
substance

8380

20070

7

8

7890 16120
370
920
530 2040
6990 13160

8240

15040

18900

11710

26400

11970 23450

33040

42400

19600

42520

For the current classification class 1 is considered to be “deserts”, while the classes 2, 3 and
4 belong to “dwarf shrub deserts”. Class 5 to 8 are different kinds of “alpine mats”.

4.3.7 Ladygina and Litvinova (1974)
Ladygina and Litvinova (1974) installed exclosures to investigate the yield of five different
meadow communities in the Chechekty valley (3800 to 4800 masl) for different dates during
the vegetation period in the years 1963 and 1964. The sites were exclosed from grazing since
1960 (i.e. 3 and 4 years, respectively). Inside the exclosures they cut above-ground phytomass
on 5 × 1 m2 line transects. They also analysed below-ground phytomass by digging out the
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plant parts on 0.5 × 0.5 m2 large an 1 m deep plots. The findings show a maximal phytomass
availability for the end of July and the beginning of August. More precisely they conducted
growth experiments on five different subtypes of meadows. These are:
1. Kobresia capilliformis - Hordeum brevisubulatum subsp. turkestanicum - Oxytropis
hirsutiuscula;
2. Kobresia capilliformis - herbs;
3. Carex pseudofoetida - Puccinellia tenuiflora - herbs;
4. Carex pseudofoetida - Carex orbicularis - herbs;
5. Carex orbicularis - Bistorta vivipara.
In this work, these subclasses all belong to “spring turfs”. Detailed phytomass values are listed
in table 4.4.
Table 4.4: Phytomass (kg/ha) of meadow communities in the Eastern Pamirs (Ladygina and Litvinova, 1974,
p. 280)

subdivision

1

2

3

4

5

year

1963 1964

1963 1964

1963 1964

1963 1964

1963 1964

above-ground
living biomass

3590 2010

1430

780

2880 1960

1830 1700

2220 2000

above-ground
dead necromass

1800 1640

830

620

1020

1130

1000

840

750

830

below-ground
phytomass

94000 80020 104990 89780 67440 57850 70790 65630 75270 66370

total organic
substance

99390 83670 107250 91180 71280 60610 73750 68080 78510 69200

4.3.8 Stanjukovich (1949)
Stanjukovich (1949) assessed the phytomass of dwarf shrub formations as well as meadows
by cutting and drying the above-ground vegetation at ground level. He chose three plots of
2 × 2 m2 size inside a homogenous stock. Furthermore, he determined the production of belowground phytomass by digging out the plants on 4 m2 relevés and 2 m depth. The pastures
are divided into four main types: desert pastures, herb-steppe pastures, steppe pastures and
alpine pastures. They can further be subdivided according to the dominant plants.
Subtypes of desert pastures are:
• “Teresken-pastures” (Krascheninnikovia ceratoides), which are usable throughout the
whole year. Their standing crop ranges between 0.03 and 0.7 t/ha with an average at
0.15 t/ha;
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• “Teresken-Stipa-pastures”, which, in general, are used in winter, with a yield of 0.2 to
0.3 t/ha;
• “Artemisia skorniakowii-pastures”, which are predominantly grazed by sheep and goats
in winter. The standing crop varies between 0.1 and 0.8 t/ha;
• “Artemisia lehmannia-pastures” with an available yield of 0.3 to 1.5 t/ha. This pasture
type is prevailingly used in summer and autumn;
• “Xylanthemum pamiricum-pastures” with a production of 0.1 to 0.7 t/ha.
The first two types are regarded here as “deserts”, while the three latter belong to “dwarf
shrub deserts”.
Herb-steppe pastures can be separated into:
• “Stipa orientalis-Stipa caucasica subsp. glareosa-pastures”, which are mainly used in
winter by sheep and goats. The yield ranges between 0.05 and 0.7 t/ha, mostly between
0.2 and 0.3 t/ha;
• “Christolea-pastures” with a marginal yield.
In this work, both classes are considered as “deserts”.
Steppe pastures are characterised by two dominant grasses:
• “Festuca-pastures” can reach a production of more than 1 t/ha;
• “Poa-pastures” mainly range between 0.3 and 1 t/ha.
Alpine meadows are characterised by a mosaic of cushion plants and meadows and form a
vegetation type, which here is named “alpine mats”. In general, their yield varies between 0.2
and 0.4 t/ha, but in pure meadow associations it can increase to 4 t/ha.

4.3.9 Walter and Breckle (1986)
Walter and Breckle (1986) give the most detailed overview on ecology in the Eastern Pamirs
which is available throughout western literature. Overall they present data from the same
Soviet scientists as discussed in this work, as well as introducing unpublished data, collected
by O.E. Agakhanjanz (kind information by Prof. S. Breckle). Unfortunately, the sample
technique is not evident.
The results indicate that the total organic matter of the Eastern Pamirs’ vegetation formations
is very low. It is minimal in desert associations (0.6 t/ha to 2 t/ha), significantly higher in
steppe associations (10 t/ha to 30 t/ha) and highest in cushion plant formations (19 t/ha to
42 t/ha). This trend is mainly determined by elevation and hence humidity. In all cases a very
high portion (36 % to 70 %) of dead standing crop, which is typical for desert associations, is
given. The biggest fraction of organic matter belongs to the roots (70 % to 95 %). Only 1 %
to 9 % is living biomass. Similar to the total phytomass, the primary production increases from
0.06 t/ha to 0.2 t/ha in deserts, via the steppes (0.2 t/ha to 0.4 t/ha) to 0.5 t/ha to 12 t/ha in
cushion plant communities. The authors compare nine vegetation associations from different
altitudes:
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1. pure Krascheninnikovia ceratoides pastures at 3850 masl;
2. Krascheninnikovia ceratoides-Stipa caucasica subsp. glareosa-Oxytropis chiliophylla
pastures at 3800 m;
3. Artemisia rhodantha-Stipa caucasica subsp. glareosa-Krascheninnikovia ceratoides
pastures at 3850 m;
4. Stipa caucasica subsp. glareosa-Krascheninnikovia ceratoides-Oxytropis chomutovii
pastures at 3820 m;
5. Festuca sulcata-Carex stenophylla pastures at 3900 m;
6. Hordeum brevisubulatum subsp.
pamirica pastures at 4300 m;

turkestanicum-Hedysarum cephalotes-Potentilla

7. Oxytropis immersa-Draba altaica-Leontopodium ochroleucum pastures at 4760 m;
8. Potentilla pamirica-Oxytropis immersa-Calamagrostis anthoxanthoides pastures at
4650 m;
9. Sibbaldia tetandra-Colpodium leucolepis pastures at 4800 m.
A summary of the detailed values is presented in table 4.5.

4.3.10 Jusufbekov and Kasach (1972)
Jusufbekov and Kasach (1972) carried out a detailed examination on teresken (Krascheninnikovia ceratoides) which resulted in the book “Teresken na Pamire” (Teresken on the
Pamirs). Phytomass productivity was assessed on three 10 m2 -plots per stock. The overall
findings indicate a very slow growth for teresken-communities and a significant accumulation
of dead matter. The major part of the phytomass belongs to below-ground organs (68 % to
93 %), while green above-ground parts only constitute 1 % to 5 %. The authors examined
the forage quantity of 14 different teresken-communities along an ecological gradient from
semi-desert to dry-steppe. The results are given in table 4.6.
The first six types, as well as class 12 and 14, can be considered as “deserts” here. The classes
7 and 11 show the properties of “dwarf shrub cushion steppes (teresken-type)”, while class
13 belongs to its subtype Leymus-steppes. Class 9 is treated as “dwarf shrub cushion steppes
(wormwood-type)” and class 8 and 10 are assigned to “dwarf shrub deserts”.

4.3.11 Sveshnikova (1962)
Sveshnikova (1962, cited in Ladygina and Litvinova (1974)) gives numbers on three different
spring turf types:
• Carex pseudofoetida-meadows growing at 3600 masl show a total yield of 43.3 t/ha with
1.4 t/ha above-ground and 41.9 t/ha below-ground phytomass;
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Table 4.5: Phytomass (kg/ha) of nine different vegetation associations in the Eastern Pamirs (Walter and
Breckle, 1986, p. 347)

association

1

2

3

4

5

6

7

8

9

above-ground
annual parts
inflorescences
leaves
stems
total

20
50
30
100

10
50
20
80

10
70
20
100

4
80
6
90

20
290
50
360

40
700
60
800

20
1920
140
2080

60
810
80
950

10
910
920

above-ground
perennial parts
living
dead
total

230
310
540

490
1120
1610

330
300
630

530
930
1460

1210
1730
2940

1960
1760
3720

1520
1000
2520

850
1680
2530

2040
3500
5540

roots
living
dead
total

4000 4190 6470 3820 5120 9740 18230 20360 15120
3750 8810 4770 9530 5940 8090 9400 18740 20960
7750 13000 11240 13350 11060 17830 27630 39100 36070

total phytomass
living
dead
total

4330 4760 6900 4440 6690 11950 21830 22160 18080
4060 9930 5070 10560 7670 10390 11470 20420 24430
8390 14690 11970 15000 14360 22340 33300 42580 42510

annual accrescence
above-ground
110
roots
1260
total
1370

100
730
830

120
1630
1750

110
760
870

390
1700
2090

860 2110
980
2910 7930 10610
3770 10040 11590

970
4230
5200

annual litter
above-ground
roots

80
720

100
1420

90
630

370
1220

840
2900

950
4030

100
1240

2080
7800

950
9530

• for Poa tibetica-meadows at the same altitude 63.4 t/ha total organic matter were
measured and 1.8 t/ha belong to above-ground, 61.6 t/ha to below-ground phytomass;
• Blysmus compressus-meadows, recorded on the bank of a small river at 3600 m, indicate
total values of 42.1 t/ha (1.3 t/ha above- and 40.8 t/ha below-ground).
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Table 4.6: Average crop yield (kg/ha) of teresken pastures in the Eastern Pamirs (Jusufbekov and Kasach,
1972, p. 79)

pastures type
1
2
3
4
5
6
7
8
9
10
11
12
13
14

dry matter (kg/ha)

pure K. ceratoides pastures on gravelly to loamy soils
pure K. ceratoides pastures on sandy-loamy to sandy soils
K. ceratoides-Christolea pastures
K. ceratoides-Carex pastures
K. ceratoides-Stipa caucasica subsp. glareosa pastures
K. ceratoides-Stipa orientalis pastures
K. ceratoides-Acantholimon diapensioides pastures
K. ceratoides-Artemisia rhodantha pastures
K. ceratoides-Artemisia leucotricha pastures
K. ceratoides-Tanacetum pastures
K. ceratoides-Hedysarumpastures
K. ceratoides-Artemisia rutifolia pastures
K. ceratoides-Leymus pastures
K. ceratoides-herb pastures on scree material

1-100
3-150
80-150
100-300
150-300
70-250
70-150
100-200
100-300
100-200
80-120
10
40-300
100-200
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4.4.1 Performance of the ten-point-frame-model

All in all, 72 1 m2 -plots were clipped, evaluated with the ten-point-frame and then dried
and weighed. This data serves as the basis for the ten-point-frame model, as described in
section 4.2. In respect to the different nature of the occuring plants, the data was divided
into three main groups: herbs and grasses, dwarf shrubs and Acantholimon diapensioides
cushions. These units were further separated into green/living and withered/dead phytomass
and contacts, respectively. For dwarf shrubs the extra category “woody parts” was introduced.
Altogether, this separation resulted into seven phytomass-contact data sets. For each of these
categories an individual ten-point-frame model was established. In the following, these seven
models will be referred to as “single models”. They were extended by models for herbs and
grasses as well as dwarf shrubs, which are based on the total sum of green, withered and woody
plant parts and that are named “total models”. Due to the extreme difference of weight, but
at the same time similar counts of contacts for green and dead cushions, a “total model” could
not be constructed for these plants. The figures 4.2 to 4.4 show the statistical regressions
between ten-point-frame contacts and weighed dry matter. The resulting relations indicate
relatively high coefficients of determination, ranging from R2 =0.77 to R2 =0.48, which are all
highly significant (p ≤ 0.01).
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Figure 4.2: Ten-point-frame model: Relationship between ten-point-frame contacts and phytomass
(kg/m2 ) for dwarf shrubs
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Figure 4.3: Ten-point-frame model: Relationship between ten-point-frame contacts and phytomass
(kg/m2 ) for dwarf shrubs and cushion plants

135

Chapter 4 Phytomass amount

Figure 4.4: Ten-point-frame model: Relationship between ten-point-frame contacts and phytomass
(kg/m2 ) for herbs and grasses
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4.4.2 Field data
Altogether, 296 1 m2 -plots were examined with the ten-point-frame. These are split into 219
plots on 73 different 60 m × 60 m-relevés in summer and 77 plots on 38 different 60 m × 60 mrelevés in winter. On the basis of the deduced equations, the above-ground phytomass of the
particular 60 m × 60 m-relevés was calculated. A summary of the results is presented in the
figures 4.5 to 4.9.

Total phytomass
The total phytomass was derived in two different ways. The first is based on the sums of
the values calculated by the “single models” (green, withered, woody). In the second, the
“single models” for herbs and grasses, as well as for dwarf shrubs, are replaced by the “total
models”. The first method leads to an overall phytomass of 1030.6 ± 129.0 kg/ha in summer
and 984.0 ± 231.2 kg/ha in winter and the second gives similar values of 1023.5 ± 128.8 kg/ha
in summer and 953.1 ± 228.6 kg/ha in winter. Although both methods indicate that there is
a significant difference (p ≤ 0.05) of available phytomass between summer and winter the
distinction is relatively low. Initially this is an surprising result as it is expected that winterphytomass should be far behind summer-phytomass. However, in the Eastern Pamirs this
exception can be explained by two facts: aridity and low temperature constrain decomposition,
so that large amounts of dead phytomass can accumulate (Agakhanjanz, 1966; Ladygina and
Litvinova, 1971b). Coupled with the fact that woody dwarf shrubs and cushion plants retain
a big portion of their phytomass during the winter - as they play a dominant role on the
pastures, this also may be an explanation for these results.
This assumption can be supported by the follwing results: concerning total phytomass there
is no significant difference (p > 0.05) between summer and winter values for Acantholimon
diapensioides cushions, dwarf shrubs and herbs and grasses. A more detailed look reveals that
this is also true for green and dead parts of Acantholimon diapensioides cushions, withered
and woody plant parts of dwarf shrubs as well as for withered herbs and grasses. Only the
green phytomass of dwarf shrubs and herbs and grasses is significantly higher (p ≤ 0.01) in
summer than in winter.

Deserts (class 1)
The overall lowest phytomass was ascertained for “deserts” (phytomass amounts of “rocks and
scree vegetation” were not examined). In summer total values only reach 128.6 ± 43.4 (sum
model) or 87.6 ± 38.8 kg/ha (total model), respectively. Dwarf shrubs are the dominant plants
in this vegetation formation. Their phytomass is relatively constant throughout the seasons. In
total it makes 74.8 ± 32.5 kg/ha in summer and 70.1 ± 36.7 kg/ha in winter. Withered plant
parts show 14.7 ± 9.0 in summer and 24.8 ± 11.1 kg/ha in winter, while woody phytomass
accounts for 67.3 ± 29.5 kg/ha and 79.2 ± 40.6 kg/ha, respectively. Only green phytomass
indicates a decrease, with values of 29.8 ± 6.5 kg/ha in summer and 3.2 ± 3.2 kg/ha in winter.
Summing up, there is no significant seasonal difference (p > 0.05) between summer- and
winter-phytomass for all plant parts of dwarf shrubs, except for green parts which show a
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Figure 4.5: Comparison of total phytomass in the different vegetation classes (1: “deserts”; 2: “dwarf shrub
deserts”; 3: dwarf shrub cushion steppes (teresken-type); 4: dwarf shrub cushion steppes (wormwood-type);
5: “spring turfs”; 6: “alpine mats”)

highly significant seasonal variation (p ≤ 0.01). Herbs and grasses are of minor importance in
“deserts”. In total, 0.4 ± 0.4 kg/ha were measured in summer compared to 28.9 ± 17.2 kg/ha in
winter. Although there appears to be a difference between these values, on average they failed
significance in the u-test (p > 0.05). The same is true for green (summer 11.9 ± 7.3 kg/ha,
winter 0 kg/ha) and withered (summer 0 kg/ha, winter 28.3 ± 17.0 kg/ha) herbs and grasses
. Acantholimon diapensioides cushions are missing in this group.
The phytomass values in this group include two relevés which represent extreme values and
thus need closer consideration. Relevé 20 shows extremely high summer total values of herb
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Figure 4.6: Comparison of total and green dwarf shrub phytomass in the different vegetation classes (1:
“deserts”; 2: “dwarf shrub deserts”; 3: dwarf shrub cushion steppes (teresken-type); 4: dwarf shrub cushion
steppes (wormwood-type); 5: “spring turfs”; 6: “alpine mats”)

and grass biomass, which can be explained with a relatively high abundance of Stipa caucasica
subsp. glareosa. Moreover, plot no. 9 indicates above average values of green dwarf shrub
phytomass in winter. This can be ascribed to the occurrence of several large specimen of
Krascheninnikovia ceratoides dwarf shrubs.

Dwarf shrub deserts (class 2)
“Dwarf shrub deserts” are mainly formed by the dwarf shrubs Artemisia rhodantha
and Krascheninnikovia ceratoides, which account for 312.2 ± 96.3 kg/ha in summer
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and 164.9 ± 41.7 kg/ha in winter. Compared to the total summer phytomass values of
430.8 ± 122.0 kg/ha (sum model) and 393.9 ± 121.8 kg/ha (total model), respectively, they
account for more than 75 % of the total phytomass. Paradoxically, in winter total phytomass
values of 738.9 ± 317.2 kg/ha and 715.9 ± 311.8 kg/ha, respectively, were measured, however,
these seasonal differences fail significance (p > 0.05). The green phytomass of dwarf shrubs
reaches 74.6 ± 15.7 kg/ha in summer, while in winter only 32.2 ± 15.8 kg/ha was measured,
a difference which is significant at a level of p ≤ 0.05. In contrast, withered and woody
plant parts stay relatively constant throughout the seasons (p > 0.05). Withered plant parts
indicate values of 51.7 ± 13.2 kg/ha and 50.2 ± 14.7 kg/ha, respectively. Woody plant parts
reach 215.2 ± 68.6 kg/ha in summer and 113.1 ± 34.2 kg/ha in winter. Herbs and grasses play
a subordinate role in “dwarf shrub deserts” only amounting to 13.9 ± 6.8 kg/ha in summer
and 14.9 ± 7.4 kg/ha in winter. Green phytomass accounts for 18.1 ± 8.6 kg/ha in summer,
while in winter no green herbs and grasses could be found. Withered herbs and grasses are
scarce in summer (0.5 ± 0.5 kg/ha) but more present in winter (13.3 ± 6.9 kg/ha), though, a
significant seasonal difference could not be detected for any class (p > 0.05). Acantholimon
diapensioides cushions rarely occur in this vegetation unit hence the ascertained values,
which all represent outliers, will not be interpreted, as they are strongly dependent on the
differences between the few 1 m2 -plots where cushions are abundant.
The presented phytomass values in this group include several extreme values and outliers,
which have to be examined in more detail. In summer, only plot no. 45 represents an extreme
value for total phytomass as well as for withered herb and grass phytomass. An explanation
for this might be the strong abundance of Stipa caucasica subsp. glareosa, linked with the
occurence of Acantholimon diapensioides. The former accounts for the high herb and grass
values and the latter can be explained by the plot’s high altitude of nearly 4050 masl, and is the
reason for an above average total phytomass compared to the other class members. Usually,
this kind of relevé should be classified as “dwarf shrub cushion steppe (teresken-type)”,
however, the dominance of Stipa caucasica subsp. glareosa, and the occurence of only three
different species is very atypical for this kind of vegetation class and led to an assignation to
“dwarf shrub deserts”. In winter, four relevés demonstrate outliers or extreme values most
notably plot no. 27. This plot is characterised by a highly elevated location which leads
to precipitation values that are already high enough for the occurence of Acantholimon
diapensioides and remarkable amounts of grasses. Due to these characteristics the plot
depicts extraordinary high phytomass of dead Acantholimon-cushions, as well as green herbs
and grasses. In plot no. 30 exceptionally high values for the total phytomass of dwarf shrubs
were detected in winter. This is due to the relevé’s relatively remote location, which limits
the grazing pressure and thus allows for high abundances of Artemisia rhodantha. Relevé
no. 33 shows above-average phytomass of Acantholimon-cushions, which are mainly linked
to the plot’s high altitude of above 4050 m. Finally, the extremely high values of herbs and
grasses in plot no. 10 can be explained by the high abundance of the tussock-grass Stipa
splendens, which represents a special case in this vegetation class.

Dwarf shrub cushion steppes (teresken-type) (class 3)
With summer values of 942.9 ± 202.0 kg/ha (sum model) or 1039.3 ± 234.4 kg/ha (total
model) “teresken cushion steppes” indicate a very high phytomass production. A detailed
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examination of these values shows that this is closely correlated to the presence of Acantholimon diapensioides cushions which account for the largest proportion of the phytomass in
this vegetation class. Green plant parts of this cushion reach 407.6 ± 150.8 kg/ha in summer.
Dead phytomass accounts for 130.5 ± 38.5 kg/ha. The corresponding winter values show much
higher values, which might be biased by a relatively low sample number. Nevertheless, a significant seasonal difference could not be detected, neither for the total phytomass nor for cushion
plants (p > 0.05). In relation to dwarf shrub vegetation the values of green phytomass differ
significantly (p ≤ 0.01) between summer (54.7 ± 15.4 kg/ha) and winter (9.3 ± 7.5 kg/ha).
In contrast, the values of withered and woody plant parts are relatively constant (p > 0.05)
over the seasons. The former exhibits 24.5 ± 7.4 kg/ha in summer and 35.7 ± 11.4 kg/ha in
winter, while the latter presents values of 153.6 ± 47.3 kg/ha and 167.4 ± 55.0 kg/ha, respectively. In total, this leads to a relative constancy of dwarf shrub phytomass throughout the
seasons with a slightly higher average value of 201.1 ± 71.8 kg/ha in summer, compared to
136.2 ± 46.1 kg/ha in winter, though, this difference is not significant (p > 0.05). Herbs and
grasses account for 96.5 ± 20.0 kg/ha in summer and 57.3 ± 8.8 kg/ha in winter, a difference
which also fails significance (p > 0.05). However, green and withered phytomass strongly
displace each other, with green herbs and grasses reaching 56.1 ± 6.6 kg/ha in summer and
decreasing to only 11.4 ± 3.3 kg/ha in winter (p ≤ 0.01). At the same time, withered phytomass is as low as 24.8 ± 5.4 kg/ha in summer, but in winter it increases to 54.6 ± 8.9 kg/ha,
a difference which is highly significant (p ≤ 0.01).
Extreme values and outliers also occur in this vegetation unit. Plot numbers 159 and 174
particularly stand out, with an extremely high abundance of Acantholimon diapensioides,
which leads to extraordinarily high total values of phytomass. These relevés are located at
the bottom of intensely grazed valleys which may be an indication that the occurence of hard
cushions increases with grazing pressure. Another relevé with anomalous results regarding the
phytomass of cushions is plot no. 43. This plot is characterised mainly by the grass Leymus
secalinus, and an explanation for the high phytomass values of dead Acantholimon diapensioides cannot be given. Furthermore, relevé no. 126 indicates very high values of cushion
plant phytomass. This site is located right below the Ak Tash pass which separates the eastern
from the western Pshart Valley at an elevation of 4330 masl and these conditions lead to the
strong abundance of Acantholimon diapensioides and Dracocephalum paulsenii cushions.
Particularly high amounts of dwarf shrub phytomass, which result from the high abundance of
Krascheninnikovia ceratoides (teresken) were assessed for plot no. 161. This is surprising
as the relevé is situated in the surroundings of a large yurt-camp in an intensely grazed valley.
Its steepness and its position high above the valley-bottom near the ridge may protect it from
both, firewood extraction and grazing pressure. Another example of above average values for
dwarf shrub phytomass is relevé no. 157, which is located in the same valley as no. 161,
and is also characterised by high amounts of Krascheninnikovia ceratoides. With regards to
the herbs and grasses, exceptionally high phytomass values were detected on plot numbers
143, 144, 145 and 147. These relevés are all located in a relatively humid, north-exposed, but
also intensely used valley. The former is situated at the valley-bottom and is characterised
by a high abundance of Carex stenophylla. The other plots belong to highly elevated slopes
and show remarkable amounts of Poa attenuata and Festuca rubra. In winter, plot no. 158
is the most prominent. This plot is characterised by a high abundance of large Artemisia
rutifolia and Krascheninnikovia ceratoides dwarf shrubs, which is the reason for the plot’s
extraordinarily high phytomass of total and withered dwarf shrubs. Finally, relevé no. 31 has
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very high values of green dwarf shrub phytomass, which are due to its remote position high
above the Pshart Valley that accounts for the high abundance of Artemisia rhodantha.

Figure 4.7: Comparison of withered and woody dwarf shrub phytomass in the different vegetation classes (1:
“deserts”; 2: “dwarf shrub deserts”; 3: dwarf shrub cushion steppes (teresken-type); 4: dwarf shrub cushion
steppes (wormwood-type); 5: “spring turfs”; 6: “alpine mats”)

Dwarf shrub cushion steppes (wormwood-type) (class 4)
“Wormwood cushion steppes” can reach a total summer phytomass of 1872.9 ± 399.0 kg/ha
(sum model) or 1843.5 ± 399.6 kg/ha (total model), respectively, showing the highest phytomass values of dwarf shrubs among the examined vegetation types. In total
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487.9 ± 60.9 kg/ha are reached in summer, while in winter significantly lower (p ≤ 0.05)
values of 195.8 ± 37.5 kg/ha were ascertained. In particular the amount of green plant
parts strongly decreases in winter. While in the summer 112.7 ± 12.2 kg/ha was measured,
this decreased to only 30.9 ± 8.9 kg/ha in winter, a difference which is highly significant
(p ≤ 0.01). Surprisingly, woody phytomass shows also significant seasonal differences
(p ≤ 0.05) with a maximum of 361.9 ± 35.6 kg/ha being reached in summer, compared
to only 210.0 ± 34.3 kg/ha on the winter test sites. In contrast, withered plant parts stay
relatively constant (p > 0.05), at 75.6 ± 11.1 kg/ha in summer and 56.8 ± 5.9 kg/ha in winter.
Similar to the “teresken cushion steppes”, Acantholimon diapensioides cushions are the
predominant source of phytomass. In summer green parts account for 1040.2 ± 346.9 kg/ha,
while dead phytomass makes 154.3 ± 46.6 kg/ha. The latter value stayed relatively constant
in winter, with 124.7 ± 84.7 kg/ha (p > 0.05). However, only 40.8 ± 37.6 kg/ha green
phytomass was measured. This value is questionable, a possible explanation being that the
large amounts of snow in the western part of the study area in winter 2008/09 inhibited the
accessability of the higher elevated relevés where the amount of cushion plants is generally
higher. Herbs and grasses are of minor importance in this vegetation unit. In total they reach
21.6 ± 6.3 kg/ha in summer and 41.6 ± 22.0 kg/ha in winter. Withered herbs and grasses
make only 2.3 ± 1.2 kg/ha in summer, with this value increasing to 39.6 ± 21.0 kg/ha in
winter, though, no significant seasonal differences could be detected in these two phytomass
fractions (p > 0.05). Only green herb and grass phytomass shows significant difference
(p ≤ 0.05), with 27.0 ± 5.2 kg/ha in summer and 11.4 ± 3.3 kg/ha in winter.
In this vegetation class, plot no. 173 displays extraordinarily high phytomass values of dwarf
shrubs. This is due to the plot’s remote location near the ridge of a steep slope in the sparsely
populated Chong Pamir (Great Pamir). Low grazing pressure and no firewood extraction
allow for the high abundance of large specimens of Artemisia leucotricha. Furthermore,
above-average amounts of withered herbs and grasses were ascertained for plot numbers 56
and 60, which show an exceeding abundance of small Stipa-tussocks. Another example of
exceptionally high phytomass values is plot no. 50 which shows above-average phytomass of
withered grasses (Poa attenuata) in summer, and high amounts of dwarf shrubs (Artemisia
leucotricha) and cushions (Acantholimon diapensioides) in winter, which present outlier
values. Very high elevation and therefore relatively high precipitation in combination with
good moraine soil may be an explanation for the high phytomass production.

Spring turfs (class 5)

On “spring turfs” only herbs and grasses occur. Their total phytomass was calculated to
1013.0 ± 71.2 kg/ha in summer and 464.9 ± 50.2 kg/ha in winter - a difference of more than
50 %, which is highly significant (p ≤ 0.01). The results of the model for green phytomass
indicates values of 611.2 ± 30.1 kg/ha in summer, in contrast to only 34.4 ± 34.4 kg/ha in
winter (p ≤ 0.01). On the contrary, withered herbs and grasses do not show a seasonal
difference (p > 0.05) with values of 341.0 ± 54.2 kg/ha being reached in summer, compared
to 430.5 ± 60.5 kg/ha in winter.
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Figure 4.8: Comparison of Acantholimon cushion phytomass in the different vegetation classes (1: “deserts”;
2: “dwarf shrub deserts”; 3: dwarf shrub cushion steppes (teresken-type); 4: dwarf shrub cushion steppes
(wormwood-type); 5: “spring turfs”; 6: “alpine mats”)

Alpine mats (class 6)

Similar to “spring turfs”, “alpine mats” also comprise only plants which belong to the category
herbs and grasses. In total they reach a phytomass of 714.6 ± 55.4 kg/ha. Green plant parts
account for 582.6 ± 50.5 kg/ha, while withered phytomass makes 76.4 ± 12.2 kg/ha. These
values hold true for summer while during the winter season the alpine mat-relevés could not
be accessed or they were covered by snow.
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4.4.3 Comparison of literature and field data
A comparison of data gathered from different sources of literature to the data ascertained
during the field stay will conclude the description on phytomass availability in the study area.
This is a difficult undertaking, as almost all of the authors quoted use a different system of
vegetation classification, and these in turn differ from the divisions introduced in this work.
In order to deal with this inconsistency, the numbers from literature were assigned to the six
identified pasture types on the basis of the dominant plants.

Deserts
Data on the yield of what is defined as “deserts” in this work could be found in eight different sources of literature: Agakhanjanz (1966), Agakhanjanz (1975, cited in Walter and
Breckle (1986)), Jusufbekov (1968), Jusufbekov and Kasach (1972), Ladygina and Litvinova
(1971b), Litvinova (1969), Stanjukovich (1949) and Walter and Breckle (1986). The range
of given values varies broadly between a minimum of 1 kg/ha and a maximum of 1000 kg/ha.
The calculation of an average of all these published values accounts for 232 kg/ha. This
is in accordance with the average values of Jusufbekov (1968) (200-300 kg/ha) and Stanjukovich (1949) (150 kg/ha), as well as the values ascertained in this thesis (sum model:
128.6 ± 43.4 kg/ha).

Dwarf shrub deserts
Phytomass data on “dwarf shrub deserts” is presented by Agakhanjanz (1966), Agakhanjanz
(1975, cited in Walter and Breckle (1986)), Jusufbekov (1968), Jusufbekov and Kasach (1972),
Ladygina and Litvinova (1965), Ladygina and Litvinova (1971b), Litvinova (1969), Stanjukovich (1949) and Walter and Breckle (1986). Similar to the values referring to “deserts”,
once again a broad range was noticed. The lowest value at all is stated by Jusufbekov (1968)
with 60 kg/ha on a pasture dominated by Krascheninnikovia ceratoides, Artemisia rhodantha and Stipa, in Chechekty, in the end of August. The maximum found in literature accounts
for 1690 kg/ha, given by Walter and Breckle (1986) for an association of Krascheninnikovia
ceratoides, Stipa caucasica subsp. glareosa and Oxytropis chiliophylla. Calculating the
mean of all available values displays 350 kg/ha. Measurements from this research indicate
430.8 ± 122.0 kg/ha (sum model) which is well within the range of values found in the literature and can therefore be assumed to be reliable for further calculations.

Dwarf shrub cushion steppes (teresken-type)
Agakhanjanz (1966), Jusufbekov (1968), Jusufbekov and Kasach (1972) and Litvinova (1969),
discuss the yield of “dwarf shrub cushion steppes (teresken-type)”. The first three authors ascertained values of between 70 and 500 kg/ha, the latter gives a range between
1370 and 3260 kg/ha while data collected from this research show a total average of
1039.3 ± 234.4 kg/ha. An explanation for this discrepancy may be that Acantholimon diapensioides cushions that are close-fitting to the ground are not regarded as above-ground
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phytomass in the first three literature sources. The data from Litvinova (1969) and from this
investigation can be regarded to be a better approximation of actual conditions, and are hence
favoured for further valuations on the pasture potential.

Dwarf shrub cushion steppes (wormwood-type)
Phytomass data concerning “dwarf shrub cushion steppes (wormwood-type)” can be found in
Agakhanjanz (1966), Jusufbekov (1968) and Jusufbekov and Kasach (1972). The values in
these sources range between 100 and 600 kg/ha. In contrast, the measured values indicate far
higher numbers than each of the literature sources (total mean: 1843.5 ± 399.6 kg/ha). Once
again, disregarding of cushion plants is the most plausible explanation. For further estimations
the literature values are rejected in favour of the measured values, which seem to be more
probable.

Spring turfs
Four different sources (Agakhanjanz (1966), Jusufbekov (1968), Ladygina and Litvinova
(1974) and Sveshnikova (1962, quoted in Ladygina and Litvinova (1974)) give information
about the yield of “spring turfs”. The values range between 200 and 3000 kg/ha except
for the work by Ladygina and Litvinova (1974), where the phytomass on exclosures reaches
5390 kg/ha. The field data ascertained in the current study found values between 668 and
1509 kg/ha, a range that is in accordance with the data from the literature, and can therefore
be regarded as appropriate for continuing investigations of the pasture potential.

Alpine mats
Phytomass amounts of “alpine mats” widely vary between the different literature sources.
While Agakhanjanz (1966) only gives a range between 300 and 500 kg/ha, Ladygina and
Litvinova (1971b), Stanjukovich (1949) and Walter and Breckle (1986) present values of
3000 kg/ha and above. Data acquired in this research shows a range between 492 and
1024 kg/ha. An explanation for this discrepancy cannot be given as the dominant plant
species are comparable.

4.4.4 Forage amount
It has to be realised that the numbers ascertained in this chapter describe the total phytomass
amount but that only a certain proportion of these values can be regarded as livestock forage
as pasture animals refuse certain plants or parts of plants. Furthermore, pastures are generally
not grazed to the ground. Depending on the animal species the last few centimetres above
ground level are not reachable, and are therefore spared from grazing. It is difficult to estimate
this proportion and livestock observations have shown that meadow vegetation is indeed grazed
to the ground on some occasions. In relation to dwarf shrub vegetation, similar observations
could be made. Krascheninnikovia ceratoides in particular, was frequently found grazed to
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the ground, leaving behind only the remains of basal woody parts (see fig. 5.2 b). Moreover,
Artemisia rhodantha could also be found heavily grazed until only cushions of less than 1 cm
height were left. However, this is not the rule and depends very much on overall availabilty
of forage, and livestock stocking rate. Numbers concerning the proportion of “real forage”
for the pastures of the Eastern Pamirs are rare. According to Jusufbekov (1968) for tereskenpastures (Krascheninnikovia ceratoides) 60 % of the total phytomass can be regarded as
forage. If the abundance of grasses is higher (e.g. teresken in association with Stipa spec.)
the value increases to 70 %. The same proportion is true for Artemisia rhodanta-pastures.
In associations where Acantholimon diapensioides is dominant, only 50 % of the phytomass
represents fodder. For Artemisia leucotricha-pastures, the proportion of consumable matter
amounts to 60 %. On meadow pastures the proportion is highest. Jusufbekov (1968) gives
80 % for Festuca-Potentilla-pastures as well as Carex-Kobresia spring turfs. Taking these
values into account the forage proportion of the pasture classes used in this work are set to
50 % for “dwarf shrub cushion steppes”, 60 % for “deserts”, 70 % for “dwarf shrub deserts”
and 80 % for “alpine mats” and “spring turfs”.

4.4.5 Critical consideration
Finally, the shortcomings of the presented methods and results will be discussed. In this context
it must first be mentioned that no original data on net primary production was collected in this
research due to the reasons discussed in section 4.1. Furthermore, the inexplicable differences
between summer and winter values, as well as high standard deviations indicate that the
number of recorded phytomass plots might still be too low. In addition, the interannual
change of phytomass in the means of phenological change during the growing season, as
well as change of pasture use and grazing pressure cannot be explained with the assessed
data. Moreover, as the project was limited to three years, long term variabilty on phytomass
production could not be taken into account.
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Figure 4.9: Comparison of herb/grass phytomass in the different vegetation classes (1: “deserts”; 2:
“dwarf shrub deserts”; 3: dwarf shrub cushion steppes (teresken-type); 4: dwarf shrub cushion steppes
(wormwood-type); 5: “spring turfs”; 6: “alpine mats”)
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Forage quality
5.1 Preconsiderations
“Forage quality is a complicated topic” (van Soest, 1994, p. 19). The reason for the complexity
of evaluating forage quality lies in the vast quantity of factors involved from both plant and
animal science which makes combining different scientifical disciplines absolutely essential.
However, forage quality determines livestock productivity and pasture potential in the first
place. The most limiting factor for ruminants is the nutritive value of forage, this means
mainly protein and energy, therefore this value has been the subject of many discussions in
relevant evaluation systems. According to van Soest (1994) the nutritive value can be classified
into three components. These are:
• feed consumption;
• digestibiliy;
• energetic efficiency.
Each of the afore-mentioned points is strongly dependent on:
• the characteristics of the available fodder plants (feeds);
• animal species.

5.1.1 Feed consumption
Feed consumption is controlled predominantly by two factors, the palatability of the plants
and forage selection. Both are subject to change depending on the animal species. Further
modification occurs with age, status and sex of the specific animal, which determines its energy
demand. For example, a growing yak needs relatively more energy than a mature one. To
take every single factor into consideration is almost impossible, but an adequate description of
feed consumption should include, at the very least, information on animal species, sex, body
weight and nutritional status (van Soest, 1994; Commitee on Nutrient Requirements of Small
Ruminants, 2007; Wiener et al., 2003).
Palatability and forage selection often go hand in hand and should be discussed in conjunction
with each other. It can be difficult to identify the reason for an animal’s refusal of a certain
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plant, and the acceptance of another. Refusal could be due to inedibility or even toxicity, or
it may be connected to a pleasing or satisfying feature. In general, it can be said that more
palatable plants or plant parts are eaten first and that with a decreasing availabilty, or limited
supply of fodder, selection also decreases (van Soest, 1994). If animals have to travel for good
fodder, their preference depends on the amount of reward offered resulting in less palatable
but easier-to-reach food being favoured over fodder of high-quality and/or taste (Baumont
et al., 2000).
In order to understand what can be regarded as a fodder plant, a detailed study of the feeding
habits of the different livestock animals is necessary. The employed methods are described in
section 5.2. Results of the evaluation of feed consumption are given in section 5.3.

5.1.2 Digestibility
The estimation of digestibility is a key factor in fodder value analyses. This assessment relies
on the fact that the available energy concentrated in feedstuffs cannot be directly analysed
but is highly correlated to digestibility (Robinson, n y). Unfortunately, analyses of digestibility
have proven to be very problematic, due to lack of the understanding of the cause-and-effect
mechanisms behind digestibility. According to the Lucas Test, biological availability can be
split into three groups:
• complete availability;
• incomplete availability;
• total unavailability (i.e. completely lignified portions).
The problematic element is the incomplete availability group. A certain proportion of available
nutrients in a feedstuff is connected to an insoluble portion, making it incompletely available
and unfortunately there is no chemical method to precisely classify this group into digestible and
indigestible parts. Due to the fact that lignin is the most important feedstuff component that
limits nutrient availability, large efforts have been carried out on inventing methods based on
lignification. One such evaluation systems is the calculation of the Total Digestible Nutrients
(TDN), according to Weiss et al. (1992), which is used in this thesis and will be described in
section 5.2.4. The results of the analyses can be found in section 5.3.5.

5.1.3 Energetic efficiency
When talking about energetic efficiency, an explanation of the rules of thermodynamics is
required. The first rule of thermodynamics states that energy can be converted from one
form to another but can never be created or destroyed. With regards to pasture systems
this law can be used to describe the amount of energy in the forage, or the quantification of
work that a particular animal can afford to expend. In other words, energy is concentrated
through photosynthesis in the plants, these plants are then consumed by livestock animals and
so the energy is transmitted to another form. However, this simple relationship is not valid
for pasture systems as they are open and dissipative and therefore exchange substance, energy
and entropy with their surrounding environment. Such preconditions are described by the

150

5.1 Preconsiderations
second rule of thermodynamics which says that the entropy increases in irreversible processes
and stays constant in reversible processes. Therefore, a negative relation between usable
energy and entropy exists. When applied to pasture systems this means that a certain amount
of the entire consumed energy (which is consumed by the animals) will be lost by actions
such as movement, lactating and eating, etc. and is therefore unavailable for carrying out
work or producing meat. This conclusion leads to two important components of grazing habit
evaluation; the determination of the amount of energy that is consumed, and the quantification
of energy which is spent on forage intake, digestion etc. (Cañas C. et al., 2010). The most
common basis for evaluating feedstuff and expressing requirements in monogastric animal
nutrition is the parameter metabolisable energy (ME) (van Soest, 1994), that was also utilized
in this work.

5.1.4 Feeds
A common classification of feeds uses the categories concentrates and roughages. The former
can be described as high-quality and low-fibre feeds, such as cereals and milling by-products.
In contrast, roughages are usually of lower quality. Often a crude fibre content of 18 % is used
to distinguish between concentrates and roughages (van Soest, 1994). Such distinctions can
be clearly made, as equations to determine digestibility are strongly affected, and therefore
differ considerably, due to the content of fibre (Weiss et al., 1992). A widespread classification
of ruminant forage divides plants into:
• grass and grass-like plants (incl. sedges);
• legumes;
• forbs (i.e. non-legume herbs);
• browse (woody plants, shrubs, trees).
The identification of the available fodder plants in the Eastern Pamirs is the topic of section 5.3
and adequate equations to estimate plant digestibility are discussed in section 5.2.5.

5.1.5 Animal species
All of the aforementioned factors are highly affected by animal species, and the differences
between their physiology and feeding habits. For example, goats show a high degree of
specialisation to browse specific plant parts whereas cattle and yaks are more adapted to graze
large amounts of grass and herbs. According to van Soest (1994) there exist three different
systems of ruminant classifications, these will be described in section 5.3.1.
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5.2 Methods concerning forage quality
In order to assess the relevant aspects identified in the previous section and hence create a
comprehensive picture of the Eastern Pamirs’ forage quality, five strategies were followed:
• detailed examination of available literature on fodder plants and fodder preferences of
the different livestock animals;
• interviews with herders;
• animal observations;
• sample collection of identified fodder plants and subsequent laboratory analysis;
• calculation of digestible nutrients and metabolisable energy with adequate equations.

5.2.1 Examination of available literature
As a basis for the field work and subsequent laboratory analysis, existing literature was examined
and reviewed. Information on empirical methods and laboratory techniques was easily found by
online investigation and in libraries. In contrast, data on the Eastern Pamirs was very difficult
to obtain by conventional sources. However, the Soviet literature previously described could
be utilised (see section 4.3).

5.2.2 Interviews with herders
During the fieldwork, 35 interviews in Kona Kurghan and Alichur subdistricts were carried
out. Herdsmen were asked to state the most important fodder plants, multiple answers were
allowed. Naturally, the plants were addressed with their Kyrgyz names and then these were
assigned to scientific plant names with the help of three local experts, a former staff member
of the Pamir Biological Research Station at Chechekty and two former teachers from Alichur.
The names were subsequently cross-checked according to classifications by Ikonnikov (1963).
The interviewees were also requested to differentiate between the preferred plants of the yaks
and those of sheep/goats. Additionally, they were asked to specify if the particular plant is
predominantly consumed in winter or in summer. The results of the interviews can be found
in section 5.3.2.

5.2.3 Animal observations
When investigating pasture potential it is necessary to know which plant is part of the animals’
diet and which plants are refused. Reasons for this having been discussed in section 5.1.5,
and will then be highlighted in section 5.3.1. A commonly used approach to gain insight into
the set of edible and preferred plants is animal observation (Degen et al., 2002). During the
three field stays livestock animals were observed grazing and/or browsing. In order to not
disturb, and potentially bias the grazing habits, binoculars and cameras were used to identify
the specific plants while maintaining sufficient distance from the animals. These remotely
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sensed results were checked at the plant after the animal had moved on. The outcome of the
observations is presented in section 5.3.3.

5.2.4 Nutrition value analysis
An important aim of nutrition value analyses is to evaluate the metabolisable energy content
of a specific forage as accurately as possible whilst the effort involved in this remains within
reasonable limits. Formulas derived from measured interrelations represent a good tool to
deduce the energy content from relatively simple indicators (Rutzmoser et al., 2007).
The fodder samples were taken on the pastures of the subdistricts Kona Kurghan and Alichur
during the summer season 2007 and 2008, as well as at the end of the cold season in 2009. Taking into account that fodder values, above all protein and fibre values, are season-dependent,
it was attempted to take samples from both the vegetation period and from dormancy. Due
to the fact that some plants exclusively occur in summer this was not always possible (Linghao
et al., 2000; Xiang and Liang, 2004).
During the field stay, the samples were separated into green living biomass and withered dead
necromass, air dried and packed into plastic bags. For patchy vegetation formations the samples were additionally separated by species, and woody plant parts were detached from green
plant parts.
In the laboratory, the samples were firstly milled, and then dried at 40 ◦ C. This temperature
is a compromise; at a temperature this low, the samples still contain a small water portion
which may distort the results but higher temperatures can cause other effects that affect the
analyses more seriously. These effects include inactivation or binding of phenolics with fibre,
the Maillard reaction or denaturing of proteins (van Soest, 1994; Degen et al., 2002).
A feasible method is the so-called “Weender Analysis”, which was extended with van Soest’s
detergent system. The latter was invented to achieve a quick evaluation tool for the determination of insoluble cell wall fractions and its major subcomponents: hemicellulose, cellulose
and lignin. With this system only six analysis steps are necessary to derive the total digestible
nutrients of a forage. The parameters that need to be determined are:
• crude protein (CP);
• crude ash (CA);
• crude fat (EE);
• crude fibre, separated into neutral detergent fibre (NDF), acid detergent fibre (ADF)
and acid detergent lignin (ADL).
Crude protein (CP)
CP defines the existence of nitrogenous compounds within a fodder sample, including true
proteins and non-protein nitrogenous compounds like ammonium salts and amides (Prakash
and Arora, 1998). Due to an average protein content of 16 % in nitrogen, this can be quoted
as N ∗ 6.25 (van Soest, 1994). The used equation (see below) furthermore needs information
on acid detergent insoluble protein (ADICP). Based on approximations given by van Soest
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(1994, p. 423), in this work the value was set to 8.5 % of the analysed crude protein value.
According to the extended “Weender Analysis” (Bassler, 1997; van Soest, 1994) nitrogen is
ascertained by the Kjeldahl-Method. In this work, the analysis with a TruSpec CN-Analyser
was favoured, which is a more efficient and less laborious method.

Crude ash (CA)
CA was produced by incinerating 5 g of a sample at 550◦ C in a muffle furnace. By this
procedure the organic fraction of a feedstuff is all burnt and leaves behind ash which consists
of minerals and siliceous contaminations (Bassler, 1997).

Crude fat (EE)
EE is an abbreviation for ether extract. Crude fat is defined as the fraction of a forage which
is soluble in a fat solvent like for example ether. Five grams of a dry sample are extracted
with petroleum ether. This procedure enables dissolving fats, oils, pigments and other fat
soluble substances. After a defined extraction time (four hours in this method) the ether is
evaporated from the fat solution. The resulting residue was weighed and referred to as ether
extract or crude fat (Bassler, 1997). In the present thesis the standard time of six hours
was reduced due to the expected low fat content of the samples. This is a valid method
according to consultation with chemists from the Institute of Food Chemistry, University of
Erlangen-Nuremberg.

Neutral detergent fibre (NDF)
NDF is the part of a fodder sample which is not soluble in a neutral detergent solution. It
describes the content of substances building the cell wall framework: hemicellulose, cellulose,
lignin and lignin-N-compounds (van Soest, 1994). To conduct the NDF-analysis, according
to Bassler (1997), 1 g dry matter of a fodder sample is weighed and then boiled in a neutral
detergent solution for one hour and then the sample is filtered and dried. Finally, the dry
residuum is weighed again and set in relation to the entire sample mass. This contains
hemicellulose, cellulose, lignin and ash and so the portion of undigestible fractions plus a
certain part of digestible fractions bound to the former (see section 5.1.2).

Acid detergent fibre (ADF)
The value ADF depicts the part of a fodder sample which is not soluble in an acid detergent
solution. Like the NDF it is a measurement for cell wall framework substances, with the
difference that hemicellulose and cell wall proteins are dissolved so the remains only consist of
cellulose, lignin and lignin-N-compounds. This means the analysis makes it possible to split
the residuum of NDF into an insoluble and a soluble fraction. The completion of the analysis
is similar to that of NDF, with the difference that the neutral detergent solution is substituted
by an acid detergent solution containing H2 SO4 (Bassler, 1997; van Soest, 1994).
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Acid detergent lignin (ADL)
Lignin is the most important factor limiting the availability of cell wall substances for herbivores
and hence a strong indication of undigestible residuals (van Soest, 1994). ADL is determined
by treating the residuum of the ADF analysis with H2 SO4 (72 %) for three hours. Afterwards,
the acid is withdrawn by suction and the sample is washed with hot water, dried and weighed.
Subsequently, the dry sample is put into a muffle furnace until the whole organic substance
is incinerated. The chilled sample is weighed once again. The difference between the weight
after the first and the second analysis step makes the ADL (Bassler, 1997).

5.2.5 Equations
Calculation of the total digestible nutrients (TDN)
In this work, forage digestibility was evaluated by means of total digestible nutrients (TDN).
This value was calculated with the above described analysis results and according to the
equation of Weiss (van Soest, 1994; Weiss et al., 1992):

cell contents
protein
lipid
fibre
metabolic

T DN = 0.98 · (100 − N DFCP −f ree − CP − EE) +
(expbase10 [−0.012 ADICP ])CP +
2.25 · (EE − 1.5) +
0.8 · (N DFN −f ree − ADL) · (1 − [ADL/N DFCP −f ree ]0.66
[5.5 + CA])
N DF
ADL
CP
ADICP
EE
CA
N

=
=
=
=
=
=
=

(5.1)
−

neutral detergent fibre
acid detergent lignin
crude protein
acid detergent insoluble protein
ether extract (i.e. crude fat)
crude ash
nitrogen

Calculation of the available energy
In this work, the available energy of forages is specified by metabolisable energy (ME). ME
is the utilisable residue of the so-called gross energy (GE), which describes the total heating
value of the organic substances of a certain forage. However, only a part (in general c. 70 %)
of these substances can be digested, the residuum is excreted in faeces. Furthermore, a portion
of GE is lost in urine and methane. The remaining energy is used by the animals for their
metabolism and thus called ME (Commitee on Nutrient Requirements of Small Ruminants,
2007; van Soest, 1994).
Here, ME is derived from TDN by the following equation of Menke and Huss (1987, p. 102):
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M E = −0.89 + 0.01646 · T DN

(5.2)

5.3 Literature data and results
This part of the chapter addresses the final question posed under section 1.1. In the first
section, a summary of the results from the most relevant literature sources will be presented
followed by the outcome of the interviews in the second section. The third section explains
the findings ascertained during the livestock observations and then the results of the forages’
nutritive value, achieved by laboratory analyses, will be depicted. As a conclusion, an outline
of the most important fodder plants will be presented in the form of short descriptions of the
single plants, or the vegetation type, respectively. In this context, the information acquired
by the different strategies will be compared and agreements, as well as disagreements, will be
discussed. Furthermore, the plants will be assigned to the specific pasture type in which they
predominantly occur.

5.3.1 Most important fodder plants according to available
literature
Available literature concerning fodder quality in the Eastern Pamirs can be divided into two
groups: the first consists of literature directly related to the region, while the second contains
articles and books which do not refer to this area, but focus on the feeding preferences of
livestock animals that occur in the Pamirs.

Literature on fodder quality in the Eastern Pamirs
In comparison to the number of studies on phytomass production, there are only few analyses
concerning forage quality in the Eastern Pamirs. Most of the available data is about the crude
protein content of Krascheninnikovia ceratoides and will be discussed in section 5.3.6.
According to Agakhanjanz (1966), the majority of the Pamirian plants are characterised by a
high nutritive value, which compensates to a considerable degree for the low productivity of
the pastures. Reinus (1964, cited in Agakhanjanz (1966, p. 135)) differentiates between two
groups of plants based on the content of carbohydrates in the leaves: group 1 contains plants
with high content of carbohydrates (18-35 %), such as Poaceae, Carex, Kobresia, Baeothryon
and Blysmus. On the contrary, group 2 includes plants like Krascheninnikovia, Artemisia,
Ajania, Xylanthemum, Acantholimon diapensioides, Oxytropis and Gypsophila, which are
distinguished by low content of carbohydrates (6-12 %). In table 5.1 Agakhanjanz (1966)
presents an overview of the crude protein content of four common fodder plants, depending
on the phenological status, which shows the fluctuation in forage value depending on the
season.
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Table 5.1: Crude protein content depending on phenological status Agakhanjanz (1966, p. 136)

plant

date of sampling

phenological phase

crude protein (%)

Krascheninnikovia
ceratoides

June 30
July 22
August 9
September 2
September 22

budding
bloom
fruiting
ripeness of fruit
end of vegetation period

30.20
26.40
24.50
22.30
18.80

Artemisia
rhodantha

June 30
July 22
August 9
September 2
September 22

budding
bloom
fruiting
ripeness of fruit
end of vegetation period

24.80
23.40
18.70
22.10
17.40

Stipa caucasica
subsp. glareosa

June 30
July 22
August 9
September 2

during vegetation period
bloom
seed development
end of vegetation period

21.10
21.40
21.90
17.70

Gypsophila

July 1
July 22
August 9
September 2

budding
bloom
ripeness of fruit
end of vegetation period

18.10
17.20
15.40
10.70

Jusufbekov and Kasach (1972) divide the plants of the Eastern Pamirs’ High Mountain
Pastures into three groups. The first division encompasses preferentially consumed fodder
plants, this means plants with a consumption coefficient of 50 % to 100 %, and predominantly
consists of Poaceae and legumes, with some other herbs present.
Poaceae species allotted to this group are: Bromus tectorum, Elymus jacquemontii, Elymus
schugnanicus, Festuca sulcata, Hordeum turkestanicum, Leymus secalinus, Piptatherum
plathyanthum, Poa glauciculmis, Poa litwinowiana, Ptilagrostis subsessiliflora, Stipa
caucasica subsp. glareosa and Stipa orientalis.
Furthermore the following legumes are listed: Astragalus borodinii, Astragalus chomutovii,
Astragalus dignus, Astragalus myriophyllus, Astragalus kuschakevitschii, Oxytropis
immersa, Oxytropis poncinsii and Oxytropis tianschanica.
Moreover the authors list the sedge Carex stenophylla and the following other herbs:
Artemisia leucotricha, Artemisia macrocephala, Artemisia rhodantha, Dracocephalum
paulsenii, Dracocephalum heterophyllum, Gypsophila capituliflora, Kochia prostrata,
Senecio krascheninnikovii and Silene pamirensis.
The second division summarises plants with a consumption coefficient of between 30 % and
50 %. These are as follows:: Allium polyphyllum, Arenaria griffithii, Arnebia guttata,
Arnebia euchroma, Artemisia kuschakewiczi, Crepis flexuosa, Hedinia tibetica, Lindelofia
stylosa, Serratula procumbens, Oxytropis chiliophylla and Potentilla bifurca subsp. orientalis.
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The third, and final, division contains plants with a consumption coefficient of less than
30 %, meaning the plants that are generally disliked by the animals. The authors found some
correlation between these species and permanent pasturing. The named species are: Atriplex
centralasiatica, Atriplex pamirica, Bassia dasyphylla, Chenopodium album, Chenopodium
pamiricum, Chenopodium vulvaria, Erysimum sisymbrioides, Kochia iranica, Lepidium
apetalum, Lepidium latifolium, Bromus gracillimus, Sophiopsis annua, Stipa splendens
and Xylanthemum pamiricum.
Other plants, that are also commonly refused as fodder in summer, are consumed after the
end of the vegetation period in depleted or frozen conditions. Examples include Artemisia
pamirica, Artemisia santolinifolia, Christolea crassifolia, Christolea pamirica, Cousinia
semidecurrens and Iris loczyi. Species of the genus Acantholimon and Artemisia rutifolia
are rejected throughout all seasons (Jusufbekov, 1968; Jusufbekov and Kasach, 1972).

Literature on fodder preferences of the relevant livestock species
The prevailing livestock animals in the Eastern Pamirs are yaks, sheep and goats. Horses, cows
and camels are also present, but they play a subordinate role, therefore the focus here is on the
former three species. These livestock species are in competition with several wild herbivore
species, for example the Marco Polo Sheep (Ovies ammon polii) and the Ibex (Capra ibex),
as well as small burrowing rodents that are important competitors. Most notably of these
is the long-tailed marmot (Marmota caudata), as well as other small rodents, such as pikas
(Ochotona spec.).
In order to highlight the feeding habits of the dominant livestock animals, it is necessary
to take a closer look into the main intake differences between herbivores. According to van
Soest (1994) there are three different systems of classifications. The first, created by Bodmer
(1990, cited in van Soest (1994)), is based on the proportion of grass in the diet of a specific
ruminant and hence describes a continuum between grazing and browsing. However, this
classification is not very satisfying (van Soest, 1994). In contrast, the system of Hofmann
(1989) groups herbivores into three classes: concentrate selectors, intermediate feeders and
bulk and roughage eaters. The classification of Langer (1988, cited in van Soest (1994)) is
very similar to the latter. Hofmann (1989) defines the three classes as follows:
• Concentrate selectors encompass herbivores that are incapable to digest large amounts
of fiber and thus are limited to low-fibre nutrition, rich in accessible plant cell contents.
Examples are dikdiks and kudus (african antelopes). In general no domestic animal
belongs to this group;
• Intermediate feeders can change their feeding behaviour due to the availability of
forage and thus be adapted to either grazing or browsing; concerning feeding habits,
they are much more versatile than concentrate selectors or pure grazers. Representatives
of this group are goats and most of the gazelle species, such as impala or eland.
• Bulk and roughage eaters are able to digest plants rich in cell wall components, this
means structural carbohydrates like cellulose. Mainly these are grazing ruminants like
cattle and sheep.
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Depending on the literature source, the assigment of certain animals is sometimes a little bit
inconsistent (see tab. 5.2). Yaks are most often classified as quite unselective grazers/roughage
eaters, but they are also adapted to selectively browse shrubs (Cincotta et al., 1991). In
contrast to yaks, goats have the reputation of selecting intensely, but in most cases they
are allocated to the group of intermediate feeders. The classification of sheep is the most
contradictory among the livestock species in the Pamirs. While sometimes they are assigned to
the class of bulk and roughage eaters, sometimes they may also considered to be intermediate
feeders. In the Pamirs sheep are tended closely together with goats and can definitely be classed
as intermediate feeders, an assumption supported by work done by Goetsch et al. (2010).
Among other things, they reviewed several studies on the feeding behaviour of goats with the
results showing that sheep and goats shift from grazing to browsing under dry conditions.
Table 5.2: Classification of ruminants according to different sources

author

yak

sheep

goat

Hofmann (1989)

—

grass and
roughage eater

intermediate feeder

van Soest (1994)
based on Simpson (1949)
and Gentry (1978)

bulk and
roughage eater

selective grazer

intermediate browser

van Soest (1994)
based on Hofmann (1973),
Hansen et al. (1977)
and Foose (1982)

—

intermediate feeder
(prefer grass)

intermediate feeder
(prefer forbs
or browsing)

A loophole to avoid the strict arrangement into classes, while at the same time being more
precise than the continuum of Bodmer (1990, cited in van Soest (1994)) is given by van Soest
and Demment (1983, cited in van Soest (1994)). They use a two dimensional system with
increasing browsing on the x-axis and increasing selection on the y-axis. In this work, this
configuration is adapted and modified to a more consistent one, based on different sources
from the literature as well as on livestock observations carried out in the Pamirs (fig. 5.1).
The classification used for this is as follows:
• Selective browsers: this group describes the animals called concentrate selectors in
the classification of Hofmann (1989). Related to the livestock of the Eastern Pamirs
only goats (intermediate feeders) can shift their feeding behaviour towards this group;
• Unselective browsers: none of the Pamir livestock animals belongs to this group;
• Intermediate feeders: related to the Pamirs, these are goats and sheep though yaks,
which are predominantly grazers, can switch their feeding habits to browsing, mainly in
winter;
• Selective grazers: these are roughage eaters like yaks and sheep that show selective
habits when grazing on patchy herbaceous vegetation, which is quite common in the
Eastern Pamirs;
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• Unselective grazers: these are the animals described by Hofmann (1989) as bulk and
roughage eaters. Cattle belong to this group, but also most often yaks and sometimes
sheep or even goats.

Figure 5.1: Ruminant classification based on Hofmann (1989, p. 28) (modified)

Yaks
The yak (Poephagus grunniens or Bos grunniens) is a large bovine found throughout High
Asia. Two important works concerning yak nutrition are Lensch et al. (1996) and Wiener et al.
(2003). They state that in general yaks prefer short grasses on meadows with closed vegetation
cover to graze unselectively, but that they are also able to browse coarse, spiny or lignified
plant parts. Hence, the yaks’ favourite pastures are Carex-Kobresia sping turfs along rivers
or lakes. However, the best forage is found on alpine mats with a lot of Poaceae like Festuca
spec., Poa spec. and Stipa spec. The latter species is good fodder only at the beginning of the
vegetation period as it later hardens and is disliked by the animals. This assumption could not
be comprehended with the other results regarding Stipa (see section 5.3.6). In winter time,
sedges such as Kobresia and Carex are more important because they live longer than grasses,
and hence maintain more nutrients in the cold season. In regards to Krascheninnikovia as a
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forage resource, Lensch et al. (1996) argue that only delicate sprouts are consumable by the
yaks, this accounts for less than 1/8 of the plant. Moreover, they claim that Artemisia species
are avoided in summer due to their content of bittern. In winter, these are decomposed by
frost, while proteins and extractives are barely decreased therefore their nutritive values are
much higher than those of grasses, making them important winter fodder. However, our
own results do not confirm the latter assumption. Dwarf shrubs are definitely important as
winter forage but in general, the analysed nutritive values of grasses are higher than those of
dwarf shrubs (see section 5.3.5). Finally, Lensch et al. (1996) emphasise the importance of
mosses and lichens as yak aliments though for the Eastern Pamirs this could not be verified.
According to Zhang (1989, cited in Lensch et al. (1996)) yaks consume circa 60 different
plant species with a first priority on Poaceae (predominantly Festuca, Poa pratensis and
Deschampsia caespitosa) and a second priority on Cyperaceae and herbs (Carex, Kobresia,
Blysmus, Fabaceae and Artemisia). In the work by Miller et al. (1994, cited in Lensch et al.
(1996, p. 141)) excrements of wild yaks were analysed in the Kunlun Shan. Unfortunately,
data for the winter period was not collected, however the results show that the genus Kobresia
represents the main forage. During the vegetation period, herbs are of minor importance with
the exception of legumes, which are already consumed in summer for their high protein content.
In autumn grasses such as Stipa play the dominant role, which is in contradiction to the results
of Lensch et al. (1996) (see above). The frequencies of plant fragments in the samples are as
follows:
• Cyperaceae: summer 72.4 % (Kobresia 67.1 %, Carex 5.3 %), autumn 25.3 %;
• Poaceae: summer 13.1 % (Poa 5.7 %, Deschampsia 4.2 %, Stipa 2.8 %, Deyeuxia
0.16 %, Roegneria 0.16 %, Leymus 0.12 %), autumn 72.6 % (Stipa 66.2 %, Poa 2.6 %);
• herbs: summer 10.4 % (Astragalus and Oxytropis 7.2 %, Leontopodium 1.85 %,
Krascheninnikovia 0.68 %, Potentilla 0.61 %), autumn 3.8 %;
• other plants: summer 4.09 %, autumn 2 %;
• mosses and lichens: summer - , autumn 3.88 %;
• miscellaneous (e.g. shrubs): summer - , autumn 0.21 %.
Sheep and Goats
The dominant sheep breed in the Eastern Pamirs are Karakul sheep, belonging to the domestic
sheep species (Ovies orientalis aries). The second most important species of small ruminants
are various breeds of goats (Capra aegagrus hircus). A high number of studies on their feeding
behaviour have been carried out and, in general, it has been shown that their diet consists of a
wide range of plant species and liveforms, depending on the environment of the specific region
(Commitee on Nutrient Requirements of Small Ruminants, 2007). This makes comparisons
of literature to this study more difficult. While sheep in general belong to the group of grass
and roughage eaters, goats are intermediate feeders. For the study area, this difference is
associated on account of two facts:
• grass meadows in general are reserved to yaks;
• sheep are closely herded together with goats.
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For these reasons the grazing habits of sheep and goats overlap stronger than in most other
studies. Both species tend to pasture intermediately, strongly affected by the “grazing route”
choosed by the herdsman. Comparable research was carried out by Cincotta et al. (1991) which
investigated the forage ecology of yak, sheep and goats on the Changtang, a high-altitude,
semiarid rangeland in Western Tibet. Similar to the situation in the Eastern Pamirs, yaks are
released in the morning to graze independently, while sheep and goats are tended together
by a herder. Their results show that, compared to yaks, sheep and goats avoid overly coarse
sedges, such as Kobresia royleana and Kobresia schoenoides (which also occur on the spring
turfs in the Pamirs) and that they tend instead to browse more shrubs. Nevertheless, sedges,
grasses and forbs play a very important role in the diet of sheep and goats.

5.3.2 Most important fodder plants, as defined by the local
herdsmen
Altogether, 35 herdsmen were interviewed as described in section 5.2.2. Four relatively young
respondents (approximately 30 years of age) announced that they do not know anything about
pasture plants while one herdsman refused to take part in the interview after the first question.
Among the remaining 30 herders, Krascheninnikovia ceratoides (teresken) emerged to be the
prominent forage species, with 18 herdsmen (60 %) identifying it as the most important. In this
context, 13 respondents (43 %) emphasised the teresken’s importance in winter time, with only
five people (17 %) not noticing a seasonal difference. The most valuable summer fodder are
the local Stipa species (gödö) followed by the Lamiaceae Dracocephalum paulsenii (mamyry).
Focusing on the different livestock species, it can be assessed that, once again, teresken is
perceived as the most important fodder plant in winter, for both yaks and for sheep/goats.
In summer, Fabaceae (nokotek: Oxytropis spec. and Astragalus spec.) are recognised as
being the most important plants for the small ruminants (12 nominations, 40 %), followed by
Dracocephalum paulsenii and Smelowskia calycina (kumuru), with ten nominations (33 %)
each. With regards to the yaks’ favourite summer fodder, Dracocephalum paulsenii is the
most important with eleven mentions (37 %), followed by the Stipa species and the common
Fabaceae (both 10 nominations, 33 %). Table A.4 gives an overview of the interview results.
In section 5.3.5 the designated plants are investigated for their nutritive value.

5.3.3 Most important fodder plants, according to animal
observations
The majority of the results documented here are the outcome of two systematic monitoring
periods carried out in summer 2008. These were completed by further smaller observations
from summer 2007 and 2008 as well as from winter 2009.

Observation no. 1: Subashi to Sasyk valley, June 9-10 , 2008
The first systematic observation was conducted on June 9-10 , 2008. The author accompanied
a family from the village Subashi on the moving to the summer pasture (jailoo) in the Sasyk
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valley. The focus during this monitoring was more on sheep and goats than on yaks. A
summary of the main results follows:
Crossing wide desert plains
The predominant species of the deserts crossed during the trek were Krascheninnikovia ceratoides, Stipa caucasica subsp. glareosa, Stipa orientalis, Crepis flexuosa, Christolea crassifolia, Zygophyllum obliquum, Oxytropis microphylla and Astragalus muschketowii. In
extremely sparsely-vegetated spots, sheep and goats did not show any selection. They jumped
at every green colour and devoured all available species equally. Also, lignified parts of teresken
were browsed (fig. 5.2). Whenever available, both animal species seemed to favour the Stipa
species (gödö) and Oxytropis microphylla (gadimush). Goats also showed a fondness for
Zygophyllum obliquum (mantu). If available, they ran from one Zygophyllum to the next,
ignoring other plants like teresken. The author supposes this is due to the plant’s high water
content (c. 70 % were measured) and hence a substitute of drinking water. Sheep also liked
Artemisia rhodantha a lot. Its Kyrgyz name is koy shyvak which means “sheep’s wormwood”.
Moreover, Astragalus muschketowii and all occuring Poaceae were grazed. Crepis flexuosa
was also browsed by goats, but not preferably.
Crossing dry river beds
The prevailing plants occurring in gravelly dry riverbeds are Dracocephalum heterophyllum,
Scrophularia spec. and different Artemisia species. Sheep and goats could be observed
browsing all of these species. On the alluvial terrace alongside the river bed Leymus secalinus
is growing, this was grazed by both goats and sheep (fig. 5.2).
Crossing humid depressions with permanent water flow
Humid depressions are covered by dense spring turfs (shiver), composed mainly of Carex and
Kobresia sedges, as well as various herbs and grasses, particularly Fabaceae (nokotek) of the
genera Oxytropis and Astragalus. Sheep and goats grazed these locations unselectively. The
herdsmen claimed that they do not like the sedges very much and that the Fabaceae are the
most important fodder species in this formation: “Nokotek is the plant that makes the animals
fat.”
Yaks
During the described trek, yaks preferred the Stipa species as well as frequently browsing
on Artemisia rhodantha and, very rarely, on Krascheninnikovia ceratoides. In general, it
could be ascertained that they consumed very few fodder while walking and that it was only
during rests at spring turfs and after arriving at the summer pasture that they intensely and
unselectively grazed on the green meadows.

Observation no. 2: Gumbez Kol, Pshart valley, July 19 , 2008
The second systematic observation was carried out on the summer pasture “Gumbez Kol
Pshart”, on July 19, 2008. The author and two students followed a yak herd for one day
(7:30h to 19:00h) with each observer focusing on one animal: an adult male, an adult female
and an adolescent male yak.
In the morning the herd stayed together, variably grazing on the alpine mats at the slopes and
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Figure 5.2: Photos of feeding habits of the different pasture animals: (a) mixed sheep and goat
herd browsing Krascheninnikovia ceratoides in the desert near Subashi (b) herbivore damage on
Krascheninnikovia ceratoides (c) sheep browsing Krascheninnikovia ceratoides (d) goats grazing
Leymus secalinus (foreground) and Dracocephalum heterophyllum (background) (e) donkey browsing Krascheninnikovia ceratoides (f) yak browsing Krascheninikovia ceratoides (g) yak browsing
Artemisia leucotricha (h) yaks grazing on spring turf in Madian valley (i) yaks grazing on alpine mat
in Gumbez Kol Pshart (j) sheep browsing Artemisia rhodantha (k) donkey digging out and eating
Gypsophila capituliflora (l) goat digging out and eating Acantholimon diapensioides
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on the spring turfs along the small stream, with the latter being grazed intensely and unselectively by the yaks. Livestock bite was detected on Carex and Kobresia species, Oxytropis
species, Bistorta vivipara, Potentilla ornithopoda, Gentiana prostrata, Comastoma falcatum and Primula algida. In contrast, the alpine mats were grazed more selectively. Sparse
areas were crossed quickly to reach densely vegetated spots. Here the yaks favoured all Poaceae
species, predominantly Hordeum brevisubulatum subsp. turkestanicum. Furthermore, they
frequently consumed Potentilla pamirica, Oxytropis platonychia and Smelowskia calycina.
After intensely ruminating during the middle of the day the herd dispersed to a larger area in
the afternoon. Some yaks climbed the slopes up to the dwarf shrub formations where the two
male yaks were watched eating Hedysarum minjanense. Only the young male yak could be
observed browsing Krascheninnikovia ceratoides, and then only a small amount.
Further short observations
Depending on time, and on suitable situations, pasturing animals were sighted and notes and
photos were taken. In this manner, yaks could be observed browsing on a dwarf shrub cushion
steppe with Artemisia leucotricha and Krascheninnikovia ceratoides near Bash Gumbez, on
September 3, 2008. Both of the dominant dwarf shrub species were consumed, as well as the
Poaceae (Elymus spec., Piptatherum spec., Poa spec.). A similar situation was observed in
a valley north of Alichur, on May 1, 2009.
Often sheep and goats were observed browsing on dwarf shrubs, predominantly Krascheninnikovia ceratoides and Artemisia rhodantha (Aksu valley near the Chinese border, April 4,
2009; Pshart valley, April 19, 2009; Ak Jar near Alichur, April 22, 2009; Mamazair, May 1,
2009). Also lignified parts of teresken and dry remains of Stipa were consumed.
Furthermore, small ruminants were observed grazing on dry and brown spring turfs in winter
time (Madian valley, April 7, 2009; Alichur valley, May 1, 2009; Tamdy valley, April 23, 2009).
On the latter pasture, they even browsed the dry and lignified tussock remains of Kobresia
royleana. Contradictory to the general opinion found in relevant literature (e.g. Jusufbekov
and Kasach (1972)), goats were observed eating Acantholimon diapensioides. They dug the
surrounding of the plant and then consumed it from one side (Ak Jar near Alichur, April 22,
2009, fig. 5.2 l). A donkey was observed using the same technique eating from a Gypsophila
capituliflora cushion (Chechekty, May 21, 2009, fig. 5.2 k).

5.3.4 Poisonous plants
According to the interviewed herdsmen, poisonous plants are very rare in the Eastern Pamirs.
Only twelve respondents (40 %) could make statements regarding toxic species in general while
some interviewees even took offence to the question: the plants of the Eastern Pamirs are,
without exception, wholesome and healthy!
The only relatively accurate assumption that can be drawn from these inconclusive results is on
nokotek (i.e. Oxytropis and Astragalus species) with six respondents remarking that it causes
stomach problems. However, the answers are contradictory on whether this is true throughout
the whole year, only in summer, only in autumn or only after rain. Cicer fedtschenkoi (tash
kurud) was also mentioned twice as a toxic plant and one herdsman claimed that Neotorularia
korolkowii is poisonous. This information is supported by a former staff member from the
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Pamir Biological Station at Chechekty. In addition, he named the genera Aconitum and
Delphinium as toxic plants in the Eastern Pamirs.
Jusufbekov and Kasach (1972) give a more detailed description of the poisonous plants. They
acknowledge that the portion of toxic plants in the Eastern Pamirs is quite low in comparison
to surrounding areas and, furthermore, they state that some plants that are poisonous in other
regions do not show harmful effects here (e.g. Halogeton glomeratus). In famine years in
winter and spring all available plants are consumed, including the poisonous ones. It is accepted that a small proportion of toxic plants (below 10 %) does not have noxious effects on
the animals. In the Eastern Pamirs, the proportion of toxic plants is marginal on dry sites like
teresken-pastures and increases with humidity. Among them are, primarily at the beginning of
the vegetation period, Clematis orientalis, Corydalis gortschakovii, Cousinia semilacera,
Descurainia sophia, Ephedra regeliana, Euphorbia pamirica, Hyosciamus pusillus, Lappula
tadshikorum, Lappula stricta, Linaria sessilis, Neotorularia korolkowii, Orobanche cernua,
Paracaryum himalaense, Peganum harmala, Polygonum mezianum, Salsola paulsenii,
Scrophularia incisa, Zygophyllum rosovii and Zygophyllum obliquum.

5.3.5 Results of the nutritive value analysis
In this section the focus is on the results of the feed value analyses. As mentioned in section 5.2.4, laboratory analyses, according to the extended “Weender Analysis” (van Soest,
1994), have been conducted. This is on crude protein (CP), crude fat (EE), crude ash (CA)
and crude fibre (NDF, ADF and ADL). A detailed overview of the specific values is given
in table A.3, in the appendix. In the following, the most outstanding values are discussed.
Furthermore, a comparison of these values, the opinions of the herdsmen and the results from
the livestock observations to the literature data will be done.
On balance, a total of 109 samples were analysed. These are divided into 69 analyses on
one-on-one samples, meaning samples on single species or parts (leaves/flowers, stems) of
single species, and 40 mixed samples. Altogether 82 samples were taken in summer, 27 in
winter.
The one-on-one samples comprise 30 different plant species. Overall, 53 non-woody (herbs,
grasses or leaves/flowers of dwarf shrubs) and 16 woody samples (stems of dwarf shrubs) were
examined. Relating to the non-woody samples it can be ascertained that they comprise 30
species and that 35 of these samples (from 28 different species) were taken in summer and 18
(from 16 species) in winter. The woody samples cover five species, with ten summer samples
(from five species) and six winter samples (from three species).
The mixed samples contain 19 samples from spring turfs, two from alpine mats and 19 from
dwarf shrub vegetation. The latter are excluded from further interpretation, for it was ascertained that such vegetation formations are grazed selectively and hence a mixed sample
does not lead to an explanation of the specific forage quality. The alpine mat samples consist
of only one green and one withered sample from summer 2008, however they receive further
attention in the one-on-one samples, as the most important plants of this formation were analysed individually. Finally, the spring turf samples can be separated into eight green summer,
seven withered summer, as well as four withered winter samples.
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With reference to the forage plants mentioned by the herders, it turned out that in total the
30 interviewees mentioned 58 different species. For further examination, the species must
be mentioned at least three times (i.e. 10 %) in order to pass the set threshold. After this
limitation, 25 species remain, of which 18 were analysed in the laboratory. For ten species
summer and winter samples could be reviewed, three species only occur in summer. Due to
transport and other problems for the five remaining species, only summer or winter samples
are available.

Crude protein
The measured crude protein values range from 2.1 % to 32.7 % (median 7.9 %) and thus
indicate high differences between the available plants (see tab. A.3 in the appendix). Figure 5.3 gives an overview on the crude protein values for the ten most important forage plants
(according to the results of the herder interviews). The Krascheninnikovia ceratoides-springsample shows the second highest value measured (27.5 %) and thus confirms the opinion
of the herdsmen. Overall, the highest value was ascertained for the Smelowskia calycinasample (32.7 %), which belongs to the most important summer pasture plants. Zygophyllum
obliquum (26.5 %), a plant which was not mentioned by the herders but could be identified
as an important fodder by livestock observation, follows on the third rank. The bottom of the
data series consists of withered grass samples (Leymus secalinus and spring turf).
A comparison of summer and winter samples (median 11.5 % vs. 6.5 %) indicates significantly
higher measurement results for the former (p ≤ 0.01). Furthermore, highly significant differences were detected between the non-woody one-on-one samples (median 10.5 %) and the
green mixed samples (median 11.7 %), as well as between the woody samples (median 5.8 %)
and the withered mixed samples (median 5.3 %; p ≤ 0.01; see tab. 5.3).
Table 5.3: Mann-whitney u-test for crude protein

non-woody

woody

green

woody

p≤ 0.003

—

—

green

p≤ 0.478

p≤ 0.001

—

withered

p≤ 0.001

p≤ 0.171 p≤ 0.001

Crude ash
The analysed crude ash values vary from 3.2 % to 38.5 % (median 10 %; tab. A.3 in the
appendix). There are no significant differences between summer and winter values (p ≤ 0.41;
median 10 % vs. 10.2 %). Only the non-woody samples (median 12.3 %) show significantly
higher ash content than woody and green samples (median 6.4 % and 7.0 %, respectively).
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Figure 5.3: Crude protein values measured in the laboratory analysis for the Top 10 pasture plants (according
to the herder interviews)

Withered samples (median 10.1 %) indicate significantly higher results than woody samples
(median 6.4 %; see tab. 5.4).
Among the ten most important forage plants (according to the results of the herder interviews),
the highest values were analysed for leaves of Krascheninnikovia ceratoides in a winter sample (27.8 %, see fig. 5.4). On the contrary, the summer value from the same location only
shows 13.9 % and hence demonstrates the high seasonal dependancy of the crude ash content.
Overall, the highest crude ash values are represented by withered spring turfs (38.6 % and
35.6 %) and a sample of the cushion plant Acantholimon diapensioides (29.4 %). Lowest
values were demonstrated primarily for stems of dwarf shrubs (Krascheninnikovia ceratoides

Table 5.4: Mann-whitney u-test for crude ash
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non-woody

woody

green

woody

p≤ 0.001

—

—

green

p≤ 0.08

p≤ 0.054

—

withered

p≤ 0.543

p≤ 0.002 p≤ 0.155
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and Artemisia leucotricha). However, the overall minimum was ascertained for the winter
sample of Acantholimon pamiricum (3.2 %).

Figure 5.4: Crude ash values measured in the laboratory analysis for the Top 10 pasture plants (according to
the herder interviews)

Crude fat
In general, the plants of the Eastern Pamirs are distinguished by relatively low crude fat
content. The values range from 0.2 % to 5.9 %, with a median of 2.1 % (see tab. A.3 in the
appendix). In this context, summer and winter values differ significantly (p ≤ 0.001; median
2.4 % and 1.2 %, respectively). Furthermore, the withered mixed samples (median 1.1 %)
have significantly lower values than the other groups (median 2.1 % to 2.6 %, see tab. 5.5).
Maximum fat values were measured in the summer samples of plants with a high content of
essential oils. Dracocephalum paulsenii has the highest content, of 5.9 % (see fig. 5.5). This
is followed by the leaves of Xylanthemum pamiricum (5.2 %) and Artemisia santolinifolia
(4.9 %). Among the ten most important pasture plants (according to the herder interviews),
the lowest fat levels were found in the withered sample of Leymus secalinus (0.4 %). Overall,
only the sample of Scrophularia spec. indicated lower values (0.2 %).
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Figure 5.5: Crude fat values measured in the laboratory analysis for the Top 10 pasture plants (according to
the herder interviews)

Neutral detergent fibre (NDF)

As expected, the highest NDF values were found in the woody plant parts of dwarf shrubs, for
example stems of Krascheninnikovia ceratoides (69.1 % to 77.9 %, see fig. 5.6), followed by
withered grass samples, e.g. Leymus secalinus (74.7 %), and other withered plant parts, e.g.
Scrophularia spec. (72.3 %). In contrast, fresh herbs show the lowest NDF values. Especially
the samples of Zygophyllum obliquum, Salsola spec., Dracocephalum heterophyllum and
Christolea crassifolia have to be highlighted as they all fall below 20 % NDF.

Table 5.5: Mann-whitney u-test for crude fat
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non-woody

woody

green

woody

p≤ 0.619

—

—

green

p≤ 0.272

p≤ 0.630

—

withered

p≤ 0.006

p≤ 0.003 p≤ 0.001
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Figure 5.6: NDF values measured in the laboratory analysis for the Top 10 pasture plants (according to the
herder interviews)

In general, the NDF values range between 10.4 % to 77.9 % with a median of 55.2 % (see
tab. A.3 in the appendix). There is a highly significant difference between summer and winter
samples (p ≤ 0.01; median 52.0 % and 60.1 %). Additionally, woody plant parts indicate
significantly higher values compared to the other groups (p ≤ 0.01) and withered samples
show a higher NDF content than green mixed samples and non-woody samples, but at a
higher significance level (p ≤ 0.05, see tab. 5.6).

Table 5.6: Mann-whitney u-test for NDF

non-woody

woody

green

woody

p≤ 0.001

—

—

green

p≤ 0.727

p≤ 0.001

—

withered

p≤ 0.019

p≤ 0.014 p≤ 0.002

171

Chapter 5 Forage quality

Acid detergent fibre (ADF)

ADF values range from 8.5 % to 73 %, with a median of 43.5 %. Fresh herbs and grasses
contain the lowest content of ADF (see fig. 5.7). Overall, Zygophyllum obliquum with 8.5 %
is followed by Salsola spec. (9.9 %) and Dracocephalum heterophyllum (14.9 %). The highest
values are represented by woody and withered plants and plant parts with the maximum value,
73.0 %, being measured in a winter sample of Krascheninnikovia ceratoides. In contrast to
the NDF data, cushion plants of the genus Acantholimon play an important role (57.9 % to
72.6 %).

Figure 5.7: ADF values measured in the laboratory analysis for the Top 10 pasture plants (according to the
herder interviews)

Similar to NDF, there is a highly significant difference between summer and winter samples
(p ≤ 0.001; median 33.7 % and 55.4 %). Only woody samples, with a median of 51.7 %
differ significantly from the other groups (p ≤ 0.01 and p ≤ 0.05, respectively). Non-woody
(median 39.4 %), green mixed (median 28.7 %) and withered mixed samples (median 40.5 %)
all fail significant differences (p > 0.05, see tab. 5.7).
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Table 5.7: Mann-whitney u-test for ADF

non-woody

woody

green

woody

p≤ 0.005

—

—

green

p≤ 0.285

p≤ 0.001

—

withered

p≤ 0.624

p≤ 0.014 p≤ 0.136

Acid detergent lignin (ADL)

Naturally, woody plant samples contain the highest lignin content (see fig. 5.8). Overall, they
show a range between 10.5 % and 50.5 % with a median value of 25.2 %. These values are
significantly higher compared to all the other groups (p ≤ 0.001; median 4.1 % to 7.6 %, see
tab. 5.8). Consequently, the highest values were obtained for stems of Krascheninnikovia ceratoides and Artemisia leucotricha (20.1 % to 50.5 %) with the cushion plant Acantholimon
diapensioides also showing very high lignin values (26.5 % to 41.3 %). The lowest values
analysed were for fresh herbs and grasses.

Figure 5.8: ADL values measured in the laboratory analysis for the Top 10 pasture plants (according to the
herder interviews)
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Although the winter samples (median 10.3 %) indicate slightly higher values than the summer
samples (median 7.0 %), this difference is not significant. Furthermore, the non-woody oneon-one samples depict higher values than the mixed grass/herb samples though in comparison
to the withered samples this difference is significant (p ≤ 0.01). The comparison with the
green samples narrowly miss the 5 %-significance-level.
Table 5.8: Mann-whitney u-test for ADL

non-woody

woody

green

woody

p≤ 0.001

—

—

green

p≤ 0.054

p≤ 0.001

—

withered

p≤ 0.004

p≤ 0.001 p≤ 0.619

Total digestible nutrients (TDN) and metabolisable energy (ME)
As ME is directly derived from TDN by an equation (see section 5.2.5) their results have to
be discussed together. Overall, the analysed samples show a broad range between high and
low quality. TDN values vary between 8.4 g/kg dry matter and 71.7 g/kg DM, with a median
of 55.2 g/kg DM. Similarly, ME ranges from 0.5 MJ/kg DM to 10.9 MJ/kg DM. The median
here is 8.2 MJ/kg DM (see tab. A.3 in the appendix).
Surprisingly, no significant differences between summer (median 59.2 g/kg DM or 8.9 MJ/kg
DM) and winter samples (median 48.2 g/kg DM or 7.1 MJ/kg DM) could be ascertained overall (see tab. 5.9). Differences pertaining to the life-form of the plants are more important,
for instance the woody samples showed lower values (median 39.5 g/kg DM or 5.6 MJ/kg
DM) and hence a lower forage quality compared to the other groups. Highest values (median
64.1 g/kgDM or 9.7 MJ/kg DM) were found in the group of green mixed samples. These samples show a significant difference (p ≤ 0.01) compared to the non-woody one-on-one samples
(median 55.8 g/kgDM or 8.3 MJ/kg DM). However, they are not significantly higher than the
withered mixed samples (median 63.1 g/kgDM or 9.5 MJ/kg DM).
With regards to the ten most important forage plants (according to the herder interviews), Krascheninnikovia ceratoides shows relatively high values (between 8 MJ/kg DM and
9 MJ/kg DM) for leaves and fresh samples, while its woody parts account for the lowest values
recorded (see fig. 5.9 and fig. 5.10). However, Stipa caucasica subsp. glareosa and Dracocephalum paulsenii, the most important summer forage plants, also show the highest forage
quality, with record values of more than 10 MJ/kg DM. Furthermore, most sedge-dominated
spring turfs, Festuca spec., Hordeum brevisubulatum subsp. turkestanicum, Carex stenophylla, Dracocephalum heterophyllum and Oxytropis microphylla reach very high values.
This quality is similar compared to intensely cultivated fodder meadows in Central Europe,
with values ranging from 10.5 to 10.9 MJ/kg DM immediately before flowering (Universität
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Figure 5.9: TDN values measured in the laboratory analysis for the Top 10 pasture plants (according to the
herder interviews)

Hohenheim, 1997). The lowest quality was from that analysed from the cushion plant Acantholimon diapensioides as well as from many of the woody samples and some of the winter
samples.
Table 5.9: Mann-whitney u-test for TDN and ME

non-woody

woody

green

woody

p≤ 0.001

—

—

green

p≤ 0.005

p≤ 0.001

—

withered

p≤ 0.120

p≤ 0.001 p≤ 0.320
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Figure 5.10: ME values measured in the laboratory analysis for the Top 10 pasture plants (according to the
herder interviews)

5.3.6 Descriptions of the dominant fodder plants
Krascheninnikovia ceratoides (Linnaeus), Chenopodiaceae, teresken
Krascheninnikovia ceratoides (fig. 5.11 a) is a widely distributed, slow growing shrub or dwarf
shrub (30-150 cm tall) of arid environments. It has been documented growing in Central Asia,
Siberia, Southern Europe, Iran, Mongolia, Tibet, Northern Africa, Southern Asia, Western
China and the extreme north of Africa (’eFloras, 2008; Ikonnikov, 1963; Walter and Breckle,
1986). The correct nomenclature is subject to a certain amount of controversy, with a total
of eleven synonyms of this species, the most common being Ceratoides papposa (Pers.)
Botsch. & Ikonn. and Eurotia ceratoides (L.) Mey. (’eFloras, 2008; Tropicos.org, 2010).
In the Eastern Pamirs of Tajikistan, teresken is the dominant species of the subalpine belt
between 3500 masl and 4200 m. According to Ikonnikov (1963) it grows up to 4500 m at Sor
Kul, and findings from this work show occurences up to 4400 m in the central part of Murghab
district. Breu and Hurni (2003) assign teresken to an ecosystem category designated “High
Mountain nival desert ecosystem”, though, due to the shrub’s wide altitudinal and ecological
range, this single categorisation fails to describe the situation adequately, with a very high
diversity of teresken vegetation types (Breckle and Wucherer, 2006; Ikonnikov, 1963). A
detailed review of the different vegetation formations of teresken has previously been presented
in section 2.4.1.
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The dwarf shrub has several functions, which makes it undoubtedly the most important plant
in the Eastern Pamirs: teresken is principally important for protection from erosion, moisture
storage, pedogenesis, biodiversity and climate. Furthermore, it is the main fodder source for all
domestic animals, as well as for wild animals, particularly in winter when herbs and grasses are
covered by snow. Finally, since the collapse of the Soviet Union, it is one of the main energy
resources for heating and cooking (Kraudzun et al., subm; Breu and Hurni, 2003; Domeisen,
2002; Kleinn, 2005; Lailibekov, 2003).
Due to its importance as a multi-purpose resource, teresken is threatened by overexploitation,
an issue which has been referred to by many authors as the “teresken-syndrome” (Breckle
and Wucherer, 2006). For further information on this topic, readers are referred to Kraudzun
et al. (subm). Owing to the importance of teresken as a fodder plant, there were a number
of studies examining it in detail during the Soviet era. In general, the studies demonstrate the
relatively high fodder value of this dwarf shrub and analysis showed values of up to 30.2 %
protein (Agakhanjanz, 1966, p. 136). By the end of the vegetation period, the fodder value
strongly decreases, but not as dramatically as other dominant fodder plants (Agakhanjanz,
1966; Jusufbekov and Kasach, 1972; Lailibekov, 2003). Walter and Breckle (1986, p. 339)
give a value of 18.8 % crude protein for the end of the vegetation period and 9.7 % for withered
leaves in winter while research by Uniyal et al. (2005), carried out in Ladakh, show that the
nutritional value of teresken is significantly higher compared to other dominant plants and
found crude protein values ranging from 12 % in winter to 21 % in summer.
To a certain extent, laboratory analysis from this work confirm these values. Altogether 13
teresken samples were analysed, from the north (Kara Kul), the center (Madian valley and
Murghab) and the south (Jarty Gumbez) of Murghab district. These can be divided into
one non-woody sample (leaves and juvenile green stems) from early summer, two non-woody
samples (leaves and flowers) from mid summer and three non-woody winter samples (leaves
and withered flowers), as well as four woody (stems) summer samples and three woody winter
samples. Only the early summer sample, with 27.5 % CP, shows a comparable protein content
to the values ascertained by Uniyal et al. (2005) and Agakhanjanz (1966). The non-woody
mid summer samples only contains 15.8 % and 12.7 % CP, respectively. In winter, these values
decrease to values between 7.0 % and 10.5 %. In contrast, woody parts do not show such a
clear seasonal dependency. The values range between 5.0 % and 6.4 % in summer and 5.5 %
and 7.6 % in winter, respectively. The ME values react in a similar way to the CP values,
ranging from 9.0 MJ/kg DM for the early summer sample, to values of around 5.0 MJ/kg DM
for woody samples, likewise in summer and winter.
It can be concluded that Krascheninnikovia ceratoides is the most important plant of the
Eastern Pamirs. It is widely distributed, it is a suitable forage species for all livestock animals
(in particular in winter) that is characterised by relatively high nutritive quality, and it is
available throughout the whole year. Data from the literature, animal observation, interviews
and laboratory analysis confirm this importance.
Stipa spec., Poaceae, gödö
In the Eastern Pamirs of Tajikistan, the two dominant Stipa species are Stipa caucasica subsp.
glareosa and Stipa orientalis. The local herdsmen do not distinguish between them because
they are of similar appearance, they occur in the same habitat and they both represent a
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valuable forage for livestock animals. Hence, there is only one local name, gödö, for both
species. In order to distinguish between the two plants more specifically, a brief description of
both species will be given here.
Stipa caucasica subsp. glareosa (Smirn.) is a small (up to 20 cm tall) filigree feather grass
(fig. 5.11 b). It grows on stony mountain slopes, sand dunes and gravel plains from 600 masl
to 5100 m. It is distributed over large parts of Asia, more precisely to Central Asia, China,
Mongolia and Siberia. In the Eastern Pamirs it predominantly occurs on alpine steppes of the
lower alpine belt from 3700 m to 4000 m (’eFloras, 2008; Ikonnikov, 1963). Results of the
interviews show that it is one of the most important summer fodder species both for yaks and
sheep/goats and livestock observations confirm this conclusion. These findings are supported
by Jusufbekov and Kasach (1972) who allocate it to their division of preferentially consumed
fodder plants. Ikonnikov (1963) also emphasises the species’ importance as forage for sheep
and goats. However, the assumption of Lensch et al. (1996) who state that Stipa hardens
during the summer and therefore is only valuable forage at the beginning of the vegetation
period (see section 5.3.1), could not be comprehended. During the current project, one summer
and one winter sample was analysed. With a ME of 10.2 MJ/kg DM, the summer sample is
one of the highest values measured and the winter sample still contains 7.8 MJ/kg DM. CP
values of 23.0 % and 7.2 % were ascertained for summer and winter samples, respectively.
Stipa orientalis (Trin.) is a tufted, perennial grass of 20 cm to 35 cm height (fig. 5.11 c). Its
main habitats are alpine steppes in Central Asia, Tibet, Himalaya, Mongolia and Siberia. In
the Eastern Pamirs it is part of the lower alpine belt from 3700 m to 4200 m (’eFloras, 2008;
Ikonnikov, 1963). The interview results indicate the plant’s importance as livestock forage and
the animal monitoring conducted here supports this. In literature it is cited as high value forage
for a number of livestock animals, mainly in winter and spring (Ikonnikov, 1963; Jusufbekov
and Kasach, 1972). Laboratory analysis show ME values of 9.2 MJ/kg DM for summer and
8.5 MJ/kg DM for winter and a CP content of 6.4 % in summer and 6.1 % in winter.
In conclusion, it can be seen that the Stipa species can be considered a very important forage
species, and that this has been confirmed by a number of different sources and approaches,
such as literature review, interviews, livestock observations and laboratory analyses.

Dracocephalum paulsenii (Briquet), Lamiaceae, mamyry
Dracocephalum paulsenii is a perennial, pulvinate herb (fig. 5.11 d) that is distributed all
over the Pamir-Alai and Tien-Shan mountains as well as being recorded from North East
Afghanistan, Pakistan and Xinjiang in China (’eFloras, 2008). In the study area it prevalently
grows on smooth slopes and high plains in altitudes from 4000 masl to 4300 m. Although it
contains high amounts of essential oils, it is one of the most valuable plants in the Eastern
Pamirs. It serves as fodder for yak, sheep and goats as well as being used by the locals in
making tea (Ikonnikov, 1963). Furthermore, it is listed in Jusufbekov and Kasach (1972) in
the group of most important forage plants and this is supported by the interview results. With
14 mentions by the herdsmen, Dracocephalum paulsenii ranks third in the overall comparison
and second (12 mentions) as summer fodder. This opinion is also substantiated by the results
of the laboratory analyses, the summer sample shows a ME value of 10.2 MJ/kg DM and a
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CP content of 14.4 %. In winter these values fall drastically to 5.8 MJ/kg DM and 8.3 %,
respectively.

Artemisia rhodantha (Rupr.), Asteraceae, koy shyvak
Artemisia rhodantha (or Seriphidium rhodanthum) is a glaucous herb or dwarf shrub growing
15 cm to 35 cm tall (fig. 5.11 e). It is distributed to the Pamir-Alai and Tien-Shan mountains in
Central Asia. In the Eastern Pamirs it is a common plant of the alpine deserts from 3600 masl
to 4200 m. Its main occurrences are limited to the north of Murghab district, this means the
area around Chechekty, northern Murghab/Aksu and Akbaital valley, Rangkul, Karakul and
Kokubel valley. Exceptions are reported from Sor Kul region. The herb is favoured by all
kinds of livestock animals, especially by sheep. Therefore, it received the Kyrgyz name “koy
shyvak”, which means “sheep’s wormwood”. The plant is rich in phosphorus and calcium and
contains odourous essential oils (Ikonnikov, 1963; Walter and Breckle, 1986). The majority of
available literature confirm its importance as a major fodder species. Jusufbekov and Kasach
(1972) named it is as one of the most important fodder species, and it ranks fourth in the
interviews (13 mentions), especially as summer fodder (ten mentions). Furthermore, yaks,
sheep and goats could be observed grazing it. Only the laboratory analysis indicate a quality
below average: indeed the summer sample contains 19.4 % CP, but due to relatively high ash
and lignin values it attains barely a ME of 5.4 MJ/kg DM. In winter the values are 4.4 MJ/kg
DM and 8.1 % CP, respectively.

Oxytropis spec. and Astragalus spec., Fabaceae, nokotek
One fodder plant, which is commonly referred to is nokotek. Among the herders this name
describes a group of different Fabaceae species from the genera Oxytropis and Astragalus.
This classification to a single name is understandable as the plants initially appear very similar,
with small pinnas and the typical flower of the Fabaceae and both are important fodder plants.
Due to the wide ecological range of Oxytropis and Astragalus the locals use a “subdivision”
into desert nokotek (kakyr nokotek) and meadow nokotek (shiver nokotek). It should also be
emphasised that not every individual species of these two genera is denominated as nokotek.
Species which are characterised by a very individual habitus or a special habitat receive other
individual names (e.g. Oxytropis microphylla = gadimush). With regards to the broad variety
of different nokotek species, only two examples will be described in detail here:
Oxytropis glabra (shiver nokotek, fig. 5.11 f) is a perennial herb growing on wet meadows
along rivers or lakes of the Pamir-Alai and in Pakistan, Kashmir, Tibet, Mongolia and parts of
China and Russia (’eFloras, 2008). In the study area, it only occurs on the lowest elevations
from 3600 masl to 3850 m and is limited to the valleys of the rivers Alichur and Murghab/Aksu
as well as to the banks of Bulunkul lake. It is grazed by all livestock animals (Ikonnikov, 1963),
which was also observed during the field stay, particularly for yaks. The examination in the
laboratory exhibits relatively high CP values of 16.2 %. ME is at 9.6 MJ/kg DM.
Oxytropis platonychia (kakyr nokotek), a perennial herb known from the Pamir-Alai and
Tien-Shan mountains as well as from northern Pakistan, predominantly grows on slopes and
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especially on moraines. In the Eastern Pamirs its vertical distribution ranges between 4000 m
to 5100 m (’eFloras, 2008; Ikonnikov, 1963). Laboratory analyses were not conducted.

Artemisia leucotricha (Krasch. ex Ladyg.), Asteraceae, shyvak

Artemisia leucotricha (or Seriphidium leucotrichum, fig. 5.11 g) is a brownish-yellow, densely
haired and basally woody herb or dwarf shrub (15 cm to 35 cm tall) of the dry slopes of the
subalpine zone (3000 masl to 4500 m) in the Pamirs, North East Afghanistan and North West
Pakistan (’eFloras, 2008). According to Ikonnikov (1963), in the Eastern Pamirs it belongs to
the high mountain deserts of the lower alpine belt from 3700 m to 4300 m. Its occurrence is
limited to the south of the region, more precisely to the area around Alichur, Bash Gumbez
and Bulunkul. Further findings are documented from Sor Kul and the valleys of the southern
Aksu river as well as the Pamir river. In this work, it is considered the indicator species for
the vegetation type “dwarf shrub cushion steppes (wormwood-type)”. Although it contains
0.2 % to 0.4 % essential oils, it is favoured by yaks as well as sheep and goats though due to
its bitterness in summer months, it is predominantly important as winter forage (see Lensch
et al., 1996, p. 142). This was confirmed by the interviews with the herdsmen. The results of
the laboratoty analysis do not show obvious differences between summer and winter samples.
In fact, the CP content in leaves is higher in summer (12.0 %) than in winter (8.0 %), however,
due to a high ADF content in summer, the digestibility is relatively poor. Therefore, the ME
values do not differ significantly, being 7.4 MJ/kg DM in summer and 7.2 MJ/kg DM in winter.
The fodder quality of the woody plant parts ranges between 5.4 MJ/kg DM and 5.9 MJ/kg DM,
equally in summer and winter. Irrespective of its important role as winter forage, Artemisia
leucotricha is one of the principal energy ressources. For further explanations on this topic
readers are reffered to Kraudzun et al. (subm).

Smelowskia calycina (Stephan), Brassicaceae, kumuru

Smelowskia calycina is a 7 cm to 30 cm tall herb that predominantly occurs on rocky slopes,
particularly on moraines and on alpine meadows (fig. 5.11 h). The plant is highly variable, but
a precise discription of the varieties has not been available until now. It is distributed across
the Central Asian Mountains, Mongolia, Xinjiang, Southern Siberia, Afghanistan, Pakistan
and India, but also to Alaska (’eFloras, 2008). In the focal area it is an element of the lower
and middle alpine belt from 4000 masl to 4800 m (Ikonnikov, 1963). It is considered to be a
valuable fodder for yaks, sheep and horses (Ikonnikov, 1963) with eleven out of 30 interviewees
confirming this importance. All of them emphasise that Smelowskia calycina is a very good
nutrition for all kinds of livestock, but only in summer. In winter, if at all, only the withered
remains of the hemicryptophytic plant are available as forage. With 32.7 %, the summer
sample shows the highest CP content measured during this study, though due to a high ash
content, the ME value reaches only 6.8 MJ/kg DM.
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Carex-Kobresia spring turfs, predominantly Cyperaceae, shiver
Spring turfs (shiver) are limited to sites with permanent groundwater influence, this means
to areas along rivers or lakes (fig. 5.11 i). They are the only vegetation class in the Eastern
Pamirs with a vegetation cover of up to 100 % and thus are very important with regards
to pasture use. The meadows consist of many species, predominantly sedges, grasses and
legumes. However, because they form a homogenous green entity where livestock animals
graze more or less unselectively, the herders only have one name for the whole vegetation unit:
shiver. Two very common species of the spring turfs will be described here representatively
for the entire class.
Carex pseudofoetida is a typical sedge of wet sites near rivers and grows in the Eastern Pamirs
from 3600 masl to 4600 m. It is distributed over large parts of Central Asia, Afghanistan and
Pakistan as well as to the Caucasus. It is a very valuable fodder plant for all kinds of grazing
animals and is considered a very good species to make hay (’eFloras, 2008; Ikonnikov, 1963).
Kobresia royleana, a vegetatively propagating sedge, is 10 cm to 50 cm tall and grows on
floodplain meadows from 3800 masl to 4500 m. Furthermore, it is a very good forage for all
kinds of livestock species. Apart from the Pamirs the plant is known from other Central Asian
mountains (e.g. Tien-Shan), from northern Pakistan and from South West China (’eFloras,
2008; Ikonnikov, 1963).
The nutritive value of the spring turfs was only assessed by mixed samples. An exception to
this is the one-on-one sample analysis of Oxytropis glabra (see above), the most important
legume species in this formation. In total, 19 spring turf samples from all over the study
area were analysed. Fifteen samples were taken in summer and these can be divided into
eight green and seven withered samples. Another four were taken in winter. With regards to
the CP content, the green summer samples show the significantly highest values (p ≤ 0.01)
with the median at 11.7 % in contrast to 5.5 % and 4.6 % for withered samples and winter
samples, respectively. The resulting ME values fail these significant differences. A median of
10.0 MJ/kg DM for green samples are accompanied by values of 9.2 MJ/kg DM for withered
summer, and 9.5 MJ/kg DM for withered winter samples.
Potentilla pamirica (Rech.), Rosaceae, ular otu
Potentilla pamirica, an endemic but common plant in the Pamirs, grows on stony slopes of
the alpine belt from 4300 masl to 4800 m (fig. 5.11 j). It serves as forage for all livestock species
(Ikonnikov, 1963). Eleven herders mentioned its importance, with the majority considering it
to be of more importance in summer. However, in winter the plant’s remains could also be
observed to be consumed on the pastures and so summer and winter samples were taken and
analysed. With a ME of 9.1 MJ/kg DM or 13.3 % CP the summer sample shows clearly higher
fodder quality than the winter sample (ME 6.9 MJ/kg DM, CP 7.2 %).
Leymus secalinus (Georgi), Poaceae, kyyak
Leymus secalinus (or Elymus dasystachys) is a perennial grass up to 1 m tall with solitary
growing culms (fig. 5.11 k). It is widespread in the mountains of Central Asia, East Siberia,
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West China, Mongolia and Pakistan (’eFloras, 2008). In the Eastern Pamirs it grows on lake
and river banks in the contact zone between the wet spring turfs and the dry dwarf shrub
deserts, in elevations between 3600 masl and 4100 m (Ikonnikov, 1963). It is considered to be
a very good forage, especially for yaks, camels and horses (Ikonnikov, 1963; Jusufbekov and
Kasach, 1972), but also sheep and goats could be observed while grazing it. In the interviews it
ranks tenth, with seven mentions, and is exclusively denominated as summer forage. However,
in remote valleys it is also an available forage in winter, and so samples from both seasons were
collected. With 11.8 % the green summer sample shows a considerably higher CP content than
the withered samples (summer 3.6 %, winter 4.2 %). Regarding the ME values, 9.6 MJ/kg DM
were measured in summer in contrast to 8.9 MJ/kg DM for the withered samples, likewise for
summer and winter.

Leymus lanatus (Korsh.), Poaceae, aygyrjigar
Leymus lanatus is a tall grass which grows in scattered tussocks on dry, stony slopes from
3800 masl to 4100 m (fig. 5.11 l). In the Eastern Pamirs it is limited to the south west of
the region, more precisely to the area around Alichur and Bulunkul. There it is considered to
be a very good, if not even the best, fodder plant. This is particularly true for yaks, horses
and camels (Ikonnikov, 1963) although, due to its scarcity, it does not contribute a lot to the
overall pasture potential. Unfortunately, the extracted summer samples went mouldy on the
way to Germany but 9.8 MJ/kg DM metabolisable energy for the winter sample reveals the
plant’s good fodder quality.

Festuca species, Poaceae, betege
In the Eastern Pamirs, the name betege describes patched grasses from the mountain steppes
and deserts, mostly from the genus Festuca. Representing this vegetation element, only Festuca valesiaca subsp. sulcata (Hackel) is described here; it is a typical species of grassy
mountain slopes and alpine mats and steppes, occurring in large parts of the Eurasian mountains. In the Eastern Pamirs it belongs to the lower alpine belt from 3800 masl to 4100 m
and is consumed by all kinds of livestock animals (’eFloras, 2008; Ikonnikov, 1963). Festuca
was sampled only in summer. A ME value of 10.4 MJ/kg DM and a CP content of 10.6 %
underline its important role as a forage plant.

Three species of the Lamiaceae family, boznoch
Similar to the situation described for the different Fabaceae species, among the herdsmen of
the Murghab district there is only one unique name, boznoch, which describes three different
species of the Lamiaceae family: Dracocephalum heterophyllum, Dracocephalum stamineum
and Nepeta kokanica. The latter occurs quite frequently in the south west of the study area,
in the subdistrict of Alichur. People there call it boznoch or arkar boznoch (arkar = Marco
Polo Sheep or Argali). In the surroundings of Murghab town, where Nepeta is very scarce,
people call the two Dracocephalum species boznoch. According to a former staff member of
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Figure 5.11: Photos of important forage plants - part I: (a) Krascheninnikovia ceratoides (teresken) near
Murghab (b) Stipa caucasica subsp. glareosa (gödö) (c) Stipa orientalis (gödö) (d) Dracocephalum paulsenii
(mamyry) (e) Artemisia rhodantha (koy shyvak) (f) Oxytropis glabra (nokotek) (g) Artemisia leucotricha
(shyvak) (h) Smelowskia calycina (kumuru) (i) Spring turf in the Northern Alichur Range (shiver) (j)
Potentilla pamirica (ular otu) (k) Leymus secalinus (kyyak) (l) Leymus lanatus (aygyrjigar)
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the Pamir Biological Station at Chechekty there is a differentiation between sai boznoch (D.
heterophyllum) and kakyr boznoch (D. stamineum).
Nepeta kokanica (fig. 5.12 a) is a perennial high alpine plant growing on stony sites and alluvial
fans in Tajikistan, Afghanistan, Pakistan, Kashmir, Uzbekistan and Xinjiang. It is 10 cm to
40 cm tall and contains odorous essential oils. This is the reason why animals refuse it in
summer but in the dry winter conditions, it is grazed by yaks and sheep. In the Eastern Pamirs
it is mainly distributed to the south west, more precisely around Sor Kul lake, in the Alichur
valley, around Bulunkul and at the Koytezek pass. Further findings are documented from Kara
Su valley and Madian valley (’eFloras, 2008; Ikonnikov, 1963). Laboratory analyses were not
carried out.
Dracocephalum heterophyllum is a 10 cm to 15 cm tall herb which is known to be distributed
from parts of China, from the mountains of Himalya, Pamir and Tien-Shan, from Tibet and
from Mongolia. It has a wide ecological range and grows on alpine meadows or dry rocky sites
from 1100 masl to 5000 m (’eFloras, 2008). In the Eastern Pamirs its distribution is limited
to dry and pebbly river beds and to screes between 3600 m and 4200 m. Literature states
that animals do not like this as fodder, due to its essential oil content (Ikonnikov, 1963). In
contrast, statements from herdsmen as well as livestock observations show that it is grazed at
least by sheep and goats. As it only occurs in summer, a winter sample could not be collected.
The summer sample contains 25.8 % CP and comprises a ME of 10.3 MJ/kg DM.
Dracocephalum stamineum is a strongly aromatic herb, growing up to 30 cm (fig. 5.12 b). It
predominantly occurs on bare slopes or screes in Central Asia, Afghanistan, Pakistan, Xinjiang
and India (’eFloras, 2008). In the Eastern Pamirs it is part of the lower alpine belt from
3600 masl to 4200 m. Relevant literature states that it is most often refused by grazing
animals (Ikonnikov, 1963). Laboratory analyses of this plant were not executed.
Hedysarum minjanense (Rech.), Fabaceae, kyzyl burma
Hedysarum minjanense (fig. 5.12 c) is a perennial, basally woody cushion plant known from
the Central Asian Mountains (Pamir-Alai, Tien-Shan), Pakistan and Kashmir (’eFloras, 2008).
In the Eastern Pamirs it occurs in the lower and middle alpine belt (3700 masl to 4600 m) from
the valley bottom up to the slopes (Ikonnikov, 1963). The whole plant serves as fodder for
all kinds of livestock animals (Ikonnikov, 1963), but, according to the results from the animal
observations and the statements of the herders, only in summer. In winter, little of the plant
is left as livestock fodder. Hence, the analysis comprises sample material only from summer.
ME values reach 8.3 MJ/kg DM while the CP content is at 13.7 %.
Spiny Acantholimon species, Plumbaginaceae, kyzyl tken
The name kyzyl tken refers to the variety of prickly cushion plants belonging to the genus
Acantholimon. Its most prominent representative is Acantholimon pamiricum (fig. 5.12 f).
Its spiny pillows mainly occur in the lower alpine belt from 3600 masl to 4000 m where the
plant predominantly grows on stony slopes. Apart from the Pamirs, the plant is found in Iran
(Ikonnikov, 1963). Despite its pointed thorns, it is consumed by camels in winter and also by
sheep and goats in springtime, when it is in a very fesh condition (Ikonnikov, 1963). Therefore,
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only a winter sample was analysed in the laboratory and showed a ME value of 5.8 MJ/kg DM
and a CP content of 6.5 %.

Acantholimon diapensioides (Boiss.), Plumbaginaceae, kurtka
Acantholimon diapensioides is a very slow growing hard cushion plant distributed across
Afghanistan, Pakistan, Tajikistan, Iran and South West China. It favours smooth slopes and
flat plains from 2700 masl to 4800 m and can grow up to more than one meter in diameter
(’eFloras, 2008; Ikonnikov, 1963). In this work, the lowest occurence is documented at 3900 m,
however, the main part of the recordings shows occurences above 4000 m. It is one of the
character species for both types of the “dwarf shrub cushion steppes”. Analyses show its
very low forage quality. In total, five samples of Acantholimon diapensioides were collected,
four in summer and one in winter. The ascertained ME values range from 0.5 MJ/kg DM to
3.4 MJ/kg DM. A seasonal difference could not be detected, but the lowest value was assessed
for dead plant parts. The CP values react in a similar way. For green plants they range from
6.6 % to 8.3 %. The dead sample contains only 4.9 %. Nevertheless, it can be a substitute
forage in strong winters and is consumed by yaks, sheep and camels (Ikonnikov, 1963). This
assertion is supported by the opinion of the interviewed herders. They named Acantholimon
diapensioides a total of four times, with three herdsmen naming it as important summer
fodder. Livestock observations confirm these claims. Goats were watched digging out parts of
the plant and eating it. This is in strong contrast to the appraisal of Jusufbekov and Kasach
(1972) which states that Acantholimon species are refused as fodder in general. However,
the plant’s principal use is for heating purposes (Ikonnikov, 1963; Kraudzun et al., subm).

Oxytropis spec., Fabaceae, pakhta katyn
Pakhta katyn is a cushion plant that predominantly occurs on flat, dry plains in the dwarf
shrub desert or steppe (fig. 5.12 e). Unfortunately, the exact species could not be defined,
but it belongs to the genus Oxytropis, for sure. Samples for laboratory analyses could not be
collected.

Potentilla bifurca subsp. orientalis (Linnaeus), Rosaceae, taan otu
The name taan otu could not be definitively assigned to a specific plant. Discussions with
several herdsmen led to a number of discrepancies, however, it seems to be the most likely
assumption that Potentilla bifurca subsp. orientalis is the correct species (fig. 5.12 g). This
perennial, vegetatively reproducing herb is known from large areas in Asia and Europe. Its
prevailing habitats are mountain slopes and sandy river banks. In the Eastern Pamirs it occurs
in the lower and middle alpine belt, most often on gravelly sites in the desert association
(’eFloras, 2008; Ikonnikov, 1963). Four herdsmen referred to this plant as fodder species,
ranking taan otu as the 16th most important plant. Its CP content is relatively high in
summer, at 14.4 %. In winter this value significantly decreases to 6.5 %. Due to higher ash
values in the summer sample this seasonal difference could not be verified for the ME value
with 10.0MJ/kg DM in summer compared to 9.4MJ/kg DM in winter.
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Tall Carex species, Cyperaceae, shabyr
Using the name shabyr, the local herders describe exceptionally tall Carex species, usually
Carex pamirica and Carex songorica. Carex pamirica is an up to 70 cm tall sedge that
occurs on extremely wet, swampy sites near lakes or rivers. In the Eastern Pamirs its vertical
limit is 3850 masl in the valleys of Madian and Kokubel. It also occurs at several lakes,
for example Rang Kul, Bulunkul and Yashil Kul. Its general distribution is confined to wet
mountain meadows of Central Asia, Afghanistan and Pakistan/Kashmir. In fresh condition it
is rarely grazed, only as hay does it form part of fodder resources for yaks and horses (’eFloras,
2008; Ikonnikov, 1963).
Carex songorica grows on moist meadows or shores of lakes and rivers. In the study area
it occurs in the Madian and Bash Gumbez valley, as well as in the surroundings of Sor Kul
and Yashil Kul. The 25 cm to 60 cm tall sedge is an element of the lower alpine belt from
3600 masl to 4100 m. Furthermore, it is documented from the Caucasus, Iran, Afghanistan,
Pakistan and Kashmir, and Mongolia. The plant is consumed by yaks and horses (’eFloras,
2008; Ikonnikov, 1963). Laboratory analyses were not conducted for either species.

Rhodiola pamiroalaica (Borissova), Crassulaceae, altyn tamyr or chechendir
Rhodiola pamiroalaica, a succulent herb, is recorded from the Pamir-Alai and Tien-Shan
mountains, from parts of West China and from Mongolia (fig. 5.12 d). In the Eastern Pamirs
the plant grows on screes, between rocks, and in gorges up to 4900 masl (’eFloras, 2008;
Ikonnikov, 1963). The vegetation classification used here shows that it belongs to “rocks and
scree vegetation”. These areas are only infrequently grazed by livestock animals, for example
when crossing passes from one valley to the next. In this case yaks as well as sheep and goats
eat it (Lensch et al., 1996). As it is listed in the red list it was renounced to collect samples
for the laboratory analyses.

Ephedra regeliana (Flor.), Ephedraceae, chekendi
Ephedra regeliana is a very small, procumbent plant, populating rocky grounds and also
takyrs, up to 4100 masl (fig. 5.12 i). Its distribution reaches from Kazakhstan over the Central
Asian Mountains to the Himalya and North India. The plant contains approximately 0.5 %
ephedrine and Jusufbekov and Kasach (1972) classify it as toxic. Nevertheless it is consumed
by sheep and goats (’eFloras, 2008; Ikonnikov, 1963). Given that its ingredient ephedrine is
considered as a drug in Germany, samples were not brought to the laboratory.

Lindelofia stylosa (Karelin & Kirilov), Boraginaceae, gööjumal
Lindelofia stylosa is a perennial herb occuring widespread in Central Asia’s mountains,
canyons, forests and meadows (fig. 5.12 h). In the Eastern Pamirs it is part of the lower
alpine belt from 3600 masl to 4100 m, predominantly growing on the banks of rivers and lakes.
Livestock only consume it at the beginning of the vegetation period. The stout root is a
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favoured spring time food for marmots (’eFloras, 2008; Ikonnikov, 1963). Laboratory analyses
were not carried out.
Artemisia santolinifolia (Turcz. ex Krasch.), Asteraceae, jylky shyvak
Artemisia santolinifolia is a basally woody, perennial dwarf shrub, which predominantly occurs
on stony slopes and other scree places in Central Asia, parts of Siberia and India, China,
Mongolia, Pakistan and Afghanistan (fig. 5.13 a). In the Eastern Pamirs it is found across
elevations from 3600 masl to 4200 m. Despite its content of essential oils and its strong smell,
sheep and goats like to browse it (’eFloras, 2008; Ikonnikov, 1963) though other livestock
animals seem to refuse it. The laboratory analysis indicates a quite low fodder quality. The
result of the CP analysis shows only 4.8 % for the leaves of this plant. ME values reach
6.7 MJ/kg DM.
Allium carolinianum (Karelin & Kirilov), Alliaceae, sasyk dana
Allium carolinianum grows on gravelly or stony slopes from 3000 masl to 5000 m in most
of the Central Asian Mountains. Further findings are documented from Afghanistan, Nepal,
India and Buthan. In the Eastern Pamirs it exclusively occurs above 3600 m (’eFloras, 2008;
Ikonnikov, 1963). It is grazed by sheep and goats but it is not considered to play an important
role for the pasture potential as its occurrence in the study area is limited. Samples for
laboratory analyses were not collected.
Artemisia pamirica (Winkl.), Asteraceae, sheraljin
Artemisia pamirica is a woody dwarf shrub that predominantly occurs on sandy and pebbly
soils near rivers and sometimes also on dry slopes up to 4100 masl. Its distribution is limited
to the Pamir-Alai and Tien-Shan mountains, as well as to parts of western China. In summer,
the plant is characterised by a bad taste and thus is refused as fodder. In autumn, winter
and spring, sheep and goats browse it; yaks only consume it in winter (Ikonnikov, 1963).
Laboratory analyses on this plant were not conducted.
Apart from the above described species, which were all mentioned by the herdsmen during
the interviews, a number of other plants were collected and analysed for their nutritive value.
These were as follows:
Artemisia rutifolia (Spreng.), Asteraceae, shyvak
Artemisia rutifolia is a basally woody dwarf shrub, that can grow up to 80 cm (fig. 5.12 j). It
occurs on gravelly to sandy soils in the mountains of Central Asia, Russia, Pakistan, Iran and
Tibet (’eFloras, 2008). In the Eastern Pamirs it grows mainly on gravelly slopes at elevations
from 3600 masl to 4300 m (Ikonnikov, 1963). According to Ikonnikov (1963) it is browsed by
yaks, sheep and goats, although it contains essential oils and alkaloids, however, Jusufbekov
and Kasach (1972) state that Artemisia rutifolia is disliked throughout all seasons, and by
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all livestock species. No animals were observed browsing this plant and it was not named as
forage in the herder interviews, nevertheless one sample was taken and analysed. The leaves
show a relatively high CP content with 16.1 %, while the stems only contain 5.9 %. ME values
were 9.1 MJ/kg DM and 5.9 MJ/kg DM, respectively.

Carex stenophylla (Wahlenb.), Cyperaceae, rang

Carex stenophylla (fig. 5.13 b) is a perennial sedge that is distributed over large parts of
Eurasia (’eFloras, 2008). In the Eastern Pamirs Ikonnikov (1963) reports that it occurs predominantly in the desert formations between 3600 masl and 4200 m and that a range of livestock consume it. This is supported by livestock observations and findings of Jusufbekov and
Kasach (1972). A summer sample was analysed in the laboratory and indicates a very high
fodder quality with a ME of 10.2 MJ/kg DM and 9.2 % CP.

Christolea crassifolia (Camb.), Brassicaceae, shir

Christolea crassifolia (fig. 5.13 d), a perennial herb, is found on rocky, bare slopes in
Afghanistan, Pakistan, Tajikistan, Nepal and parts of China (’eFloras, 2008). In the Eastern
Pamirs it belongs to the lower alpine belt between 3700 masl and 4200 m (Ikonnikov, 1963).
The plant was not named in the interviews and it was rarely observed to be grazed. According
to Jusufbekov and Kasach (1972) it is only consumed in winter in depleted condition, however, Ikonnikov (1963) states that it is an exceptionally nutritional food source for camels. It
is consumed by all kinds of livestock in winter but in spring only sheep like it. Agakhanjanz
(1966) mentions that Christolea is favoured by livestock due to its high protein content of
about 30 %. Unfortunately, not enough sample material could be collected in winter. One
summer sample showed ME values of 7.9 MJ/kg DM and a very high CP content of 23.2 %.

Crepis flexuosa (DC.), Asteraceae, kaysar

Crepis flexuosa is distributed on dry slopes of the lower alpine belt at elevations between
3600 masl and 4100 m (Ikonnikov, 1963). The plant was mentioned only once in the interviews.
Furthermore, the observations indicate that it is not preferentially browsed. This assumption
is confirmed by Jusufbekov and Kasach (1972), who assign the plant to the group of less
consumed forage (see section 5.3.1) though Ikonnikov (1963) contradicts this, reporting that
the plant serves as forage for yaks, sheep and goats. For this reason one summer and one
winter sample was collected and analysed. The summer sample showed relatively good quality
with an ME value of 9.8 MJ/kg DM and a CP content of 13.5 %. These values decrease in
winter to 9.4 MJ/kg DM and 4.5 %, respectively.
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Figure 5.12: Photos of important forage plants - part II: (a) Nepeta kokanica (boznoch) (b) Dracocephalum
stamineum (boznoch) (c) Hedysarum minjanense (kyzyl burma) (d) Rhodiola pamiroalaica (altyn tamyr
or chechendir) (e) Oxytropis spec. (pakhta katyn) (f) Acantholimon pamiricum (kyzyl tken) (g) Potentilla
bifurca subsp. orientalis (taan otu) (h) Lindelofia stylosa (gööjumal) (i) Ephedra regeliana (chekendi) (j)
Artemisia rutifolia (shyvak)
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Hordeum brevisubulatum subsp. turkestanicum (Tzvelev), Poaceae, targyl
Hordeum brevisubulatum subsp. turkestanicum (fig. 5.13 c) is a tall grass reaching a maximum height of 50 cm. It occurs predominantly on dry sites in Central Asia, parts of Afghanistan
and China as well as Kashmir and Nepal (’eFloras, 2008). In the study area it grows on meadows and on dry slopes between 3600 masl to 4400 m (Ikonnikov, 1963). Ikonnikov (1963)
states that it is a very valuable fodder species for all kinds of livestock animals, as well as
to make hay and Jusufbekov and Kasach (1972) add it to the list of most important forage
plants. In this regard, it is surprising that only one respondent named the plant during the
interviews. The analysed samples confirm the high quality, with 11.6 % CP for the summer
and 4.6 % for the winter sample. Due to a higher ash content the summer sample comprises
less ME (9.5 MJ/kg DM) than the winter sample (10.2 MJ/kg DM).

Oxytropis microphylla (Pallas), Fabaceae, gadimush
Oxytropis microphylla (fig. 5.13 e), a perennial herb of dry environments, is known from
Mongolia and Tibet as well as from parts of China, India and Russia (’eFloras, 2008). In
the Murghab area it belongs to the most arid vegetation formations. Only two interviewees
mentioned that it is a valuable summer fodder, however, the livestock observations clearly
indicate that it is an important forage plant. Hence, laboratory analyses were conducted, with
both the CP content and the ME value showing high values of 24.4 % and 10.2 MJ/kg DM,
respectively.

Salsola spec., Chenopodiaceae, koyrak
The described Salsola is specified as Sympegma regelii in the herbarium of the Pamir Biological
Station at Chechekty, as well as in Ikonnikov (1963). During the current project, herbarium
samples were collected and determined by expert Dr. Bernhard Dickoré. He concluded that
the plant is definitely not Sympegma regelii, but a species of the genus Salsola (fig. 5.13 f).
In the study area it could only be found in the very east near the Chinese border. The analysed
leave sample shows an extraordinary high CP content of 25.6 % in summer. In winter this value
decreases to 13.4 %. ME values do not exceed 8.1 MJ/kg DM in summer and 6.5 MJ/kg DM
in winter. Woody samples of the plant’s stems indicate 11.5 % or 7.6 MJ/kg DM in summer
and 13.1 % or 6.6 MJ/kg DM in winter.

Scrophularia spec., Scrophulariaceae
The Scrophularia species presented here grows in dry and pebbly river beds of the lower alpine
belt. Sheep and goats could be observed browsing the plant, even though they do not seem
to favour it. Green, as well as withered plant parts were collected and analysed. The results
show 7.7 MJ/kg DM for the green and 4.9 MJ/kg DM for the withered sample.
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Sibbaldia tetranda (Bunge), Rosaceae
Sibbaldia tetranda is a low, perennial and herbaceous cushion plant, known from mountain
meadows and slopes of Central Asia, Siberia, Pakistan, Nepal and parts of China (’eFloras,
2008). According to Ikonnikov (1963) it is very rare in the Eastern Pamirs and grows at
altitudes of 4400 masl to 4900 m. Nutritive value analysis indicate a relatively low fodder
quality with 6.6 MJ/kg DM ME and 10.0 % CP.

Stipa splendens (Trin.), Poaceae, chi
Stipa splendens (fig. 5.13 g) is a very fibrous, tufted, perennial grass that can grow up to
2.5 m tall (’eFloras, 2008). In the Eastern Pamirs it occurs on gravelly river terraces of the
lower alpine belt next to the spring turfs (Ikonnikov, 1963). Due to its robustness, the locals
use it as construction material for their yurts. According to the available literature, it is not
a valuable fodder plant (Ikonnikov, 1963; Jusufbekov and Kasach, 1972). In contrast to this
opinion, laboratory analyses show quite high forage quality for the green, unlignified parts of
the plant (ME 9.9 MJ/kg DM, CP 18.1 %).

Xylanthemum pamiricum (O. Hoffm.), Asteraceae, kata tyrmak
Xylanthemum pamiricum (fig. 5.13 h) is a woody dwarf shrub, which predominantly grows on
gravelly slopes in dry mountains of Central Asia, Afghanistan and Pakistan (’eFloras, 2008).
In the Eastern Pamirs it can be found at altitudes between 3600 masl to 4100 m (Ikonnikov,
1963). Jusufbekov and Kasach (1972) assign it to the group of generally disliked plants.
Ikonnikov (1963) explains that this is due to the high content of essential oils. Only in early
spring, when the plant is in dry condition do livestock animals consume it. In the current work
only green parts were analysed. The results suggest a relatively good forage quality with a CP
value of 12.9 % in summer, compared to 6.1 % in winter. ME values of 9.0 MJ/kg DM and
7.1 MJ/kg DM were analysed, respectively.

Zygophyllum obliquum (Popov), Zygophyllaceae, mantu
Zygophyllum obliquum (fig. 5.13 i) is a perennial herb, which predominantly occurs on sandy
and gravelly sites in Kazakhstan, Kyrgystan, Tajikistan and parts of China (’eFloras, 2008).
According to Ikonnikov (1963), in the Eastern Pamirs it is part of the lower alpine belt at
elevations between 3600 masl and 4000 m. Its occurrence is linked to roads and sites frequented
by livestock. Furthermore, the author states that the grazing animals refuse it due to a content
of alkoloides, Jusufbekov and Kasach (1972) classify the plant as toxic. This is in conflict with
the results of the livestock observations (see section 5.3.3) whereby goats could be observed
grazing this plant. On account of this observation a sample was taken. The analysis shows a
very high CP value of 26.5 % and a ME of 9.0 MJ/kg DM.
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Alpine mat sample
Finally, a mixed sample of the upper alpine mats, at about 4300 masl in Gumbez Kol valley was
collected and analysed. The vegetation is composed mostly of herbs and grasses, but also of
sedges. Predominant species are Potentilla pamirica, Smelowskia calycina and grasses of the
genera Festuca and Poa. During a systematic livestock observation (see section 5.3.3) it could
be asserted that yaks favour this vegetation type. The findings of Lensch et al. (1996) support
this result. As alpine mats could only be found above 4000 m they are mostly unaccessible in
winter. In summer they provide high quality forage, represented here by a relatively high CP
value of 17.2 % for the green sample and 8.8 % for the withered sample. Due to a high lignin
content in the green sample, ME values are only at 7.7 MJ/kg DM in contrast to 9.8 MJ/kg
DM for the withered sample.

5.4 Critical consideration
Similar to the previous chapters, in this final section problems and shortcomings of the described methods and results will be discussed. In this context it must be highlighted that the
equations used to calculate total digestible nutrients (TDN) and metabolisable energy (ME)
are based predominantly on data derived from digestion analyses of cattle and sheep (Weiss
et al., 1992). Therefore, they might be inadequate for goats and yaks. Hofmann (1989) makes
the criticism that ruminant research in general is too strongly limited to sheep and cattle. For
yaks, in particular, such equations do not exist. However, Lensch et al. (1996, p. 66) state
that digestion and metabolism of yaks is comparable to that of cattle. Criticism is passed on
the TDN-system in general, for example van Soest (1994, p. 108) mentions that the largest
error concerning the calculation of nutritive values is due to initial error of the evaluation
of digestibility. Moreover, Robinson (n y) states that the TDN-system is affected by many
problems, such as the existence of many different equations for certain types of forage, for
example. This means that the botanical description of forage must be known in order to decide
which equation to use. However, the data required to calculate TDN is easy to assess, and
the laboratory analysis is quite simple compared to alternatives such as the Hohenheim gas
test, for example. Concerning the ascertained results of the metabolisable energy, the equality
between the values assessed for withered and green spring turfs seems to be questionable. An
explanation might be the low winter temperture which freeze the grasses and allow for the
conservation of the nutrients, an assumption which is supported by the statement of Lensch
et al. (1996) (see section 5.3.1).
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Figure 5.13: Photos of important forage plants - part III: (a) Artemisia santolinifolia (jylky shyvak) (b)
Carex stenophylla (rang) (c) Hordeum brevisubulatum subsp. turkestanicum (targyl) (d) Christolea crassifolia (shir) (e) Oxytropis microphylla (gadimush) (f) Salsola spec. (koyrak) (g) Stipa splendens (chi,
tussocks in the foreground) (h) Xylanthemum pamiricum (kata tyrmak) (i) Zygophyllum obliquum (mantu)

193

Chapter 5 Forage quality

194

Chapter 6
Synthesis
In the previous chapters, different features of the Eastern Pamirs have been described. The
composition and distribution of vegetation was one topic discussed in detail, as well as information on phytomass amount, forage quality and livestock animals. It was the authors aim to
use the findings from these individual topics to produce a conclusion on the pasture potential
of the whole study area. However, it is the opinion of the author that the topic is too complex
to draw a general conclusion from these results.
Pasture potential is dependent on the livestock animals themselves and it can change corresponding to livestock species, age, sex etc. as well as being dependent on forage production.
The amount of phytomass can vary corresponding to season, precipitation, drought etc. and
only a part of the phytomass contributes to the pasture potential. Moreover, the potent pastures have to be reached by livestock which depends on the location of the pasture camps,
which is in turn dependent on the availability of water. Finally, subjective decisions of the individual herders diversify the accessible pasture land. Some herders travel further than others
or they return to the camp for lunch. Therefore, it is very difficult to estimate the day range
of those animals that are herded during the day.
The question now is how to make the best use of the ascertained results to produce an overview
of pasture potential for this area? Firstly, established maps of the total potential and the actual pasture area will be presented in order to identify potentially unused areas. Secondly, the
energetic potential of the different vegetation classes within this area will be calculated and
finally, the energy requirements of the different livestock animals will be described in order to
calculate the total pasture potential. As forage quality is highly dependent on the livestock
animal, the pasture potential will be calculated for three examples on the basis of the average values for the energy requirement of sheep, goats and yaks for different body weights.
Moreover, the assumption is made that summer phytomass and forage quality is valid for five
months, while winter values represent the forage condition for seven months. In a last step
the spatial and seasonal distribution of livestock will be discussed in order to identify potentially overused and underused areas. A general overview is followed by the discussion of four
different pasture camps, which will be examined in detail.

6.1 Comparison of potential and actual pasture area
In chapter 2, six vegetation classes have been identified as important pastures. These are
“spring turfs”, “alpine mats”, “deserts”, “dwarf-shrub deserts”, as well as the two types of

195

Chapter 6 Synthesis

“dwarf shrub cushion steppes” (teresken and wormwood). Based on the modelled extent of
these classes and the assumption that areas above 4500 masl, as well as areas steeper than
36◦ (which are the maximal values among 226 relevés where forage relevant vegetation could
be found) have to be excluded from the pasture land, a map of the potential pasture area was
established (fig. 6.1). In combination with the distribution of the pasture camps (provided by
Tobias Kraudzun (in preparation)) and our own data as well as literature data dealing with
the day range of livestock animals, this map serves as the basis to identify potentially unused
areas.

6.1.1 Day range of yaks
Usually, milk-yaks, young animals and some bulls are kept directly at the camps, while the
remaining male animals are left on their own for the entire pasture season. Therefore, the
numbers discussed in the following section can only be valid for the former group of animals.
In general, these yaks are released to the pasture in the morning and are returned to the camp
each night. Based on our own observations, an average grazing time of 10 hours in summer
and 8.5 hours in winter can be assumed. Furthermore, an average moving speed of 4 km/h
was ascertained. On the basis of these results the maximal day range for yaks was set to
20 km in summer and 17 km in winter, however, these numbers would only be valid if the yak
spends the whole grazing time walking. In this context, Wiener et al. (2003, p. 49) state that
only 34 % to 80 % of the grazing time is spent on forage intake, though this time can vary
depending on the season, weather, herd structure and pasture quality. Lensch et al. (1996,
p. 147) estimate 8 hours 40 minutes intake time at the beginning of summer, the maximum
being in august with 9 hours and 8 hours at the end of summer. The remaining time can
be separated into time for resting, drinking and walking with walking time varying in summer
between 35 minutes and 2 hours 10 minutes only. Therefore, the daily average of the moving
speed is much lower which results in a smaller day range. According to Wiener et al. (2003,
p. 79) the daily average of the moving speed varies with season and pasture condition. In
general, the yaks move faster at the beginning of the day than in the afternoon and evening.
Futhermore, they move faster in the cold season than in the warm season. In this context, the
authors state an average speed of 0.84 km/h at the start of the day. Our own data, recorded
with GPS during the livestock observations, indicates a speed of 0.7 km/h. With respect to
these findings, the average day range of yaks was assumed to be 4 km in summer and 3.4 km
in winter (there and back, in each case 5 hours or 4.25 hours, repectively; average speed: c.
0.8 km/h).
Based on these results, in combination with the location of the pasture camps, four maps were
compiled (summer and winter situation; maximal and regular day range; fig. 6.2) showing the
actual pasture use in the study area as well as the discrepancy (red colour) to the potential
pasture area. Taking the maximum day ranges into account would indicate that the pastures
within the study area are fully used except for a very remote and difficult-to-access area in
the north-west near Lake Sarez. However, the more reliable regular day ranges reveal unused
patches across the entire study area. The red areas in the north-eastern and the south-western
corner of the maps do not indicate unused pastureland as these area belong to the districts
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Figure 6.1: Potential pasture area

197

Chapter 6 Synthesis

Chechekty and Ishkashim and therefore the location of the pasturecamps and livestock numbers
were not collected.

6.1.2 Day range of sheep and goats
Sheep and goats are always herded during the grazing time. Similar to the time observed in
yaks, the mean time spent on the pasture was assessed to be 10 hours in summer and 8.5
hours in winter. Observations showed that the herder and the animals travel with average
speeds of 2.5 km/h, which results in a maximal day range of 12 km in summer and 10.5 km in
winter. However, according to our own observations and data from the Commitee on Nutrient
Requirements of Small Ruminants (2007), the majority of the grazing time is spent on forage
intake. Based on the collected information, the regular day range of sheep and goats was set
to 3 km in summer and 2.2 km in winter.
In relation to the actual use, a similar conclusion to that stated for yaks can be given. In
particular on the basis of the regular day ranges, unused areas (red colour) can be found
across the entire region (fig. 6.3).

6.2 The energetic potential of the different vegetation
classes
6.2.1 Spring turfs
According to the results from chapter 4, the average amount of “spring turfs” accounts for
611.2 ± 30.1 kg/ha green dry phytomass and 341 ± 54.2 kg/ha withered phytomass in summer, and 430.5 ± 60.5 kg/ha withered phytomass in winter. However, these values have to be
adjusted as only 80 % of this amount can be regarded as fodder mass (see section 4.4.4). The
calculated average metabolisable energy for green summer samples accounts for 9.9 MJ/kg
dry matter. Withered summer and winter samples make up 8.4 MJ/kg DM and 9.2 MJ/kg
DM, respectively. Taking these values into account, the energetic potential of “spring turfs”
amounts to 7122 ± 601 MJ/ha in summer and 3168 ± 445 MJ/ha in winter. The modelled
extent of this pasture type amounts to 375.8 km2 . This would indicate an overall pasture potential of 267.6 × 106 ± 22.6 × 106 MJ if the “spring turfs” were used only as summer pastures.
An exclusive winter pasture use would account for 119.0 × 106 ± 16.7 × 106 MJ. However, such
overall values fall short of explaining the “real” pasture potential. For example, “spring turfs”
are predominantly used for grazing yaks and for hay making. Usually, bringing sheep and goats
onto these pastures is avoided. Furthermore, in higher elevated valleys and in the (relatively
snow-rich) south-west, they are prevailingly occupied in summer. In contrast, in lower elevated
valleys and in the dry east and north, they are used as winter pastures. A detailed consideration
will follow below.
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Figure 6.2: Pasture area - yaks
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Figure 6.3: Pasture area - sheep and goats
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6.2.2 Alpine mats
In general, “alpine mats” are used as summer pastures, predominantly for yaks. In winter, they
are often not accessible, as they are exclusively linked to highly elevated valleys. Based on the
results from the nutritive value analysis of one mixed, as well as several one-on-one samples
of dominant plants, their average metabolisable energy could be ascertained to be 9.2 MJ/kg
dry matter for green and 8.5 MJ/kg DM for withered phytomass. The measured phytomass
amounts to 582.6 ± 55.4 kg/ha for green and 76.4 ± 12.2 kg/ha for withered matter. According
to Jusufbekov (1968) only 80 % are usually grazed (see section 4.4.4). By combining these
values, an energetic potential of 4805 ± 491 MJ/ha could be determined. However, taking
into account the relatively small extent of only 13.7 km2 of the “alpine mats”, they amount
to an overall pasture potential of 6.6 × 106 ± 0.7 × 106 MJ.

6.2.3 Deserts
Usually “deserts” are located in the vicinity of settlements or roads and represent a degraded
vegetation type. Hence, they form the pastures with the overall lowest phytomass. However,
they are used as daily grazing grounds for the animals that permanently stay in the villages.
On the basis of the dominant pasture plants within this class, the average summer values of
metabolisable energy were calculated to be 7.7 MJ/kg dry matter for green parts, 6.0 MJ/kg
DM for withered parts and 5.1 MJ/kg DM for woody parts of dwarf shrubs. The average
value of herbs and grasses accounts for 9.5 MJ/kg DM. In winter values of 6.0 MJ/kg DM for
non-woody parts as well as 5.6 MJ/kg DM for woody parts of dwarf shrubs and 8.8 MJ/kg
DM for herbs and grasses were ascertained.
The assessed mean phytomass values in summer amount to 29.8 ± 6.5 kg/ha for green,
14.7 ± 9.0 kg/ha for withered and 67.3 ± 29.5 kg/ha for woody parts of dwarf shrubs. Herbs
and grasses make up 11.9 ± 7.3 kg/ha. In contrast, in winter 28.3 ± 17.0 kg/ha were measured.
With regards to dwarf shrub phytomass, winter values of 3.2 ± 3.2 kg/ha, 24.8 ± 11.1 kg/ha
and 79.2 ± 40.6 kg/ha were ascertained, respectively. For teresken dominated desert pastures Jusufbekov (1968) suggests a correction factor of 60 % to evaluate forage mass. Summing up, this leads to an energetic potential of 463 ± 193 MJ/ha in summer compared to
368 ± 189 MJ/ha in winter. In combination with the modelled extent of 504.5 km2 , “deserts”
contribute 23.4 × 106 ± 9.8 × 106 MJ to the overall pasture potential if they were exclusively
utilised in summer and 18.6 × 106 ± 9.5 × 106 MJ if they were exclusively used in winter.

6.2.4 Dwarf shrub deserts
The analysed samples of dominant plant species of the “dwarf shrub deserts” indicate summer
mean values of 7.8 MJ/kg dry matter for green, 6.1 MJ/kg DM for withered and 5.4 MJ/kg
DM for woody parts of dwarf shrubs. In winter, 5.9 MJ/kg DM were measured for the latter. Non-woody parts of dwarf shrubs show 6.1 MJ/kg DM. Moreover, herbs and grasses
occur in this vegetation type, which amount to 9.6 MJ/kg DM for green and 8.4/kg DM for
withered plant parts in summer as well as 8.4 MJ/kg DM in winter. The associated phytomass in summer accounts for 74.6 ± 15.7 kg/ha for green, 51.7 ± 13.2 kg/ha for withered as
well as 215.2 ± 68.6 kg/ha for woody parts of dwarf shrubs. In winter, measured values for

201

Chapter 6 Synthesis
the latter account for 113.1 ± 34.2 kg/ha, while non-woody plant parts in average make up
82.4 ± 30.5 kg/ha. With regards to herbs and grasses, green plant parts reach mean values of
18.1 ± 8.6 kg/ha in summer, while withered plant parts account for 0.5 ± 0.5 kg/ha. In winter,
herbs and grass phytomass makes 13.3 ± 6.9 kg/ha.
Taking into account a correction factor of 70 % (see section 4.4.4) it can be assumed that the
energetic potential of “dwarf shrub deserts” is 1560 ± 460 MJ/ha in summer. In winter, the
potential accounts for 893 ± 311 MJ/ha. According to the derived model, the extent of the
“dwarf shub deserts” amounts to 517.4 km2 . Thus, the overall pasture potential of the class
can be quoted with 80.7 × 106 ± 23.8 × 106 MJ for an exclusive use as summer pasture and
46.2 × 106 ± 16.1 × 106 MJ for exclusive winter pasture use.

6.2.5 Dwarf shrub cushion steppes (teresken-type)
The most extensive vegetation type are the “dwarf shrub cushion steppes (teresken-type)”.
These steppes consist primarily of cushions and dwarf shrubs, but also of various herbs and
grasses, therefore they can serve as fodder resource for sheep and goats as well as for yaks,
especially in winter. Acantholimon diapensioides cushions make up the largest portion of
the phytomass in this pasture type. In summer they account for 407.6 ± 150.8 kg/ha living
and 130.5 ± 38.5 kg/ha dead phytomass. For winter equal values were assumed (see section 4.4.2). Their contribution to the pasture potential is limited, however, because they are
characterised by a very low nutritive value (between 0.5 and 3.4 MJ/kg DM) and yaks and
sheep refuse this plant as forage. The ascertained summer phytomass values for dwarf shrubs
amount to 54.7 ± 15.4 kg/ha for green, 24.5 ± 7.4 kg/ha for withered and 153.6 ± 47.3 kg/ha
for woody plant parts. The corresponding mean values of the nutritive value analysis account
for 8.6 MJ/kg DM, 6.7 MJ/kg DM and 4.4 MJ/kg DM, respectively. In winter, non-woody
dwarf shrub parts constitute an average of 45.0 ± 17.9 kg/ha, while woody phytomass makes
167.4 ± 55.0 kg/ha. Their mean fodder value is 6.7 MJ/kg DM and 5.6 MJ/kg DM, respectively. Best forage quality was measured for the herbs and grasses in this vegetation type. In
summer the mean value amounts to 9.6 MJ/kg DM for green and 8.1 MJ/kg DM for withered
phytomass, in winter values of 8.0 MJ/kg DM were ascertained. The corresponding average
phytomass values account for 56.1 ± 6.6 kg/ha, 24.8 ± 5.4 kg/ha and 66.0 ± 12.2 kg/ha, respectively. However, Jusufbekov (1968) states that vegetation dominated by Acantholimon
cushions is only up to 50 % usable as forage. In combination, this makes an energetic potential
of 1436 ± 399 MJ/ha in summer and 1551 ± 507 MJ/ha in winter. Taking into account the
modelled extent of 2838.6 km2 , an overall pasture potential of 407.6 × 106 ± 113.2 × 106 MJ
can be assumed for an exclusive summer use and 440.2 × 106 ± 144.0 × 106 MJ for an exclusive
winter use.

6.2.6 Dwarf shrub cushion steppes (wormwood-type)
Similar to the previous vegetation class, in “dwarf shrub cushion steppes (wormwood-type)”
also cushions and dwarf shrubs dominate. Once again, Acantholimon cushions represent the
highest phytomass values. In summer 1040.2 ± 346.9 kg/ha for living and 154.3 ± 46.6 kg/ha
for dead plant parts were measured and for winter the same values were assumed (see
section 4.4.2). The corresponding values of metabolisable energy lie between 0.5 MJ/kg
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DM and 3.4 MJ/kg DM. Dwarf shrub phytomass accounts for summer mean values of
112.7 ± 12.2 kg/ha for green, 75.6 ± 11.1 kg/ha for withered and 361.9 ± 35.6 kg/ha for woody
plant parts. Average values of their forage quality are 8.3 MJ/kg DM, 6.8 MJ/kg DM and
4.9 MJ/kg DM, respectively. The winter samples indicate mean values of 6.8 MJ/kg DM for
non-woody and 5.6 MJ/kg DM for woody parts of dwarf shrubs. The corresponding average
phytomass values amount to 87.7 ± 14.8 kg/ha and 210.0 ± 34.3 kg/ha, respectively. Herbs
and grasses show the lowest portion of phytomass in this vegetation class. Their mean value
accounts for 27.0 ± 5.2 kg/ha for green and 2.3 ± 1.2 kg/ha for withered phytomass in summer as well as 51.0 ± 4.3 kg/ha in winter. The results of the nutritive value analysis indicate
mean values of 9.6 MJ/kg DM, 8.5 MJ/kg DM and 8.4 MJ/kg DM, respectively. Concluding,
the resulting energetic potential of the “dwarf shrub cushion steppes (wormwood-type)” is
2766 ± 544 MJ/ha in summer and 2752 ± 715 MJ/ha in winter. Given a modelled extent of
1471.5 km2 , the total pasture potential amounts to 407.0 × 106 ± 80.1 × 106 MJ for summer
and 405.0 × 106 ± 105.2 × 106 MJ for winter use.

6.3 Energy Requirements
Metabolisable energy (ME) is accepted to be a feasible parameter to express nutrient requirements (Wiener et al., 2003). However, there must be a distinction made between the different
kinds. The most basic term is the energy requirement for maintenance. It is defined as the
input of metabolisable energy per day at which an animal is in energy balance. However, in
reality, factors like growing, walking, lactating, etc. have to be regarded.

6.3.1 Yaks
According to Han et al. (1990, cited in Wiener et al. (2003, p. 401)), for growing yaks
metabolisable energy for maintenance can be estimated by the equation:
M Em = 460.2kJ/kgBW 0.75

(6.1)

M Em = metabolisable energy for maintenance
BW = body weight

Long et al. (2004) give a similar equation for dry yak cows and growing yak steers:
M Em = 302.2kJ/kgBW 0.75

(6.2)

M Em = metabolisable energy for maintenance
BW = body weight
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However, these simple equations only describe a static condition. In reality, the yak is growing
day by day, a process which consumes energy. Wiener et al. (2003, p. 403) and Dong et al.
(2006, p. 201) (based on analyses by Han et al. 1990, 1991, 1997) give an equation which
takes this vitality into account:
M Eg (M J/day) = 0.458BW 0.75 + (8.732 + 0.091BW ) · deltaG

(6.3)

M Eg = metabolisable energy for growth
BW = body weight
deltaG = daily gain of body weight

However, Linghao et al. (2000, p. 242) and Dong et al. (2006, p. 201) state, that this formula
only holds true for concentrate dietary. For roughage dietary, such as the forage of the pastures
of the Eastern Pamirs, they suggest the following equation:
M Eg (M J/day) = 1.393BW 0.52 + (8.732 + 0.091BW ) · deltaG

(6.4)

M Eg = metabolisable energy for growth
BW = body weight
deltaG = daily gain of body weight

6.3.2 Sheep and goats
According to the National Reserach Council (1999, p. 3) the energy requirements for sheep and
goats are quite comparable. For energy requirement of maintenance they give the equation:
M Em (M J/day) = 0.42BW 0.75

(6.5)

M Em = metabolisable energy for maintenance
BW = body weight

The Commitee on Animal Nutrition (1975) established the following equation for sheep:
M Em (M J/day) = 0.41BW 0.75
M Em = metabolisable energy for maintenance
BW = body weight
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However, for daily travelling in sparsely vegetated and mountainous rangeland the requirement
is supposed to be 75% higher (National Reserach Council, 1999). For growing sheep the
Commitee on Animal Nutrition (1975) propose:
M Eg (M J/day) = 0.47BW 0.75 (1 + 5.5 · deltaG)

(6.7)

M Eg = metabolisable energy for growth
BW = body weight
deltaG = daily gain of body weight

In addition to these equations, the estimation of forage requirement for sheep and goats can be
derived from the work by the Commitee on Nutrient Requirements of Small Ruminants (2007).
They present comprehensive tables of the energy and protein requirements differentiated by
animal species, sex, status (growing, mature, pregnant, lactating, etc.) and body weight. For
goats, the values range between 3.01 MJ/day and 17.57 MJ/day for animals of different age,
sex, status and body weights between 10 kg and 100 kg. With a range between 4.77 MJ/day
and 23.81 MJ/day a comparable energy requirement could be asserted for sheep of different
age, sex, status and body weights between 20 kg and 200 kg. An excerpt of the data presented
is given in table 6.1. For detailed information readers are referred to the Commitee on Nutrient
Requirements of Small Ruminants (2007, p. 246-293).

6.4 Total pasture potential of the study area
6.4.1 Total pasture potential based on the requirements for yaks
In chapter 5 it has been shown that yaks prefer meadow vegetation, but that they are also able
to browse dwarf shrubs. Hard cushions and overly-lignified plant parts have to be excluded from
their diet and therefore the most favourable pastures are “spring turfs” and “alpine mats”, but
the dwarf shrub dominated pasture classes can also be used, to a certain extent. As an example,
the total pasture potential for three year old growing yaks with 145 kg body weight and 0.3 kg
daily gain will be calculated. Based on equation 6.4, one animal has a daily requirement of
25.11 MJ. According to Jusufbekov (1968), it is expected that yaks can use 80 % of herb and
grass vegetation and 70 % of none-woody dwarf shrub vegetation. Furthermore, it is assumed
that the animals refuse hard cushions and woody parts of dwarf shrubs. Moreover, the winter
results are taken as the basis for the calculation of seven months (October to April), while the
summer results are valid for five months (May to September).
On average, the entire summer phytomass of 1 ha “spring turfs” could feed 284 yaks for one day
while in winter 126 animals could be sustained. In total, this means that the pasture potential
of the “spring turfs” is sufficient to feed 19744 growing yaks. One hectare of “alpine mats” is
adequate to feed 191 yaks for one day in summer. In winter, these pastures are rarely accessible
and not used. Hence, overall, the “alpine mats” in the study area could supply 299 yaks in
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Table 6.1: Energy requirements for sheep and goats (see Commitee on Nutrient Requirements of Small Ruminants, 2007, p. 246-293)

species sex

status

weight (kg) ME (MJ/day)

goat

female late gestation

20

10.92

goat

female late gestation

60

17.57

goat

female mid lactation

30

9.71

goat

female mid lactation

60

15.61

goat

male

mature buck

50

9.12

goat

male

mature buck

100

15.36

goat

female growing goatling

10

3.01

goat

female growing goatling

30

13.81

goat

male

growing goatling

10

3.51

goat

male

growing goatling

30

14.94

sheep

female late gestation

40

9.96

sheep

female late gestation

70

14.43

sheep

female mid lactation

40

9.62

sheep

female mid lactation

70

14.02

sheep

male

mature ram

100

14.14

sheep

male

mature ram

200

23.81

sheep

female growing lamb

20

4.56

sheep

female growing lamb

30

4.98

sheep

male

growing lamb

20

4.77

sheep

male

growing lamb

30

8.70

the five summer months. The number of yaks that could be fed for one day by 1 ha “deserts”
was calculated to 13 yaks in summer and 5 yaks in winter. The entire pasture potential of this
vegetation class can be calculated as being sufficient to feed an average number of 1734 yaks
per year. In contrast to the depleted “deserts”, the related “dwarf shrub deserts” could sustain
31 yaks in summer and 18 yaks in winter on 1 ha and one day. This makes a total carrying
capacity of 3258 yaks for this pasture type. One hectare of the most extensive pastures, the
“dwarf shrub cushion steppes (teresken-type)”, could feed 41 yaks in summer and 25 yaks in
winter for one day. Thus, in total they could serve as forage resource for 24691 yaks. On the
contrary, the related “dwarf shrub cushion steppes (wormwood-type)” indicate values of 49
yaks in summer and 30 yaks in winter per day and hectare. Their total mean carrying capacity
amounts to 15385 yaks. Summing up, the total mean carrying capacity of the study area for
growing yaks can be declared with 65111 animals, if the area was entirely and uniformly used.
The official number of yaks in the two subdistricts (based on 2007) is 8267 animals, however,
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the real number might be higher (kind information by Tobias Kraudzun). At first glance the
calculated carrying capacity seems surprisingly high and indicates a moderate yak stocking
rate. However, it has to be reminded that this number does not take into account forage
competition with the other livestock species and wild animals. Furthermore, this number only
relates to the described example of a growing animal. Lactating cows, for example, have a
considerably higher energy demand. Unfortunately, no equations could be found in literature
so that this carrying capacity could not be calculated.

6.4.2 Total pasture potential based on the requirements for sheep
According to the findings in section 5.3, sheep most often belong to the group of grass and
roughage eaters. However, especially in dry environments, they are able to shift their feeding
habits towards browsing. Furthermore, in the Eastern Pamirs they are always tended together
with goats and are mostly guided to dwarf shrub pastures. Therefore, in this example “spring
turfs” and “alpine mats” will be excluded from the consideration of the total carrying capacity
for sheep. Furthermore, it is assumed that sheep refuse hard cushions. The example will
be calculated for growing sheep, based on equation 6.7. Moreover, it is supposed that the
considered sheep have a body weight of 30 kg and a daily gain of 0.05 kg. Hence, the resulting
energy requirement would account for 7.68 MJ per day. However, in sparsely-vegetated and
mountainous rangeland the requirement is supposed to be 75% higher. This results in a
demand of 13.44 MJ per day. Once again winter values are valid for seven months while
summer values are valid for five. In addition, it is expected that the animals can consume
80 % of the herb and grass, 70 % of the non-woody and 50 % of the woody dwarf shrub
vegetation.
Taking these preconditions into account, 1 ha “deserts” could carry 36 sheep in summer and
38 sheep in winter for one day. In total, this makes a carrying capacity of 5157 sheep for this
pasture type. The corresponding numbers for the related “dwarf shrub deserts” are 100, 57
and 10668 sheep, respectively. The mean summer phytomass of “dwarf shrub cushion steppes
(teresken-type)” could feed 102 sheep, in winter 82 animals could be sustained. Hence, in
total this vegetation type could serve as forage resource for 70135 sheep. In contrast, “dwarf
shrub cushion steppes (wormwood-type)” can supply up to 158 sheep in summer and 100
sheep in winter for one day and per hectare. Their entire carrying capacity amounts to 49993
sheep. Overall, this makes a carrying capacity of 135953 sheep. The official number for 2007
is 17227 sheep (kind information by Tobias Kraudzun), which indicates a stocking rate well
within the calculated carrying capacity. However, this high pasture potential is only true for
growing animals and the real herd structures are unknown. Mature rams, for example, can
have an energy requirement of three times that of growing lambs (Commitee on Nutrient
Requirements of Small Ruminants, 2007).

6.4.3 Total pasture potential based on the requirements for goats
For the calculation of the carrying capacity of goats the same equation as for sheep is used.
As goats in general are a little bit smaller than sheep, in the example a body weight of 25 kg
and a daily gain of 0.05 kg are presumed. Thus, the energy demand per animal is 11.72 MJ

207

Chapter 6 Synthesis

per day. Furthermore, in contrast to sheep, goats are able to consume cushion plants. For
this type of forage a correction factor of 50 % is assumed. Therefore, the carrying capacity
of 1 ha “dwarf shrub cushion steppes (teresken-type)” is as high as 152 goats in summer and
151 goats in winter, for one day. Altogether, this vegetation type could serve 117758 goats.
The related “dwarf shrub cushion steppes (wormwood-type)” could feed 268 goats in summer
and 256 goats in winter on 1 ha and for one day. Overall, their carrying capacity amounts to
105177 goats. In contrast, “deserts” could only supply 5914 goats total. In summer, 1 ha is
sufficient to feed 41 animals for one day and in winter 44 goats. Finally, “dwarf shrub deserts”
could sustain 115 goats in summer and 66 goats in winter on 1 ha and for one day. In total
this makes a carrying capacity of 12233 goats for this pasture type. Summing up, the carrying
capacity for growing goats of the whole study area amounts to 241082 animals. Given the
official number of only 9228 goats in the two subdistricts (based on 2007; kind information by
Tobias Kraudzun) it can be assumed that the pasture use is well within the region’s carrying
capacity, even though the calculated number would strongly decrease to c. 80000 if it was
calculated for lactating animals, for example.

6.5 Livestock numbers and distribution of the pasture
camps

In figure 6.4 the available livestock numbers for each pasture camp are presented. The numbers
were collected by Tobias Kraudzun (in preparation) and are from 2008. Unfortunately, only a
limited number of camps have been evaluated to date (black dots). Camps where livestock
numbers are missing are marked with white dots. It can be clearly distinguished between areas
of predominant summer and winter pasture use, while spring and autumn use is distributed
over the entire study area. Summer pastures can be found prevailingly in small valleys, for
example the side valleys of the Pshart or the Madian valley (subdistrict Kona Kurghan) or
the Alichur Pamir (subdistrict Alichur). A further center of summer use in the subdistrict
Kona Kurghan can be located in the remote areas in the south-east near the Afghan border
(Cheshtebe and Great Pamir). The large spring turfs of the Madian valley (Kona Kurghan)
are spared in summer. In contrast, similar meadows in the Alichur Pamir (Alichur) are used as
summer pastures in the upper part of the valley. In winter the pastures of the subdistrict Kona
Kurghan are concentrated in the Madian valley, Kona Kurghan village and in the east near
the Chinese border. For the subdistrict Alichur, a nucleus can be found in the villages Alichur
and Bash Gumbez, in the lower part of the Alichur Pamir around the lakes Sasyk Kul and Tus
Kul but also in the same side valleys where the summer pastures are located. However, most
families shift their camp inside these valleys from upper to lower parts. The town of Murghab
is a special case. Predominantly Pamirian Tajiks, who do not have access to the pastures of
the subdistricts that are generally shared among the Kyrgyz population, keep a high number
of livestock throughout the whole year with a peak in winter and spring. These animals are
fed by daily pasturing in the vicinity of the town.
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Figure 6.4: Seasonal and spatial distribution of livestock
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6.6 Pasture potential and carrying capacity - An
evaluation of four pasture camp examples
In this section, the pasture potential within the day range of the animals of four different
pasture camps will be examined. Taking the underlying numbers on the day range (see section 6.1) into account, the reachable area for yaks amounts to 5027 ha in summer and 3631 ha
in winter. For sheep and goats it accounts for 2827 ha and 1521 ha, respectively. The following camps were selected based on the availability of livestock numbers (collected by Tobias
Kraudzun), the predominant season of use and the location inside the study area:
1. Summer pasture near permanent villages: Gumbez Kol Pshart (subdistrict Kona
Kurghan; c. 25 km away from Murghab and Kona Kurghan);
2. Remotely located summer pasture: Mashaly near Cheshtebe (subdistrict Kona Kurghan;
very distant to the center Murghab/Kona Kurghan; c. 100 km);
3. Winter pasture near permanent villages: Kara Tash Madian (winter pasture and hay
making area of the subdistrict Kona Kurghan; only a few kilometers in the west of
Murghab in the Madian valley);
4. Remotely located winter pasture: Kyrchyn Jilga (subdistrict Kona Kurghan).

6.6.1 Example 1: Gumbez Kol Pshart
Gumbez Kol is a small, north exposed side valley of the Pshart Valley. The area belongs to the
subdistrict Kona Kurghan and is predominantly used as summer pasture, normally for about six
months from May till October. According to livestock numbers collected by Tobias Kraudzun
(in preparation), in summer 2007 635 sheep and goats as well as 113 yaks were kept on this
pasture. In autumn 2007 still 619 sheep and goats and 113 yaks were counted.
Based on the modelled vegetation units, the yak pasture can be distinguished into 182.8 ha
(3.6 %) “spring turfs”, 150.6 ha (3.0 %) “alpine mats”, 0.1 ha (<0.1 %) “deserts”, 854.4 ha
(17.0 %) “dwarf shrub deserts”, 2697.2 ha (53.7 %) “dwarf shrub cushion steppes (tereskentype)” and 0.1 ha (<0.1 %) “dwarf shrub cushion steppes (wormwood-type)”. Furthermore,
the area consists of 1091.7 ha (21.7 %) “rocks and scree vegetation”, 31.1 ha (0.6 %) “snow
and ice” as well as 2.9 ha (0.1 %) “water”. Sixteen hectares (0.3 %) are masked by clouds.
Based on the summer values of phytomass amount and nutritive value, this results in a mean
energetic potential of 7.2 × 106 MJ.
Sheep and goats could reach 136.8 ha (4.8 %) “spring turfs”, 103.0 ha (3.6 %) “alpine mats”,
0.1 ha (<0.1 %) “deserts”, 602.5 ha (21.3 %) “dwarf shrub deserts”, 1585.7 ha (56.1 %) “dwarf
shrub cushion steppes (teresken-type)” and less than 0.1 ha (<0.1 %) “dwarf shrub cushion
steppes (wormwood-type)”. “Rocks and scree vegetation” make 394.8. ha (14.0 %) of the area,
while 2.7 ha (0.1 %) are “snow and ice” and 1.3 ha (0.1 %) “water”. The average energetic
potential accounts to 4.7 × 106 MJ.
An optimal summer pasture use would presume that yaks exclusively graze on “spring turfs” and
“alpine mats”, while sheep and goats should be tended on dwarf shrub vegetation. Considering
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these prerequisites and the assumptions given in section 6.4 the maximal stocking rate for
Gumbez Kol for six summer months are 111 yaks as well as 425 goats or 304 sheep. This
would indicate an overexploitation of the pasture camp Gumbez Kol Pshart in 2007. However,
in 2008 the herders detected marks of overgrazing and decided to bring the sheep and goats to
a less frequented pasture in the south of the study area. Therefore, in summer 2008 only 122
yaks were kept at this camp which is well within the range of the calculated carrying capacity.
However, additional livestock has to be integrated into the calculation, as the presented day
ranges strongly overlap with neighbouring camps which might eventually cause overexploitation
(see fig. 6.5).

6.6.2 Example 2: Mashaly near Cheshtebe
The pasture camp Mashaly is situated in the extreme south-east of the study area, c. 100 km
away from the subdistrict’s central village and is exclusively used in summer. According to
the livestock numbers collected by Tobias Kraudzun (in preparation), in the summer season
2008 150 yaks and 700 sheep and goats were maintained at this camp. “Spring turfs” and
“alpine mats” cover 430.9 ha (8.5 %) of the area that is reachable by yaks. This would amount
to an energy resource of 3.0 × 106 MJ ± 0.3 × 106 MJ in six summer months and could feed
165 yaks. Sheep and goats could reach 2057.6 ha (72.8 %) of “dwarf shrub cushion steppes
(teresken-type)” which account for 3.0 × 106 MJ ± 0.8 × 106 MJ and therefore the provisioning
of 429 goats or 286 sheep. Despite only a marginal overlapping with the area of surrounding
camps (see fig. 6.5), it can be assumed that the pasture camp Mashaly is overused.

6.6.3 Example 3: Kara Tash Madian
Kara Tash is a winter pasture camp within the subdistrict of Kona Kurghan. It is located
in the Madian Valley directly on the southern banks of Murghab river, approximately 10 km
west of Murghab town. Usually animals graze here from November till April, sometimes until
May. According to Tobias Kraudzun (in preparation) in winter 2007/08 as well as in spring
and autumn 2008 500 sheep and goats and 15 yaks were kept on this pasture. In addition, at
the end of the growing season, in mid august or the first days of september, the spring turfs in
the surrounding of the camp are used for hay making. This special situation represents one of
the most extreme impacts on pasture vegetation that could be encountered during the entire
field stay.
Based on the assumption that sheep and goats exclusively graze on dwarf shrub vegetation and
that “spring turfs” are reserved to yaks, 277.9 ha (7.7 %) would be available within their day
range. This area would be able to supply 0.9 × 106 MJ ± 0.1 × 106 MJ in six winter months
and is therefore adequate to feed 156 growing yaks. However, as the Murghab River flows
directly through this area, the yaks have only access to a part (c. 70%) of these meadows.
Nevertheless, this amount is sufficient to feed the number of 15 yaks.
During the winter months sheep and goats on average do not travel more than 2200 m away
from the camps. Within this range they reach 981.8 ha (64.6 %) “deserts“, 266.6 ha (17.5 %)
“dwarf shrub deserts” and 49.2 ha (3.2 %) “dwarf shrub cushion steppes (teresken-type)”

211

Chapter 6 Synthesis

Figure 6.5: Pasture areas of Gumbez Kol Pshart (Example 1) and Mashaly (Example 2)
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which account for an average of 0.7 × 106 MJ in six winter months and would be sufficient
for 95 goats or 80 sheep. However, due to the course of the river, only c. 70 % of this area
can be reached. Taking into account only 15 grazing yaks on the spring turfs and the natural
fence of the Murghab River the remaining carrying capacity for the small ruminants on spring
turfs would reach 381 goats or 332 sheep. Summing up, this would amount to a carrying
capacity of 475 goats or 388 sheep. However, these average numbers do not take adequately
into account the loss of forage due to haymaking. Moreover, the pasture area overlaps with
other camps in its vicinity (see fig. 6.6), which aggravates the forage situation of Kara Tash.
In conclusion, these numbers indicate that Kara Tash is vulnerable to overgrazing.

6.6.4 Example 4: Kyrchyn Jilga
Kyrchyn Jilga is used as winter pasture in the subdistrict Kona Kurghan. It is located only
35 km away from Kona Kurghan village, however, it can be considered as a remote location
as it is protected by uncrossable ranges from direct access from Murghab or Kona Kurghan.
Tobias Kraudzun [in preparation] estimates livestock numbers of 450 sheep and goats and 26
yaks in winter. Meadow vegetation is very rare in the vicinity of the camp. Only 2.4 ha (0.2 %)
could be detected within the daily day range of the small ruminants, for the area accessible
for yaks, 7.2 ha (0.2 %) were modelled. This means that only one yak could be fed during six
winter months. However, yaks are also able to graze on dwarf shrub vegetation. Taking into
account a daily grazing range of 3400 m, 50.4 ha (1.4 %) “deserts”, 1655.7 ha (45.6 %) “dwarf
shrub deserts” and 1916.2 ha (52.8 %) “dwarf shrub cushion steppes (teresken-type)” could
be reached by the yaks. For sheep and goats with a day range of only 2200 m the same pasture
types account for 6.9 ha (0.5 %), 961.1 ha (63.2 %) and 549.1 ha (36.1 %), respectively. These
forage ressources would be sufficient to feed 201 goats or 138 sheep or 108 yaks and hence
indicate a severe overexploitation of this pasture.

6.7 Critical consideration
In conclusion, it is necessary to discuss critical points concerning the arguements above. Firstly,
it has to be pointed out that the values and examples are only valid for growing yaks, sheep and
goats of a defined body weight. As there is no data available on the exact herd structures this
approach has to be regarded as a compromise. Furthermore, as pasture potential is dependent
on a multitude of factors, many assumptions have had to be made for the calculation above. In
this context, the specification of consistent day ranges for the animals needs to be criticised.
The day range depends on several factors, such as differences in herd structures, pasture
quality, morphlogy and, most notably, different decisions of the herders. If a herder believes
that the area in the vicinity of his camp does not suffice to feed his livestock, he will drive it
further away from the camp and probably beyond the fixed thresholds that have been used in
the calculation above. Such cases cannot be taken into account with the model established
in this work. In addition day ranges can only be valid for yaks that are kept at the yurt camps
and that return for the night. The pasture potential for animals that are left on their own for
the entire pasture season (see section 6.1.1) cannot be calculated with this model approach.
Finally, it has to be criticised that the pasture potential was calculated on the basis of average
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values and by assuming uniform vegetation classes. In particular, areas that are used for
haymaking, and areas where firewood is collected show a less forage amount. As this topic
has not been the focus of this work, such areas might be underrepresented in the calculation.
Therefore, further research on firewood consumption and haymaking is required.

6.8 Conclusive remarks
In summary, it can be stated that this study area is dominated by dwarf shrub vegetation,
with limited meadow formations, such as “spring turfs”, playing an important role for the
region’s pasture potential. The different vegetation classes can be distinguished by several
environmental factors among which altitude and superordinate location, which represent precipitation, are of particular importance. Furthermore, soil parameters have a strong influence
on vegetation, though other topographical variables, such as slope, as well as grazing pressure
and geology also determine the vegetation patterns to a limited extent. Among the available
raster information, the classical spectral indices, such as the Normalised Difference Vegetation
Index (NDVI), performed best to model the vegetation and texture parameters and the inclusion of topographical factors, such as altitude and slope, led to a further improvement of the
classification. In particular, the supplementary information on the location (UTM coordinates)
allowed for a differentiation between individual classes of spectrally non-specifiable dwarf shrub
vegetation. This is significant improvement in comparison to other studies and allows for the
verification of the methodological hypothesis posed in section 1.1.
The most extensive vegetation unit are “dwarf shrub cushion steppes”, in which the tereskentype shows a broader distribution than the wormwood-type. The latter is limited to the moister
south-west of the study area, in contrast to the “dwarf-shrub deserts” which can only be found
in the dryer north-east. “Deserts” exhibit the smallest area among the dwarf shrub dominated
vegetation units. As they are limited to areas around the permanent population centers and
along roads, it stands to reason that this vegetation unit is a degraded type of the other
dwarf shrub classes and that it is likely to expand with increasing pasture exploitation and
firewood extraction. In comparison to the vast areas covered by different types of dwarf shrub
vegetation, meadows are scarce. They are usually linked to ground water influence around
isobaths or to a limited number of humid slopes in highly elevated side valleys. However,
these meadows provide the highest amount of edible phytomass per hectare, particularly for
grass and roughage eaters such as yaks. Furthermore, they are distinguished by very high
forage quality. On the contrary, the phytomass amount of “dwarf shrub cushion steppes”
is higher, however, a large proportion belongs to low-quality forage, such as hard cushions
and strongly lignified plant parts. Nevertheless, these vegetation units also offer high-quality
herbs and grasses to selective browsers and grazers. The main part of the Eastern Pamirs’
pasture potential, however, lies in medium-quality non-woody parts of dwarf shrubs, such as
Krascheninnikovia ceratoides, Artemisia rhodantha and Artemisia leucotricha.
In conclusion, it could be determined that the pasture potential of the area of Kona Kurghan
and Alichur commune is adequate for the actual number of livestock. Therefore the first
topical hypothesis posed in section 1.1 can be confirmed. However, taking into account the
actual distribution of the pasture camps, in combination with regular day ranges for the livestock animals, it can be stated that the pasture potential is overexploited or reaches its limits
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Figure 6.6: Pasture areas of Kara Tash Madian (Example 3) and Kyrchyn Jilga (Example 4)
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throughout the entire study area. This means that the second topical hypothesis has to be
rejected. Finally, it can be revealed that the actual pasture camps are well distributed across
the area, however, taking limited day ranges into account, there exists areas throughout the
entire study site which are barely usable, particularly in remote valleys in the north-west. This
means that the last hypothesis can be verified. Nevertheless, the situation of the region’s
pastures has to be rated as vulnerable. If the pasture management is not improved, if livestock numbers increase or if the energy deficits remain unsolved then the fragile high-mountain
desert ecosystem of the Eastern Pamirs will become critically endangered in the near future.
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Table A.1: Species list

Species list in the pocket in the back cover

Table A.2: Indicator table showing the species indicator power for the different vegetation classes
Species
Zygophyllum obliquum

1

2

Christolea crassifolia

49.3

Crepis flexuosa

24.4

Astragalus muschketowii

15.5

Oxytropis microphylla

14.1

Arnebia guttata

8.6

Dracocephalum heterophyllum

7.9

Arnebia euchroma

6.8

Artemisia rhodantha

43.2

Krascheninnikovia ceratoides

27.1

Artemisia rutifolia

13.0

Potentilla bifurca orientalis

3

5

6

43.7

Poa attenuata

26.2

Dracocephalum paulsenii

20.9

Hordeum brevisubulatum subsp. turkestanicum

15.9

Leymus secalinus

13.9

Oxytropis platonychia

11.6

Festuca rubra subsp. arctica

4

69

8.9

Artemisia leucotricha

80.9

Stipa orientalis

41.3

Xylanthemum pamiricum

36.6

Polygonum paronychioides

24.1

Minuartia biflora

23.9

Lindelofia stylosa

19.3

Elymus cf. jacquemontii

17.4

Carex stenophylla

16.4

Psychrogeton andryaloides

15.6

Cousinia cf. semidecurrens

13.0

Continued on next page
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Table A.2 – continued from previous page
Species

1

2

3

4

Silene guntensis

13.0

Ephedra regeliana

12.5

Acantholimon pamiricum

11.9

Artemisia pamirica

10.1

Oxytropis poncinsii

9.2

Astragalus pamirensis

8.7

5

Taraxacum spec. (spring turfs)

52.4

Oxytropis glabra

36.0

Poa pratensis

34.2

Calamagrostis pseudophragmites

28.6

Potentilla multifida

28.3

Gentiana prostrata

27.3

Kobresia capillifolia

25.0

Potentilla ornithopoda

19.1

Astragalus tibetanus

19.0

Primula pamirica

19.0

Bistorta vivipara

16.2

Glaux maritima

14.3

Kobresia myosuroides subsp. bistaminata

14.3

Knorringia pamirica

14.3

Saussurea salsa

11.8

6

Lloydia serotina

77.8

Leontopodium ochroleucum

73.2

Draba altaica

71.5

Smelowskia calycina

70.4

Silene himalayensis

66.7

Colpodium leucolepis

58.8

Trisetum spicatum

58.3

Ranunculus spec. (4a)

55.6

Stellaria spec. (spring turfs)

47.4

Saxifraga cernua

44.4

Aster flaccidus

44.4

Saxifraga stenophylla

33.3

Taraxacum spec. (12c)

33.3

Thalictrum alpinum

33.3

Koenigia islandica

29.2

Cerastium cerastioides

27.7

Corydalis fedtschenkoana

22.2

Primula macrophylla

22.2

Eutrema septigerum

18.3

Stipa caucasica subsp. glareosa

26.1

20.0

Acantholimon diapensioides

34.2

42.4

Hedysarum minjanense

23.3

19.0

Potentilla pamirica

4.8

63.4
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Species

1

2

3

4

5

6

Carex pseudofoetida

55.0

33.3

Kobresia royleana

39.5

23.9

Carex melanantha

29.8

34.6

Primula algida

12.5

34.7

Pedicularis rhinanthoides

7.1

38.9

Saxifraga prorepens

6.8

36.9

Carex orbicularis

6.3

49.1

Ranunculus pulchellus

4.9

41.4
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Table A.3: Results of nutritive value analysis for single plant species
ID

sample

type

season

CP*

CA*

EE*

NDF*

ADF*

ADL*

TDN**

ME***

1

Acantholimon diapensioides (green)

non-woody

summer

7.1

29.4

1.3

67.8

62.7

31.0

9.4

0.7

2

Acantholimon diapensioides (green)

non-woody

summer

6.6

16.9

1.9

61.2

57.9

30.2

25.9

3.4

3

Acantholimon diapensioides (green)

non-woody

summer

7.3

27.4

1.6

67.1

58.8

26.5

15.4

1.6

4

Acantholimon diapensioides (green)

non-woody

winter

8.3

14.4

1.8

63.2

72.6

34.8

24.3

3.1

5

Acantholimon diapensioides (withered)

non-woody

summer

4.9

25.9

3.4

69.6

70.8

41.3

8.4

0.5

6

Acantholimon parmiricum

non-woody

winter

6.5

3.2

0.5

64.7

71.8

25.0

40.6

5.8

7

Artemisia leucotricha

woody

summer

5.0

5.5

3.9

63.4

48.6

31.6

38.1

5.4

8

Artemisia leucotricha

woody

summer

6.2

5.0

3.7

61.8

49.5

28.0

41.4

5.9

9

Artemisia leucotricha

woody

winter

5.2

5.2

3.7

72.7

66.4

27.1

38.0

5.4

10

Artemisia leucotricha (leaves)

non-woody

summer

12.0

12.6

4.0

42.7

39.4

15.7

50.3

7.4

11

Artemisia leucotricha (leaves)

non-woody

winter

8.0

13.0

3.7

47.7

57.2

15.5

49.0

7.2

12

Artemisia leucotricha (stems)

woody

summer

5.1

5.7

3.6

62.6

51.0

27.2

40.9

5.8

13

Artemisia rhodantha

non-woody

summer

19.4

14.2

3.1

54.2

42.4

18.6

38.0

5.4

14

Artemisia rhodantha

non-woody

winter

8.1

18.4

2.0

62.6

61.4

20.4

32.0

4.4

15

Artemisia rutifolia

non-woody

summer

16.1

12.9

4.9

36.0

26.1

7.3

60.9

9.1

16

Artemisia rutifolia

woody

summer

5.9

6.4

1.9

65.7

51.5

22.2

41.3

5.9

17

Artemisia santolinifolia

non-woody

summer

4.8

6.6

2.5

55.3

46.8

21.3

46.3

6.7

18

Artemisia santolinifolia

woody

summer

9.2

15.3

3.3

38.4

33.7

12.9

51.6

7.6

19

Carex stenophylla

non-woody

summer

9.2

10.0

2.3

47.1

28.3

3.5

67.0

10.2

20

Christolea crassifolia

non-woody

summer

23.2

16.9

1.7

19.6

17.1

7.6

53.1

7.9

21

Crepis flexuosa

non-woody

summer

13.5

7.9

4.2

42.8

32.1

7.1

64.9

9.8

22

Crepis flexuosa

non-woody

winter

4.5

5.3

2.1

61.5

66.1

7.2

62.7

9.4

23

Dracocephalim paulsenii

non-woody

summer

14.4

11.0

5.9

23.6

22.6

8.0

67.2

10.2

24

Dracocephalum heterophyllum

non-woody

summer

25.8

11.9

4.8

18.2

14.9

2.1

68.2

10.3

25

Dracocephalum paulsenii

non-woody

winter

8.3

21.5

4.1

47.6

49.0

15.7

40.8

5.8

26

Festuca spec.

non-woody

summer

10.6

6.5

2.5

56.0

31.0

3.5

68.6

10.4

27

Hedysarum minjanense

non-woody

summer

13.7

15.3

2.0

37.6

31.4

7.1

55.8

8.3

28

Hordeum brevisubulatum subsp. turkestanicum

non-woody

summer

11.6

8.9

2.6

52.1

32.4

5.5

62.9

9.5

29

Hordeum brevisubulatum subsp. turkestanicum

non-woody

winter

4.6

3.7

0.5

67.0

44.5

3.8

67.6

10.2

30

Krascheninnikovia ceratoides

non-woody

summer

15.8

14.4

1.5

43.0

33.1

8.0

52.7

7.8

31

Krascheninnikovia ceratoides

non-woody

summer

12.7

13.9

2.2

48.5

31.2

6.4

56.3

8.4

32

Krascheninnikovia ceratoides

non-woody

winter

10.5

13.6

1.8

58.3

42.4

12.4

46.0

6.7

33

Krascheninnikovia ceratoides

non-woody

winter

7.0

11.6

1.1

58.4

53.3

10.3

50.8

7.5

34

Krascheninnikovia ceratoides

non-woody

winter

7.3

27.8

1.1

55.1

47.8

8.2

38.3

5.4

35

Krascheninnikovia ceratoides

woody

summer

5.4

7.2

1.4

74.7

51.9

50.5

17.9

2.1

36

Krascheninnikovia ceratoides

woody

summer

5.0

7.1

2.5

69.1

55.0

30.8

33.0

4.5

37

Krascheninnikovia ceratoides

woody

summer

5.7

6.6

1.6

77.9

57.7

26.5

32.6

4.5

38

Krascheninnikovia ceratoides

woody

summer

6.4

6.6

1.7

67.8

47.9

21.0

41.4

5.9

39

Krascheninnikovia ceratoides

woody

winter

7.6

6.4

3.1

74.3

64.2

23.9

38.2

5.4

40

Krascheninnikovia ceratoides

woody

winter

5.5

3.9

1.0

77.1

73.0

23.6

37.7

5.3

41

Krascheninnikovia ceratoides

woody

winter

7.2

3.9

1.8

74.4

64.3

20.1

43.0

6.2

42

Krascheninnikovia ceratoides

woody

summer

4.7

4.9

2.5

77.5

55.4

27.4

34.8

4.8

43

Krascheninnikovia ceratoides (spring)

non-woody

summer

27.5

11.8

1.4

36.7

22.9

1.6

60.4

9.1
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ID

sample

type

season

CP*

CA*

EE*

NDF*

ADF*

ADL*

TDN**

ME***

44
45

Leymus lanatus

non-woody

winter

4.4

4.5

0.5

67.7

60.5

4.5

65.2

9.8

Leymus secalinus

non-woody

winter

4.2

5.4

0.4

74.7

57.2

6.2

59.5

8.9

46

Leymus secalinus (green)

non-woody

summer

11.8

10.4

2.9

53.4

28.7

4.2

64.0

9.6

47

Leymus secalinus (withered)

non-woody

summer

3.6

12.3

1.0

65.5

45.7

4.1

59.2

8.9

48

Oxytropis glabra

non-woody

summer

16.2

13.3

1.5

30.8

24.7

3.1

64.0

9.6

49

Oxytropis microphylla

non-woody

summer

24.4

10.1

3.6

21.7

18.4

2.9

67.4

10.2

50

Potentilla bifurca subsp. orientalis

non-woody

summer

14.4

16.5

3.8

25.3

23.2

3.0

65.9

10.0

51

Potentilla bifurca subsp. orientalis

non-woody

winter

6.5

9.1

1.0

30.4

35.7

8.6

62.6

9.4

52

Potentilla pamirica

non-woody

summer

13.3

7.7

2.8

34.7

42.9

9.5

60.7

9.1

53

Potentilla pamirica

non-woody

winter

7.2

9.2

2.1

55.1

58.7

17.2

47.0

6.9

54

Salsola spec.

non-woody

summer

25.6

22.9

2.6

17.8

9.9

2.1

54.6

8.1

55

Salsola spec.

non-woody

winter

13.4

26.6

1.2

31.5

23.5

7.4

44.7

6.5

56

Salsola spec.

woody

summer

11.5

10.7

1.5

54.5

35.3

10.5

51.7

7.6

57

Salsola spec.

woody

winter

13.1

10.7

1.3

59.1

44.1

14.0

45.3

6.6

58

Scrophularia spec. (green)

non-woody

summer

4.8

6.3

2.1

34.9

32.6

24.4

52.4

7.7

59

Scrophularia spec. (withered)

non-woody

summer

22.1

12.3

0.2

72.3

58.0

13.5

35.1

4.9

60

Sibbaldia tetranda

non-woody

summer

10.0

10.0

3.3

40.9

50.3

26.3

45.7

6.6

61

Smelowskia calycina

non-woody

summer

32.7

14.9

2.2

20.0

27.0

11.3

46.7

6.8

62

Stipa caucasica subsp. glareosa

non-woody

summer

23.0

6.1

2.5

43.2

22.2

2.5

67.3

10.2

63

Stipa caucasica subsp. glareosa

non-woody

winter

7.2

15.1

1.0

59.2

46.8

6.5

52.8

7.8

64

Stipa orientalis

non-woody

summer

6.4

9.0

2.5

58.9

36.2

6.4

61.3

9.2

65

Stipa orientalis

non-woody

winter

6.1

14.2

2.3

53.0

44.8

6.5

56.9

8.5

66

Stipa splendens (green)

non-woody

summer

18.1

8.7

2.2

46.6

28.0

2.9

65.8

9.9

67

Xylanthemum pamiricum

non-woody

summer

12.9

8.2

5.2

32.1

18.3

15.3

60.0

9.0

68

Xylanthemum pamiricum

non-woody

winter

6.1

4.9

1.2

60.1

56.6

17.5

48.4

7.1

69

Zygophyllum obliquum

non-woody

summer

26.5

15.8

1.8

10.4

8.5

2.7

60.3

9.0

70

spring turf Bash Gumbez

mixed green

summer

7.9

6.9

3.3

49.0

26.4

3.3

71.7

10.9

71

spring turf Bash Gumbez

mixed withered

summer

4.8

5.8

1.8

60.3

37.2

3.1

69.8

10.6

72

spring turf Cheshtebe lake

mixed withered

winter

4.7

9.6

0.6

68.8

46.9

3.0

63.1

9.5

73

spring turf Cheshtebe unused

mixed green

summer

12.7

6.1

2.1

52.5

51.9

6.8

62.6

9.4

74

spring turf Cheshtebe unused

mixed withered

summer

6.5

8.5

1.0

54.8

38.5

4.2

64.7

9.8

75

spring turf Chong Pamir

mixed withered

winter

6.2

11.0

1.0

59.5

55.4

7.1

55.8

8.3

76

spring turf Madian1

mixed green

summer

14.7

14.7

2.7

37.3

47.6

7.0

57.0

8.5

77

spring turf Madian1

mixed withered

summer

7.3

35.6

1.0

64.8

64.3

6.3

31.5

4.3

78

spring turf Madian1

mixed withered

winter

4.4

10.2

1.1

61.4

44.1

3.7

63.0

9.5

79

spring turf Madian2

mixed green

summer

11.5

10.2

2.7

52.0

31.9

4.3

64.1

9.7

80

spring turf Madian3

mixed green

summer

9.3

14.1

2.4

47.5

28.7

4.1

61.7

9.3

81

spring turf Madian3

mixed withered

summer

2.1

38.5

1.3

33.9

24.4

2.6

42.5

6.1

82

spring turf Madian3

mixed withered

winter

4.5

12.7

0.9

58.6

45.1

2.6

63.1

9.5

83

spring turf Neizatash

mixed green

summer

11.7

6.8

2.6

55.2

23.8

3.2

68.9

10.5

84

spring turf Neizatash

mixed withered

summer

5.5

10.0

1.6

65.6

36.2

4.5

61.3

9.2

85

spring turf Northern Alichur1

mixed green

summer

12.7

8.3

3.1

44.0

25.0

3.3

69.6

10.6

86

spring turf Northern Alichur1

mixed withered

summer

6.0

8.8

1.9

58.7

41.1

4.5

64.3

9.7

87

spring turf Northern Alichur2

mixed green

summer

11.6

6.6

2.0

50.5

22.2

3.6

68.4

10.4
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ID

sample

type

season

CP*

CA*

EE*

NDF*

ADF*

ADL*

TDN**

ME***

88

spring turf Northern Alichur2

mixed withered

summer

5.2

11.2

1.1

63.8

31.9

4.6

59.7

8.9

89

alpine mat Gumbez Kol

mixed green

summer

17.2

7.0

1.7

40.9

45.3

15.3

51.9

7.7

90

alpine mat Gumbez Kol

mixed withered

summer

8.8

7.5

2.5

57.4

39.6

4.9

65.2

9.8

91

D1a dead

mixed (incl. dwarf shrub)

summer

6.8

13.4

1.5

69.6

62.8

28.2

27.1

3.6

92

D1a living

mixed (incl. dwarf shrub)

summer

8.9

12.8

3.7

53.5

54.3

20.7

42.2

6.1

93

G1a

mixed (incl. dwarf shrub)

summer

5.4

6.7

0.8

76.1

53.8

19.8

39.0

5.5

94

G1b

mixed (incl. dwarf shrub)

summer

8.1

12.1

1.0

71.9

54.5

27.5

27.2

3.6

95

G3b

mixed (incl. dwarf shrub)

summer

9.4

10.9

2.5

52.1

44.2

15.4

48.1

7.0

96

G4b leaves

mixed (incl. dwarf shrub)

summer

13.4

14.2

1.7

41.1

36.4

11.8

49.8

7.3

97

G4b stems

mixed (incl. dwarf shrub)

summer

4.2

3.7

2.6

68.2

55.4

20.9

45.6

6.6

98

G7a

mixed (incl. dwarf shrub)

summer

6.1

40.3

2.4

54.4

55.2

18.7

15.2

1.6

99

I2a

mixed (incl. dwarf shrub)

summer

7.5

10.1

2.7

60.9

43.5

9.3

55.1

8.2

100

I2b

mixed (incl. dwarf shrub)

summer

7.7

7.5

2.0

65.5

46.4

10.4

54.1

8.0

101

J2b

mixed (incl. dwarf shrub)

summer

4.8

32.7

1.7

60.2

57.0

26.5

13.2

1.3

102

J3b

mixed (incl. dwarf shrub)

summer

6.5

22.2

1.8

58.1

31.8

14.9

35.3

4.9

103

J6b

mixed (incl. dwarf shrub)

summer

6.6

47.9

0.9

71.4

61.6

25.3

-6.4

-1.9

104

J7a

mixed (incl. dwarf shrub)

summer

6.9

33.4

2.2

62.4

57.9

25.3

12.9

1.2

105

K1a

mixed (incl. dwarf shrub)

summer

3.1

34.9

0.9

59.3

46.8

4.9

36.3

5.1

106

K2b

mixed (incl. dwarf shrub)

summer

6.5

17.1

3.0

62.6

57.8

33.6

24.3

3.1

107

K5e

mixed (incl. dwarf shrub)

summer

6.3

23.3

3.4

54.6

50.7

20.0

32.0

4.4

108

L7a dead

mixed (incl. dwarf shrub)

summer

7.0

14.7

1.8

79.7

66.2

35.1

16.9

1.9

109

L7a living

mixed (incl. dwarf shrub)

summer

8.3

9.3

3.6

53.1

42.5

16.1

50.3

7.4

*) % of DM; **) g/kg DM; ***) MJ/kg DM
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tetri
töö tken
tshytsh kurtky
chukuru
tulpar gul
tal

chekendi
gööjumal
jylky shyvak
sasyk dana
sheraljin
ak tken
arkar otu
balgyn
gadimush
jylpyk
jorgomysh
karabash
tashkurut
tetri bash
kyldy kan
ak godol
alpy gul
arpa
ayu chachy
tykendy
ermen
yshkön
jailoo bozod
jityn kan
kaysar
kyik otu
kop urgun
pit kyrgyn
rang
sary gyldak
sirin
targyl

kyzylburma
kyzyl tken
kurtka
pakhta katyn
taan otu
shabyr
chechendir

shyvak
kumuru
shiver
ular otu
kyyak
aygyrjigar
betege
boznoch

teresken
gödö
mamyry
koy shyvak
nokotek

Kyrgyz
plant name

Krascheninnikovia ceratoides
Stipa species
Dracocephalum paulsenii
Artemisia rhodantha
Leguminosae
(Oxytropis/Astragalus)
Artemisia leucotricha
Smelowskia calycina
Carex-Kobresia spring turf
Potentilla pamirica
Leymus secalinus
Leymus lanatus
Festuca spec.
Dracocephalum heterophyllum
Dracocephalum stamineum
Nepeta kokanica
Hedysarum minjanense
Acantholimon pamiricum
Acantholimon diapensioides
Oxytropis spec. (cushion)
Potentilla bifurca
Carex pamirica
Rhodiola pamiroalaica
Rhodiola heterodontha
Ephedra regeliana
Lindelofia stylosa
Artemisia santolinifolia
Allium polyphyllum
Artemisia pamirica
Cousinia spec.
?
Myricaria germanica
Oxytropis microphylla
?
Bistorta vivipara
grasses
Cicer fedtschenkoi
?
Allium tianschanicum
?
?
Bromus tectorum
Iris loczyi
Carex spec.
?
?
?
?
Crepis flexuosa
?
?
?
Carex stenophylla
Papaver spec.
Sisymbrium spec.
Hordeum brevisubulatum
subsp. turkestanicum
?
?
Lonicera spec.
?
?
Salix spec.

scientific plant name

1
1
1
1
1
1

3
3
3
3
3
2
2
2
2
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

6
5
4
4
4
4
3

12
11
11
11
7
6
6
6

18
17
14
13
13

total
mentions

Table A.4: Results of the herder interviews

1

1

1

1

1

2

2

1

1
1

1

1

1

1

4
3

1

5
4
2
1

total summer/
winter

1

1
1
1
1

1

1
1
1
1
1
1
1

1
1

2
2
1

2
1

2

3
3
2
1
2

2

5
2
3
4
4
2
3

4
11
7
7
7
3
5
6

13
12
10
12

total
summer

1

1

1

2

1

2

1

3
1

2
1

1

7

2
1

13

total
winter

1
1
1
1
1
1

1
1

1

1
1
1
1
1
1

1
1

1
2
2
2
2
2
1
1
1
2
2
2
2
2
2
1

5
5
3
4
4
4
2

12
9
11
8
7
4
6
5

18
14
11
6
11

yak
total

1

1

2

1

1

1

1

1

1

4
1

1

5
4

yak summer/
winter

1

1
1
1
1

1

1
1
1
1
1
1

1
1

2
2
1

2
1

1

2
2
1
1
1

1

5
2
3
3
4
2
2

4
9
7
6
7
2
5
5

10
11
5
10

yak
summer

1

1

2

1

2

1

3

1
1

1

7

2
1

13
4

yak
winter

1
1
1
1
1
1

1
1
1
1

3
2
2
3
2
2
1
1
1
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1

5
5
4
4
4
4
2

12
10
8
7
7
2
6
5

17
9
12
11
13

sheep/goat
total

1

1

1

1

1

2

1

1

1

1

1

1

2

4
1

1

5
4
2
1

sheep/goat
summer/winter

1

1
1
1
1

1

1
1
1
1
1
1
1

1
1

2
2
1

2
1

1

2
3
1
1
1

2

4
2
3
3
4
2
2

5
5

4
10
4
6
7

5
5
10
9
12

sheep/goat
summer

1

1

1

2

1

2

1

3
1

1

7

1
1

12

sheep/goat
winter

