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ABSTRACT 

The Trans-Himalayan rangelands of Spiti in Northern India, apart from supporting pastoralist 

livelihoods through grazing provisions, are home to a number of rare animal species. Naturally, 

the state of vegetation is central to the future of both human inhabitants and wildlife of the 

region. However, with recent socio-economic changes such as an expansion in agriculture and 

the availability of supplementary fodder for livestock, these rangelands are now threatened by 

the possibility of damage induced by overgrazing. This study aims at assessing the impacts of 

livestock grazing on rangeland vegetation by studying the responses of individual plant species, 

plant functional groups and plant diversity parameters to grazing induced disturbance. The 

findings of this study when placed in the context of predictions made by contemporary 

ecological models are expected to have both theoretical and practical implications. 

Additionally, using the rangelands of Spiti as an example, a methodological framework for 

assessing grazing effects is proposed. The study utilized a gradient-based approach where 

distance from grazing sources or “hotspots” was used as a surrogate for grazing intensity. 

Huisman-Olff-Fresco (HOF) models were used to model grazing response curves that yield 

important ecological metrics which include optima, niches and thresholds along a continuum 

of grazing. The type and parameters of HOF models were used to obtain a simple increaser-

decreaser classification to make results more interpretable. Comparisons were made between 

methodological factors including type of response variable, gradient sources used and spatial 

scales of sampling. Most species were averse to grazing and exhibited unimodal responses. 

Plant diversity responses showed similar trends and were either unimodal or non-linear 

threshold responses. Functional trait predictions based on growth form showed fairly consistent 

trends where graminoids and forbs were averse to grazing whereas shrubs increased with 

grazing pressure. The high proportion of responses showing a decrease along a grazing gradient 

highlights the vulnerability of these rangelands to potential damage through overgrazing. The 

prevalence of non-linearity in responses points to the non-equilibrium characteristics of these 

rangelands. Although non-equilibrium models predict that biotic factors such as livestock 

density are not a very significant driver of degradation, they also suggest the presence of 

alternate equilibria/states that are separated by potentially irreversible transitions, the crossing 

of which could imply pernicious damage to these biodiverse rangelands. 
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1. INTRODUCTION 

1.1. The Importance of Rangelands 

Healthy rangelands play a vital role in the survival of both people and wildlife over much of 

Asia’s semi-arid and arid regions where rangeland vegetation is a major source of forage for 

both domestic livestock and wild herbivores. The local economies in these regions are based 

either completely or largely on pastoralism (Mishra, Prins et al. 2001, Namgail, Bhatnagar et 

al. 2007). Domestic livestock yields both meat and milk products for direct consumption and 

also provides people with wool and hide that are essential to keep warm. Besides supporting 

pastoralism through grazing provisions, rangelands provide important ecosystem services to 

those who depend on these regions. For example, rangelands provide a number of medicinal 

and/or edible plants which are an important resource in some of these areas where conventional 

allopathic medication is not available due to inaccessibility (Kala 2000). Many inhabitants in 

the Trans-Himalayan regions of the Tibetan plateau rely primarily on local plants for medicine 

which is part of the “Amchii” system of Tibetan medicine (Kala 2000). In addition to 

supporting human populations, these rangelands, which include cold-desert regions of the 

higher Himalayas across Pakistan, India, Nepal and Bhutan, Tibetan plateau, Mongolia and 

other parts of Central Asia, are home to many endemic and locally threatened wild herbivores 

and carnivores which include blue sheep (Pseudois nayaur), Asian ibex (Capra sibirica), 

Tibetan wild ass (Equus kiang), Tibetan wolf (Canis lupus) and snow leopard (Uncia uncia). 

Naturally, the welfare of people and the persistence of wildlife in this vast region are both 

dependent, to a large extent, on the state of the local vegetation.  

1.2. The Risk of Overgrazing 

Given the low productivity of arid regions, pastoralism is the primary occupation over much 

of Asia’s rangelands with grazing systems representing the largest land use type (De Haan, 

Steinfeld et al. 1997). Traditionally, moderately stocked livestock assemblages mostly served 

the needs of small communities, which included milk, meat and fibre for subsistence. However, 

socio-economic changes in recent times have influenced pastoral practices in these 

communities. The ability to feed livestock during winters in arid rangelands has historically 

been a limiting factor for the stocking levels in cold arid rangelands of Asia (Robinson, Milner-

Gulland 2003). However, with increased access to supplementary fodder in recent times, the 

risk of overgrazing due to overstocking of livestock looms over these regions. This risk is 

exacerbated by an increased demand for manure as fertilizer due to expanding agriculture 

(Mishra, Prins et al. 2001). Moreover, the rising global demand for cashmere has led to 
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overstocking of livestock in many parts of Asia’s arid rangelands (Bhatnagar, Wangchuk et al. 

2006). This has led to not only overstocking of livestock, but has also changed the composition 

of livestock towards a higher number of smaller-bodied goats (Berger, Buuveibaatar et al. 

2013). Lastly, since nomadic lifestyles are becoming more sedentary grazing induced 

degradation in certain areas may increase due to more regular and concentrated grazing effort 

(Vetter 2005). 

Arid rangelands are susceptible to anthropogenic damage due to constraints imposed by harsh 

environmental conditions that include extreme temperatures, low moisture and low soil fertility 

(Jones, Bull et al. 2014). Overgrazing is known to negatively impact rangeland quality 

(Fleischner 1994). It is known to adversely affect productivity, hydrological functions, stability 

of functioning and resilience to invasions within rangelands (Cingolani, Noy-Meir et al. 2005, 

Hubbard, Newton et al. 2004, Milchunas, Lauenroth 1993). Additionally, already endangered 

herbivores are further threatened by forage depletion by increasing livestock numbers (Mishra 

2001). Smaller-bodied goats compete with most wild herbivores more intensively due to higher 

similarity in body-size and the resulting dietary overlap (Berger, Buuveibaatar et al. 2013). 

Excess grazing is also known to cause extinctions in rare plants, some of which may be of 

medicinal or cultural significance (Milchunas, Sala et al. 1988, Kala 2000). Therefore, the 

future of both wildlife and people in Asia’s rangelands depends upon the impacts of livestock 

grazing on rangeland vegetation – a common resource for both pastoralists and wild animals. 

1.3. Problem Statement  

Understanding and predicting the effects of grazing on plant communities is fundamental to 

effective rangeland management (Niu, Zhang et al. 2010). This study aims at assessing the 

impacts of livestock grazing on vegetation in the Trans-Himalayan region of Spiti in Northern 

India which is an important region for the conservation of the snow leopard, Tibetan wolf, 

Asian ibex and blue sheep (Jackson, Mishra et al. 2010). Mishra, Prins et al. (2001), found that 

over 83% percent of the rangelands in Spiti can be considered overstocked (Mishra, Prins et 

al. 2001). Overgrazing, as discussed earlier, is known to have a number of adverse effects on 

plant communities, wildlife and human inhabitants.  

1.3.1. The Need for a Gradient Based Approach 

To assess the effects of livestock grazing on rangeland vegetation, this study uses a gradient-

based approach where floristic composition and diversity of vegetation are measured across a 

continuum of grazing. A gradient-based study of vegetation responses has never been 
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conducted in the Indian Trans-Himalayas prior to this study. A gradient of grazing, or a 

“systematic change” in composition along a range of grazing intensities, can indicate long term 

effects on plant communities which would not be discernible through experimental studies such 

as spatial closures and simulated grazing (Pickup, Chewings 1994). Furthermore, the nature of 

the data obtained from gradient-based studies can provide an insight into the shape and nature 

of vegetation responses which can be of immense ecological importance (Jansen, Oksanen 

2013). The shape of the vegetation responses can provide information on the presence of 

ecological thresholds which are discrete states represented by discontinuities in grazing 

responses along a grazing gradient (Sasaki, Okayasu et al. 2008). The identification of these 

thresholds could aid management in identifying critical points at which disturbance must be 

limited or reversed to prevent significant damage to vegetation (Sasaki, Okayasu et al. 2008). 

Additionally, the shapes of species’ responses can be used to identify optima and niches along 

grazing levels, all of which are relevant to effective rangeland management (Wesuls, Pellowski 

et al. 2013).  

1.3.2. How to Model Grazing Responses 

To obtain vegetation response curves, Huisman-Olff-Fresco (or simply HOF) curves are an 

effective regression tool (Peper, Jansen et al. 2011). HOF curves are a set of ecologically 

meaningful models of hierarchically increasing complexity which are chosen based on the 

information-theoretic approach (Wesuls, Pellowski et al. 2013). Individual species can be 

classified according to the shape of their HOF response curves to grazing, which can help 

identify indicator species for assessing rangeland health (Wesuls, Pellowski et al. 2013). 

However, since grazing resistance from an individual species’ perspective is a largely empirical 

concept in rangeland science, there is a growing interest in investigating the ability of 

functional traits/groups in predicting grazing responses, which provides a more “mechanistic 

and general” basis for understanding grazing resistance (Briske 1996, Díaz, Lavorel et al. 

2007). Traits commonly associated with grazing responses are life history (annual vs. 

perennial) and growth form (graminoid, forb or shrub) (Díaz, Lavorel et al. 2007). Also, since 

maintaining plant diversity is a central goal in the management of rangelands, the diversity 

responses of vegetation can help managers recognise and prioritize areas that are susceptible 

to grazing induced damage (Olff, Ritchie 1998, Hendricks, Bond et al. 2005).  

1.3.3. Equilibrium vs. Non-Equilibrium? 

The nature of the grazing responses obtained, when placed in the context of general ecological 

predictions, can provide valuable insights into rangeland conservation. There are two main 
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paradigms used in the ecological modelling of grazing systems: (1) Equilibrium and (2) Non-

equilibrium paradigms (Sasaki, Okubo et al. 2011). Both paradigms have theoretical and 

practical implications and are conceptually divergent from each other. The fundamental 

difference between both concepts is that, while the equilibrium paradigm assumes that there is 

a single climax state of a vegetation community and that each grazing level corresponds to a 

single deviation from the climax community, the non-equilibrium paradigm models rangelands 

as systems with alternate equilibria between which transitions might not necessarily be 

reversible (Cingolani, Noy-Meir et al. 2005). While the equilibrium paradigm predicts linear 

grazing responses, the non-equilibrium model predicts non-linear responses to grazing 

(Cingolani, Noy-Meir et al. 2005). Identifying which paradigm is supported by grazing 

responses can help inform effective management of these valuable rangelands. 

1.3.4. Developing a Methodological Framework 

Lastly, since vegetation sampling in high altitude rangelands can be both resource and time 

intensive, a methodological framework to assess grazing impacts on rangeland vegetation is 

proposed. There are three main considerations in the proposed methodology; the grazing 

features used to establish a gradient, the vegetation response to be sampled in the field, and the 

variability of responses across spatial scales. For a distance-based gradient approach in semi-

arid rangelands, distance from a water source, which acts as a “grazing hotspot” or “piosphere” 

(“pios” means to drink in Greek), has been used extensively as a surrogate for grazing pressure 

(Tarhouni, Salem et al. 2010). A piosphere acts as “a basic ecological unit” in arid grazing 

systems and distance from the watering point acts as a proxy for grazing pressure (increasing 

distance from source implies decreasing grazing pressure) (Lange 1969). However, other 

rangeland features such as herding trails and spatial closures to grazing might also exhibit 

similar gradients and could therefore be used for assessing grazing responses. Also, since 

grazing responses can vary across spatial scales, it is important to understand the consistency 

in responses over different scales. Although HOF curves have mostly been used so far with 

presence-absence data, cover data could possibly be a better metric for assessing individual 

responses (Wesuls, Pellowski et al. 2013). Lastly, to make results more easily interpretable for 

managers, a set of criteria are proposed that can be used to classify HOF responses simply as 

increasers, decreasers or neutral responses. This ‘increaser-decreaser’ classification has been 

used extensively in rangeland management (Dyksterhuis 1949).  
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1.4. Aims and Objectives 

The primary aims and objectives of the study are: 

1. To understand changes in floristic composition and diversity of vegetation along a 

gradient of grazing in the rangelands of Spiti.  

a. To assess changes in the abundance of individual species along a grazing 

gradient for major plant species. 

b. To investigate the combined responses of major plant functional trait groups 

along a grazing gradient and assess their ability to make predictions about 

species’ responses. 

c. To assess how plant species diversity metrics respond to a gradient of grazing. 

2. To interpret individual species, functional group and community diversity responses in 

the context of ecological predictions. 

a. To investigate which paradigm of rangeland ecology i.e. Equilibrium vs. Non-

Equilibrium is supported by the rangelands in Spiti. 

b. To investigate the presence of ecological thresholds in vegetation responses 

which can better inform rangeland management. 

3. To propose and test a methodological framework for assessing the impacts of livestock 

grazing in semi-arid rangelands which allows rapid, cost-effective sampling and yields 

easily interpretable results. 

a. To compare the performance of cover data to presence-absence data in modelling 

vegetation responses using HOF curves. 

b. To investigate the variability in responses between different grazing gradient 

sources and spatial scales. 

c. To propose and test a simple ‘increaser-decreaser’ classification for grazing 

responses. 
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2. BACKGROUND 

2.1. Ecological Models for Grazing Systems 

Grazing is a complex ecological phenomenon which is governed by a number of variables that 

include herbivore type, stocking rates, environmental conditions and grazing history (Olff, 

Ritchie 1998). As discussed above, there are two main paradigms used in the ecological 

modelling of grazing systems: (1) Equilibrium and (2) Non-equilibrium concepts (Sasaki, 

Okubo et al. 2011).  

2.1.1. The Equilibrium Paradigm for Grazing Systems 

The Equilibrium concept was introduced in Dykserhuis’ (1949) “Range Succession Model” 

which assumes that each rangeland system has a single equilibrium state or climax community 

with divergent states corresponding to each grazing intensity (Dyksterhuis 1949). Changes 

induced to the climax vegetation are assumed to be reversible upon removal of disturbance and 

system variables such as species abundance and richness are considered to be smooth 

continuous curves that follow the same trajectory during succession (Cingolani, Noy-Meir et 

al. 2005).  The equilibrium concept stresses that biotic factors, primarily grazing by herbivores, 

are the major driving force to shaping communities (von Wehrden, Hanspach et al. 2012, Vetter 

2005). The Milchunas-Sala-Laurenth (MSL) model is the most widely accepted model that 

uses equilibrium concepts (Cingolani, Noy-Meir et al. 2005). It assumes that each habitat has 

a single equilibrium condition and diversity value but introduces grazing history and 

productivity as major determinants of the grazing responses of a plant community (Milchunas, 

Sala et al. 1988, Cingolani, Noy-Meir et al. 2005). It focusses mainly on large generalist 

herbivores such as domestic livestock and describes feedback mechanisms between plants and 

grazing animals which are better developed with longer grazing histories (Milchunas, Sala et 

al. 1988). The most widely cited results of this model are a set of curves describing the 

relationship between plant diversity and grazing intensity for different habitat types 

(Milchunas, Sala et al. 1988). For semi-arid rangelands with low productivity and long grazing 

history, the curve is flat and decreases slightly (small negative slope) with increasing grazing 

pressure (see fig. 2.1). This behaviour is explained by long history of selection for rapid re-

growth after damage from grazing (evolution of tolerance) and the fact that competition is 

mainly for soil resources thereby causing negligible effects to canopy structure (Milchunas, 

Sala et al. 1988). A number of studies in semi-arid rangelands confirm this diversity response 

for habitats with long histories of grazing (Ren, Schönbach et al. 2012, Wesuls, Pellowski et 

al. 2013). 
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2.1.2. The Non-Equilibrium Paradigm for Grazing Systems 

However, evidence suggests that grazing systems often exhibit discontinuous behaviour and 

that alternate equilibria/stable states separated by thresholds may exist (Cingolani, Noy-Meir 

et al. 2005, Westoby, Walker et al. 1989). This led to the development of the non-equilibrium 

paradigm for modelling pastoral ecosystems (Ellis, Swift 1988, von Wehrden, Hanspach et al. 

2012). The non-equilibrium paradigm argues that grazing systems are driven mainly by 

stochastic abiotic processes such as precipitation which is why there is high variability and 

unpredictability in grazing responses (Vetter 2005). The State-Transition model (Westoby, 

Walker et al. 1989), is perhaps the most widely accepted model based on the non-equilibrium 

paradigm (Cingolani, Noy-Meir et al. 2005). The State-and-Transition model (Westoby, 

Walker et al. 1989) is marked by distinct ecological states/thresholds which exhibit alternative 

equilibria and transitions which may be irreversible (Cingolani, Noy-Meir et al. 2005). The 

identification of these thresholds could be very useful in rangeland management as it could 

find critical points at which disturbance must be limited or reversed to prevent significant 

damage to degradation (Sasaki, Okayasu et al. 2008). Additionally, discontinuities in grazing 

responses lead to important ecological phenomenon such as optima or niches of plant species 

along grazing gradients, which are very relevant to management (Wesuls, Pellowski et al. 

2013). For non-equilibrium rangeland models, the Intermediate Disturbance Hypothesis (IDH) 

is an important prediction regarding the diversity response of a plant community to grazing. It 

states that the diversity of a plant community should be maximum at moderate grazing levels 

due to a trade-off between disturbance levels and competition between plant species and 

therefore predicts a unimodal response (see fig 2.2) along a grazing gradient (Grime 1973).  

 

Figure 2.1 

MSL predictions for semi-arid rangelands with long 

history of grazing (EQUILIBRIUM) 

 

Figure 2.2 

IDH predictions for plant diversity (NON - 

EQUILIBRIUM) 
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As described above, both equilibrium and non-equilibrium approaches provide important 

predictions in the modelling of rangeland systems. Moreover, most rangeland systems exhibit 

a continuum of paradigms with elements of both equilibrium and non-equilibrium concepts 

(Vetter 2005, Sasaki, Okubo et al. 2011). Therefore, both paradigms must be considered when 

designing the framework for grazing studies. 

2.2. A Brief Review of Grazing Studies and Techniques 

Grazing studies aim to assess the impacts of grazing on the floristic composition and diversity 

of plant communities. This includes both changes in abundance of particular plant 

groups/species and the overall richness of the communities.  

2.2.1. Measuring Abundance 

Abundance is mostly measured through assessing either changes in biomass (though biomass 

has a more direct implication on exclusion) or changes in plant cover (Chiarucci, Wilson et al. 

1999). Although biomass is considered to be a good approximation of abundance or 

productivity, its measurement can be costly in terms of time and resources particularly when 

vegetation is harvested physically for measurement (Chiarucci, Wilson et al. 1999, Flombaum, 

Sala 2007). Cover is a suitable alternative and has been used widely in a number of studies. It 

allows for rapid sampling and is less resource intensive. Common methods for cover 

measurement are visual estimation in quadrats or along transects (Anderson 1986). Chiarucci, 

Wilson et al. (1999) in their comparison of cover and biomass as an indicator of individual 

species abundance observed that cover and biomass were significantly correlated across the 

plots sampled (Chiarucci, Wilson et al. 1999). Perhaps the most significant shortcoming of 

cover is that it is estimated visually (Chiarucci, Wilson et al. 1999), therefore it is not an exact 

measurement and is prone to sampler bias. This has led to an interest in the usage of simple 

presence-absence data (1- presence, 0- absence) for vegetation sampling which avoids sampler 

bias and allows for faster sampling. However, presence-absence loses important information 

about abundance, which is why cover better characterizes a plant community (Van Der Maabel 

1979).  

2.2.2. Measuring Community Diversity  

The diversity within plant communities may be measured simply through overall species 

richness (S) or the total number of species. The problem with measuring only species richness, 

however, is that it does not account for how homogenous a community is in terms of its 

composition (Hill 1973). A major characteristic of diversity is the evenness (also described 
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using heterogeneity i.e. unevenness) (Peet 1974). For instance two similar communities may 

have the same number of species, say 5. If the relative abundances of all the species is the same 

in the first community, while in the second, a single species represents a disproportionately 

high relative abundance with the other 4 species being rare, the first community would be 

considered more diverse (Peet 1974). To overcome this, diversity indices take into account 

abundance values or relative quantities of species sampled (Hill 1973). The Simpson and 

Shannon indices are commonly used diversity indices in plant ecology that account for the 

evenness of plant communities (Hill 1973). Additionally, Chiarucci, Wilson et al. (1999) in 

their comparison of cover and biomass observed that the Shannon and Simpson indices were 

significantly correlated when measured with cover and biomass respectively (Chiarucci, 

Wilson et al. 1999). 

2.2.3. Establishing Grazing Levels 

Establishing levels of grazing is essential to assessing vegetation responses to grazing 

disturbances. Studies employ either an experimental or observational approach to the 

establishment of grazing levels. Experimental approaches include spatial closures or 

“exclosures” where grazing is either completely absent or is simulated by clipping the above-

standing biomass. Exclosures are extremely useful for long-term experiments as they can 

control grazing conditions over a number of years if regularly maintained (Hughes 1996, 

Frerker, Sabo et al. 2014). Long term data can potentially provide an understanding of the 

climax/equilibrium community in the absence of grazing. Grazing levels can be simulated by 

defoliation through clipping of above-ground plant biomass. The advantages of this approach 

are repeatability (by clipping) and the ability to control grazing and environmental variable 

especially for extended periods of time. However, it is costly considering the fact that 

exclosures need to be both constructed and maintained (Frerker, Sabo et al. 2014). The 

approach also provides low resolution of grazing levels. Higher resolution grazing gradients 

are useful for measuring important species/functional group specific parameters such as 

optima/ecological niches (part of the non-equilibrium paradigm). Additionally, higher 

resolution grazing gradients provide the possibility of describing the plant response shapes 

which are of both theoretical and practical importance (Jansen, Oksanen 2013). 

The second approach to establishing levels of grazing is through observational techniques 

which have the potential to provide a gradient of grazing with relatively higher resolution as 

compared to that obtained with the experimental techniques. Distance based techniques are 

often used, where distance from a grazing source such as a corral or a water source acts as a 
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proxy for grazing pressure. The “piosphere” approach is a widely used observational approach 

to establish grazing gradients (Todd 2006, Tarhouni, Salem et al. 2010). Another common 

approach is using dung/pellets numbers as indicators of grazing intensity. Hendricks, Bond et 

al. (2005), used faecal pellet density to verify the grazing gradient and observed that it 

decreased along distance from grazing source and was significantly correlated to trampling 

impact (Hendricks, Bond et al. 2005). However, dung counts may not be reliable in areas where 

either dung is collected from rangelands for human use. Also, decay rates for dung in arid 

regions can be very slow (Milton, Dean 1996).  Additionally, a gradient of grazing may be 

established across areas of known grazing use/intensity information about which can be 

obtained by interviewing herders (De Bello, Lepš et al. 2006). This technique yields a low 

resolution gradient and is difficult to quantify. The advantages of using observational 

techniques for assessing grazing impacts is rapid sampling as well as logistical feasibility 

considering no structure needs to be constructed or maintained in tough field conditions. This 

is especially relevant considering funding restrictions limit the replication of sampling across 

rangelands (Brown, Waller 1986). The disadvantages with any observational study is the fact 

that rangelands are complex ecological systems and therefore confounding effects of other 

variables are difficult to control. These techniques however, can be reliable if sampling is 

conducted in relatively homogenous areas with similar environmental and geographical 

profiles (Hendricks, Bond et al. 2005). 

2.2.4. Statistical Analysis 

Statistical analysis of the data should take into account both the equilibrium and non-

equilibrium characterises described above. As mentioned earlier, the individual species 

responses are of management importance as they can indicate rangeland health. Also, responses 

of functional groups help find general and mechanistic observations (through functional traits) 

for grazing responses. An ‘increaser-decreaser’ approach has been used widely where 

species/groups are classified as increasers, decreasers, or neutral (Peper, Jansen et al. 2011, 

Vesk, Westoby 2001, Dyksterhuis 1949). A simple increaser-decreaser approach, though easily 

interpretable, does not provide information on non-equilibrium concepts such as thresholds, 

optima or niche width (Jansen, Oksanen 2013). For diversity indices of grazing, the same non-

equilibrium concepts may hold true where thresholds may separate alternate stable states. 

Diversity response shapes can help verify which paradigm holds true for the grazing system. 

Therefore the shapes of vegetation responses to grazing can provide vital ecological 

information.  
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A suitable regression framework for obtaining species responses are Huisman-Olff-Fresco 

curves/models (Huisman, Olff et al. 1993, Wesuls, Pellowski et al. 2013). The models include 

monotonic, threshold and unimodal responses (Huisman, Olff et al. 1993). The model types 

are: (I) no trend, (II) monotone sigmoid with a peak at maximal abundance, (III) monotone 

sigmoid with a plateau below the maximal upper abundance value, (IV) unimodal symmetric 

model, and (V) unimodal skewed model (Jansen, Oksanen 2013). HOF curves provide a 

considerably manageable number of response types which can have attributes that include 

ecologically significant metrics such as optima, thresholds or niche widths (Jansen, Oksanen 

2013, Wesuls, Pellowski et al. 2013). Though this model has been used mostly with presence-

absence (which does not indicate abundance) data for plants, plant cover is potentially a more 

suitable measure as it allows for inferences to be made about the dominance of species (Wesuls, 

Pellowski et al. 2013). Wesuls, Pellowski et al. (2013), found this statistical tool to be reliable 

for cover data used across a grazing gradient.  

2.3. Study Area 

2.3.1. Geography and Climate 

The Trans-Himalayan rangelands in India represent a semi-arid area with a long history of 

grazing spanning a few millennia (Mishra 2001). The study focusses on the region of Spiti 

Valley (31°35’ to 33°0’N and 77°37’ to 78°35’E with altitudinal range 3350 to 6700 m) within 

the Indian Trans-Himalayas which lie in the rain-shadow of the greater Himalayas (See fig.2.3) 

and spans an area of over 12,210 km2 (Mishra, Prins et al. 2001, Kala 2000). Conditions are 

harsh marked by extremely low precipitation mostly in the form of snow and a very broad 

temperature gradient which can range between 0 – 30° C in summer and an extreme -30 – 0°C 

during winter months (Mishra, Prins et al. 2001). As a result the growing season in the valley 

is extremely short with very low primary productivity (Mishra 2000).  
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Figure 2.3 Map indicating location of Spiti Valley which lies in the rain shadow of the greater Himalayas. 

 

2.3.2. Pastoral Practices 

The people of Spiti are mainly agro-pastoralists by occupation (Bagchi, Bhatnagar et al. 2012). 

Rangelands for livestock grazing have been established in the areas surrounding their 

settlements between altitudes of 4300 – 5000m. However, due to the expansion of agriculture 

in recent times, primarily for pea farming, which is the major cash crop, the people of Spiti are 

less reliant on livestock for direct sustenance. However, livestock is essential for agriculture as 

it is the primary source of manure to fertilize fields. Livestock assemblages includes both 

actively herded livestock i.e. sheep, goats, donkeys and cows; and free roaming animals which 

include yak and horse. Actively-herded livestock is led to surrounding rangelands every day 

during growing season while visits reduce substantially towards colder months when livestock 

is often stall-fed (Bagchi, Bhatnagar et al. 2012).  Livestock is owned by individual households 

but access to rangelands is common to each village (Mishra, Prins et al. 2001). Livestock of 

the entire village is collectively herded to pastures each day during warmer months by 3-5 

individuals. Turns for herding are done by rotation where at least one member (both men and 

women) of each household that owns livestock must herd livestock to surrounding rangelands. 

Responsibilities of herders include keeping livestock safe from predation, ensuring that all 

animals return to the village, and most importantly distribute grazing effort evenly over 

surrounding pastures to prevent excess degradation from grazing.  
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2.3.3. Conservation Value 

Spiti, despite being a cold desert, is an exceptionally biodiverse area. It is rich in rare medicinal 

plants which are particularly important to the inhabitants of the region who still rely largely on 

the Tibetan system of traditional medicine. The rangelands, in addition to supporting 

pastoralism, sustain rare wild ungulates such as blue sheep and ibex. Additionally, it is home 

to a number of endangered carnivores, the most iconic of which is the elusive Snow leopard. 

In light of Spiti’s importance as a snow leopard conservation area, The Nature Conservation 

Foundation – India and the Snow Leopard Trust have been engaged with a number of 

conservation programmes in the region. Through community participation, certain areas of 

rangelands have been set aside exclusively for wild ungulates. These reserves are of great 

interest to grazing studies as they provide a control as ungrazed areas (though they were grazed 

prior to their establishment in 1998). They could also be used as potential grazing gradient 

“anti-sources” which behave inversely to ‘piospheres’ i.e. increasing distance from reserve 

represents increasing grazing intensity. 

 

 

Figure 2.4 Allium carolinianum is one of the many 

medicinal plants found in Spiti 

 

Figure 2.5 Himalayan Ibex herd 

 

 

Figure 2.6 Blue sheep are the primary wild prey 

species for snow leopards 

 

 

Figure 2.7 The elusive snow leopard 
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3. METHODS 

3.1. Overview 

Data was collected over the month of June, shortly after the onset of the growing season in the 

pastures adjacent to Kibber village (32°19′54″ N, 78°0′32″ E, 4270 AMSL) in the Trans-

Himalayan region of Spiti, India. The primary response variable measured was canopy cover 

for individual plant species. The canopy cover is the percentage of area within the measurement 

unit (a quadrat in this case) that has a vertical projection (Anderson 1986). Additionally, 

responses for plant functional groups were obtained by pooling individual cover for species 

belonging to the group being studied. The functional traits measured during sampling were 

growth form (graminoids, forbs or shrub) and life history based on persistence over growing 

seasons (annual vs. perennial). Furthermore, percentage cover for individual species was 

converted to presence-absence data and was used to compute community diversity parameters, 

namely overall species richness (S) and the Shannon/Simpson indices. For species 

identification and functional trait information, Aswal and Mehrotra’s, “Flora of Lahaul-Spiti” 

was used (Aswal, Mehrotra 1994). The grazing gradient was established using the distance-

based approach. Therefore, the explanatory variable in the response models was distance from 

a gradient source in meters. This approach was extended to grazing sources other than water 

sources (piospheres). Gradient sources used in the study included water bodies, paths 

frequented by livestock and the wildlife reserve near Kibber village (which is meant to be used 

as an “anti-source” i.e. increasing distance from reserve implies increasing grazing pressure). 

Transects radiate linearly out of these sources, with cover measurements taken along transects 

at fixed intervals. 

3.2. Transect Design 

Transects employed a “rib-spine structure” where perpendicular sub-transects (“ribs”) bisect 

the main “spine” transect at the fixed intervals (Jones, Bull et al. 2014). Since responses to 

grazing may vary across spatial scales, two transect lengths; Short Transects (ST) and Long 

Transect (LT) were used to investigate local and regional grazing effects (Olff, Ritchie 1998, 

Wesuls, Pellowski et al. 2013). Short transects were 200 m long sampled every 20 m while 

long transects were 500 m long sampled every 100 m. At each grazing level, i.e. each “rib”, 

five 1m X 1m quadrats were sampled separated by 2 m along the “rib”. This corresponds to 55 

quadrats sampled per short transect (ST) and 30 quadrats sampled per long transect (LT). Refer 

to fig. 3.1 for transect structure. In each quadrat, cover was visually estimated using a 10X10 
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grid (dividing the quadrat into 100 individual squares) where each square within the grid 

represented 1% of the total quadrat area.  

 

Figure 3.1Transect Design: “Rib and spine” design for Short (ST) and long (LT) transects. The main transect or 

‘spine’ (horizontal) starts at a grazing sources and is sampled at fixed intervals indicated by ‘ribs’. Five 1X1 m 

quadrats were placed along ‘ribs’ (vertical in figure) 
 

3.3. Survey Locations 

Herders were followed for a week prior to sampling to identify potential survey locations. 

There are two main pastures which are used during growing season (warmer months) of plants. 

These are the Chomoling and Ningbi areas located to the North-East and South-East of Kibber 

village respectively. Grazing pressure is distributed evenly across these areas as livestock is 

actively herded to one of the two pastures during the week by villagers. Sites were selected 

such that transects were fairly homogenous in terms of altitude, slope and aspect and were not 

dissected by streams or paths/roads. Sampling was conducted between 4383m and 4495m 

AMSL. Both primary grazing pastures have only one primary water source each in the form of 

snow-melt streams. Transects were placed perpendicular to these streams. At each of the two 

water sources, two short (2 X 55 quadrats) and two long transects (2 X 30 quadrats) were 

sampled. In the case of herding trails, only short transects were used since livestock is actively 

herded through these trails until it reaches the area around the water source. Two short transects 

(2 X 55 quadrats) were sampled near major herding trails in the Chomoling region. The reserve 

was used as an anti-source such that distance away from it was used as a surrogate for 

increasing grazing pressure. Two long transects (2 X 30 quadrats) were used as the effects of 

the reserve are expected to be regional rather than local and that it doesn’t have distinct edge. 

During analysis, distance from reserve was subtracted from maximum transect length and the 
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result used for the gradient. For water sources 4 ST and 4 LT were sampled, 2 ST for herding 

trails, and 2 LT for the reserve. For water sources, long transects were sampled in continuation 

with short transects which corresponds to a total of 450 quadrats sampled (as 60 quadrats were 

common to ST and LT for water sources). See table 3.1 for overview of number and types of 

quadrats sampled and fig 2.3 for sampling locations. 

Table 3.1 Overview of sites surveyed with the number of transects and quadrats sampled 

 Short transects (ST) Long Transects (LT) 

Gradient Source No. of Transects No. of Quadrats No. of Transects No. of Quadrats 

Water source 4 220 4 (120 – 60) 

Herding trail 2 110 - - 

Reserve - - 2 60 

Total 6 330 6 120 

 

 

Figure 3.2 Sampling sites adjacent to Kibber Village, Spiti, India. W, P and R indicate water sources, herding 

trails, and the reserve gradient sources respectively. ST/LT specify long or short transects 

 

3.4. Methodological Considerations and Compromises 

Given the difficulty of sampling at high altitudes and the short time available for sampling, a 

visual estimate of percentage cover was used rather than biomass as this allowed rapid 

sampling thereby maximizing the number of quadrats sampled. Percentage cover is a robust 
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indicator of plant abundance and has been used as the primary response variable in a number 

of gradient based studies of grazing (Hendricks, Bond et al. 2005, Sasaki, Okayasu et al. 2008, 

Peper, Jansen et al. 2011). In terms of identification, graminoids could be identified only to the 

genus level as sampling took place before the flowering season (mid-July to August). However, 

responses for graminoid genera rather than species are also significant to grazing management. 

Grazing effects in water-logged plant communities could not be studied as the current study 

design does not account for the confounding effects of increased soil moisture content. To rule 

out the effects of soil moisture, transect heads were placed a few meters away from the edge of 

each water source so that each transect was sampled in areas of similar a moisture profile. A 

distance-based approach was considered the most suitable for establishing a gradient of grazing 

in the system being studied. Dung counts were a potential approach to establishing a gradient 

but could not be used as locals collect dung for fuel and manure. A distance-based approach, 

however, is a reliable method that has been used widely in previous studies (Sasaki, Okayasu 

et al. 2008). The length of long transects was largely influenced by the geography of the region. 

Since Spiti is mountainous area, it was not possible to maintain homogeneity in habitat type 

for distances greater than 500 m. However, this distance should be sufficient as livestock is 

confined within visible range by herders to avoid both the possibility of animals being left 

behind, potentially being predated on by carnivores and crop raiding by domestic livestock in 

the neighbouring agricultural plantations. Lastly, short transects were sampled with higher 

resolution (more intervals) than long transects to better characterize smaller-scale effects 

around the highly disturbed gradient source (Wesuls, Pellowski et al. 2013). 

3.5. Statistical Analysis 

3.5.1. HOF curve based responses 

The first response classification scheme is based on Wesuls, Pellowski et al. (2013), where the 

type and direction of HOF models yields 8 distinct response types (listed in Table 3.2). Grazing 

response curves were obtained using HOF curves i.e. models (I-V) of hierarchically increasing 

complexity (Jansen, Oksanen 2013, Wesuls, Pellowski et al. 2013). The best fit model was 

chosen based on the Akaike Information Criteria (AIC) adjusted for small n (Burnham, 

Anderson 2002). Additionally, a minimum frequency limit of 10 was set for model selection. 

This corresponds to a minimum frequency of 4.5% in the 220 quadrats for water sources with 

short transects (as all other cases had fewer quadrats), which should be adequate given that 

Wesuls, Pellowski et al. (2013) chose their minimum frequency limit at 3.9% (Wesuls, 

Pellowski et al. 2013). The responses modelled for individual plant species were percentage 
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cover and presence-absence data. Functional groups were modelled using total percentage 

cover. For unimodal responses locations of optima along the grazing gradient were calculated 

while for responses exhibiting a threshold, ranges for ecological niches along the gradient were 

computed (Wesuls, Pellowski et al. 2013).  

Table 3.2 List of response types obtained using HOF models 

Response Type Description 

I No response to grazing i.e. grazing neutral 

IIa Grazing averse with monotonic decrease along gradient 

IIb Grazing “increasers” with monotonic increase along gradient 

IIIa Grazing averse with threshold 

IIIb Grazing “increasers” with threshold 

IV Symmetric unimodal response 

Va Left skewed unimodal response 

Vb Right skewed unimodal response 

 

Data analysis was conducted using the ‘R’ statistical package (R Development Core Team 

2015). HOF models and their respective optima/thresholds were computed using the ‘eHOF’ 

package in R (Jansen, Oksanen et al. 2015). To make results more intuitive, the x axis for 

responses was the negative distance from the source such that increasing x value represents 

increasing grazing pressure. For diversity parameters, overall species richness (S) and the 

Simpson and Shannon indices were used. Both Shannon and Simpson indices were calculated 

using the ‘vegan’ package in R (Oksanen, Blanchet et al. 2015).  

Shannon-Weaver Index: Simpson index: 
Where 𝑝𝑖  is defined as the 

proportion of the ith species in 

the dataset. 𝐻 = − ∑ 𝑝𝑖 ln 𝑝𝑖

𝑅

𝑖=1

 𝜆 =  ∑ 𝑝𝑖
2

𝑅

𝑖=1

 

   

3.5.2. Increaser-Decreaser Criteria 

An ‘increaser-decreaser’ classification is proposed which is derived from HOF response types 

and curve parameters. The three responses obtained are increaser, decreaser and neutral. 

Response types IIa and IIIa are decreasers while IIb and IIIb are increasers by default. For 

unimodal responses, the location of the optima will be used to decide species type. A unimodal 

species with optima within ±5% of the transect centre will be considered neutral (N). Responses 

with optima outside this range with either be classified as increaser (+) if the optima are towards 

the grazing source or decreaser (-) if the optima are towards the end of lighter grazing intensity. 
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4. RESULTS 

4.1. Sampling  

Overall, 29 plant species were recorded during sampling. An average of 5.9 species were 

recorded per each 1m2 quadrat (range: 0-14 species). The three most frequently recorded 

species were Eurotia ceratoides (Shrub: 66% frequency), Elymus spp. (Grass: 62% frequency) 

and Caragana versicolor (Shrub: 50% frequency). Out of the 29 recorded species recorded, 12 

(41%) were found to be of medicinal or cultural significance (See Appendix A for complete 

list of species). Individual species response curves, functional trait responses and plant 

diversity parameters were modelled for different combinations of gradient sources and transect 

lengths. The four combinations of gradient sources and transect lengths for which grazing 

responses were modelled are water sources with ST, water sources with LT, herding trails with 

ST and the reserve with LT. Species richness per quadrat was highest for water sources with 

long and short transects, while it was lowest for long transects sampled near the reserve (see 

fig 4.1).  

 

Figure 4.1 Number of species recorded per quadrat for 4 cases modelled. Individual 

 means are indicated by red dots, while overall mean (5.9) is represented by solid red line. 
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4.2. Individual Species Responses 

For unimodal responses (model types IV and V) and threshold increasers/decreasers (model 

type III), optima and points of threshold along grazing gradient were obtained. Unimodal 

symmetric responses (type IV – 42% frequency) were the most frequently chosen response 

type for the 62 species response curves modelled using cover data while no trend (type I – 69% 

frequency) was the most frequently chosen response type for 62 responses obtained using 

presence-absence data (response summaries listed in tables 4.1 and 4.5). The differences 

between mean percentage AIC weights for all models and best selected models was 

consistently lower for presence-absence data (see table 4.2 and 4.3).  Additionally, species 

response curve types and parameters were used to classify species into simple response types 

i.e. increaser (+), decreasers (-) and neutral (N) responses. For cover data, ‘decreaser’ was the 

most common response type (48%) whereas ‘neutral’ was the most common response (71%) 

using presence-absence (response summaries for increaser-decreaser classification listed in 

tables 4.4 and 4.6).  

4.2.1. Case 1: Water sources – Short Transect 

Among the 20 species modelled using cover data, threshold decreasers (response IIIa) were the 

most frequently chosen best response type followed by monotonic decreasers (response IIa). 

Symmetric unimodal responses (IV) and no trend (I) were chosen with equal frequency. 

Skewed unimodal responses were least common, with only one right skewed response (Vb). 

Decreasers were clearly more frequent than increasers. Mean Akaike weights averaged for all 

species were highest for unimodal responses (IV). Optima for unimodal responses ranged 

between 42 and 136m from gradient source. Threshold points ranged between 11 and 169m 

(See fig 4.2). For the increaser-decreaser classification scheme, decreasers were the most 

common model type (65%), followed by neutral species (30%) and increasers (5%). For the 20 

species modelled using presence and absence data, no trend (response I) was ranked the most 

common best response type (80%) followed by monotonic decreasers (response IIa). No other 

response types were chosen. Mean Akaike weights averaged for all species were highest for no 

response (I). In terms of the classification scheme, neutral was the most common model type 

(65%), followed by decreasers (30%). No increasers were chosen. 

4.2.2. Case 2: Water Sources – Long Transect 

Among the 18 species modelled using cover data, symmetric unimodal responses (IV) was 

chosen as the most common best response type followed by monotonic decreasers (response 

IIa). Skewed unimodal responses (Va/Vb) and no trend (I) were chosen with equal frequency. 
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Only one monotonic increaser (IIb) was chosen. No threshold responses (model III) were 

chosen. Mean Akaike weights averaged for all species were highest for unimodal responses 

(IV). Optima for unimodal responses ranged between 129 and 298m from source (See fig 4.2). 

Decreasers were the most common increaser-decreaser response type (56%), followed by 

neutral species (28%) and increasers (17%).  For the 18 species modelled using presence and 

absence data, no trend (response I) was ranked the most common best response type (72%) 

followed by symmetric unimodal responses (IV) and threshold decreasers (IIIa). No other 

response types were chosen. Mean Akaike weights averaged for all species were highest for no 

trend (I). The two thresholds for threshold type responses were observed at 61.7 m and 200m 

while optima for unimodal responses ranged from 273 to 350m. Neutral was the most common 

model type (78%), followed by decreasers (22%). No increasers were observed. 

4.2.3. Case 3: Herding trail – Short Transect 

Among the 15 species modelled using cover data, symmetric unimodal response (IV) was 

ranked the most common best response type followed by threshold decreasers (response IIIa). 

Left skewed unimodal responses (Va) and no trend (I) were chosen with equal frequency. No 

other response types were chosen. Mean Akaike weights averaged for all species were highest 

for unimodal responses (IV). Optima for unimodal responses ranged between 45 and 146m 

from source. The only threshold response exhibited its threshold at 46m (See fig 4.2). 

Increasers were the most common model type (67%), followed by decreasers (27%) and neutral 

(7%). For the 15 species modelled using presence and absence data, no trend (response I) was 

ranked the most common best response type (60%) followed by symmetric unimodal responses 

(IV) and threshold decreasers (IIIa). No other response types were chosen. Mean Akaike 

weights averaged for all species were highest for no trend (I). The thresholds for a single IIIa 

response was observed at 76.4m while optima for unimodal responses ranged from 53 to 67m. 

Neutral species were the most common species response type (60%), followed by increasers 

(27%) and decreasers (13%).  

4.2.4. Case 4: Reserve – Long Transect 

Among the 9 species modelled using cover data, no trend (I), monotonic decreasers (IIa) 

monotonic increasers (IIb) and unimodal symmetric (IV) were chosen with the same frequency 

(22 % which was also the highest). Right skewed unimodal responses (Vb) was chosen for only 

one species. No threshold-response types were chosen. Mean Akaike weights averaged for all 

species were highest for unimodal responses (IV). Optima for unimodal responses ranged 

between 39 and 370m from source (See fig 4.2). Increasers were the most common model type 
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(44%), followed by decreasers (33%) and neutral (22%). For the 9 species modelled using 

presence and absence data, no trend (response I) was ranked the most common best response 

type (56%) followed by monotonic decreasers (IIa), monotonic increasers (IIb), threshold 

decreasers (IIIa) and symmetric unimodal responses (IV) which were chosen with the same 

frequency (11%). Mean Akaike weights averaged for all species were highest for no trend (I). 

A single threshold was observed at 144.9 m while optima for single unimodal response was at 

388m. Neutral species were the most common species response type (56%), followed by 

decreasers (33%) and increasers (11%).  

 

 

Figure 4.2 Location of optima and thresholds for unimodal and threshold responses. Thresholds are indicated by 

a solid line from threshold location to end of transect while optima are indicated by a solid dot 
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Table 4.1 Summary of species’ occurrences and selected HOF models using both cover and presence-absence (PA) data for different transect lengths (Short vs Long 

Transect) and different grazing gradient sources; water sources, herding trails and the reserve. Responses were not modelled for species with occurrences of less than 10  

 

 

 

` WATER SOURCES HERDING TRAILS RESERVE 

 ST LT ST LT 

Species List Occurrence Cover PA Occurrence Cover PA Occurrence Cover PA Occurrence Cover PA 

Allium carolinianum 46 IIa I 33 IV I 32 IIIa I 0   

Astragalus grahamianus 120 IIIa I 59 IV I 46 IV IV 10 IIb IIb 

Caragana versicolor 114 IV I 62 IIa I 53 Va I 33 Vb I 

Carex spp. 27 IV I 35 IV IV 21 IV IV 30 IIa IIIa 

Cousinia thomsoni 28 IIIa IIa 39 IV IIIa 35 IV IIIa 0   

D. heterophyllum 11 IIa I 14 IV I 29 IIIa I 0   

Elymus spp. 152 IIIa IIa 85 IV IIIa 58 IV I 23 IV I 

Eurotia ceratoides 154 Vb I 78 IIb I 56 I I 55 IIb I 

Leymus secalinus 51 IIIa I 29 IIa I 55 IV IIb 13 I I 

Lindelophia anchusoides 39 IIa I 22 I I 13 IV I 4   

Nepeta discolor 66 IIIa I 32 IV I 9   5   

Poa spp. 5   13 IV I 0   0   

Polygonum tortuosum 96 IV I 49 IIa I 24 IV IV 5   

Polygonum aviculare 82 IIIa IIa 49 Vb IV 10 IV I 38 I I 

Polygonum paronychoides 11 I I 10 IIa I 20 IV I 0   

Potentilla bifurca 76 IIa IIa 48 Va IV 77 IV I 26 IIa IIa 

Rosularia aplestris 20 IV I 5   0   0   

Scorzenera virgata 17 I I 4   6   0   

Stipa spp. 79 IIa I 42 I I 62 IV IIa 27 IV IV 

Thalictrum foetidum 17 I I 11 IV I 0   0   

Thesium multicaule 10 I I 6   0   1   
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Table 4.2 Summary of Mean percentage Akaike weights by model type. Left column indicates Mean percentage Akaike weights for all species modelled  

(Mean AIC wi All models) while right specifies mean percentage Akaike weights for species where respective model performed best (Mean AIC wi Best models) 
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models 

Mean 

AIC wi, 

Best 

models 

Mean 

AIC wi, 

All 

models 

Mean 

AIC wi, 

Best 

models 

Mean 

AIC wi, 

All 

models 

Mean 

AIC wi, 

Best 

models 

Mean 

AIC wi, 

All 

models 

Mean 

AIC wi, 

Best 

models 

Mean 

AIC wi, 

All 

models 

Mean 

AIC wi, 

Best 

models 

I 13.63% 53.31% 44.96% 52.38% 8.73% 55.77% 43.69% 54.41% 2.92% 41.95% 33.16% 46.75% 13.45% 60.53% 36.95% 56.7% 

II 20.66% 48.55% 27.48% 42.1% 17.04% 51.08% 18.73% - 2.25% - 20.66% 35.41% 30.17% 56.69% 29% 52.19% 

III 25.73% 63.56% 12.2% - 7.88% - 12.42% 33.3% 14.94% 98.96% 13.54% 30.34% 9.95% - 16.57% 56.69% 

IV 26.93% 69.91% 11.28% - 42.88% 62.93% 18.2% 39.14% 51.75% 66.92% 23.25% 56.82% 30.22% 72.35% 12.88% 30.99% 

V 13.05% 57.01% 4.08% - 23.46% 55.93% 6.95% - 28.14% 56.95% 9.39% - 16.21% 62.25% 4.59% - 

 

Table 4.3 Difference in mean AIC weights for best selected model and mean AIC weights for all models  

(from table 4.2) by HOF model types i.e. Mean AIC wi (Best) – Mean AIC wi (All) by model types 

 

 WATER SOURCES HERDING TRAILS RESERVE 

 ST LT ST LT 

 Cover PA Cover PA Cover PA Cover PA 

Model 
Mean AIC wi 

(Best) – Mean AIC 

wi (All) 

Mean AIC wi 

(Best) – Mean 

AIC wi (All) 

Mean AIC wi 

(Best) – Mean 

AIC wi (All) 

Mean AIC wi 

(Best) – Mean 

AIC wi (All) 

Mean AIC wi 

(Best) – Mean 

AIC wi (All) 

Mean AIC wi 

(Best) – Mean 

AIC wi (All) 

Mean AIC wi 

(Best) – Mean 

AIC wi (All) 

Mean AIC wi 

(Best) – Mean 

AIC wi (All) 

I 39.68% 7.42% 47.04% 10.72% 39.03% 13.59% 47.08% 19.75% 

II 27.89% 14.62% 34.04% - - 14.75% 26.52% 23.19% 

III 37.83% - - 20.88% 84.02% 16.80% - 40.12% 

IV 42.98% - 20.05% 20.94% 15.17% 33.57% 42.13% 18.11% 

V 43.96% - 32.47% - 28.81% - 46.04% - 

Mean 

Differences 
38.47% 11.02% 33.40% 17.51% 41.76% 19.68% 40.44% 25.29% 
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Table 4.4 Summary of response type after applying increaser-decreaser criteria (Increasers (+), Decreasers (-) & neutral (N)) on HOF models using both cover and presence- 

absence (PA) data for different transect lengths (ST vs LT) and different grazing sources. Responses were not modelled for occurrences of less than 10 (blank spaces) 

  

 WATER SOURCES HERDING TRAILS RESERVE 

 ST LT ST LT 

Species List Cover PA Cover PA Cover PA Cover PA 

Allium carolinianum - N N N - N   

Astragalus grahamiana - N N N + + + + 

Caragana versicolor N N - N + N + N 

Carex spp. - N - - + + - - 

Cousinia thomsoni - - - - + -   

D. heterophyllum - N - N - N   

Elymus spp. - - - - + N + N 

Eurotia ceratoides + N + N N N + N 

Leymus secalinus - N - N + + N N 

Lindelophia anchusoides - N N N + N   

Nepeta discolor - N + N     

Poa spp.   - N     

Polygonum tortuosum N N - N + +   

Polygonum aviculare - - + N + N N N 

Polygonum paronychoides N N - N - N   

Potentilla bifurca - - - - + N - - 

Rosularia aplestris - N       

Scorzenera virgata N N       

Stipa spp. - N N N - - - - 

Thalictrum foetidum N N N N     

Thesium multicaulum N N       
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Table 4.5 Frequency of occurrence for best HOF model types using both cover and presence-absence (PA) data for different transect lengths  

(Short vs Long Transect) and different grazing gradient sources; water sources, herding trails and the reserve. Percentages rounded to nearest integer. 

 

 WATER SOURCES TRAIL RESERVE  

 ST LT ST LT SUMS 

Response Cover PA Cover PA Cover PA Cover PA Cover PA 

I 4 (20%) 16 (80%) 2 (11%) 13 (72%) 1 (7%) 9 (60%) 2 (22%) 5 (56%) 9 (14%) 43 (69%) 

IIa 5 (25%) 4 (20%) 4 (22%) 0 (0%) 0 (0%) 1 (7%) 2 (22%) 1 (11%) 11 (18%) 6 (10%) 

IIb 0 (0%) 0 (0%) 1 (5%) 0 (0%) 0 (0%) 1 (7%) 2 (22%) 1 (11%) 3 (5%) 2 (3%) 

IIIa 6 (30%) 0 (0%) 0 (0%) 2 (11%) 2 (13%) 1 (7%) 0 (0%) 1 (11%) 8 (13%) 4 (6%) 

IIIb 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

IV 4 (20%) 0 (0%) 9 (50%) 3 (17%) 11 (73%) 3 (20%) 2 (22%) 1 (11%) 26 (42%) 7 (11%) 

Va 0 (0%) 0 (0%) 1 (6%) 0 (0%) 1 (7%) 0 (0%) 0 (0%) 0 (0%) 2 (3%) 0 (0%) 

Vb 1 (5%) 0 (0%) 1 (6%) 0 (0%) 0 (0%) 0 (0%) 1 (11%) 0 (0%) 3 (5%) 0 (0%) 

Total 20 20 18 18 15 15 9 9 62 62 

 

Table 4.6 Frequency of occurrence for increaser-decreaser responses obtained using best HOF model types using both cover and presence-absence (PA) 

 data for different transect lengths (Short vs Long Transect) and different grazing gradient sources. Percentages rounded to nearest integer.  

 

 WATER SOURCES TRAIL RESERVE  

 ST LT ST LT SUMS 

Response Cover PA Cover PA Cover PA Cover PA Cover PA 

Increaser 

(+) 
1 (5%) 0 (0%) 3 (17%) 0 (0%) 10 (67%) 4 (27%) 4 (44%) 1 (11%) 18 (29%) 5 (8%) 

Decreaser 

(-) 
13 (65%) 4 (20%) 10 (56%) 4 (22%) 4 (27%) 2 (13%) 3 (33%) 3 (33%) 30 (48%) 13 (21%) 

Neutral  

(N) 
6 (30%) 16 (80%) 5 (28%) 14 (78%) 1 (7%) 9 (60%) 2 (22%) 5 (56%) 14 (23%) 44 (71%) 

Total 

 
20 20 18 18 15 15 9 9 62 62 
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4.3. Consistency of Individual Species Responses 

4.3.1. HOF Models 

Consistency of models was compared across transect lengths and gradient source types. Three 

cases were identified where comparisons of response types could be made: (1) Short vs. long 

transects for water sources, (2) Water sources vs. herding trails for short transects and (3) water 

sources vs. reserve for long transects. The first case investigates the effects of transect length 

(spatial scales) while the other two compare the responses obtained from different gradient 

sources.  

For all the cases described above, consistency for presence-data was highest with no trend (I) 

as the only consistent response (see table 4.7). For responses modelled using cover data, 

consistency was lowest between short and long transect lengths for water sources, i.e. case 1, 

(6%) with only one consistent response (unimodal type IV). Consistency was highest between 

reserve and water source gradient sources modelled along long transects i.e. case 3, (22%). 

Consistency between water sources and herding trails for short transects i.e. case 2, was lower 

(13%), with unimodal responses (IV) as the most consistent response type.  

4.3.2. Increaser-Decreaser Criteria 

After applying increaser-decreaser criteria, consistency was considerably greater (see table 

4.8). Among responses modelled using cover data, consistency was highest between short and 

long transects for water sources (46%) i.e. case 1, with decreasers as the most consistent type. 

Consistency between water sources and the reserve (case 3) for long transects was slightly 

lower (33%), with decreasers as the most consistent response. Consistency was lowest between 

water sources and herding trails i.e. case 2, along short transects (20%) with only one consistent 

response (decreasers). For presence-absence data, increasers were not consistent in any case. 

Neutral responses were most consistent representing between 50% and 85% percent of 

consistent responses. Short vs. long transect lengths for water sources had the highest 

proportion of consistent models (88%) followed by water sources vs. reserve (67%) and water 

sources vs. herding trails (47%). 
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Table 4.7 Number of consistent HOF species response curves between varying transect lengths (ST vs LT) and 

different gradient sources (Water source vs. herding trails and Water sources vs. reserve). Percentages rounded 

to nearest integer.  

 

 ST vs LT – Water source 
Water source vs trail - 

ST 

Water source vs Reserve 

- LT 

 Cover PA Cover PA Cover PA 

Model I 0 12 0 6 0 3 

Model II 0 0 0 0 1 0 

Model III 0 0 0 0 0 0 

Model IV 1 0 2 0 1 0 

Model V 0 0 0 0 0 0 

Total no. of matches 1 12 2 6 2 3 

Possible comparisons 17 17 15 15 9 9 

Percentage of models 

with consistent results 
6% 71% 13% 40% 22% 33% 

 

Table 4.8 Number of consistent increaser-decreaser species response curves between varying transect lengths 

(ST vs LT) and different gradient sources (Water source vs. herding trails and Water sources vs. reserve). 

Percentages rounded to nearest integer.  

 

 ST vs LT - Water source 
Water source vs trail - 

ST 

Water source vs Reserve 

- LT 

 Cover PA Cover PA Cover PA 

Increasers (+) 1 0 0 0 1 0 

Decreasers (-) 6 3 3 1 2 2 

Neutral (N) 1 12 0 6 0 4 

Total no. of matches 8 15 3 7 3 6 

Possible comparisons 17 17 15 15 9 9 

Percentage of models 

with consistent results 
47% 88% 20% 47% 33% 67% 

 

4.4. Functional Trait Responses 

Functional trait responses were not modelled for life history since only one annual species 

(Polygonum aviculare) was observed during sampling. Forbs were the most common growth 

form with 18 species (62% of recorded species), followed by shrubs with 6 species (20% of 

recorded species). Graminoids were the least common with only 5 species (17%). Below is a 

summary of growth form and diversity parameter responses (see table 4.9 and fig 4.3): 

4.4.1. Graminoids  

For water sources modelled along both short and long transects, left skewed unimodal 

responses (Va) were chosen with optima at 166.5m and 348.3m respectively. Based on the 

increaser-decreaser criteria, both unimodal responses represented a decrease. However, in the 

case of herding trails modelled along short transects right skewed unimodal response (Vb) with 
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optima at 70.3m was chosen indicating an increase along gradient. For the reserve, graminoid 

cover decreased monotonically (IIa) along the gradient.  

4.4.2. Forbs 

For water sources modelled along both short and long transects, threshold decreaser models 

(IIIa) with threshold at 170.0m and 134.1m were chosen. However, in the case of herding trails 

right skewed unimodal response (Vb) with optima at 14.6m was chosen indicating an increase 

along gradient. For the reserve, forb cover decreased monotonically (IIa) along the gradient. 

4.4.3. Shrubs 

In the case of shrub cover, right skewed symmetric response (Vb) was most common with 

optima at 95m (neutral), 14.6m (increaser) an 28.2m (increaser) for water sources with short 

transects, herding trails with short transects and the reserve respectively. Shrub cover increased 

monotonically (IIb), for water sources modelled for long transects. 

 

 

Figure 4.3 Response curves for pooled growth form data for different transect lengths 

 (Short vs Long Transect) and different grazing gradient sources 
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Table 4.9 Growth form and diversity parameter response types and optima/thresholds. Brackets  

indicate increaser-decreaser response criteria i.e. Increasers (+), Decreasers (-) & neutral (N) 

 

 WATER SOURCES HERDING TRAILS RESERVE 

 ST LT ST LT 

 Response 

Optima 

/threshold 

(meters) 

Response 

Optima 

/threshold 

(meters) 

Response 

Optima 

/threshold 

(meters) 

Response 

Optima 

/threshold 

(meters) 

Growth form 

Graminoid  Va (-) 166.5 Va (-) 348.3 Vb (+) 70.3 IIa (-)  

Forb  IIIa (-) 170.0 IIIa (-) 134.1 Vb (+) 59.9 IIa (-)  

Shrub Vb (N) 95.0 IIb (+)  Vb (+) 14.6 Vb (+) 28.2 

Diversity 

Richness (S) IIIa (-) 138.7 Vb (N) 243.0 IIIa (-) 25.6 I (N)  

Simpson Index I (N)  I (N)  I (N)  I (N)  

Shannon Index IIa (-)  IV (-) 295.7 IIIa (-) 25.6 I (N)  

 

4.5. Plant Diversity Responses 

Diversity indices either showed decay or neutral response to grazing. In the case of reserves 

modelled along long transects, did not show any trend (Model I or neutral) for all the diversity 

indices. Also, The Simpson index showed no trend (Model I or neutral) for each case. Overall 

species richness (S), decreased with a threshold (IIIa) for water sources and herding trails 

modelled along short transect. Threshold values were 138.7m and 25.6m respectively. For 

water sources along long transects, a right skewed unimodal response (Vb) was chosen with 

optima at 243.0m indicating a neutral response. The Shannon index decreased monotonically 

with small negative slope for water sources along short transects and decreased along a 

threshold (IIIa) along herding trails (25.6m). In the case of water sources modelled for long 

transects, a symmetric unimodal response (IV) was chosen with optima at 295.7m indicating a 

neutral response (see in table 4.9 and fig 4.4).   

 

Figure 4.4 Diversity parameter models (Simpson index not shown) for overall richness (S) and Shannon Index 
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5. DISCUSSION 

5.1. Grazing Responses 

5.1.1. Individual Species Responses 

For the majority of species modelled using cover data, unimodal responses were the most 

frequently chosen best response type which supports the findings of Fensham, Holman et al. 

(1999), who in their study to assess individual species responses in the semi-arid grasslands of 

Australia, observed that over 66% of the species responses modelled along a grazing gradient 

exhibited a unimodal response (Fensham, Holman et al. 1999). Ecological theory of 

disturbance gradients suggest that species response curves along physical gradients such as 

grazing intensity are known to exhibit unimodal responses due to a balance between 

physiological tolerance to disturbances (such as grazing) and competitive processes between 

plant species at moderate intensities of the disturbance (Abrams 1995, Fensham, Holman et al. 

1999). That said, the position of the optimum of a unimodal species response can lean towards 

either end of the gradient of grazing allowing inferences to be made about the niche a species 

occupies along the gradient and help classify a species as a grazing “increaser” or “decreaser” 

(Noy-Meir, Gutman et al. 1989).  

The ‘increaser-decreaser’ criteria proposed in this study, found that most species were in fact 

decreasers since the optima for unimodal responses were mostly found towards the end of light 

grazing intensity. Landsberg, James et al. (2003), found similar results in semi-arid Australian 

rangelands where decreasers outnumbered increasers for “water-source centred” grazing 

regimes (Landsberg, James et al. 2003). This observation however, is in contrast to the findings 

of Wesuls, Pellowski et al. (2013), who in their study of individual species responses to grazing 

in the semi-arid Namibian rangelands, found neutral responses (no trend or model type I) to be 

the most frequent response type and attributed this result to the fact that arid areas with long 

history of grazing have had long histories of grazing tolerances, therefore a majority of species 

are expected to be tolerant and/or neutral to grazing (Adler, Milchunas et al. 2004). However, 

the key difference between both studies is the fact that stocking rates were fixed in this study 

as grazing rights belonged to a single village and livestock was collectively herded whereas 

there was variability in stocking rates in the experiment in Namibia which was expected to bias 

weaker responses towards a neutral response due to “a strict model selection framework” 

(Wesuls, Pellowski et al. 2013). The HOF models obtained using presence-absence data did 

however, concur with the findings of Wesuls, Pellowski et al. (2013) who arrived at these 

findings using cover data. Naturally, due to the high proportion of species modelled using 
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model type I, most species after applying the proposed increaser-decreaser criteria appear to 

be neutral to grazing with high response consistency. In this study, it is likely that the 

disadvantages associated with presence-absence data led to the high proportion neutral 

responses (discussed later). 

5.1.2. Functional Trait Responses 

Responses for different life histories could not be modelled as only one annual plant species 

was recorded during sampling. Nevertheless, underrepresentation of annuals, though making 

it impossible to investigate the effects of life history on grazing, helps rule out confounding 

effects of varying life histories while investigating the grazing responses of different growth 

forms. Responses of different growth forms (graminoids, forbs and shrubs) varied across 

spatial scales and gradient source. However, with the exception of herding trails, all other 

gradient source and transect lengths showed somewhat similar trends according to the 

increaser-decreaser classification. For instance, graminoid cover is mostly modelled as a 

decreaser exhibiting either unimodal or monotonic responses. This supports part of Díaz, 

Lavorel et al.’s (2007) predictions who in their study of the relationships between functional 

traits and grazing response, stated that graminoids are expected to show a neutral or negative 

response to grazing (Díaz, Lavorel et al. 2007). Growth form may be used as a coarse measure 

of palatability, with graminoids being relatively more palatable than other growth forms, 

particularly shrubs. Grazing especially at high levels is known to cause reduction in the 

abundance of palatable species, particularly in dry areas with long herbivory histories (Díaz, 

Lavorel et al. 2007), which possibly explains the decreasing trends of graminoids. The same 

study predicts inconsistent responses for both forbs and shrubs. Shrub cover in this study 

showed a clear increase/affinity to grazing. This supports the “shrub-encroachment 

hypothesis”, where strong grazing leads to local colonisations by unpalatable/woody shrubs 

(Milton, Dean et al. 1994, Díaz, Lavorel et al. 2007). Forbs showed a similar trend as 

graminoids, where in most cases (except herding trails), pooled forb cover decreased with 

increasing grazing intensity. Wesuls, Pellowski et al.’s (2013) predictions for herbaceous and 

woody forbs (both were pooled for the sake of this study) were similar, where across spatial 

scales, responses were unimodal responses towards the lighter end of grazing i.e. grazing 

averse. These findings are contrary to Vesk, Leishman et al. (2004), who in their study to assess 

the ability of simple functional groups to predict grazing responses concluded there is little 

evidence that points to this in semi-arid and arid areas (Vesk, Leishman et al. 2004). This is 

possibly due to differences in grazing histories. While the areas studied by Vesk, Leishman et 
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al. (2004) in Australia have only consistently been grazed since European settlement which 

was about 200 years ago, the rangelands in Spiti have been grazed for millennia, therefore 

allowing more time for grazing resistance/tolerance traits to evolve (Vesk, Westoby 2001). 

This study, conversely, finds relatively consistent trends in responses to grazing demonstrating 

that a functional trait approach to grazing can help identify predictive traits.  

5.1.3. Plant Diversity Parameters 

Unlike the Shannon Index which mostly showed negative trends to grazing, the Simpson’s 

index consistently showed no trend for any of the cases modelled. The Simpson’s Index is 

known to be more responsive towards dominant species cover and is therefore better suited for 

single species studies, whereas the Shannon Index, is more sensitive to the presence of rare 

cover types which is especially important in arid systems such as this where dominance of 

certain species (ex. Caragana versicolor) is high (Nagendra 2002). Diversity parameters 

responses were either neutral or negative. For both overall species richness responses (S) and 

the Shannon index, the short transect responses for water sources align with the MSL model’s 

predictions for species richness in arid rangelands with long histories of grazing. The model 

predicts that species diversity is expected to decline along relatively flat line with small 

negative slope along increasing grazing pressures (Milchunas, Sala et al. 1988). This diversity 

response was observed by Wesuls, Pellowski et al. (2013) which would point to equilibrium 

characteristics in these rangelands (Wesuls, Pellowski et al. 2013). On the other hand, LT 

responses show a unimodal trend with optima towards the end of lighter grazing. This response 

is in line with IDH predictions, which state that the richness of a plant community is expected 

to be highest in areas of moderate grazing and that responses are expected to be unimodal due 

to the trade-offs between the ability to tolerate a disturbance and the ability to compete with 

other plant species (Grime 1973, Milchunas, Sala et al. 1988). This response is a non-

equilibrium concept and was found to be consistent for diversity responses in Mongolian 

rangelands which are similar to those in Spiti by (Sasaki, Okubo et al. 2009).  Both MSL and 

IDH can be observed at different spatial levels. However, on closer inspection, the responses 

along shorter transects i.e. over smaller scales can be considered the initial part of the entire 

response. Regardless, according to the increaser-decreaser criteria, a majority of the responses 

for diversity parameters show a decreasing trend, which is reasonable given that a majority if 

individual species responses are decreasers (see section 5.1.1). 
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5.2. Ecological Paradigms 

5.2.1. Non-Equilibrium Characteristics 

The prevalence of non-linear responses for both individual, functional and diversity responses 

indicate the presence of non-equilibrium characteristics for the rangelands of Spiti. In terms of 

diversity responses, this is indicated by the fact that the findings align with IDH (Grime 1973). 

Collectively non-linear models especially thresholds were more common than 

monotonic/linear models (see table 4.5). Thresholds are a fundamental non-equilibrium 

concept in rangeland ecology where, a high number of threshold responses reveal transitions 

between alternate equilibria in rangelands (Sasaki, Okayasu et al. 2008). On the other hand 

monotonic responses were less frequent. Therefore, the findings from this study indicate that 

these rangelands exhibit more non-equilibrium conditions than equilibrium conditions which 

have a number of management implications. 

5.2.2. Management Implications 

The prevalence of non-equilibrium conditions in these rangelands implies that the state of 

vegetation in the rangeland is largely influenced by stochastic changes in abiotic factors such 

as precipitation rather than livestock stocking rates (Vetter 2005). An important prediction of 

the non-equilibrium concept is that arid rangelands are less likely to be degraded by grazing 

since density-dependent biotic factors are less likely to influence them (Fernandez‐ Gimenez, 

Allen‐ Díaz 1999). However, a major assumption behind this prediction is that periodic 

extreme conditions such as droughts control stocking rates thereby keeping numbers below 

those likely to cause degradation (Vetter 2005). This natural control however, can be artificially 

altered by maintenance of livestock numbers through supplementary fodder thus increasing the 

possibility of degradation (Vetter 2005). Therefore, despite the fact that these rangelands 

exhibit non-equilibrium characteristics, it is important for managers to be mindful of the fact 

that they can still be prone to degradation which may be permanent given the presence of 

ecological states separated by potentially irreversible transitions (Sasaki, Okayasu et al. 2008).  

5.3. Methodological Insights  

The type of response variable used produced considerable variation among grazing responses. 

Additionally, there was widespread variability in individual species’ responses across different 

spatial scales and gradient sources. This supports the findings of Vesk, Westoby (2001) who 

observed that individual species responses were mostly inconsistent across a number of studies 

and suggested that species responses are largely dependent on the context rather than specific 
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species traits (Vesk, Westoby 2001). Both the site of sampling as well as spatial scales are 

important features of the context of a response (Sasaki, Okubo et al. 2011, Olff, Ritchie 1998).  

5.3.1. Cover vs. Presence-Absence Data 

Results obtained from presence-absence data, unlike those from cover data yielded a high 

proportion of responses with no observable trend. Presence-absence data, as discussed earlier 

does not take into account the abundance or the dominance of species, therefore loses important 

ecological information (Wesuls, Pellowski et al. 2013). This is also indicated by the fact that 

the differences between the mean AIC percentage weights of all models and mean AIC 

percentage weights of best selected model are consistently lower across all combinations of 

transect lengths and gradient sources modelled as compared to the differences for responses 

obtained using cover data (see table 4.3). Van Der Maabel (1979) in comparing various 

transformations to abundance data, concluded that presence-absence data is an extreme cover 

transformation that is not suitable for phytosociological (plant community-level) applications 

(Van Der Maabel 1979). Therefore, for the purpose of modelling individual species responses, 

especially using hierarchical regression frameworks such as HOF curves, our results indicate 

that cover data is a better response variable as compared to presence-absence data, which is 

surprising since the latter has been used in a larger number of studies involving HOF curves 

(Wesuls, Pellowski et al. 2013).   

5.3.2. Variability between Spatial Scales  

Spatial scale variation was investigated by comparing responses for two different transect 

lengths for water sources (or piospheres). Threshold decreasers were the most common 

response type for short transect which is predictable given the non-linear nature of “sacrifice 

zones” around piospheres. The “sacrifice zone” is the area around a piosphere, marked by 

intense degradation and high proportion of unpalatable plants (Lange 1969). Roughly 66% of 

the threshold species exhibited thresholds within the first 50m of the centre of the gradient that 

strongly points to the existence of a “sacrifice zone”. However, long transects exhibit a 

unimodal response which is more in line with the predictions described above (i.e. unimodal 

curves expected along physical gradients). A similar trend is noticeable for species richness, 

though short transect responses are both monotonic and threshold decreasers. Considering that 

there are no threshold increasers modelled for long transects, it is likely, that the short transect 

response is only a part of the total response indicated in the responses of long transects (Wesuls, 

Pellowski et al. 2013). That being said, consistency for responses for both transect lengths 

using increaser-decreaser criteria is still less than 50% which points to the importance of 
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considering spatial scales when identifying indicator species or the presence or thresholds 

(Wesuls, Pellowski et al. 2013). This study demonstrates that short transect lengths are better 

suited for the identification of thresholds, particularly within the “sacrifice zone” whereas long 

transect lengths are recommended for identification of species optima or niches. 

5.3.3. Variability between Gradient Sources 

Piospheres have been studied extensively, and were therefore used as a reference to investigate 

the reliability of the other two gradient sources. Herding trails showed a high number of 

unimodal responses, which is not consistent with what was observed for the water sources 

when sampled with the short transects. These responses are more similar to those obtained for 

long transects near water sources which possibly indicates that the extent of the influence of 

these herding trails is much shorter and more concentrated as compared to water sources. This 

is reasonable considering livestock is actively herded through these paths only to be allowed 

free grazing once near a water source. This is also indicated from the location of the optima 

and thresholds for type III and IV responses, which are much closer to the gradient centre which 

possibly explains why, increasers were the most common species type and that functional trait 

responses and individual species responses for a number of species showed opposite trends 

according to the proposed ‘increaser-decreaser’ criteria. Since the transect (200m) extends far 

beyond the extent of the effect of a herding trail, most optima even if the species is grazing 

averse, occur to the right side of the transect centre which according to the proposed increaser-

decreaser criteria, indicates an ‘increaser’ response. Therefore, the proposed criteria will work 

only of the transect length is set according to the gradient source.  

The comparison between responses obtained from the reserve “anti-source” and water sources 

may be used to gauge the ability of the reserve to control grazing. Unlike all the other source 

types, the reserve showed no response in terms of diversity parameters which indicates the 

probable absence of a gradient assuming that diversity does respond to a gradient (which was 

indicated by other gradient types). The absence of a gradient means that grazing pressure 

around the reserve is relatively uniform. Therefore, two conclusions may be drawn from this: 

(1) The reserve is not a reliable indicator of a grazing gradient; (2) The grazing intensity around 

the reserve is relatively uniform. However, it is also possible that diversity responses showed 

no trend due to low species count over both transects sampled near the reserve (see fig. 4.1) as 

individual and functional responses did show a clear trend. 
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5.4. Conservation Significance 

The fact that the maximum number of individual species responses and plant diversity 

parameters indicate a decrease along the grazing gradient, emphasizes that a majority of the 

species could be at the risk of significantly reduced abundance and possibly extirpation under 

much higher grazing pressures. Certain species showed clear trends across a different sources 

and spatial scales. For example, Cousinia thomsonii and Nepeta discolor showed decreasing 

trends across both spatial scales. This is a matter of conservation concern as both species are 

medicinal plants according to the ‘Amchii’ system of Tibetan medicine and are currently 

sourced from the wild (see appendix A for medicinal uses). Carex spp., an important palatable 

graminoid species for both livestock and wild ungulates, showed a similar trend. Functional 

trait responses for growth form provide relatively consistent predictions which illustrates the 

potential for functional trait research to inform the grazing responses for different plant groups. 

Graminoids and forbs are both averse to grazing, whereas shrubs show grazing tolerance. This 

finding is very relevant to the composition of rangelands as the replacement of less tolerant 

groups to grazing is linked to an ingress of woody/unpalatable shrubs (Briske 1996).  

The findings from this study indicate that the rangelands surveyed exhibit strong non-

equilibrium characteristics. Although, non-equilibrium conditions for arid rangelands typically 

imply lower potential of grazing induced damage, changes in pastoral practices such as 

supplementary fodder are known to cause unsustainable stocking rates leading to degradation 

of rangelands despite these predictions (Vetter 2005). This emphasizes the need for regular 

monitoring of rangelands, since non-equilibrium conditions imply that recovery from a 

degraded statement might not be possible once a threshold is crossed (Cingolani, Noy-Meir et 

al. 2005) and highlights the need to identify ecological thresholds. A number of species 

responses did in fact exhibit threshold responses especially when sampled along short transects.  

In conclusion, this study provides an effective framework for assessing the impacts of grazing 

by livestock in a relatively less resource intensive and rapid way. Looking forward, it would 

be valuable to test the proposed framework in other arid rangelands, particularly those in the 

Trans-Himalayas for consistency across sites. Repeated sampling of vegetation and 

environmental conditions over a number of growing seasons would add a temporal dimension 

to assessing grazing impacts as new equilibria/states may be identified over successive years. 

The proposed framework has provided valuable insights into the effects of livestock grazing in 

the rangelands of Spiti which have the potential to better inform management decisions of these   

biodiverse yet vulnerable rangelands.
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7. APPENDICES 

 

APPENDIX A – Full species list with functional trait and medicinal use information 

Table A.1 Full species list of recorded plant species with growth form, life cycle and medical use 

No. Species Growth 

Form 

Life 

History 

Medicinal/cultural significance 

1 Allium carolinianum Forb Perennial Used for treating stomach pains; Edible 

plant used in place of Garlic5 

2 Allium wallichii Forb Perennial Edible plant used for seasoning food 

(observed) 

3 Astragalus grahamianus Shrub Perennial - 

4 Caragana versicolor Shrub Perennial Dried and used as fuel1 

5 Carex sp. Graminoid Perennial - 

6 Cousinia thomsoni Forb Perennial Used as a diuretic2 

7 Dracocephalum heterophyllum Forb Perennial Used to treat irritation, burning sensation 

and pain5 

8 Elymus sp. Graminoid Perennial - 

9 Ephedra gerardiana Shrub Perennial Oxytocic in nature1 

10 Eurotia ceratoides Shrub Perennial - 

11 Leymus sp. Graminoid Perennial - 

12 Lindelophia anchusoides Forb Perennial - 

13 Nepeta discolor Forb Perennial Used to treat cold and cough2 

14 Oxytropis cachemiriana Forb Perennial Used to prevent toothache4 

15 Oxytropis microphylla Forb Perennial Used to treat animal bites3 

16 Poa sp. Graminoid Perennial - 

17 Polygonum tortuosum Shrub Perennial Used to treat stomach and intestinal 

problems, jaundice5  

18 Polygonum aviculare Forb Annual - 

19 Polygonum paronychoides Forb Perennial - 

20 Potentilla arbuscula Shrub Perennial - 

21 Potentilla bifurca Forb Perennial - 

22 Potentilla nivea Forb Perennial - 

23 Potentilla sericea Forb Perennial - 

24 Psychrogeton andryaloides Forb Perennial - 

25 Rosularia aplestris Forb Perennial - 

26 Scorzenera virgata Forb Perennial Used to treat intestinal problems2 

27 Stipa sp. Graminoid Perennial - 

28 Thalictrum foetidum Forb Perennial Used as a diuretic and antipyretic2  

29 Thesium multicaule Forb Perennial - 
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References for identifying medicinal plants and uses: 

1. ASWAL, B. and MEHROTRA, B.N., 1994. Flora of Lahaul-Spiti: a cold desert in north 

west Himalaya. Dehra Dun: Bishen Singh Mahendra Pal Singh iii, 761p.-illus., 

col.illus..ISBN 8121100992 En Keys Plant records.Geog, 6. 

 

2. CHAURASIA, O., KHATOON, N. and SINGH, S.B., 2008. Field Guide Floral Diversity 

of Ladakh. 1 edn. WWF-India, Defence Institute of High Altitude Research (DIHAR) and 

the Department of Wildlife Protection, Government of Jammu and Kashmir. 

 

3. DEVI, U., SETH, M., SHARMA, P. and RANA, J., 2013. Study on ethnomedicinal 

plants of Kibber Wildlife Sanctuary: A cold desert in Trans Himalaya, India.  

 

4. KHAN, S.M., PAGE, S., AHMAD, H., SHAHEEN, H., ULLAH, Z., AHMAD, M. and 

HARPER, D.M., 2013. Medicinal flora and ethnoecological knowledge in the Naran 

Valley, Western Himalaya, Pakistan. J Ethnobiol Ethnomed, 9(4),. 

 

5. SINGH, K.N., 2012. Traditional knowledge on ethnobotanical uses of plant biodiversity: 

a detailed study from the Indian western Himalaya. Biodiversity: Research and 

Conservation, 28, pp. 63-77. 
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APPENDIX B – Huisman-Olff-Fresco (HOF) model types and description  

Model I 

No Response 

𝒚 = 𝑴 
𝟏

𝟏 + 𝒆𝒂
 

Parameters: a 

 

Model II 

Monotonic 

Increaser/Decrease 

𝒚 = 𝑴 
𝟏

𝟏 + 𝒆𝒂+𝒃𝒙
 

Parameters: a, b 

 

Model III 

Threshold 

Increase/Decrease 

𝒚 = 𝑴 
𝟏

(𝟏 + 𝒆𝒂+𝒃𝒙)(𝟏 + 𝒆𝒄)
 

Parameters: a, b, c 

 

Model IV 

Symmetric 

Unimodal 

𝒚 = 𝑴 
𝟏

(𝟏 + 𝒆𝒂+𝒃𝒙)(𝟏 + 𝒆𝒄−𝒃𝒙)
 

Parameters: a, b, c 

 

Model V 

Skewed  

Unimodal 

 

𝒚 = 𝑴 
𝟏

(𝟏 + 𝒆𝒂+𝒃𝒙)(𝟏 + 𝒆𝒄+ 𝒅𝒙)
 

Parameters: a, b, c ,d 

 

Fig A.2 HOF model types, mathematical equations and response shape (Huisman, Olff et al. 1993) 
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APPENDIX C – Individual Species Response Plots 

Individual species responses were modelled for the following combinations of gradient 

sources and transect lengths using both cover and presence-absence data: 

1. Water Sources – Short Transect (ST) 

1.1 Responses with cover data 
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1.2 Responses with presence-absence data 

 

 

2. Water Sources – Long Transect (LT) 

2.1 Responses with cover data
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2.2 Responses with presence-absence data
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3. Herding Trail – Short Transect (ST) 

3.1 Responses with cover data 
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3.2 Responses with presence-absence data 
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4. Reserve – Long Transect (LT) 

4.1 Responses with cover data 

 

4.2 Responses with presence-absence data 
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APPENDIX D – HOF model AIC weights, model parameters and optima/threshold if present 

Number of occurrences (Column Occ in tables below) is not applicable to functional trait and diversity responses in cover data models. 

1. Water Sources – Short Transect (ST) 

1.1 Responses with cover data 

    AIC WEIGHTS Model Parameters 

No. Species/response 
Occ Model I II III IV V a b c d 

Optima/ 

threshold 

1 Allium carolinianum 46 II 4.21% 51.99% 18.6% 18.6% 6.59% 4.636 1.213   -200 

2 Astragalus grahamiana 120 III 0.09% 4.3% 49.46% 34.04% 12.1% -9.201 8.893 3.827  -42.45 

3 Caragana versicolor 114 IV 0% 0% 0% 73.84% 26.16% -0.829 2.930 2.112  -99.6 

4 Carex sp.  27 IV 0% 0% 0% 68.31% 31.69% -2.212 10.856 5.802  -126.17 

5 Cousinia thomsoni 28 III 0.31% 50.13% 49.55% 0% 0% -17.854 100.000 4.928  -168.69 

6 Dracocephalum heterophyllum 11 II 22.18% 42.07% 15.17% 15.17% 5.42% 5.538 4.076   -200 

7 Elymus sp.  152 III 0% 0% 100% 0% 0% -28.249 30.754 3.432  -30.58 

8 Eurotia ceratoides 154 V 0% 0% 1.12% 41.86% 57.01% -2.612 3.950 4.098 2.839 -42.49 

9 Leymus secalinus 51 III 6.98% 11.91% 68.79% 9.08% 3.24% -89.521 100.000 5.023  -25.35 

10 Lindelophia anchusoides 39 II 23.8% 40.99% 14.67% 15.08% 5.47% 5.289 1.306   -200 

11 Nepeta discolor 66 III 0.06% 0.06% 71.97% 16.92% 10.99% -96.200 100.000 4.589  -11.99 

12 Polygonum tortuosum 96 IV 0% 0% 0% 69.7% 30.3% -0.150 3.972 3.657  -104.16 

13 Polygonum aviculare 82 III 0% 10.1% 41.58% 34.95% 13.38% -2.403 4.377 3.814  -161.17 

14 Polygonum paronychoides 11 I 50.24% 29.19% 18.73% 1.36% 0.48% 6.730    - 

15 Potentilla bifurca 76 II 1.54% 53.44% 19.12% 19.12% 6.77% 4.198 0.629   -200 

16 Rosularia aplestris 20 IV 0.17% 0.09% 0.31% 67.77% 31.65% -8.113 32.633 12.525  -136.76 

17 Scorzenera virgata 17 I 42.65% 20.11% 10.19% 19.88% 7.16% 6.674    - 

18 Stipa sp.  79 II 0% 54.28% 19.42% 19.42% 6.88% 3.746 1.703   -200 

19 Thalictrum foetidum 17 I 59.44% 22.02% 7.88% 7.88% 2.79% 6.152    - 

20 Thesium multicaulum 10 I 60.91% 22.51% 8.05% 5.67% 2.85% 7.513    - 

21 Graminoid - V 0% 0% 0% 0% 100% -0.459 -12.041 2.281 -1.016 -166.52 

22 Forb - III 0% 21.44% 36.68% 30.11% 11.77% -0.403 1.633 1.948  -170.01 

23 Shrub - V 0% 0% 0% 2.86% 97.14% -0.332 1.957 1.327 3.600 -95 

24 Overall richness - III 0% 20.56% 52.7% 19.59% 7.15% -2.365 2.203 2.525  138.75 

25 Simpson - I 41.87% 30.72% 11.3% 11.9% 4.22% 5.120    - 

26 Shannon - II 1.51% 46.85% 22.56% 21.46% 7.61% 4.148 0.521   -200 



 

 
 

5
3

 

1.2 Responses with presence-absence data 

 

    AIC WEIGHTS Model Parameters 

No. Species 
Occ Model I II III IV V a b c d 

Optima/ 

threshold 

1 Allium carolinianum 46 I 58.57% 22.49% 8.05% 8.05% 2.85% 6.168    - 

2 Astragalus grahamiana 120 I 42.65% 21.96% 21.53% 10.16% 3.7% 5.206    - 

3 Caragana versicolor 114 I 58.34% 22.13% 7.92% 8.54% 3.07% 5.257    - 

4 Carex sp.  27 I 52.45% 19.93% 9.7% 13.22% 4.69% 6.702    - 

5 Cousinia thomsoni 28 II 16.85% 45.13% 16.15% 16.15% 5.72% 5.393 3.907   -200 

6 Dracocephalum heterophyllum 11 I 50.69% 26.51% 9.63% 9.63% 3.53% 7.600    - 

7 Elymus sp.  152 II 8.64% 34.06% 28.31% 21.4% 7.58% 4.661 0.651   -200 

8 Eurotia ceratoides 154 I 43.78% 30.52% 10.92% 10.92% 3.87% 4.955    - 

9 Leymus secalinus 51 I 45.7% 29.44% 10.53% 10.57% 3.76% 6.065    - 

10 Lindelophia anchusoides 39 I 55.21% 22.53% 9.55% 9.31% 3.41% 6.333    - 

11 Nepeta discolor 66 I 48.68% 22.36% 16.88% 8.92% 3.16% 5.806    - 

12 Polygonum tortuosum 96 I 58.75% 21.51% 7.69% 8.75% 3.3% 5.430    - 

13 Polygonum aviculare 82 II 7.01% 50.47% 18.06% 18.06% 6.4% 4.970 1.440   -200 

14 Polygonum paronychoides 11 I 59.23% 22.8% 8.95% 5.81% 3.2% 7.600    - 

15 Potentilla bifurca 76 II 28.63% 38.74% 13.86% 13.86% 4.91% 5.207 1.018   -200 

16 Rosularia aplestris 20 I 44.23% 17.1% 9.82% 21.3% 7.55% 7.002    - 

17 Scorzenera virgata 17 I 59.57% 21.94% 7.85% 7.85% 2.78% 7.165    - 

18 Stipa sp.  79 I 42.52% 31.2% 11.16% 11.16% 3.96% 5.626    - 

19 Thalictrum foetidum 17 I 58.47% 26.68% 9.55% 3.92% 1.39% 7.165    - 

20 Thesium multicaulum 10 I 59.16% 22.17% 7.93% 7.93% 2.81% 7.696    - 
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2. Water Sources – Long Transect (LT) 

 

2.1 Responses with cover data 

 

    AIC WEIGHTS Model Parameters 

No. Species 
Occ Model I II III IV V a b c d 

Optima/ 

threshold 

1 Allium carolinianum 33 IV 0.02% 0.01% 0% 64.03% 35.95% -1.562 7.273 5.650  -252.06 

2 Astragalus grahamiana 59 IV 1.07% 0.49% 0.17% 72.94% 25.33% -0.184 3.674 3.733  -233.45 

3 Caragana versicolor 62 II 0% 54.87% 19.2% 19.2% 6.72% 2.137 0.190   -500 

4 Carex sp.  35 IV 0% 0% 0% 74.46% 25.54% -15.248 44.449 11.732  -348.25 

5 Cousinia thomsoni 39 IV 0% 7.74% 37.35% 39.79% 15.12% 1.769 5.793 1.830  -497.37 

6 Dracocephalum heterophyllum 14 IV 0% 0.01% 0.03% 52.57% 47.39% -3.953 22.715 7.809  -370.54 

7 Elymus sp.  85 IV 0% 0% 0% 61.04% 38.96% -0.954 5.530 3.682  -290.43 

8 Eurotia ceratoides 78 II 0% 54.95% 19.23% 19.23% 6.6% 4.150 -1.270   0 

9 Leymus secalinus 29 II 0% 55% 19.21% 19.21% 6.58% 3.918 3.972   -500 

10 Lindelophia anchusoides 22 I 53.67% 19.19% 6.7% 13.86% 6.58% 5.651    - 

11 Nepeta discolor 32 IV 0.02% 0.01% 0% 69.92% 30.05% -1.976 6.970 5.950  -215.73 

12 Poa sp.  13 IV 1.22% 0.46% 0.16% 73% 25.16% -7.111 22.438 11.608  -291.44 

13 Polygonum tortuosum 49 II 0.19% 54.9% 19.17% 19.17% 6.57% 3.730 0.638   -500 

14 Polygonum aviculare 49 V 0% 0% 0% 43.42% 56.58% -71.408 92.505 6.652 4.980 -129.82 

15 Polygonum paronychoides 10 II 35.12% 35.69% 12.46% 12.46% 4.27% 5.487 53.569   -500 

16 Potentilla bifurca 48 V 0% 0% 0% 44.73% 55.27% -2.391 11.928 4.318 7.230 -388.29 

17 Stipa sp.  42 I 57.86% 20.58% 7.19% 7.18% 7.18% 4.572    - 

18 Thalictrum foetidum 11 IV 8% 2.86% 1% 65.63% 22.5% -18.145 41.336 21.203  -262.02 

19 Graminoid - V 0% 0% 0% 0% 100% 1.242 1.867 1.252 9.299 -348.34 

20 Forb - III 0% 0% 51.42% 28.79% 19.79% -20.362 24.819 2.550  -134.06 

21 Shrub - II 1% 54.33% 19.01% 19.01% 6.65% 1.654 -0.064   0.00E+00 

22 Overall richness - V 0% 0% 0% 74.45% 25.55% -0.593 3.611 2.432  -243.02 

23 Simpson - I 47.75% 21.56% 13.21% 12.99% 4.49% 5.083    - 

24 Shannon - IV 1.47% 2.39% 33.79% 45.86% 16.49% 0.281 4.132 3.558  -295.72 

 



 

 
 

5
5

 

2.2 Responses with presence-absence data 

 

    AIC WEIGHTS Model Parameters 

No. Species 
Occ Model I II III IV V a b c d 

Optima/ 

threshold 

1 Allium carolinianum 33 I 53.81% 21.73% 10.02% 10.75% 3.69% 5.893    - 

2 Astragalus grahamiana 59 I 42.6% 16.15% 14.67% 19.36% 7.23% 5.310    - 

3 Caragana versicolor 62 I 56.65% 20.16% 7.04% 11.59% 4.56% 5.260    - 

4 Carex sp.  35 IV 24.86% 9.04% 3.16% 46.88% 16.07% -13.433 46.116 14.318  -349.56 

5 Cousinia thomsoni 39 III 10.63% 26.96% 31.96% 22.68% 7.78% -28.863 44.444 5.293  200.01 

6 Dracocephalum heterophyllum 14 I 48.31% 19.55% 9.1% 16.49% 6.56% 6.752    - 

7 Elymus sp.  85 III 12.55% 7.56% 34.64% 32.98% 12.27% -25.715 26.834 4.805  -61.79 

8 Eurotia ceratoides 78 I 58.71% 22.71% 7.93% 7.93% 2.72% 5.029    - 

9 Leymus secalinus 29 I 56.19% 24.09% 8.41% 8.41% 2.88% 6.023    - 

10 Lindelophia anchusoides 22 I 57.78% 20.63% 7.2% 10.58% 3.81% 6.300    - 

11 Nepeta discolor 32 I 48.19% 17.2% 6.01% 21.26% 7.34% 5.924    - 

12 Poa sp.  13 I 50.26% 18.16% 6.34% 18.71% 6.52% 6.827    - 

13 Polygonum tortuosum 49 I 59.55% 21.23% 7.41% 8.59% 3.22% 5.497    - 

14 Polygonum aviculare 49 IV 9.25% 5.18% 24.31% 41.79% 19.47% -1.604 8.706 6.298  -273.11 

15 Polygonum paronychoides 10 I 55.68% 24.38% 8.51% 8.51% 2.92% 7.089    - 

16 Potentilla bifurca 48 IV 21.72% 18.09% 21.44% 28.74% 10.01% 0.027 6.972 4.862  -326.63 

17 Stipa sp.  42 I 59.22% 22.43% 7.83% 7.83% 2.69% 5.651    - 

18 Thalictrum foetidum 11 I 60.42% 21.95% 7.66% 4.53% 5.44% 6.994    - 
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3. Herding trail – Short Transect (ST) 

 

3.1 Responses with cover data 

 

    AIC WEIGHTS Model Parameters 

No. Species 
Occ Model I II III IV V a b c d 

Optima/ 

threshold 

1 Allium carolinianum 32 III 0% 0.05% 99.82% 0.09% 0.03% -79.126 100.000 4.419  -46.14 

2 Astragalus grahamiana 46 IV 0% 0.01% 0.06% 74.07% 25.86% -4.803 10.270 8.735  -68.18 

3 Caragana versicolor 53 V 0% 0% 0% 43.05% 56.95% -0.457 3.216 2.887 4.069 -84.91 

4 Carex sp.  21 IV 0% 0% 0% 62.53% 37.47% -16.877 29.141 19.642  -74.68 

5 Cousinia thomsoni 35 IV 0.01% 0.02% 4.2% 67.96% 27.81% -4.816 14.325 8.777  -105.11 

6 Dracocephalum heterophyllum 29 III 0.18% 0.61% 98.09% 0.79% 0.32% -76.910 100.000 4.716  -50.57 

7 Elymus sp.  58 IV 0.13% 0.07% 0.02% 52.02% 47.76% -1.180 5.178 4.746  -85.57 

8 Eurotia ceratoides 56 I 41.95% 32.02% 11.12% 11.12% 3.79% 4.163    - 

9 Leymus secalinus 55 IV 0% 0% 0% 65.16% 34.84% -9.845 15.468 12.498  -55.55 

10 Lindelophia anchusoides 13 IV 1.5% 0.94% 4.49% 60.28% 32.78% -8.035 16.005 12.577  -71.21 

11 Polygonum tortuosum 24 IV 0% 0% 0% 66.85% 33.15% -12.603 18.344 15.489  -46.86 

12 Polygonum aviculare 10 IV 0% 0% 0% 74.6% 25.4% -65.093 85.985 67.782  -45.47 

13 Polygonum paronychoides 20 IV 0% 0% 0% 70.82% 29.18% -16.431 48.339 18.654  -127.42 

14 Potentilla bifurca 77 IV 0% 0% 0% 58.34% 41.66% -1.882 5.575 4.311  -88.91 

15 Stipa sp.  62 IV 0% 0% 6.33% 68.63% 25.04% -0.383 6.257 2.999  -145.95 

16 Graminoid - V 0% 0% 0% 0% 100% -10.411 12.486 3.041 1.243 -70.31 

17 Forb - V 0% 0% 0% 0% 100% -16.387 19.409 2.918 1.274 -59.87 

18 Shrub - V 0% 0% 0% 0% 100% -97.337 100.000 2.779 1.103 -14.64 

19 Overall richness - III 0% 0% 100% 0% 0% -26.874 28.017 2.729  -25.63 

20 Simpson - I 54.94% 22.95% 8.82% 9.88% 3.41% 5.031    - 

21 Shannon - III 4.41% 3.99% 78.04% 9.75% 3.81% -25.668 26.711 4.244  -25.62 
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3.2 Responses with presence-absence data 

 

    AIC WEIGHTS Model Parameters 

No. Species 
Occ Model I II III IV V a b c d 

Optima/ 

threshold 

1 Allium carolinianum 32 I 33.91% 29.65% 17.67% 13.99% 4.77% 5.837    - 

2 Astragalus grahamiana 46 IV 16.92% 7.79% 5.11% 43.92% 26.26% -5.831 12.166 10.367  -66.86 

3 Caragana versicolor 53 I 43.88% 20.13% 19.32% 12.39% 4.28% 5.331    - 

4 Carex sp.  21 IV 3.8% 1.71% 2.45% 68.61% 23.43% -15.129 25.868 19.573  -65.85 

5 Cousinia thomsoni 35 III 21.91% 20.19% 30.34% 19.9% 7.66% -21.626 31.454 5.342  -76.46 

6 Dracocephalum heterophyllum 29 I 43.85% 30.84% 10.8% 10.79% 3.71% 5.936    - 

7 Elymus sp.  58 I 32.89% 12.75% 19.36% 24.85% 10.15% 5.240    - 

8 Eurotia ceratoides 56 I 52.71% 26.08% 9.06% 9.06% 3.09% 5.275    - 

9 Leymus secalinus 55 II 24.22% 34.77% 14.35% 14.99% 11.66% 5.823 -0.974   0 

10 Lindelophia anchusoides 13 I 46.18% 18.03% 10.78% 18.29% 6.72% 6.740    - 

11 Polygonum tortuosum 24 IV 4.65% 4.45% 13.22% 57.94% 19.74% -10.438 17.418 15.099  -53.39 

12 Polygonum aviculare 10 I 61.94% 23.1% 8.47% 4.84% 1.65% 7.002    - 

13 Polygonum paronychoides 20 I 49.29% 24.5% 9.72% 12.3% 4.19% 6.308    - 

14 Potentilla bifurca 77 I 56.14% 19.89% 6.91% 11.99% 5.06% 4.955    - 

15 Stipa sp.  62 II 5.04% 36.05% 25.52% 24.9% 8.48% 4.622 1.221   -200 
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4. Reserve – Long Transect (LT) 

 

4.1 Responses with cover data 

 

    AIC WEIGHTS Model Parameters 

No. Species 
Occ Model I II III IV V a b c d 

Optima/ 

threshold 

1 Astragalus grahamiana 10 II 0% 56.68% 18.7% 18.7% 5.92% 99.822 -96.178   0 

2 Caragana versicolor 33 V 0% 0% 0% 37.75% 62.25% -86.451 89.806 15.882 19.672 -39.93 

3 Carex sp.  30 II 0% 56.7% 18.69% 18.69% 5.92% 1.510 52.591   -500 

4 Elymus sp.  23 IV 0% 0% 0% 75.94% 24.06% -36.622 42.014 37.127  -61.16 

5 Eurotia ceratoides 55 II 0% 56.68% 18.7% 18.7% 5.92% 3.614 -1.263   0 

6 Leymus secalinus 13 I 62.18% 21.44% 7.07% 7.07% 2.24% 5.457    - 

7 Polygonum aviculare 38 I 58.88% 23.31% 7.69% 7.69% 2.44% 5.066    - 

8 Potentilla bifurca 26 II 0% 56.68% 18.7% 18.7% 5.92% 2.758 3.933   -500 

9 Stipa sp.  27 IV 0% 0% 0% 68.76% 31.24% -3.411 15.553 4.709  -369.47 

10 Graminoid - II 0% 56.71% 18.69% 18.69% 5.92% 1.461 1.911   -500 

11 Forb - II 0% 56.68% 18.7% 18.7% 5.92% 2.584 2.854   -500 

12 Shrub - V 0% 0% 0% 0% 100% -98.139 99.711 8.695 11.009 -28.19 

13 Overall richness - I 54.8% 25.62% 8.45% 8.45% 2.68% 3.024    - 

14 Simpson - I 61.22% 21.98% 7.25% 7.25% 2.3% 5.275    - 

15 Shannon - I 58.34% 23.61% 7.79% 7.79% 2.47% 4.620    - 
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4.2 Responses with presence-absence data 

 

    AIC WEIGHTS Model Parameters 

No. Species 
Occ Model I II III IV V a b c d 

Optima/ 

threshold 

1 Astragalus grahamiana 10 II 2.5% 55.26% 18.23% 18.23% 5.78% 99.473 -94.878   0 

2 Caragana versicolor 33 I 57.24% 23.89% 8.07% 8.14% 2.65% 5.197    - 

3 Carex sp.  30 III 11.79% 17.3% 56.69% 10.23% 3.98% -73.225 100.000 4.885  -144.86 

4 Elymus sp.  23 I 46.26% 27.65% 9.64% 9.69% 6.77% 5.560    - 

5 Eurotia ceratoides 55 I 62.3% 21.37% 7.05% 7.05% 2.23% 4.683    - 

6 Leymus secalinus 13 I 61.79% 21.66% 7.14% 7.14% 2.26% 6.132    - 

7 Polygonum aviculare 38 I 55.93% 24.98% 8.24% 8.24% 2.61% 5.056    - 

8 Potentilla bifurca 26 II 13.33% 49.12% 16.2% 16.2% 5.13% 4.617 2.278   -500 

9 Stipa sp.  27 IV 21.43% 19.8% 17.9% 30.99% 9.89% -0.498 11.999 4.856  -388.45 
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APPENDIX E – Photo-Inventory 

 

 

Pea plantations with Kibber Village in the background.  

Pea is the primary cash crop in the region 

 

Every morning livestock from the entire village is collectively  

herded to surrounding rangelands by 3-5 villagers 
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Actively herded livestock assemblages include sheep, goats, donkeys and cows 

 

 

Quadrat (1m X 1m) used for sampling vegetation. The quadrat was divided into 

hundred divisions, representing 1% using a 10X10 grid (purple threads in picture) 
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APPENDIX F – R Code 

 
# Author: Aakash Lamba 

# INITIALIZATIONS  

setwd("C:/Users/Aakash/Documents/Imperial/Project/Spreadsheets") 

library(eHOF) 

library(vegan) 

library(ggplot2) 

species = read.csv("species_trait_list.csv") 

plotdata = read.csv("quadratdata.csv") 

optima = read.csv("optima.csv") 

# PREPR 

fprint = 0 

plot = 1 

responses = c("cover","growthform","richness","pa") 

freq = 10 

dir = -1 

filename = "output/Models_summary.txt" 

model.list = c("I","II","III","IV","V") 

 

################################################################ 

# User Defined Functions 

################################################################ 

 

# Function presenceabsence converts cover data to presence-absence data 

presenceabsence <- function(coverdata) { 

 coverdata[coverdata>0] <- 1 

 return(coverdata) 

} 

# Function getoccurence returns total number of occurrences for each species  

getoccurence <- function(coverdata) { 

 occ = colSums(presenceabsence(coverdata))  

 species = names(occ) 

 frequency = as.vector(occ) 

 out = data.frame(species,frequency) 

 return(out) 

} 

# Function richness returns Overall species richness, Shannon and Simpson indices  

richness <- function(coverdata) { 

 presdata = presenceabsence(coverdata) 

 total.richness = rowSums(presdata) 

 simpson = diversity(coverdata, index = "simpson", MARGIN = 1, base = exp(1)) 

 shannon = diversity(coverdata, index = "shannon", MARGIN = 1, base = exp(1)) 

 richness.data = data.frame(total.richness, simpson, shannon) 

 return(richness.data) 

} 

# Function growthform returns total cover for different growth forms   

growthform <- function(coverdata) { 

 graminoid.cover <- vector(mode = "numeric", length = nrow(coverdata)) 

 forb.cover <- vector(mode = "numeric",length = nrow(coverdata)) 

 shrub.cover <- vector(mode = "numeric",length = nrow(coverdata)) 

 for(i in 1:length(coverdata)) {  

 form = species[species$Species.name == colnames(coverdata[i]),3] 

 if(form == "G") { 

  graminoid.cover = graminoid.cover + coverdata[[i]]  

 } else if (form == "F") { 

  forb.cover = forb.cover + coverdata[[i]]  

 } else if (form == "S") { 

  shrub.cover = shrub.cover + coverdata[[i]]  

 } 

 }  

 growth.form = data.frame(graminoid.cover,forb.cover,shrub.cover) 

 return(growth.form) 

} 

# Function lifehistory returns total cover for annuals vs. perennials 

lifehistory <- function(coverdata) { 

 annual.cover <- vector(mode = "numeric", length = nrow(coverdata)) 
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 perennial.cover <- vector(mode = "numeric",length = nrow(coverdata)) 

 for(i in 1:length(coverdata)) {  

 hist = species[species$Life.History == colnames(coverdata[i]),4] 

 if(form == "A") { 

  annual.cover = annual.cover + coverdata[[i]]  

 } else if (form == "P") 

  perennial.cover = perennial.cover + coverdata[[i]]  

 }  

 life.history = data.frame(annual.cover,perennial.cover) 

 return(life.history) 

} 

# Function modelHOF returns models responsedata and returns eHOF object, mod as 

output 

modelHOF <- 

function(responsedata,gradient,gradient.direction,responsetype,freqlimit) { 

 if (gradient.direction == 1) { 

  grad = gradient 

 } else if (gradient.direction == -1) { 

  grad = -gradient 

 } 

 if (responsetype == "cover") { 

  ydata = responsedata  

 } else if (responsetype == "sqrt") { 

  ydata = sqrt(responsedata)  

 } else if (responsetype == "pa") { 

  ydata = presenceabsence(responsedata)  

 } else if (responsetype == "growthform") { 

  ydata = growthform(responsedata)  

 

 } else if (responsetype == "richness") { 

  ydata = richness(responsedata)  

 } else if (responsetype == "palatability") { 

  ydata = palat(responsedata) 

  #print(ydata)  

 } 

 mod = HOF(ydata,grad, M=100, family= gaussian, freq.limit=freqlimit, 

bootstrap=NULL) 

 return(mod) 

} 

# Produces plots and outfiles for cases modelled 

outputHOF <- function(model.obj,plot,outfile,append.file,box,window.title,response) 

{ 

 parameters = Para(model.obj, modeltypes = model.list) 

 species.list = c("") 

 model.list = c("") 

 opt.list = c("") 

 if (fprint == 1) 

 { 

  sink(outfile, append = append.file) 

  cat(window.title) 

  cat("\n\n") 

  print(sapply(parameters,"[[","model")) 

  sink() 

 } 

 if (plot != 0) { 

  x11(title = window.title) 

  autolayout(length(model.obj)) 

  par(mfrow = c(5,4),mar=c(1.2,1.2,2,1), mgp= 

c(1.2,0.4,0),pin=c(1,0.75)) 

  for(i in 1:length(model.obj)) { 

   mod = toString(parameters[[i]]["model"]) 

   species.code = toString(parameters[[i]]["species"]) 

   species.index = match(species.code,species[[2]]) 

   species.title = toString(species[[6]][species.index]) 

   max = max(parameters[[i]][["top"]]) + 1 

   plot(model.obj[[i]], model = mod,xlabel = "Distance from source 

(m)",yl = c(0,(max/100)), marginal = 'n', boxp=FALSE, main = 

substitute(italic(species.title)),leg=FALSE) 
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   par(mar=c(1.2,1.2,2,1), mgp= c(1.2,0.4,0),pin=c(0.9,0.75)) 

  

 cat(parameters[[i]]$para[1],"\t\t",parameters[[i]]$para[2],"\t\t", 

parameters[[i]]$para[3],"\t\t",parameters[[i]]$para[4],"\t\t",parameters[[i]]$para[

5],"\n") 

   species.list = 

append(species.list,parameters[[i]][["species"]]) 

   model.list = append(model.list,mod) 

   opt.list = append(opt.list,toString(parameters[[i]]["opt"])) 

  } 

  mod.table = data.frame(species.list,model.list,opt.list)  

  print(mod.table) 

 } 

}   

# Function cases computes HOF models for all possible combinations of sources and 

responses 

cases <- function(source.type,response.types,transect,grad.dir,freq.lim,outfile) { 

 if (source.type == "W") { 

  # W : Water sources 

  container = subset(plotdata, Type == 'W') 

 } else if (source.type == "P") { 

  # P : Path/herding trail 

  container = subset(plotdata, Type == 'P') 

 } else if (source.type == "R") { 

  # R: reserve 

  container = subset(plotdata, Type == 'R') 

  container$Distance = max(container$Distance) - container$Distance 

 }  

 if (transect == "ST") { 

  qdata = subset(container, Distance <= 200) 

  gradient = qdata$Distance 

 } else if (transect == "LT") { 

  qdata = subset(container, Distance%%100 == 0 & Distance <= 500) 

  gradient = qdata$Distance 

 } else { 

  qdata = subset(container, Distance <= 500) 

  gradient = qdata$Distance 

 } 

 occ = getoccurence(qdata[16:44]) 

 print(occ)  

 for (i in 1:length(response.types)) { 

  casename = paste(source.type,transect,response.types[i]) 

  model = 

modelHOF(qdata[16:44],gradient,grad.dir,response.types[i],freq.lim) 

  outputHOF(model,plot,outfile,TRUE,FALSE,casename,response.type[i]) 

 } 

} 

# Function cases computes optima for all HOF models for all possible combinations 

of sources and responses 

casesOptima <- function(source.type,transect,data.type) { 

 if (source.type == "W") { 

  container = subset(optima, Source == 'W') 

 } else if (source.type == "P") { 

  container = subset(optima, Source == 'P') 

 } else if (source.type == "R") { 

  container = subset(optima, Source == 'R') 

 } 

 if (transect == "ST") { 

  plotdata = subset(container, Length == 'ST') 

 } else if (transect == "LT") { 

  plotdata = subset(container, Length == 'LT') 

 } 

   

 if (data.type == "cover") { 

  # C : cover data 

  optimaData = subset(plotdata, Type == 'C') 

 } else if (data.type == "pa") { 

  # PA : presence absence data 
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  optimaData = subset(plotdata, Type == 'PA') 

 } 

 plotOptima(optimaData) 

} 

# Plots dotcharts for optima and thresholds using optimaData 

plotOptima <- function(optimaData) { 

 opt1 = optimaData[[8]] 

 opt2 = optimaData[[9]] 

 species = optimaData[5] 

 Species = rbind(species,optimaData[5]) 

 dat = data.frame(Species , optima = c(opt1,opt2))  

 qplot(data=dat, x=optima, y=Species, group=factor(Species), geom=c("point", 

"line"),xlab ="Distance from source (m)",ylab = "") 

} 

############################################################### 

# Default Function calls 

############################################################### 

# All Water sources 

# ST 

cases("W",responses,"ST",dir ,freq,filename) 

# LT 

cases("W",responses,"LT",dir ,freq,filename) 

 

# Trail/Path 

cases("P",responses,"ST",dir ,freq,filename) 

 

# Reserve 

cases("R",responses,"LT",dir ,freq,filename) 

 

############################################################### 

#     E.O.F.       #  

############################################################### 

 

 

 

 


