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ABSTRACT

Developing Strategies to Predict Climate Change
Impacts on Selected Medicinal Plants,
their Vulnerability and Adaptation

Investigating the effects of global warming on grassland ecosystems and individual
medicinal plant species of Hindukush-Karakoram-Himalaya (HKKH) is of great
significance to incorporate these responses into policy development. Anthropogenic
climate change has exerted degenerative impacts on the natural reservoirs of these
pharmacological plants. The purpose of this study was to predict the future responses of
these therapeutic plants by identifying the climate change impacts on their growth and
development and how these changes will affect the wellbeing of people depending on these
natural resources. Indigenous knowledge is precarious to consider for the success of nature-
based solutions to climate change. Recognizing and incorporating the indigenous
knowlgdge witly the evidencgmof current cllmate hacks and tremors will help to mitigate
the j tllma f W(r\jw ﬂ lenous zones are critical
carBon sinkS an prow itat f diVersity Ronserv. |ggavmg twin vulnerability,

indigenous people had long histories of co-existing with their changing territories. Often

considered the population at risk these communities have high exposure to environmental
change. Therefore, the local perceptions about climate change impacts were the first
strategy to the prediction analysis of the region. The association between perceptions
regarding climate change and selected socio-demographic variables has been examined to
illustrate how interconnected roles of place (elevation), age, knowledge (education), and
gender help indigenous people to cope with environmental change. For developing the
perceptions, a relationship with the place is mandatory because it can provide the basis for
the identity, belief system, and daily life practices, that inspire the exercises through which
any change is observed, experienced, adapted, or resisted, and responded to. Therefore,
climate and ethnobotanical surveys have been used to gather this knowledge from
indigenous communities through semi-structured interviews. The random sampling
method for the survey was adapted and questionnaires were designed. 100 key informants
were interviewed from 20 rural mountainous villages of Gilgit-Baltistan (Pakistan)
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Perception analysis revealed that local people had observed and experienced the rapid
climate shift during the last 10 years. The fluctuations in seasonal onset patterns with
increased warming have employed significant changes in these ecosystems in terms of
longer growing seasons, increased vegetation, and pastures fertility. Moreover, increased
crop yield, early harvest, and increase in forage are significant predictors of temperature
and rainfall variation. Rotational crop patterns, socioeconomic features, and agricultural
outcomes are predictors of positive impacts of warming but with sudden downpours, these
agricultural impacts are temporarily depending upon the adaptability of plant species. The
summary statistics of binary logistic and multivariate regression models suggested the
significant impact of age, elevation, gender, and education on local’s perception regarding
climate change impacts. The perceptions about the local biodiversity responses to warming
and overexploitation of these medicinal plants served basis for the manipulative
experimentation. The relative effects of climate warming with grazing on medicinally
important plants are not fully understood in the HKKH region in the face of current climate

change. Overgrazing of the medicinal plant spemes is another human-driven pressure on

I h etheﬁrt f«v r] »t] orage species. Therefore,
mb! indi u know allou t therapeutic plants with
c!

experimental warming (open-top chambers) and manual clipping (simulated grazing
effect) and compared the relative difference on aboveground biomass and percent cover of
medicinally important plant species at five alpine meadow sites on an elevation gradient
(4696 m-3346 m) from 2016-2018. Experimental warming increased biomass and percent
cover throughout the experiment. However, the interactive treatment effect (warming x
clipping) was significant on biomass but not on percent cover. These responses were taxa
specific. Warming induced an increase of 1+0.6% in Bistorta officinalis percent cover
while for Poa alpina it was 18.7 + 4.9%. Contrastingly, clipping had a marginally
significant effect in reducing the biomass and cover of all plant species. Clipping treatment
reduced vegetation cover & biomass by 2.3% and 6.26%, respectively, but that was not
significant due to the high variability among taxa response at different sites. It was found
that clipping decreased the effects of warming in interactive plots. Thus, warming may
increase the availability of therapeutic plants for indigenous people while overgrazing

would have deteriorating effects locally.
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With the evidence of increased biomass production of some medicinal plant species, the
potential of their bioactive therapeutic properties was investigated through High-
Performance Liquid Chromatography (HPLC) analysis which revealed a significant
increase in the major phenolic acid and flavonoids in the target species. Rutin, quercetin,
myricetin, gallic acid, and kaempferol are represented as major compounds that
accumulated in high concentration in response to warming. Pearson correlation has shown
a positive correlation in total phenolic content and total flavonoid contents of the important
medicinal plants. While the accumulation of other minor compounds, such as vanillic acid,
syringic acid, ferulic acid, and catechin, species showed specific individualistic variation
in concentration. The species-specific responses indicated some dominant species such as
P. alpina, A. rupestris, A. penduncularis, P. hololeuca, and P. macrophylla. Medicinal
plant species under stress can accumulate more secondary metabolites which explain their
capacity of adaptation. The propagation of these species under warming revealed the
increased potential of aeroallergens. Artemisia species aeroallergens were investigated

through Fourier transform |nfra-red (FTIR) spectroscopy, which revealed significant
dlfﬁ Hmi 1 -1650 cm L. the warming
tre: pl gnlflc t n rgenic proteins.

The findings of this research illustrate that vegetation sensitivity to warming and

overgrazing is likely to affect man—environment relationships, and traditional knowledge
on a regional scale. Plants originating from a cold climate, higher altitude, or semi-arid
environment had the highest phenolic contents in their physiological parts. The findings
provide useful information for the exploitation of the phenolic compounds in these weeds
for the development of environmental sustainability. These findings are novel in this
regard, which provides evidence of climate change impacts and extreme events in Gilgit-
Baltistan. On the other hand, mandatory efforts are obligatory to conserve the local
ecosystem in response to climate change, through implementing environmental
conservation strategies. Therefore, concerns are raised to adopt policies that may mitigate

the climate shocks and address the difficulties being faced by local communities.

xiii
2.7.1 Chemicals and drugs 37
2.7.2 Plant material 37
2.7.3 Phenolic extraction 37
2.7.4 Determination of Total Phenolic Content 38
2.7.5 Determination of Total Flavonoid Content (TFC).........ccoeuenivneniriinens 38
2.7.6 Identification and quantification of some phenolic compounds by high-

performance liquid chromatography method (HPLC)..........cccveiiniiniinininiennns 39
2.8 Statistical analysis 40
3 Results 44
3.1 General conceptions about climate change and climate-related events.................. 44

3.2 Demographic and socio-economic characteristics of the informants and villages
in climatic surveys 45
3.2.1 Perceptions about local climate change 49
3.2.2 Temperature 49
3.2.3 Rainfall 54
3.2.4 Variation in onset and duration pattern of the Season...........cc.cocevreerreinnens 54
5 ionggag Mipact§ o] v hl-n. geNgr, glacier size, melting of
,fnd Iood' WrT -[w ................................... 55

3.2.6 Socio-Economic Impacts 56

3.2.7 Relation between a set of socio-demographic features and perceptions about

climate shocks and tremors in Gilgit Baltistan 58
3.2.8 Association among village location, age, education and gender and perceptions
on climate change 58
3.2.9 Socio-Demographic Factors and perception of temperature variation ............ 60

3.2.10 Socio-demographic factors and perception of variation in rainfall and
vegetation 63

3.2.11 Anticipation of climate change impacts regarding temperature/rainfall..

3.2.11.1 Climate shocks and extreme events
3.2.11.2 Agricultural impact: 69
3.3 Ethnobotanic survey 71

3.4 Multisite Experimentation on Rangeland and Grassland Ecosystem (MERGE).... 73
3.4.1 Linear mixed effect model for fixed and random effects of variables............. 73

3.5 Analysis of morphological and molecular composition in allergenic pollen of
Artemisia species through FTIR spectroscopy 90

XV

Table of Contents

1.

The Artof-wr

Introduction 2
1.1  Climate change and vulnerability of mountain ecosystem...........c.ccccecvueerriiinnne 2
1.2 Environmental variation along an elevational gradient ................cccccooooeinriiniinien. 3

1.2.1 Abiotic factors and elevation 5

1.2.2 Variation in biotic factors 8

1.2.3 Climatic and non-climatic factors 8
1.3 Characteristics of plant communities at high-altitude grasslands................ccccoue.e. 10

1.3.1 Hindukush-Himalaya-Karakoram: current picture of climate change............. 10

1.3.2 The central role of plants in Asian rangeland: 12

1.3.3 HKKH biodiversity and ecosystem characteristics 13

1.3.4 Cultural and medicinal importance of the HKKH region..............ccccocovvriennes 14

1.3.5 Effect of climate change and plant secondary metabolites..............cccocvienneee 15
1.4 Projected species responses and future research areas .............cocoeereerrereeriennns 16
1.5 Climate change, people, and nature 18

1.6 Research pbjectives...g - 20
I h e: f A@ ........ \ V1 2
"1 St I I I 22

2.2 Khunjerab National Park 22
2.3 Climatic Surveys 25
2.3.1 Development of Questionnaire 26
2.3.2 Data Collection 26
2.4 Ethnobotanical Survey 28
2.5 Multisite Experimentation at Rangelands and Grasslands Ecosystems (MERGE) 30
2.5.1 Warming treatment 32
2.5.2 Clipping treatment 32
2.5.3 Data sampling from warming and clipping plots 34
2.6 Analysis of morphological and molecular compositional changes in allergenic
pollen of medicinal plant species through FTIR SPectroscopy..........c.cccuuviiniininiiniens 35
2.6.1 Sample preparation 35
2.6.2 Fourier Transform Infrared Spectroscopy (FTIR) analysis .........c.ccccevevninees 36

2.7 Extraction and screening and comparative investigation of potentially bioactive
compounds from the selected medicinal plants in warming vs control plots ..

Xiv
3.5.1 Shape and size of pollen grains 90
3.5.2 Molecular compositional changes in pollen 94
3.5.2.1 Fourier transform infrared FTIR SPectroSCopY ..........cccocumrimiineinrinisnninnns 94

3.6 Comparative investigation of the impact of warming vs control treatment on each
plant species’ major secondary metabolites (flavonoids and phenolic compounds) by

HPLC analysis 102
3.6.1 Influence of climate variation on the secondary metabolic profile of important
medicinal plant species in manipulative experiment: 102
3.6.2 Effect of warming treatment on total phenolic content (TPC) of selected plant
species 102
3.6.3 Effect of warming treatment on total flavonoid content (TFC) of selected plant
species 104
3.6.4 Determination and quantification of some Phenolic compounds under warming
treatment by HPLC-DAD 106
Discussion 130

4.1 Tracking public belief about anthropogenic climate change: Dimensions and
determinants 131

131
133

4.1.4 Seasonal shifts, and vegetatlon and cllmate changWwef...........ccocovvnieniinnne 134
4.1.5 Warmer winter and snowmelt 136
4.2 Experimental warming effects 137
4.3 Clipping effect 139

4.4 The combined effect of warming and clipping — interactive experimentation ..... 140
4.5 Specific accumulation of secondary metabolites in selected plant species under

warming 142
4.6 Temperature related changes in pollen allergens 146
5 References 152
Appendix-I 177
Appendix-11 182
Appendix-111 183
Appendix-1V 190
Appendix- V. 199
XVi



LIST OF FIGURES

Figure 1.1 a) Change in mean annual temperature by 2050s. Temperatures over parts of

Asian mountains, Tibetan plateau are likely to increase by 3-5 °C

Figure 1.2 Global climate change and its impact on socio-economic sectors
Figure 1.3 Current action to take in community-based solutions in HKKH

Figure 1.4 The interaction between climate change patterns and the role of human-driven

activities to eradicate it

Figure 2.1 Map of Khunjerab national park transboundary area between China and

Pakistan

Figure 2.2 Geographical distribution of the surveyed villages in Gilgit-Baltistan (GB)
illustrating the location of each village along the elevation gradient.

http://www.ccafs-climate.org. Map derived from ArcGIS ...

Figurg 2.3 Schematic re entation of a fypicgyl exclosure with open-top warming
rhe-Art-of writing

simulated grazing, and

coritrol p

Figure 2.4 Multisite Experimentation at Range land and Grass land Ecosystem (MERGE)
KNP showing OTC and clipping treatment at one of the experimental sites (4696 m) ... 33

Figure 3.1 a) Temperature and b) Rainfall inconsistencies during 30 years in 3 districts of

Gilgit Baltistan.

Figure 3.2 Details of percentage responses towards climate-related shocks and impacts

Percent responses about temperature increase in summer and winter.

Figure 3.3 Socioeconomic impacts of climatic changes in the daily life of the Informants.
Food quality has improved due to multiple Cropping SYStem. ..........ccoceverrnienneeenens

Figure 3.4 logistic regression analysis of perceptions regarding variation in various seasons
due to change in mean temperature. An increase in temperature in summer was found to
be significantly linked with education and age of socio-demographic factor (p<0.1).
SigH=significantly high, SLiH=slightly high, Un=unspecified ................ccccocoerrrrerrrrurrrns

Xvii

Figure 3.18 The distribution of TFC in species and their comparative concentration in

warmed and control plots..

Figure 3.19 The variance of the phenolic compounds among warming and control plots in

extracts.

Figure 3.20 The variance of the phenolic compounds among warming and control plots in
extracts. The minor compounds concentration in all selected medicinal species including

a) vanillic acid b) syringic acid, c) ferulic acid, d) catechin. .............ccccoveevriinrccnnn

Figure 3.21 Pearson’s correlation between active compounds of plants and their TPC, TFC

capacity in warming and control experiments.

The Art of writing

Xix

Figure 3.5 Analysis of perceptions regarding variation in rainfall and vegetation and forage
64

Figure 3.6 Perception analysis about extreme events . 68

Figure 3.7 Perceptions about agricultural impacts. Crop yield increased Perception about
this impact was significant among all socio-demographic groups ..........ccccoecevevvireennnes 70

Figure 3.8 Linear mixed effect model representation of significant effects of each
treatment (Fixed effect) on percentage cover and biomass. ...........ccooeeriveireinicrniieeninne 74

Figure 3.9: Treatments, site, and species effects on culturally important plant species

percentage cover and biomass.. 78

Figure 3.10 Species-specific responses towards each treatment. Data showing the per cent

increase in cover of each species in control, warmed, and clipped plots...........ccccocovernne 83

Figure 3.11 Non-metric multidimensional scaling (NMDS) plot of plant species biomass-
with 95% confidence intervals using Bray and Curtis dissimilarity index over a 3—years

species under combined impacts of warming (w) and cllppmg/grazmg (g) treatments ..
Figure 3.13 Microscopic imaging of pollens collected from sites of manipulative
experimentation showing an equatorial and polar view of pollen of Artemisia species... 91

Figure 3.14 FTIR spectra of Artemisia species showing specific bonds in the amide 1 and

amide 11 regions of proteins in each species 96

Figure 3.15 Second derivative of the FTIR spectra of Artemisia species in treatment and
control plots. 98

Figure 3.16 Secondary derivative of the FTIR spectra generated from five species of genus
Artemisia. The peaks which showed prominent vibrational difference are encircled .... 100

Figure 3.17 The distribution of TPC in species and their comparative concentration in
warmed and control plots. 103

xviii

LIST OF TABLES

Table 2.1 Village’s names and elevation details visited for climatic surveys .. .27

Table 2.2 Demographic and socio-economic characteristics of informants in ethnobotanical

surveys from KNP valleys 29

Table 3.1 Different characteristics of villages in Gilgit Baltistan surveyed for climate

change information from the HKKH region 46

Table 3.2 Informants socio-economic characteristics participated in climatic surveys from
different villages of Gilgit Baltistan along elevation gradient.............cocovevivinieiennes 48

Table 3.3 Summary of perception determining factors and reported impacts of climate

change 59

Table 3.4 Ecological and ethnobotanical properties of selected medicinal plant species at
72

Tablegg 5 Sumgary statistigs of Linear mIXid adel to determine the fixed effects of
treal 'Endo fofW;fai; .. 76

Table 3.6 Effect of warming and clipping on speC|es percen cover and biomass within
the treatment 81

Table 3.7: Summary from fitting a linear mixed-effects model by restricted maximum
likelihood to predict the effect of species-specific response to each treatment by estimating
the increase/decrease in percentage cover and above ground biomass..............ccceeenee 84

Table 3.8 Descriptive statistic summary of polar and equatorial axis of pollen grains of

different Artemisia species and effect of treatment 93

Table 3.9 Spectral value of wavenumbers with the related vibrations of functional groups
95

XX



The

LIST OF ABBREVIATIONS

The

ANOVA Analysis of variance

ATR Attenuated total reflectance

CL Clipping

Csv Comma separated values

DW Dry weight

FAO Food and agriculture organization

FTIR Fourier transform infrared

GA3 Gibberellic Acid

GAE Gallic acid equivalent

GB Gilgit Baltistan

GCRI Global conflict risk index

hr Hour

ICIMOD International centre for integrated
mountain development

Km? kilometer

KNP Khunjerab national park

MERGE Multisite experimentation at range land
and grassland ecosystem

mg/L milligram per liter
milliliter

oArt of writifig
Quercetin

QUE Quercetin equivalent

RBD Random block design

SE Standard error of mean

SA Salicylic Acid

TFC Total flavonoid content

TPC Total phenolic acid content

w warming

W*Cl Warming x clipping

ng Microgram

uL Microliter

°C centigrade

Ime Linear mixed effect model

ggplot Grammar of graphics plots

XXi

Introduction

1. Introduction

1.1Climate change and vulnerability of mountain ecosystem

As the global climate continues to change, high mountains are experiencing the earliest
climate change impacts and the consequences of these deviations in climate have become
more evident with time (Winkler et al., 2019). Studies on the biophysical properties
focused on temperature and precipitation change with the space-borne images of glacier
melting. Social impacts on livelihood and water availability have focused on the
downstream communities than high elevation. Integrated studies on the combined effects
of climate change on the ecosystem functioning of high mountainous communities are still
lacking. Manipulative experimental studies for examining the impacts of changing climate
drivers are crucial to understanding adaptation patterns and capacity of terrestrial and
moA posy: f Wil projecting model-based
pregicti rdpnsm po:W)eEvrtIn gch complex relationships

of mountainous communities and implementing manipulative experiments, simulating the

effect of all climatic variables in a natural ecosystem remains an unnerving approach (Tito
etal., 2020).

The range and scale of climate change impacts have been documented across every
ecosystems (Hirsch et al., 2017; Kouser et al., 2020; Kraaijenbrink et al., 2017). This
changing climate is predicted to entail an increase in mean air temperatures (Hussain et al.,
2019a; Pepin et al., 2015), changes in patterns of precipitation (Gobiet et al., 2014;
Kraaijenbrink et al., 2017; Loo et al., 2015), and a rise in the frequency of extreme climatic
events such as the onset of drought, flood, snowstorm and heat fires (Amin et al., 2017;
Liu et al., 2018; Salem et al., 2011). Ecosystems are sensitive commodities and climate
change exerts substantial impacts on native species physiology that includes, temperature
mediated sex determination, the interaction between species by land transformation, and
eutrophication (Bjorkman et al., 2018; Gobiet et al., 2014; Salem et al., 2011).
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1.2 Environmental variation along an elevational gradient

Mountainous ecosystems are characterized by a highly sensitive environment to any natural
hazard or change in their microclimate. People living in these mountain systems are
susceptible to climate change as it has a direct impact on their livelihoods (Chaudhary &
Bawa, 2011a; Spies, 2019). Particularly the high elevated mountain regions, where
livelihoods are very much dependent on natural resources, may suffer in several ways.
Climate disaster on water resources, agriculture, biodiversity leading to socio-economic
sector appeared a global phenomenon occurring regionally, eventually demanding a
consolidated effort to cope in time (Dutt Bhatta et al., 2020). Extreme events of heatwaves,
precipitation, and flooding in these areas have already been proposed in assessment reports

of the intergovernmental panel on climate change (IPCC) (Karfakis et al., 2012).

Other than Antarctica, high land mountainous regions signify <15% ( Korner et al., 2017)
of the land surface. The biodiversity at high altitudes is an exceptional feature of

mountainous regions affected by many climatic and non-climatic factors. Plant and animal

omrglNiti thesg i ti he limitation of abiotic
‘ ’ awa, ‘ Klawtri Kirl 989; Korner etal., 2017).

Thus, mountain regions host especially high levels of
(Rahbek et al., 2019).

sity and indigenousness

The central Asian region including the Tibetan plateau, Mongolia, high Himalayan ranges
is expected to experience the greatest increase in mean temperature s(in the future (IPCC,
2019; Kraaijenbrink et al., 2017). The predicted rise in temperatures vary from 1.5-5° C by
2055 is shown in Figure 1.1a. While winter precipitation is expected to increase over this
region, changes in summer precipitation vary from a slight decrease in the west to a slight
increase in the eastern parts. Overall precipitation, however, is expected to increase (Figure
1.1b) though there is some uncertainty regarding future precipitation patterns (Loo et al.,
2015). With changes in temperature and precipitation, boundaries of current vegetation
zones are expected to shift for example area under steppe vegetation is expected to decrease
drastically with grasslands giving way to two new kinds of rangelands: extreme desert
steppe and warm temperate shrubland (Sanaei et al., 2019). These changes may have major
implications for both the communities depending on the rangelands and the wildlife of the
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region. Changes in temperature and precipitation are also expected to reduce net primary
productivity (NPP) and the overall vegetation cover leading to increased soil erosion,
reduced water availability in soil and runoff into the river, and higher chances of invasion
by non-native plant species.

a) b)

Figure 1.1 a) Change in mean annual temperature by 2050s. Temperatures over parts of Asian
mountains, Tibetan plateau are likely to increase by 3-5 °C. b) Changes in mean annual precipitation
(in mm) by 2050s. Map shows precipitation is likely to increase over most of the Asian mountains and
Tibetan plateau. Maps (Fig. 1&2) derived using UKMO_HADCM3 model with A2 scenario. Data

from http://www.ccafs-climate.org.
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pressure (Karfakis et al., 2012) and has made them highly exposed. These stressors have
intense effects on the habitability of the mountainous ecosystem and the human
communities that depend on them (IPCC 2019), in the inter-tropical region (Himalayas,
Andes, Eastern Africa). In the Himalayas, an increase of 3.7 °C is expected in mean surface
temperatures between 2018-2100 (relative to 1986-2005). That is expected to cause
substantial effects on the water cycle, biodiversity, and livelihood of the local population
(Kraaijenbrink et al., 2017). This concern is reinforced by increasing evidence that the rate
of warming is magnified with elevation, ecosystems at high altitudes (> 4000 m) showing
more rapid changes in temperature than those at lower elevation (H. Khan & Baig, 2017).
In addition to the warming of mean temperatures, there is often a greater increase in the
daily temperature variations (Loarie et al., 2009) with potential effects on wildlife and
humans.

The consistency in physical and chemical properties of soil vary with in mountain ranges
and its pattern is unpredictable at different altitudes. The topographic features including
locatigg and vegetation detegmine the divergemcyginssoil properties along mountain slopes.
It hA thefthWtF Iftnl ﬂgner was found in higher
elevations of the western ecosystem of America (Palo 017; Tito et al., 2020;
Zimmermann et al., 2010). It is elucidated that a high accumulation of concentration of
potassium (K) and phosphorus (P) is found at moderate elevations (3000-3500 m asl ) while
the high concentration of calcium (Ca) content and lower concentration of magnesium
(Mg) was found in high elevations (Bangroo et al., 2017; Tsozué et al., 2019). Effect of
elevational gradient on nitrogen and phosphorus content shows no trend of increased or
decreased deposition (Tsozué et al., 2019; Zhao et al., 2016) on the arid Mountain in China
(zhu et al., 2015).

In tropical ecosystems, the limiting factor for plant species growth is nitrogen content that
is decreased with high elevation (Sharma & Kumar, 2021). These studies had argued that
younger soils of high elevations with limited nitrogen content exert extra stress on plant
communities as compared to a lower elevation that has older soils. Studies demonstrated
that many tropical mountain soils are younger and more nitrogen-limiting at high

elevations and that soils are older and more phosphorus-limited at low elevations (Cowles
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South Asian countries particularly Pakistan having mighty mountain ranges are on the
verge of catastrophes and ranked among the countries most affected by climate change
(Donat et al., 2016). Climate projections such as intensification of precipitation/rainfall are
increased for driest and wettest regions and are expected to continue for the rest of the
century; thus posing a risk of flooding to the world’s dry lands (Greve et al., 2014). The
abrupt pattern of rainfall and unpredictable trends of snow have exceedingly influenced the
areas of South Asia and have also introduced prolonged droughts and flood events (Amin
etal., 2018). IPCC report indicates that enhanced temperature warming and drying in South
Asia can impact the agriculture sector as crops yield reduction (Ali et al., 2017; Ansari &
Golabi, 2019; Asalm, 2016). In Pakistan, the inhabitants of Hindukush-Himalaya (HKKH)
in Gilgit-Baltistan province are highly dependent on natural resources for their food, feed,
and other cultural properties (Khan et al., 2011).

1.2.1 Abiotic factors and elevation

Changing climatic regimes are likely to affect plant communities due to changes in soil

and ajffem res, sgj ture, availabili triegts, and flux of CO2 (Cowles
eet n IF t timW (0 ’s-mred the global N cycle

substantially (Sharifi-Rad et al., 2017). Part of the nitroge t is added by humans is
emitted into the atmosphere and is eventually deposited in downwind ecosystems where it
can change nutrient availability and thereby plant communities substantially (Guo et al.,
2019). Together, climatic changes and nutrient deposition affect plant communities,
directly by altering resource availability, and indirectly, by affecting plant-plant
interactions like competition for moisture, nutrients, and light (Karimi et al., 2021; Klein

etal., 2004)

Climate change is modifying the structure and function of high elevation ecosystems.
Mountains are splendidly diverse ecosystems that hold high proportions of endemic species
(Cuni-Sanchez et al., 2019; Joshi et al., 2013; Khan & Baig, 2017; Wilfried Thuiller etal.,
2005; Washington, 1996). These systems are exceptionally vulnerable to climate change
with most species distribution models projecting drastic changes in community
composition and distribution range (Moret et al., 2019). Relevantly, high altitude regions
are already under the stress of land and water degradation, climate change exerts extra

Introduction

et al., 2018; Pucko et al., 2011; Zimmermann et al., 2010). Briefly, the studies specified
that soil characteristics fluctuate with elevational gradient, but this fact varies among
different regions, thus species responses to climate change vary in different topography.

Other significant variable abiotic factors include rain fall, snow patterns, relative humidity,
and solar radiations at different elevations in mountains (Karimi et al., 2021; Khan et al.,
2015; Tito et al., 2020). Mountains have a thinner unpolluted atmosphere, the
photosynthetic active radiation increases with elevation, in contrast, it decreases with
elevation in tropical mountains due to increased cloud cover (Morand & Lajaunie, 2018).
Change in the pattern of rainfall cannot be generalized for a specific elevation (Rottler et
al., 2021). In some mountain ecosystems, due to rapid change down the slopes, the
variation in precipitation rate isn’t significant (Karimi et al., 2021; Klanderud & Birks,
2003). Humidity varies between some mountains at a certain elevation. Generally,
moisture availability decreases with elevation but relative humidity in different seasons
enhances towards high mountain peaks (Korner et al., 2017).

Becayfy of ely Low peratuges, high &l 0] d prone to frigidity, snow,
andA.m:tel es hWrﬁj xclm ver the world (Greenland
and Antarctic) are shrinking over a while as a result of alte global sea levels, natural
hazards, and hydrological patterns of the region (Hugonnet et al., 2021). Temperature is an
important climate driver that functions in both time and elevation and determines the rate
of melting of snow. In alpine ecosystems, elevation adds an extra dimension to changes in
snow melting, and data on these relating factors is lacking. The impact of rising
temperature on alpine snow peaks is altering the timings, magnitude, and intensity of this

phenomenon at different elevations (Rottler et al., 2021).

Generally, a depleting trend has been associated with ice sheets of HKKH such as Batura,
Baltoro, and Biafo glaciers (Rashid et al., 2020). With temperatures rising noticeably on
the Tibetan Plateau, (IPCC, 2019) predicted that a rise in average annual mean temperature
will be of about 3°C by 2050s and about 5°C in the 2080s over the Asian landmass (IPCC,
2016; Kraaijenbrink et al., 2017; Rao & Filho, 2015). Empirical evidence has highlighted
the warming trend continually moving from plain to higher elevation (Elsen et al., 2020).
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Nevertheless, the role of natural selection and fitness favoring some species could lead to

a decline in biodiversity at higher elevations ( Liu et al., 2018).

1.2.2 Variation in biotic factors

Overgrazing disturbs plant species composition, biomass, and other vegetation

characteristics (Mulder et al., 2004). Repeated grazing can initiate exploitation and

reduction of highly palatable species which are less resistant to severe grazing. This leads

to changes in plant availability and nutrient content for grazing animals' feed and forages

in natural ecosystems. Hence, some plants are selected repeatedly as forage and cause

exploitation by overgrazing. It may cause a significant reduction in the species and attribute

to selective grazing of highly palatable species that are intolerant to severe grazing and

flattening (Al-Rowaily et al., 2015; Kochare et al., 2018). It may lead to selective

palatability issues for grazing animals and changes in nutrient availability (Austrheim et

al., 2014). At higher elevations, the climatic zone does not permit tillage crop farming.

Therefore, animals provide food to an increasingly dense human population in this area of

Pakisyf by,
yeagp: hi

Of-Writiy

regions in the entire world (Salem et al., 2011; Yineger et al®

@

gshi etal., 2013). In recent
@ ed in many high-altitude
8408), which previously did

not support large grazing herds (Bagchi et al., 2004; Shedayi et al., 2016). Changes in the

agricultural system by the introduction of new crops and the replacement of native species

of grazers by species from other environments could be complex in the removal of certain

endogenous plants as well as overall plant cover reduction.

1.2.3 Climatic and non-climatic factors

Warming and grazing both have substantial impacts on the natural elements of high-

altitude ecosystems, with critical consequences for local livelihoods (Kraft et al., 2015). In

cold habitats such as the high Himalayas, leaves are generally rich in nutrients (high N

content) to circumvent the detrimental effects of the adverse environment on the overall

physiology of plants (Pepin et al., 2015). These attributes and specific characteristics are

making them more desirable and palatable for grazers ( Liu et al., 2017). Other than

grazing, plant species are ubiquitously utilized by indigenous communities as traditional

medicines as well. The therapeutic effect of some mountain plant species is widely

8

Introduction

1.3 Characteristics of plant communities at high-altitude grasslands

1.3.1 Hindukush-Himalaya-Karakoram: current picture of climate change

The HKKH region often called as “Third pole” is receiving much attention from the

scientific community as it harbors the world’s highest peaks and spread over 35000 Km?

across eight countries including Pakistan, India, Nepal, Bangladesh, Myanmar, Bhutan,

and China. It is the 3 largest reservoir of frozen water after the Arctic and Antarctic. An

assessment report from International Center for Integrated Mountain Development

(ICIMOD) has documented that, in the HKKH region the rate of elevated temperature is

twice as compared to the rest of the world. If the world global warming rate is kept at 1.5°C,

in HKKH this rate would be at least 0.3- 0.7°C higher in the northern Himalayas and

Karakoram (www.icimod.org/publications. 2021). The sustenance of about 240 million

people depends on the HKKH natural resources as it is the origin of the 10 largest river

basins, including Brahmaputra, Ganges, and Indus that provide water supply to 1.65 billion

people. Based on key findings of HKKH assessment reports, urgent actions are given in

Figuf§.2.
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people living there. The HKKH agenda can be solved with

HKKH mountain people
diversity of culture and
uts from all the countries'

stakeholders. The indigenous knowledge of the region is an asset that should be

strengthened on national regional and global levels that will lead to the promotion of

various cultures, situations, and systems.
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accepted and utilized in many well-known regions (Cuesta et al., 2017; Fang & Byg, 2009;
Malhotra & Welfare, 2016; Yin, 2018; Yineger et al., 2008), yet detailed ethnobotanical
studies are scarce (Chandra Sekar & Rawat, 2011). The overview of the positive and

negative effects of global climate change is given in Figure 1.2 (Al-Tawaha et al., 2020).

Positive effects

‘Addition in Productivity
from hot temperatures

frc.. intenshy €2

OVERALL GLOBAL
EFFECTS OF CLIMATE

Negative Effects
Crop dar Addition in ground
level ozone-toxic to
green plants

More storms and floods

Warming pressure

Figure 1.2 Global climate change and its impact on socio-economic sectors. (Figure
derived from Al-Tawaha et al., 2020 with modifications)

Identify and
prioritize
uniqueness of
HKH people

Increase ecosystem
resilience and halt

biodiversity loss
through conservation
plicies

Take 0 cest vy
actions to
implement the CC
driven mountain
priorities

AAA
HKKH

,‘vw‘r

e

Introduction

Collection of
regional data and
information sharing
science with
indigenous
knowledge

To keep global
warming to 1.5°C by
2200, take concerted
CC actions

Cooperate at all
levels of HKKH
region for
mutual benefits

Figure 1.3 Current action to take in community-based solutions in HKKH. Adapted from
ICIMOD (https://www.icimod.org/initiative/rms-solutions)
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1.3.2 The central role of plants in Asian rangelands

The role of plants in the lives of both people and wildlife over much of the central Asian
rangelands cannot be overemphasized. The local economies in this vast region are based
either completely or largely on pastoralism (Angerer et al., 2008; Mishra et al., 2004;
Terzago et al., 2014). Not only does livestock yield meat and milk products for direct
consumption, but it also provides people with wool and hide that is essential to keep warm.
Wool, hide, and sometimes livestock are often sold instead of other valuable commodities
or cash. In addition to this indirect dependence, people in this region also depend directly
on plants for medicinal purposes and a variety of other uses including as fuel and as incense
in religious rituals. An economy and lifestyle centered on pastoralism naturally need plants
to sustain its livestock. In most rangeland areas over the Himalayas, Tibetan plateau,
Mongolia, and other parts of central Asia, smaller livestock is herded daily to natural
pastures during summers and most of the winter season while larger animals like yak and
horses are left free-ranging on pastures for much of the year (Aziz et al., 2018; Mishra et
al., 2Qad4). Domgstic animalgalmost completedy gelw on naturally available forage, as they
are Ilr-fd w@i¥enyF1fflnﬂ gheight of severe winters.

The’ region” including higher Himalayan mountains acros istan, India, Nepal and

Bhutan, Tibetan plateau, Mongolia, and other parts of central Asia is home to many
endemics, rare and threatened wild herbivores and carnivores found nowhere else on earth.
Wild herbivores include saiga, blue sheep, ibex, gazelles, chiru, wild yak, wild camel,
kiang, takhi, and khulan while wild carnivores include snow leopard, Tibetan wolf, and at
least two sub-species of brown bear. Naturally, the persistence of these animals in this
landscape depends, to a large extent, on the availability of palatable plants. Changes in the
composition and abundance of plants due to current and emerging factors may cascade up
through the food chain and affect these already endangered animals.
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are still lacking and indigenous knowledge is marginalized, though mountainous
communities still rely on the traditional system of medicines for medical treatments (Yin,
2018). The incorporation of indigenous knowledge of medicinal plants with the current
biological conservational practices is necessary to assess the future face of biodiversity and
associated threats (Immerzeel et al., 2010; X. Liu & Chen, 2000; Son et al., 2019).

1.3.4 Cultural and medicinal importance of the HKKH region

The HKKH region harbors rich indigenous knowledge that serves as a source of sustainable
rangeland management (Immerzeel et al., 2010). The region is also home to diverse
cultures, languages, traditional wisdom, and religions. The significant aspect of livelihood
in HKKH is inherent to mountain specificities (limited accessibility, unique plant species,
greater fragility socioeconomic inequalities, indigenous knowledge, and vulnerability). It
is home to native people who are most marginalized socially and economically and
vulnerable to ongoing environmental changes (Pucko et al., Yin, 2018) in particular global
warming scenarios (Abate & Kronk Warner, 2013; Bond et al., 2019; Byg & Salick, 2009;
Sharnfet al 19; Washifigton, 1996, " 9)._Traditional knowledge may
helA;i:;tto onwmiﬁi pending changes (Berkes
& Folke, 1993; Bouisset et al., 2018; Sharma et al., 2019).

For indigenous communities, the medicinal plants of the Eastern Himalayas are an
invaluable resource for herbal remedies, income, and forage for local communities in
Pakistan (Aumeeruddy-Thomas et al., 2003). In the recent scenario of climate change,
average temperatures have increased by 1.5 °C, which is more than twice the global average
increase articulated by World Economic Forum 2020. The mountainous areas of Khunjerab
National Park (KNP) are extensively used as feeding grounds for both wild ungulates
(yaks) and domestic animals (goats, sheep, and cattle) with most families keeping mixed
herds (Tambe & Rawat, 2009). Merging traditional knowledge with manipulative
experiments is a helpful approach to testing the sensitivity of such ecosystems to climate
change (Pepin et al., 2015).
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1.3.3 HKKH biodiversity and ecosystem characteristics

Himalayan alpine biome resembles the arctic tundra ecosystem. It has a rich biodiversity
of plants and animals and a vast range of grazing pastures which describe the worth of this
area. (Dimri & Dash, 2012; Hussain etal., 2019b; Ishaq et al., 2019) Rangeland comprises
about 29.8% of Gilgit-Baltistan on 2.1 million hectares (Joshi et al., 2013). There is a rapid
decline in the volume and size of the Himalayan glacier due to climate change, thus
exerting a cascading effect on natural grassland (Bocchiola & Diolaiuti, 2013a; Khan et
al., 2015; H. Khan & Baig, 2017; J. Xu et al., 2009). Plant communities in high-altitude
grasslands are exceptionally vulnerable to climate change (Klein et al., 2004; Shedayi et
al., 2016). Most of these lands are under heavy grazing pressure due to livestock population
expansion thus, carrying capacity is compromised and might have drastically decreased
beyond limits (Ishaq et al., 2019; W. Thuiller, 2005). Temperate fluctuations, ice melting,
abrupt patterns of rainfall would result in loss of endemic species whereas natural
biodiversity, ecosystem boundary may expand or contract water availability seasons,

consegqlently ragsing uncertagmty in agriculturasprpduice at large (Hatfield & Prueger, 2015;

1% |.lz'o ). |' '-raner. I'nﬂ 5] recc (2014) has placed
the'most affected countries such as Africa and Asla, Pakistagging at 8™ position on a list

issued by the Global Climate Risk Index (GCRI) (Kreft et al., 2017).

Changes to ecosystems because of climate change are likely to have significant and often
negative social, cultural, and economic consequences (Cuni-Sanchez et al., 2019). The
biophysical environment is influenced by climate change variables (Kilroy, 2015).
Subsequent changes in onset pattern, duration of seasons, glacial retreat, and melting of
snow (Dimri & Dash, 2012) may cause elevated sea levels (Climate Change Pushing Asia
towards Doom | The Third Pole, 2021.). Observable influence on biodiversity, in response
to seasonal variation, has been reported in terms of changes in phenology of species and
their altered distribution range (Reyer et al., 2013). Some species are either thriving or

adapting in response to the changing environment.

Ecosystem change assessment implies measuring how and to what extent a change can
affect people’s life (Olander et al., 2018). While a great deal of research has been conducted
to predict warming and grazing effects on alpine biodiversity, studies on medicinal plants
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The plant biodiversity of Pakistan has a much-known medicinal history and indigenous use
as well. The experts have warned that climate change challenges would cause the extinction
of important medicinal plant species (Khan et al., 2015). For instance, Artemisia species
(Asteraceae), having an antimalarial bioactive compound and effective in wound healing
has shown elimination from its natural habitat (Tang et al., 2015). Fluctuations in seasons
are periodical series that can influence the biological activity of compounds in plants, thus
compromising efficiencies. Abiotic stress of warm and cold water has affected the

flavonoids of Pinus pinasters (Soni et al., 2015).
1.3.5 Effect of climate change and plant secondary metabolites

Plants are living chemical factories for the synthesis of secondary metabolites. Plant’s
medicinal potential and clinically curative effects are because of the accumulation of
secondary metabolites. They are important indicators for measuring the quality of
medicinal properties. The synthesis and concentration of secondary metabolites are
affected by external environmental factors such as temperature, rainfall, light, water, and

nutrigff pra s (Big uz Imep-Ngt} 1. 2008)_Pakistan biodiversity has a
mug™ v?edicu)ry. nganfie | Alitdini

e
acclaimed for possessing as antimalarial and effective in wo

2017; Zinczuk et al., 2007) having bioactive compounds such as alkaloids, coumarin

bngs to Asteraceae was

ealing (Sharifi-Rad et al.,

derivatives, their emission is not consistent throughout fall and summer such as greatest
number of compounds is emitted in July, followed by September and April (Gautam et al.,
2019; Soni et al., 2015). Approximately 43 potential medicinal plants species belonging to
28 families from Khunjerab pastures during field visits have been reported (Khan et al.,
2016). In abundance, Asteraceae, Fabaceae, Lamiaceae, Rosaceae, Chenopodiaceae, and
Elaeagnaceae are identified. These potential plants are of higher importance as they are
sources of biomolecules and various nutraceuticals (Mishra, 2016). It has been reported
that the accumulation of phenylpropanoids is highly affected by temperature and
precipitation variation ( Xu et al., 2019). Cold stress increased phenolic production in
cereals and their subsequent incorporation into the cell wall (Yu et al., 2010). Stresses such

as both warm and cold water affect the flavonoids of Pinus pinasters (Hashim et al., 2020)
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Furthermore, in aerial parts of Ginkgo biloba temperature increase the production of
terpenes and fewer amount of phenolics. Secondary metabolites increased in response to
elevated temperatures (Ramakrishna & Ravishankar, 2011). The growth pattern of
Melastoma malabathricum is widely influenced by lower temperatures, as they grew better
and produce a higher amount of anthocyanin at 20 + 2°C (Nasir et al., 2016). Cold stress
given to Datura flower increased serotonin level (Murch et al., 2009). The concentration of
phenolic compounds (e.g., flavonoids and tannins) decreases with high temperature, in
contrast, the concentration of terpenoids increases (Bidart-Bouzat & Imeh-Nathaniel,
2008). Although fluctuation in allelochemicals does vary among species to species (Bajwa
etal., 2016).

The temperature increase is associated with the long pollen seasons, and long exposure to
allergens caused by plants on different latitudes, altitudes, and precipitation. Artemisia has
been shown to trigger allergic rhinitis and asthma which is increased with longer pollen
seasons. It produces Art v1 allergen which has known to cause allergen sensitization

(Pablgget al., 2919b; Piotrogseka, 2012; Tangeet al.w2015).
e Art.of-wiiting.-
The evident altitudinal and temperature gradient in high mountains provide the ideal
natural system to carry out manipulative field experiments to predict the future of
biodiversity and answer the critical questions related to the grassland ecosystem. The
simulations driven from transplant experiments can project the future scenario of climate
change and its direct and indirect impacts on local communities. The ongoing climate
changes are making the migration of many lowland species of plants and animals go to
higher elevations. These migration rates are slower than the rate of occurring warming.
Overall species vary greatly in their ability to adapt to changing environments. Several
species are unable to migrate to different biological or geographical locations due to
biophysical barriers, while others may have adapted to the altered climate and persist in the
change due to their phenotypic plasticity and acclimation. Thus, this climate-driven range
shift needs to explore further to understand the interaction networks. For example, in the
plant-insect interaction, some insects are fast to migrate than their host plants. Therefore,
migration can lead to reorganized interaction systems.
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1.5 Climate change, people, and nature

We focused on the plant, people, and nature and how this relationship is affected by
climate-related shocks and risks. we provide an example of integrating plant community
responses to non-climatic (grazing) and climatic factors (warming) with ecological and
socioeconomics characteristics to assess how people's approach to culturally important
plant species may be affected in the future.

Driven by climate change mobilities, local communities face physical threats such as land
sliding, avalanches, flooding, and blizzards for a variety of environmental services that
remains the essential factor for the economy of local communities. Ultimately, the impact
of these risks presents unique challenges to porters, climbers and trekkers thus affecting
overall tourism which results in major economic lapse. The adaptation policies in terms of
their effectiveness are yet to be determined. Environment data from mountainous

ecosystems requires technical up-gradation with time for precision and accuracy.

The Art of writing
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Based on an elevational gradient, the empirical studies have shown that climate warming
can cause the herbivores to colonize in different host plants which can lead to damage in
some species, but the identity of host plants under such scenario isn’t yet revealed. This
uncertainty can be overcome by research on the new generalist interactions. Theoretical
studies suggest that the risk of temporal mismatches will alter the interaction between host
and plants. Overall, little is known about how climate change will impact the role of
consumers on host plants or as prey for predators (Tylianakis et al., 2008; Lurgi et al.,
2012). It is strongly suggested that plant communities along elevational gradients growing
under warmer climates received a strong competition that will emerge by upward
migration. Experimentation on the behavior of plant species provides a better illustration
of plant community composition in the future and competition under climate change.

The foundation of plant community composition largely depends on the soil microbiota
and their beneficial association with plant species (Deng et al., 2019). Manipulative
experimentation showed that any change that leads to variation in the diversity of soil

microjgota has gffected the ival capacity of gP@a trivialis (Cardinaux et al., 2018). In
. : o B .
the , Parfping @ eq shi ot chm nd physiology along the

kler et al., 2019).

. . . -l
elevation gradient showed increased carbon used efficiency

The individualistic adaptation capacity can play a major role in determining species-
specific behavior to climate warming, this very trait is often ignored or overlooked in
literature (Liu et al., 2017). The proposed transplant experiments will provide insight

knowledge to document the influence of climate change on local adaptations of species.

The species' elevational or thermal range and their adaptations was explained by (Tito et
al., 2020). They showed the experiment on W. bangii, seedlings from upper, lower, and
middle elevation, revealed different responses such as mid-range populations were more
vulnerable to warming as compared to other ranges. This concludes that optimal conditions
for better growth of these seedlings are near to upper elevation contrary to expected areas
near to lower ranges.

So as species range moves under any climate stress, their abundance pattern can also shift
or remain constant.
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INTERACTION BETWEEN CLIMATE CHANGES , PEOPLE AND NATLIRE
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However, people living in such areas are obscure, therefore, very little is known about the
human response to climate change and adaptation.

Therefore, the specific objectives of this study were to investigate culturally and
medicinally important plant communities’ responses to climate warming and clipping
(simulated grazing) by manipulative experiments and to link these ecological factors to the
socio-economic wellbeing of local inhabitants by assessing the dependence and utilization
of these resources through ethnobotanical surveys. The recognition of the knowledge gaps
and lack of mitigation strategies, this study aims to collect data about the indigenous
climate change patterns in mountainous ranges of HKKH (Gilgit Baltistan) and explore the

people’s perceptions and sensitivities in response to current environment shifts.

The results of this study will address the effects on the livelihood of local inhabitants from
KNP to all nearby villages by assessing the shift in climate variables, the effect of these
changes on relation and interaction between people and nature, and document the response
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of culturally and medicinally important species of the region. Pakistan’s climate change
challenge is formidable. Studies on future impacts on natural resources and associated risks
with changing climate are scarce. Though Pakistan Ministry of Climate Change has taken
an initiative to eradicate the existing CC impacts by introducing several projects under the
“Green Pakistan Programm”(Asalm, 2016). Before devising any mitigation policies it is
obligatory to understand the interaction between humans and their ecosystem, to measure
the extent to which any slight change can alter their interaction (Chaudhry et al., 2011).
Few such reports have documented the experiences of agriculture sectors, primarily in plain
areas, and have highlighted farmers’ perception and adaptation policies. (Abid et al., 2018;
Spies, 2019) but the research on mountainous communities is still insufficient.

1.6 Research objectives

The objectives of the Ph.D. thesis are

1 thng.tlbtanic survelof the medicinal i unjarab valley.
8 at t eratl refift: ata on the growth and

development of selected medicinal plants.

3. Extraction and screening of potential bioactive compounds from the selected plants
of objective 2.

4. Biochemical and physiological characterization of prospective secondary
metabolites from the objective 3.

5. Data collection on changes in chemical composition and morphology of pollen in
response to temperature and precipitation stress.

6. Data-base development of the identified bioactive compounds/plant exudates

impacted by climate change.
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2. Material and Methods
2.1 Study area

The study area is in the Northern region of Pakistan de novo province Gilgit-Baltistan. It
contains wide mountain ranges of Hindukush-Himalaya-Karakoram (HKKH) spreading
over eight countries: Pakistan, India, China, Afghanistan, Bangladesh, Nepal, Bhutan, and
Myanmar. This area hosts the largest peaks of the third including Mountain Everest and
K2. The HKKH regions encompass more than 4.2 million Km?areas are vitally important
ecological assets (Ishaq et al., 2019). Being the source of origin of 10 major river basins,
including Amudarya, Brahmaputra, Ganges, Indus, Irrawaddy, Mekong, Salween, Tarim,
Yangtze, and Yellow river, this region provides resources to 1.9 billion people whereas
approximately 3 billion people depend on food sources produced by these river systems
(Sharma et al., 2016). Out of both South and North Poles, this area makes the largest ice
sheet cover and hundreds of mountain peaks over 6,000 m (Chettri et al., 2010). The region
denoted by the scientists as the “Third Pole” includes more than 100,000 Km? of glaciers
and ispge most gensitive andg®adily visible indicgtomof climate change (Kotliaetal., 2017).
ThA‘lE| ont n ZAW(E)LI'I lmglcpcnds on the ecosystem
i

services such as water, wood, land, food, etc., provided by thiszone (Chaudhry etal., 2011;

Palomo, 2017). HKKH region harbors diverse religious practices, cultural values,
languages, and traditional knowledge about medicinal plants.

2.2 Khunjerab National Park

The experimentation was installed at the Khunjerab National Park (KNP) which is situated
in the HKKH (Hindukush-Karakoram-Himalaya) mountain ranges near the border with
China (36.37° N, 74.41°E). The KNP is spread over an area of 4455 Km? with altitudes
ranging from 2439 m to 4878 m above sea level (Figure 2.1) ( Abbas et al., 2015; Qureshi
etal., 2011). The study was established in the alpine zone where the climate is defined by
warm summers starting from May till August.

The maximum temperature in May recorded in the warm year goes up to 25°C (B. Khan et
al., 2014) while in winter it drops down below 0°C (up to —10 °C) from October at (3346
m) (Khan et al., 2011; B. Khan et al., 2016; Shedayi et al., 2016). Valleys of KNP are
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characterized by stony beds, water channels (Nullah), vegetation with grasses, and large
plants like bushes along slopes. Khunjerab is covered with grasses and had a pastures
appearance. Genus Artemisia exists here predominantly. The current state of knowledge is
based on the analyzed climatic trends in the HKKH region from data available from 1980
to 2009 (Bocchiola & Diolaiuti, 2013b), which indicates the rapid declines in the glaciers
of the Great Himalayas which attributes to global warming (IPCC, 2019). The reports of
the weather station at Gilgit, illustrate the significant increase in mean annual temperature
(average 0.65 °C) which is higher than the global average (0.17 °C) during the last 35 years
(Spies, 2019).

Temperatures vary among seasons greatly at these high elevations extreme and warmer

summers and winters ranging average minimum temperature ranging from + 4°C in

winters, and + 25.19°C during summers (Chaudhry et al., 2011). The annual precipitation

rate differs from 200 to 900 mm, 90% of which is in the form of snow (Tahir et al., 2011).

With seasonal variations, an average rainfall of about 140.73 mm per year is received by

windsgn May and gene. (Aitken et als, 2008; Fang & Byg, 2009). There are four
et 3

r% i-on ideW«Fi iIeﬂJ nd pastures, dry & sub-
alpine bircl ,anLFscrub Qureshi et al., 2011). TheTocal lives! uch as Yolk, Blue sheep,

Marco Polo sheep, and Ibex depend largely on herbs dominating this area ( Abbas et al.,
2015).
The alpine KNP region includes the following vegetation altitudinal zones:

1) The sub nival zone (> 4500 m) is made of snow and bare desert, covering about 30%
of the parking area. Characteristic plant species are Saussurea simpsoniana, Primula
macrophylla, Oxytropis macrophylla, Potentilla multifida, Hedinia tibetica (Chaudhary &
Bawa, 2011b).

2) Alpine meadows (3500-4500 m) are rich in herb biomass and therefore serve as an
important habitat for livestock (sheep, goats, cattle and yaks) and wild herbivores such as
ibex (Capra ibex sibrica), golden marmot (Marmota caudata aurea) and Marco Polo sheep
(Ovis ammon polii). Dominant plant taxa are Primulla macrophylla, Plantago lanceolata
Saxifraga sp., Potentilla hololeuca, Poa alpina, and Carex spp.
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3) The sub-alpine Steppe (< 3500 m) is vegetated mainly by Artemisia and Primula plant
genera. Some grasses such as Poa and Carex spp. are also found in relatively moist places
(Abbas et al., 2016).

The summer pastures of KNP are subjected to grazing management systems by indigenous
communities because they are rich in herbaceous biomass (Joshi et al., 2013). In 2013, an
analysis conducted to record the changing aspects of above-ground biomass (AGB) in high
altitude rangelands of Pakistan, proclaimed the number and types of livestock in KNP
pastures featuring more than 5000 species including (sheep, goat cattle yak, and others
(horses & donkeys) (Ishaq et al., 2019).
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Figure 2.1 Site Map of Khunjerab national park transboundary area between China and
Pakistan. MaxEnt (www.gbif.org) was used to design a site map.
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2.3.1 Development of Questionnaire
The purpose of the interviews (Appendix I) was to gather the following main information
from local people:
e Climate change and its impact on the livelihood of people living and their
correlation with scientific evidence about climate changes in mountainous areas.
e Impacts of socio-demographic factors on changes in perception of people living in
different villages
e How do different villagers perceive and interpret these changes and what are the
adaptation strategies?
e Changes in course of rainfall patterns and temperature regimes
e Seasonal variations in terms of onset and duration
e Reports of extreme events in the last decade related to climate shocks

e Impacts on biodiversity of medicinal plants i.e., flowering, blooming timings, life

(o spegias ralige sQi wr
pt nar@t les toyfal rnlt slum ife changes, agricultural

impacts, land degradation, water availability, land feMflity, and other adaptations

and constrains

We also talked to experts in the field to check the availability of a valid tool to measure
climate change knowledge. All the perception questions on climate change or climate
change impacts on livelihoods had responses using various answers such as “Yes” or ‘No’,

“No change’, ‘Unspecified’
2.3.2 Data Collection

A multi-stage sampling technique was used to select 100 key informants from different
villages of Gilgit Baltistan (district Hunza, Gupis, and Gilgit) along the elevation gradient.
In the first stage, the informants in and surrounding villages of KNP were randomly
selected and interviewed. In the second stage, the villages outside the KNP and along the
elevation gradient were targeted. The villages were selected using a simple random
sampling method. In the third stage, key informants were selected randomly for final
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2.3 Climatic Surveys

To investigate the onset climatic events and perceptions of local livelihoods about the
climate-driven abrupt changes in their ecosystem, semi-structured questionnaire-based
surveys were conducted. Twenty-four villages along the elevation gradient starting from
the highest elevation Khunjerab [KNP (>4000 m)] to the lowest [Gilgit (>1500 m)] main
cities were visited to record the observations (Figure 2.2). They differ in various manners.
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Figure 2.2 Geographical distribution of the surveyed villages in Gilgit-Baltistan (GB)
illustrating the location of each village along the elevation gradient. Data from
http://www.ccafs-climate.org. ArcGIS was used to design a map of different sampling
sites.
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information. A semi-structured questionnaire was employed so that the answers can be
analyzed using statistics to indicate the significant patterns among people living in different
places concerning perceptions, about long-term changes, impacts of climate extremes, and
interpretation of the changes.

We tried to gather maximum information. from each village. However, due to practical
limitations e.g., consent to talk, remoteness, and small size of villages, we could not keep
the informant number constant from each village. Moreover, we limited respondents to one
person per family for better representation of data. Interviews were conducted in the native
language, which is Shina and Brushki, with the help of an interpreter. The focus was on
people’s perceptions that can reveal the local climate change impacts and how people
respond to them such as seasonal variation and the associated impacts including landslides,
melting of snow, glacier sizes, etc. They were asked about the impacts of such changes
which have affected their lives and the ecosystem. Besides these, changes in the vegetation
cover, trees, and snow cover were also discussed to evaluate the future landscape features.

The c racterisfcs of the sTted villages are‘;.iteriin Table 2.1.

Table 2.1 Village’s names and elevation details visited for tic surveys.
Village A Village B Village C Village D
1465-2452 2452-2715 2715-3094 3094-4696
Gilgit Gulmit Khyber Misgar
Yaseen Morkhoon Hunza Chepursan
Ganesh Khairabad Gojal Qarchenai
Ganjbad Passu Gircha Kuksil
Jamalabad Hussaini Sosat Zero point
Shishkt Galapan Khudabad Barakhoon
Nagar Shimshal Imamabad Merge 34
-- Ghulkin - -
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2.4 Ethnobotanical Survey

We also formulated questionnaires (Appendix 1) to elicit facts about how accessible and/or
useful medicinal plant species are for local people in the region. We visited three distinct
valleys of KNP (Khunjerab, Ghunjerab, Shimshal) and negotiated with local community
coordinators to enlist the people, interested in the survey. Socio-economic and
demographic data about interviewed people are given in Table 2.2.

Plant species particular to the family Asteraceae, Brassicaceae, and Elaeagnaceae were
cited significantly. Based on this initial screening survey, sites for manipulative
experiments were selected where these species were in abundance as excerpted by the
informants.

Partially structured interviews were formulated to collect information about key medicinal
properties of plants, frequency of use, and the perceived impacts of climate change on their
life cycle, growing period, and occurrence. In this specific study, we involved local
inhabitants living in the area to inquire about indigenous plant species. The consent of
agreejfgnt ken . Qglesgo 2 4i<Ed d ere gathered about local
meA;ﬁtthﬁ onQaWnﬁIct;i m @preparaﬁon, and climate
change responses, etc.
The work is a part of HEC NRPU project No. 8231 that has been performed with ethical
oversight by an ethics committee and was reviewed and approved before the start of the
work, by the Institutional Ethics Review Board (No. CIIT/BIO/ERB/17/53) and
Institutional Biosafety Committee (No. CIIT/BIO/ERB/17/04) of COMSATS University
Islamabad (former COMSATS Institute of Information Technology (CIIT) Islamabad.
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2.5 Multisite Experimentation at Rangelands and Grasslands
Ecosystems (MERGE)

Based on this initial screening survey, sites for manipulative experiments were designated
comprised of the predominant species as excerpted by informants. The five selected sites
were on relatively even ground and a three-year experiment was established in 2015 and
visited annually for maintenance and collection of data. Each site selected for the
experiment must be relatively homogenous (in terms of topography, substrate type),
dominated by herbaceous vegetation, and representative of the ecosystem. Each site may
have more than one experimental unit to account for any variation in vegetation types and
topographic or orographic factors.

The selected sites avoid permanently inundated areas, which were dominated by sedges
like the genus Carex, and areas where Artemisia and Poa dominated. The chosen sites were
represgntative of the largegglandscape withga mijx of herbs like Potentilla, Primula,

Astr, lﬁ wits /sveer le(mer al sites included summer
pi Ipifte me¥vstvith a®¥orMmch pl li grazing.

The experiments were designed in a randomized complete block design (RCBD) and

involved the installation of a manipulative experimental at five different sites along an
altitudinal gradient ranging from 3590 to 4696 m, which lies in the alpine meadow
vegetation zone of KNP. Each site consisted of a fenced area (un-grazed) of 5 x 5 m and
laid out in four subplots of 2.5 x 2.5 m (Figure 2.2). We used standard cattle 1-2 wire
fencing (1.7 m height with 15 x 20 cm mesh size).

After fencing, the vegetation was observed in both fenced sites and surrounding open sites
subjected to continuous grazing during the peak season. The herbaceous summer pastures
of KNP are attributed to a grazing management system adopted by the local community
that allows them to bring their livestock for grazing during peak season which usually starts
from late March and lasts till August. A summary of the number and type of grazing
animals in selected pastures of KNP was reported earlier making the sheep, yok, goats, and
cattle the potential grazers (Ishaq et al., 2019).
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Table 2.2 Demographic and socio-economic characteristics of informants
in ethnobotanical surveys from KNP valleys.

Interviewer Type Numbers
Male 53
Gender Female 27
Total 80
Age
Below 40 Years 43
Above 40 Years 37

Educational Profile

ill- literate 23
Primary 38
Middle 6
High School 5

Farmers 6
Policeman 3
Housewives 11
Forest Employees 5
Laborer 15
Councilor 1
Hakeem 2
29
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Warming Plot

Control Plot

Species Percentage
2.5m pecies Coverand |1m
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im
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Figure 2.3 Schematic representation of a typical exclosure with open-top warming
chambers (OTC) for passive heating, manual clipping plot for simulated grazing, and
control plots.
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2.5.1 Warming treatment

Inside the fenced area, we selected two subplots for warming treatment using hexagonal
fiberglass open-top chambers (OTC1 & OTC2) (Fig 2.2). OTC1 plots served as only
warming treatments while clipping was done from one of the OTCs (inside 1m x 1m area)
which corresponded to warming x clipping (W x CL) treatment. They were hexagonal with
a 32 cm height and a central portion of 1 x 1 m open at the top (Mohan et al., 2019). The
OTCs were kept on the subplots during each summer season. In general, the fenced area
with OTCs acted as an exclosure and grazing barrier for animals, however, it did not
eliminate small rodents and birds. But their effect on plant destruction was not that
significant because not only OTCs but as well as control and clipping plots were also
subjected to their infringement (Figure 2.3). The warming effect of OTC at 10 cm above
the soil surface was between 1.7-1.9°C on average (Kaarlejarvi et al., 2013; Lokken et al.,
2019; Thomas & Gillingham, 2015). This temperature enhancement is within the range of
expected degrees of warming in the recent scenario of future climate change in the region
(IPCG2019).

-Art-0f writing

The experiment consisted of two treatments: one 2.5m? subplot inside exclosure subjected
to clipping treatment, one similar dimensioned plot outside the fenced area as a reference
to estimate the herbivory level on plant species to mimic the grazing and their control inside

exclosure (Figure 2.3).

The warming x clipping (W x CL) treatment was employed by clipping the 1m? area inside
OTC2. The clipping was done one time each year to effectively simulate herbivory. The
simulated grazing experiment involved: an annual clipping plot inside the exclosure where
the manual clipping of vegetation was done to the average height of vegetation outside, its
control, and the area that is grazed by herbivores outside the fence (un-warmed, un-grazed).
At the start of the experiment, the grazing level of herbivores was estimated and clipped
inside the exclosure in clipping treatment, then each year plant growth was recorded from
that clipped point. In the clipped plots the aboveground part of all selected plant species
was clipped to about 2-4 cm on average above the entire plot.
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2.5.3 Data sampling from warming and clipping plots

In the present study, all recordings of the plant community composition (Figure 2.4) and
abundance were performed during the peak blooming season which starts from late March
and lasts until late August (Shedayi et al., 2016). During the experimental years (2016—
2018), we used the quadrat sampling method (1 m x 1 m) to measure plant metrics such as
percentage cover, and aboveground biomass. The percentage cover of the selected plant
species was recorded individually at the start of the experiment (2016) by visualizing the

number of grids of quadrat covered by plant species.

The plant species were selected based on their medicinal and cultural potential mentioned
by informants, citation frequency, occurrence in alpine meadows, and the palatability as
described by local inhabitants. In each 1 x 1 m subplot, the percent cover for each plant
species was estimated to the nearest 10% for each species rooted inside the plot (1 x 1 m,
10 cm grid points) using the Daubenmire method (Hulvey et al., 2018).

Implementing this method, we measured th.e cov.er; defined as vertical projections of
vegejptRn clu ea \f | ri al sites, individual plant
spArdttiﬁ fmpmmilmigsiﬁcaﬁon. Inventory was
updated each year to record the new observations (2016-2018).

We measured the aboveground biomass of each species in each treatment by clipping
method and weighed it in the laboratory by air drying at 37°C for 72 hours. The percent
cover and biomass were averaged across all the experimental years and the % increase and

decrease were calculated by working out the difference between control and last year's data
points.
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There was no disruption in the unclipped plots (OTC, control). A 1x1m quadrat was placed
randomly within each plot. For clipping plots, this location is fixed for all sampling years
and permanently marked using pegs. For OTCs, biomass estimation was done under one
of the six sides on a rotational basis. Species compositions indicate the area where species
were identified, and percent cover was estimated.

Figure 2.4 Multisite Experimentation at Rangeland and Grassland Ecosystem (MERGE)
KNP showing OTC and clipping treatment at one of the experimental sites (4696 m).
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2.6 Analysis of morphological and molecular compositional changes in

allergenic pollen of medicinal plant species through FTIR spectroscopy
2.6.1 Sample preparation

From the ethnobotanical survey, medicinally important plants were also cited for their
allergenic potential. Artemisia was among the most dominant species at the experimental
sites as well as the most cited genus for its therapeutic properties. The allergenic potential
of this plant was immensely discussed while getting the other medicinal information of this
genus. Thus, to evaluate the change in the allergenic pollens of Artemisia species present
in control and warming plots, pollens were collected from fully grown inflorescences
during the flowering period. From each site, five randomly chosen Artemisia species were
collected. Pollen samples were taken from each plant in 3 replicates, in total 15 plants were
sampled. Each plant was carefully observed for the same height and floral growth
(inflorescence). The pollens were air-dried and stored in cold conditions.

Abougl g of pgllen was useghto prepare slideg for gicroscopy and spectroscopic analysis.
Th(ﬁf and@a aI)\WsFtIa%VIaﬂcomoox light microscope
usifig NI re.
To make a homogeneous suspension of pollen samples to be analyzed by high-throughput
FTIR plates and measured in transmission, the pollen samples were sonicated for 2
minutes. 1 mg of pollen, in a 1.5 mL microcentrifuge tube with 800 uL of distilled water,
was sonicated using a 2 mm probe with an ultrasonic processor (QSonica, LLC, Newtown,
CT, USA).

After sonication, the centrifugation was done at 8000 g for 15 minutes min, and the
supernatant was removed. Three aliquots of 8 puL were made from the remaining
suspension and transferred onto the IR transparent 384-silicon well microtiter plate (Bruker
Optik GmbH, Ettlingen, Germany). The Plate was dried at room temperature to create films
for FTIR measurement. One sample solution was prepared from each pollen sample.

Ten aliquots of 8 uL from prepared suspensions were transferred to one microtiter plate,

denoted as sonication test plate, thus creating 100 sample films. For technical replicates
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test for each suspension, 10 spectra were generated. For sonication variability, each
suspension spectra were average. A stock solution was prepared from the remaining
suspensions. For the microplate variability test, five different microtiters well plates were
used prepared by using 10 aliquots (each containing 8 pL) of the stock suspension
containing 50 sample films in total.

2.6.2 Fourier Transform Infrared Spectroscopy (FTIR) analysis

Fourier Transform Infrared spectroscopy (FTIR) measurements were obtained using an
HTS-XT extension unit coupled to a VERTEX 70 spectrometer (both Bruker Optik
GmbH), was used (Figure 2.4). It was equipped with a global mid-IR source and a DTGS
detector. The spectra were recorded in transmission mode, with a spectral resolution of
4 cm- and digital spacing of 0-964 cm-'. Background (reference) spectra of an empty well
on a microtitre plate were recorded before each sample well measurement. The spectra
were measured in the 4000-500 cm-! spectral range, with 32 scans for both background
and sample spectra, and using an aperture of 5-0 mm. Data acquisition and instrument

itiﬁ ruker Optik GmbH).

ing the attenuated total
reflectance (ATR) method. The peaks obtained were normal in the machine. Data files
were imported in CSV format that was processed for drawing FTIR peaks through Origin
pro-2018, 32 bits.
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dark plastic tubes at room temperature. Total phenolic compounds were extracted by
maceration of 0.2 g of dried plant material in an 80:20 (v: v) MeOH: water mixture for 16
h with stirring in the dark and at room temperate. After centrifugation of the extracts, the
supernatant was filtered through a syringe membrane (0.45 pm). Subsequently, the residues
from the dried crude extracts were suspended in a volume of methanol to prepare 20 mg/mL
extract solutions in the solvent. We stored all extracts in the dark at 4 °C until analysis.

2.7.4 Determination of Total Phenolic Content

Total phenolic content was determined by using the Folin-Ciocalteu colorimetric (FC)
method based on the oxidation of a phosphoalframate-phosphomolybdate complex by
phenolic compounds to blue reaction products to determine the TPC, a method described
by (Phuyal et al., 2020) with some modification. 500 pL of diluted sample extract (1/10)
were added to 1 mL of Folin-Ciocalteu phenol reagent (1/10 diluted in deionized water).
After a 10 min incubation in the dark, 1 mL of Na2COs solution (7.5%) was added to the
mixture. After incubation for 30 min in the dark and at room temperature, we used slight

e absorbance at Y = 760
50,75and 100 pg/mL) as
a standard, we expressed the TPC for each sample as millig of gallic acid equivalents
per gram of dry weight (mg GAE / 100g DW). We performed all analyses with triplicate

experiments.

2.7.5 Determination of Total Flavonoid Content (TFC)

We determined the TFC of all plant species using a modified aluminum chloride AICl3
colorimetric method (Phuyal et al., 2020). 1 mL of each sample extract was added to 1 mL
of 5% AICI3 (solubilized in methanol). Reading was taken n triplicates and the average
value of absorbance was measured by a spectrophotometer. We used quercetin for a
calibration curve to determine the flavone content of each extract. The stock solution of the
quercetin was prepared by solubilizing the 5mg of quercetin in 1 mL of methanol. The
stock solution was made in serial dilution to make various concentration of 0.25mg/mL,
0.5 mg/mL, 0.75 mg/mL and 1 mg/mL solutions. TFC of the extract was calculated to form
the regression equation of the calibration curve and expressed as milligrams of quercetin
equivalents per gram of the sample in dry weight (mg QE / 100g DW).
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2.7 Extraction and screening and comparative investigation of potentially
bioactive compounds from the selected medicinal plants in warming vs
control plots

2.7.1 Chemicals and drugs

Methanol, quercetin, rutin, gallic acid (GA), Folin—Ciocalteu (FC) reagents and ascorbic
acid, aluminum chloride, trichloroacetic acid, ferric chloride, potassium ferricyanide,
linoleic acid procured from Sigma Aldrich. All chemicals and solvents used were of
analytical grade.

2.7.2 Plant material

The plant species were sampled from warming as well as control plots. After determining
the percent cover and biomass increase of each species, the plants that responded positively
to thegyvarmingg treatment pre selected forfthd analy5|s These include Astragulus

-
epen IF, Pot alole ntago major, Primula
macrophylla, and Poa alpina. These species were the mo: d plant species for their

therapeutic properties as well. They were stored at 4°C in cold conditions. These studied
plants were taken from five sites where they were abundant covering the regions of
experimental plots. The separated samples were then dried at 37°C for 72 hours. The

samples were protected from light and moisture for further analysis.

2.7.3 Phenolic extraction

A vast number of studies have been aimed to produce and optimize an authentic extraction
system that provides optimal parameters to achieve active compounds from medicinal
plants. As mentioned by many studies, alcoholic solvents have the best tendency to extract
the richest flavonoid content in some Medicago species (Kabtni et al., 2020).

Polyphenols being polar can be extracted in these solvents. It is also attractive for industrial
applications. Therefore, the extraction method by (Hussain et al., 2013) with some
modification was followed involving methanol (80%) as a solvent. The dried samples of
all species were milled to powder, using liquid nitrogen and a mortar, and then stored in
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2.7.6 ldentification and quantification of some phenolic compounds by high-
performance liquid chromatography method (HPLC)

To determine the secondary metabolic composition of the plant extracts we used HPLC.
The compound standard includes gallic acid, caffeic acid, syringic acid, ferulic acid, rutin,
quercetin, kaempferol, vanillic acid, catechin, chlorogenic acid, and p-coumaric acid. The
Methanolic fractions of each plant species' crude extracts were used for identification.

Standards for flavonoids were prepared with a concentration of 10 ug mL* (acetonitrile)
while phenolic acids standards were prepared at a concentration of 20 pug/mL* (methanol).
We utilized the chemicals for standards and mobile phase purchased from Sigma-Aldrich
(USA). The compound analyses were performed with system LC-10A, including the C18
column (i.d. 250 x 4.6 mm, pore size 5 pm, Phenomenex, Jupiter 5u C18, 300A). UV-V is
detection system was used with class LC-10 software (Shimadzu RF-530, fluorescence

monitor). The column was thermostatically maintained at 30°C temperature.

The

obile ppase used fﬁ the identificatjory agd quantification of flavonoids was
t ﬂi Foranaly5|sofphenollc
e nitrikg tllled water (10:88), and

acetic acid (2%), foIIowed by its filtration through filtration assembly (0.45 pm x 47 mm).

Sonication of the mobile phase was done for 10 min (Model-EYELA, Toyota).

The column was purged to remove the initial mobile phase from the system before the
application of standards. Flow rate and pressure (maximum) of solvent were set as 1 mL
min™ and 250 Kgf / cm? respectively. Each standard was injected into the microinjector
with a volume of 20 pL. Retention times of standards were noted for reference. Peak
detected through UV-detector was obtained, and peak area was identified for
quantification of phenolic compounds in pure methanolic fractions. Samples were analyzed
in three replicates.
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2.8 Statistical analysis
The importance of each species was estimated by its frequency of local use or relative
frequency of its parts used also how many people or informants described the worth of the

same species (Cornara et al., 2009).
The formula for conducting relative frequency is
RFCi = no. of people informing the use / No of participants in the survey

The composed ethnomedicinal data was quantitatively reviewed by the index of Relative
Frequency Citation (RFC), calculated as the ratio between the number of informants
mentioning the use of a given species and the total number of informants participating in
the survey (D. Hussain et al., 2019a).

The species-specific responses within each treatment at each site and their significance
were estimated through one-way ANOVA (Appendix ). First linear models were selected
to analyze if there was a difference in species, site, and treatment effects (Table3.5, Figure

. The individual effect of each factor

was, hsjl orffdgcralise in cover and biomass

3.8) he;er(tnage coverfffid aboveground bi i

ler ined @ d th iflangir "
(Table 3.6). Response variables of percentage cover and bidwa#s were modeled using the

Ime4 package (Bates et al., 2015) with fixed-effect predictors of the warming treatment,
the clipping treatment, and their two-way interaction (warming x clipping, W x CL), and
random effects for site and species (Table 3.5). We separately ran models with species as
a fixed effect to check the effect of treatment for each species Table 3.7. The following
model formulation was used.

Percentage cover ~ warming+ clipping + warming*clipping + (1|site) + (1|species)
(Table 3.5)

Percentage cover ~Factor*species: (1|site)
Biomass ~ warming+ clipping + warming*clipping + (1|site) + (1|species)

Biomass ~ Factor*species: (1|site)

40

Material and Methods

We determined the analytical curves for TPC, TFC, and HPLC-DAD (Appendix I11) and
quantified the corresponding compounds in all samples to estimate the contents in each
sample. According to linear equations for each calibration curve of equivalence
compounds, we established gallic acid (TPC), quercetin (TFC), and standard (HPLC)
contents. All data are reported as mean * standard deviation of triplicate experiments. To
compare the treatments to prove the differences between these warming and control plots
we utilized the ANOVA (at a significant level of p < 0.05) coupled with multiple
comparisons of means (Tukey Contrasts) to investigate the differences between different
treatments and to compare selected medicinal plant species. We evaluated the association
between variables by the Pearson correlation method. We used R (version 3.5.1) for all
statistical analyses.

The difference between the polar and equatorial axis of pollen of Artemisia species was
calculated by ANOVA using multiple comparisons of means and the Dunnet test. The
significant difference between the groups (warming and control) was distinguished on the
base g@f the anglysis of the greneral linear madgd and multiply comparison of the mean
(Du cf%). t‘f:edwr\.le : rm:gcmdr, car, RemdrMisc,

reated through ORIGIN

software. The secondary structure of the proteins was analyzed using the ORIGIN program

corrplot, tidyverse, hrbrthemes, ggplot2. All the spectra
by fitting curves for the amide | bond and then spectra were measured between 1510-1650

cm ™ spectral range. After smoothing the ATR-FTIR spectra across two consecutive points,
the second derivatives were computed.
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Here the factors are the treatments, (warming, clipping and warming x clipping). The
model formulation was to check the individual response or species-specific response to
each treatment.

To estimate the fixed effects of the treatments, we used linear mixed effect models using
Ime4 package (Bates et al., 2013) in R (The R Foundation, 2018). The model summary
provides the estimation, standard error, and t values of each of the factors as shown in Table
3.5. It is shown that inferences for the fixed-effects parameters in linear mixed models are
based on t-value distributions with suitably adjusted degrees of freedom.

In mixed effect models, the main rationale is that while p-values can be misleading because
of the unclear null distribution, t values can still be useful as standardized parameters. The
t-test was used to evaluate the significance of overall treatments, the variance between the

treatments, and the response of each species to the specific treatment.

High ethnomedicinal value (Table 3.1) and the significant responses to the treatments
illustrated by mixed effect mgdels, the vulnerfbilitx and susceptibility of important plant
specj €| rmi eS| S, el tris, Poa alpina, Primula
ma&oph rienti ol Ieucw;r:it’!emcg. The combined effect of
treatments on these species was illustrated as susceptibility zones to show the significant
increase or decrease in percent cover and biomass. The significance of the effect of
treatments was assessed by linear mixed effect models using Ime4 package function Ime()

(Bates etal., 2013) in R (The R Foundation, 2018). The plot was made by ggplot2, function
geom polygon, in package tidyverse.

To assess the change in the relative distribution of plant species within the plant
communities, we used non-metric multidimensional scaling (NMDS) ordination analyses
(Florencio et al., 2009) on plant species that were present across the plot at each site (3590
m-4696 m) so that we could characterize plant community changes for each warming and
clipping treatment groups. The Bray— Curtis dissimilarity measure was used to deal with
relative abundance data as it allowed using both presence/absence and abundance data. All
the analyses were performed in RStudio 2.4-4. (R Core Team 2017) using vegan packages
(Oksanen et al., 2017).
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3 Results

3.1 General conceptions about climate change and climate-related events

Climate change is drastically hitting that area. Glacier is melting as Batura has shifted from
its range and has shrunken. Some communities consider that climate change is exerting
good impacts on agriculture. There is an introduction of rotational cropping, and these
practices allowed the sowing of other staple crops such as corn and potato. A decade ago,
the wheat production rate was low as this crop didn’t get enough temperature to harvest on
time but now it is ripening before time in some regions. People are now able to sow corn
and produce a good amount of it, some new pastures have emerged in areas covered by

snow earlier.

Pest and insect attacks especially grasshoppers have drastically increased on crops such as
wheat in summer which has extended. There is the early blooming of plant species. Due to
warming and longer growing seasons vegetation has increased. People prefer light food

and ¢ thlng ingsummer dfo the warm wia selm The livestock reproduction rate has

t
f

imp| t@lthe g I4 alﬂ ed about climate change
but at the same ime ere was no consent of shifting to ban area if these drastic

changes cause any fatal effects. People have observed and experienced heat waves during

summer. The pattern of rainfall is erratic and sudden. Snowfall frequency is much less than
before. There are also indications of floods approximately 2-3 times in 10 years. Drought
hit the area 10 years ago and there was a shortage of water. There is also an outbreak of
animal and human diseases when any animal start grazing on new pasture grass there is the
problem of mouth sore. Influenza and asthma rate has increased because of pollen from
allergenic plants. Under these, all observations, the analysis of the percentage responses
was conducted to signify major extreme events, climate variables, and impacts on daily
life.
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Table 3.1 Different characteristics of villages in Gilgit Baltistan surveyed for climate
change information from the HKKH region.

The:

Predictors Low altitude Medium altitude  High altitude
Village A Village B Village C Village D
Elevation(m) 1465-2200 2452-2715 2810-3094 3094-4696
10-30 km Remote villages,
10-22 Km Paved road, bus ~ horse transport,
Market under i paved road to
far, bus ) connectionstothe  some village’s
access i construction
connection town market others under
road construction, bus
connection limited
. o Yes (Hunza,
Tourism Yes (Gilgit) (Passu) Yes (KNP)
Susat)
. Medium
i medium i Low-temperature-  Low-temperature-
Climate . rainfall- L i .
rainfall-Temp precipitation high rainfall
Temperature
“Art:of writing :
Schifol no
Mobile
yes yes yes no
phones
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3.2 Demographic and socio-economic characteristics of the

informants and villages in climatic surveys

The surveyed village's characteristics varied in terms of their location, elevation, market
access, access to advisory agricultural services, etc. (Table 3.1). Socioeconomic
characteristics of the respondents have been explored to understand their backgrounds such
as age, household size, education, access to institutional services, and dependence on
natural resources. Understanding such information is obligatory before the detailed

analysis of the responses about climate change and its impacts.

The Art of writing
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The interviews conducted per age group (Table 3.2) revealed, that 36% of respondents have
received their education from matriculation to intermediate level, while 30% have
completed their graduation 19% completed their early or primary years of schooling, and
15% were illiterate. Informants having larger households (more than 6 members) were
59%, followed by 28% of those who have less than 5 members. Information was gathered
from 53% of the medium-aged group inhabitants, followed by 20% of young and 27% of
old age (more than 50 years). The average distance from the nearest market was recorded
as 28 km (Susat city). It was observed that 95% of people were satisfied with agricultural
information services facilities available to them. Most of the respondents (63%) showed
less dependency on natural resources, because of access to imported coal and gas, 9% of
them claimed high dependency, while 28% were moderately dependent on the availability
of wood, water, forage, etc.

The Art of writing
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Table 3.2 Informants socio-economic characteristics participated in climatic surveys from

different villages of Gilgit Baltistan along an elevation gradient

Socioeconomic variables

Description/ categories

Responses (%)

Education illiterate 15
Primary to middle 19
Matric to intermediate 36
Graduation and above 30

Household size Small household (< 3 members) 12
Medium household (4-6 28
members)
Large household (> 6 members) 59

Age Young (< 30 years>20 years) 20
Medium aged (31-50 years) 53

1
The average distance f 28 km
market(yes)
Agricultural extension services 95
availability
Dependence on natural Low (up to 25%) 63
resources Moderate (up to 50%) 28
High (Above than 50%) 09
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3.2.1 Perceptions about local climate change

Most people commonly perceived from an increase in temperature and abrupt rainfall
patterns that the climate is changing. It is momentous to understand whether a dependent
variable is playing a potential role in any ecological shift occurring in a region. For this
purpose, two important climate variables i.e., temperature or warming and rainfall were
selected, since any change in their pattern would be catastrophic for biodiversity and

subsequently for the secondary and tertiary consumers of an ecosystem (Abid et al., 2015).
3.2.2 Temperature

There was a general conception that the temperature distribution has experienced a

significant relocation in addition to a general increase in the temperature. For example, the

warmest temperature recorded is no longer in June anymore but shifted early to May. And

the month of September is cooler than usual. A significant trend in the temperature increase

was observed when data from weather reports of stations of the Gilgit, Gupis, and Hunza

districts were analyzed (Figure 3.1). It is ewdent from the weather reports, that there is a

T h mgrArt f tI s and it is continued to
einc ase tedm aucMIa Jﬂ gfall is the climate driver

which has undergone a severe shift in Hunza and the other two districts.
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The change in periodicity of accelerated temperature is perceived to be due to less snowfall
and rainfall abrupt patterns. Last snowfall was connected as a responsible factor leading to
temperature fluctuation in the region, if March and April are cooler than usual then it is
due to the onset of the last snow. Responses about changes in temperature and rainfall in
the survey were also similar and the coordination was recorded between weather reports
and perception. The results indicated that most inhabitants experienced a significant
increase in summer temperature (60%) and a slight increase in winter temperature (35%)

as shown in Figure 3.2 a.
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Figure 3.2 Details of percentage responses towards climate-related shocks and impacts a) Percent responses about temperature increase
in summer and winter. b) rainfall pattern changes perceived by respondents as the number of rainy days has decreased in winters while
summer rain has slightly increased. c) onset pattern of each season is early, explaining the seasonal shift. d) summer and spring season

has extended

The

more than normal while winter days have shortened.
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3.2.3 Rainfall

Communities have responded that rainfall has become unpredictable. Observing rainfall
patterns, respondents reported a slight increase in summer rainfall and a slight decrease in
winter (Figure 3.2 b). The overall rainfall and snow patterns have been changed in both the
summer and winter seasons. Yet the number of snowy days has decreased in winters and
the mainstream of the informers (45%) agreed to that. Most surveyed informers reported
an abrupt pattern in snowfall in the winter season. About 10% of participants have observed
that the rainfall duration has decreased. They also commented that it is hard to predict the
chances of rain and if it rains the periodicity of how long it is going to last, cannot be
estimated. Others perceived a slight change in its duration and occurrence of both summer
and winter rain (20%). Some participants (40%) reported that though the pattern is abrupt,
the region received more rainfall during the last 10 years. The majority of the people
reported that the number of rainy days has decreased, and regional rainfall is immediate
and e ). | S sgarj horat e gagnsoon is delayed, heavy,
stoAmn. @n}ﬁe sw t;lfm @ d is early rainfall. Locals

further indicated that though the number of rainy days has d®®ased in winter (Figure 3.2

b) the incidence of rainfall in certain months (March and April) is sudden, with a significant

increase in cloudy days.
3.2.4 Variation in onset and duration pattern of the season

The general observation about the onset pattern of seasons was that in GB seasons are
shifting. There is a change in the growing seasons of local vegetation. Spring is arriving
earlier than before (91%). There are observations of the early blooming of the flowers. We
found out that summer has lengthened, and winter is shortened owing to changes in their
onset and withdrawals along with early and shorter spring and autumn (Figure 3.2 ¢ and
3.2d). 91% of informants reported the early onset of summer and delayed the start of winter
(86%) and autumn (68%). Summer is likely to last nearly half of the year, but the winter is
harsh and lasts for 3-4 months.
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The pattern of climate change has resulted in early or late blooming and ripening of the
crops (Figure 3.2 e). Impacts of seasonal changes have altered the vegetation cover and
increased the yield as informed by farmers, herbalists, and elderly people who had some
indigenous knowledge about the area. We evaluated the relative importance of
environmental variables by inquiring about changes in soil texture, land fertility properties,
and productivity. This shifting clock implies the disruption of agricultural activities and
the rhythm of species responses. Smallholder farmers' perceptions of changing climate and
the adaptation of related smart agricultural practices revealed the practice of crop rotation
(42% reports) system, due to early ripening of crops (42%) such as wheat (Triticum
aestivum) and then sowing of the second crop mainly corn (Zea mays), barley (Hordeum
vulgare) and potato (Solanum tuberosum) (Figure 3.2 €). As a result, soil texture and land
fertility are improved (47%) also promising longer growing seasons. 26% of informants
noticed no significant change in soil texture while 19% were of the view that it is worse
than before due to flooding.

3.2.5 Rredictigns and impgacts of extremg eyeits (snow cover, glacier size,
-Art-of-writing

Attributing extreme events to climate change, perceptions o ple reported these events
with personal experiences of changing weather. Study respondents believed that snow
dynamics have been changed greatly and this change is confined to specific months with a
decreased frequency of snow that has also impacted the water supply of the downstream
population. Maximum respondents (94%) agreed with the global fact, that glaciers had
shrunken in the last decade and the rate of melting of snow is fast (Figure 3.2 f). In response
to climate change, 14% believed that glacier size has increased because of precipitation
changes. Concerning that, respondents it was believed that accompanying climate change,
glaciers are vulnerable to temperature and precipitation changes and there is a major shift
in their growth (9%) and decline (2%).

Other extreme weather events and trends included heatwaves, drought, floods, insect/pest
attacks, and invasion of new species. The informants were asked questions about the
impacts of these events whether being long or short-term. The onset of drought
accompanying climate change was once in the last decade (27%). However, 93% of
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informants have experienced episodes of heatwaves and flooding frequently. While related
to the seasonal changes, the frequency of snow and cold days has decreased (10%). 39 %
of informants believed that there is a decline in the number of days having low temperature
in winters (Figure 3.2 g)

The pattern of change in seasons is accompanied by several related events such as increased
vegetation, new weeds invasion, and thus insects and pest attacks (Figure 3.2 h). The
perceptions were changes in dynamics of insects; 79% of respondents believed that due to
the longer growing season, there were increased chances of survival rate of insect/pests,
thus the frequency of attacks has increased in the last decade (81%). The overwintering
populations have accelerated the risk of invasion of new species and thus increase the rate

of insect-transmitted diseases in plants.

Climate dynamics have affected the growth of plants at higher elevations by increasing the
vegetative growth (88%), species inhabiting mountain slopes tend to move at higher

elevations, thus the invasion of new weeds was reponed (30%) (Figure 3.2 h).

The Art-of-w

The agricultural productlvny has increased in the reglmugn increase in temperature
for some crops thus earnings have improved (>40%) while other than agricultural the other
sectors' income has declined (<20%). Related to the warming and longer growing seasons,
the working hours have increased (>40%) (Figure 3.3). Health-related effects may also be
expected as 72% responded that food quality is improved with good health standards while
very few people (8%) were not satisfied with food standards. Study findings described
noticeable effects on people’s daily life choices also such as consumption of light food,
cold drinks, and light clothing (81%).
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3.2.7 Relation between a set of socio-demographic features and perceptions
about climate shocks and tremors in Gilgit Baltistan

Respondents’ perceptions about climate change and climate-related shocks were found to
be dependent somehow on their socio-demographic status. The generation of a certain
perception requires enduring observation of a significant change in the ecosystem that has
influenced the social and economic life of a population living there. In this study, as high
elevation mountainous communities were already having limited natural resources, climate

change has exerted dual pressure on these sensitive localities.
3.2.8 Association among village location, age, education and gender and
perceptions on climate change

The bivariate results of this study suggested that educated people perceive (more likely)
any change in their surroundings due to their awareness through mass media (newspaper

I h tele W I II ge is also found to be
e ific e a u mor r I Iderly people (>40) have
enough knowledge to perceive the climate changes as they have been affected the most

by climate tremors and shocks. The details of the statistical relationship between each

socio-demographic factor and the perceptions are given in Appendix IV (Table 3.3).
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Figure 3.3 Socioeconomic impacts of climatic changes in the daily life of the Informants.
Food quality has improved due to multiple cropping systems.
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Table 3.3 Summary of perception determining factors and reported impacts of climate

change.

Reported impacts

Significant factors related
to response

People and quality of life

Working hours increase,
rotation crops, prefer light
food and clothing, early
harvesting of wheat and
apricot, palatable forage
increased livestock
production and improved
income Positive

effect>negative effects

Village location***
Groupage™**
Education***

Important observed _ Melting of snoy caused the

The -Art-ofwritin

problem, abrupt rainfall,
rainy days increased during
winter, summer extended
winter shortened, species
range shift, mouth diseases
due to grazing on invasive
vegetation

Village elevation***
upage*

cation***
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These findings indicate that age group, the geography of the villages, and education are
found to be determining factors for a certain perception about climate change. A large part
of the variation in people’s observations, as well as in perceived impacts of climate change, Results
was related to the villages in which they lived. We analyzed the perceptions and impacts
based on the location which is another limiting factor towards adaptation. When villages

were grouped according to elevation and climate pattern, the effect in most cases was a)ogs,|  Summer Temp increased b) General Warming** x2 =
. . . . . . . 2(G =0.06600., 0% ion= *
significant, indicating that part of the differences among villages is related to climatic 80% )z(d:c’a:::p::g(:osa7s ) LS::::Z:;:“ P roupaaes

differences. The proportion of variation explained, however, was usually lower for climate
type than for village, indicating that there are other characteristics of villages that play a

key role. Lower elevation villages show the most negative impacts.

3.2.9 Socio-Demographic Factors and perception of temperature variation

I h Ani TI ratuge Jya: r'ttr mged with the education and
e rouMflictols (Fi W [ m nt aspect associated with

the perceptions of temperature anomalies as well as education (Figure 3.4 b). Educated

2715-3094

people tend to perceive and conclude the increased temperature more than illiterate people

Elev_1465-2452
2452-27

Elev

Elev

(p <0.05). It is illustrated by the analysis that elevation is another significant factor Eactoss

Factors

associated with perceptions because people living at different elevations receive different
extent of climate shocks [hOUQh general warming was an agreeable point where each Figure 3.4 logistic regression analysis of perceptions regarding variation in various seasons due to change in mean temperature: a) An

respondent agreed to the elevated temperature during the last 30 years (Figure 3.4 b). These increase in temperature in summer was found to be significantly linked with education and age of socio-demographic factor (p<0.1). b)
- - B . R - R Perception of general warming is found to be significantly associated with the groupage and locality of villages.
findings are in line with the weather data (Figure 3.1) which showed a significant linear

trend of increase in temperature in all seasons.
61
In terms of education, people who received education more than the primary level were

aware of the changing seasonal patterns and can build its association with global warming
(p<0.05). They perceive that summer duration has extended, and winter is shortened, thus
educated people can perceive this change and its associated impacts more significantly than
the uneducated.
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3.2.10 Socio-demographic factors and perception of variation in rainfall and
vegetation

The results of the present study demonstrated that age was a significant factor (p<0.01)
associated with perceptions about the decline in rainfall in winters (p<0.01) and increasing

fete in summer (p<0.05) (Figure 3.5 a & b). The significant value showed that the perception

of decreasing rainfall in winter was more prevalent among elderly people (age > 40 years).

Ao Summer Extendedey @) a] WinterShortened- Other variables were education and elevation (p<0.15 & p<0.05), which were significantly
| (Education=0.043) gog,| X (Education=0.004*) related to the perception of an abrupt pattern of rainfall and decreasing number of snowy
g“ o °S i - days in winter. The results revealed that people living on different elevations received
B N § | different frequencies of rainfall (see Figure 3.1 a), thus have different tendencies to
;%l n [f: g‘, perceive the changes in climate drivers, also educated people can differentiate the changes

in the pattern of rainfall between summer and winter. Moreover, the impact of increased

|
=k

rainfall in summer resulted in dense vegetanon thus perception of forage and vegetation
I h ewas rrisng rf er)tln s significantly perceived
grol erI (Fig sl lwed that elevation is the

significant factor determining the link between climate variables and their impacts on the

The ¢

Factors . . N .
Factors ecosystem. Villages receiving an adequate amount of rainfall at a moderate elevation

. - . . . . o . : (2715-3094) seem to be benefited from vegetation cover increase and more availability of
Figure 3.4 |0gIS!IC regression analysls of perceptions regardmg variation in various seasons due to change in mean temperature: C)

Variation in summer temperature was perceived as an extension of the summer season significantly related to education (p<0.05). d) forage
Winter has shortened and educated people have perceived it significantly (p<0.05). Signif. codes: 0 “****0.001 “*** 0.01 “** 0.05 *.” !
0.1 ** 1. SigH=significantly high, SLiH=slightly high, Un=unspecified
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Figure 3.5 Analysis of perceptions regarding variation in rainfall and vegetation: a) increase in rainfall in summer was found to be
significantly linked with education, age, and gender of socio-demographic factor (p<0.1). b) Perception of decreasing rainfall in winters
is found to be associated with groupage and locality of villages.
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3.2.11 Anticipation of climate change impacts regarding temperature/rainfall
3.2.11.1 Climate shocks and extreme events

The perceptions about extreme events or serious shocks related to long-term changes in
climate were different among different demographic factors (Figure 3.6). The response
about the impacts of heatwaves and drought was significant among factors such as
elevation (<0.05), age (<0.001), and education (<0.05). People living at moderate elevation
(2715-3094 m) had mixed responses considering the occurrence and frequency of drought
(Figure 3.6 a). Another prominent impact was the increased melting of snow (Figure 3.6
b), which was uniform among all demographic factors. Similarly, the negative but
substantial responses and perceptions towards snowstorm and glacier rang shift was found
to be perceived significantly by these three socio-demographic factors: snowstorm
groupage (<0.001), education (<0.009), and elevation (<0.05) (Figure 3.6 c) while for
glacier range shift, groupag?<0 .001) and education (<0.05).
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Figure 3.6 Perception analysis about extreme events regarding climate change impacts a) Drought, the significant perception was
perceived by respondents at a different elevation (p<0.05), age groups (p<0.001), and education (p<0.05) b) Melting of Snow
perceived equally among all factors through all elevations, age groups and educational levels.
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Figure 3.6 Perception analysis about extreme events ¢) Snowstorm, significant responses were of groupage (p<0.001), education
(p<0.009) and elevation (p<0.05) group d) Glacier range group age (p<0.001) and education (p<0.05). Significance . codes: 0 ****

0.001 “***0.01 *** 0.05 > 0.1 ** 1, Un=unspecified, Nch=Nochange
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7%, Groupage=0.002540 **, Education=0.004** .| age=0.0001320 ***, Groupage=0.0004021

***, Education=0.0054889 **

belowdo

gender_M

—
-
)
>

Elev_2715-
age_overdo

Edu_Primary

iI1jipamte

te

q ic

d ™
du

E
E

Elev_1
Elev_2
_2715-38b4
Clow zu;uu%
age. o
O
Edu,
Edu_inteq

Factors

Figure 3.7 Perceptions about agricultural impacts: a) Crop yield increased Perception about this impact was significant among all socio-
demographic groups as elevation <0.05, groupage <0 01, Education, <0.01. b) Crop early Harvest This change was percelved
significantly and uniformly among all the groups levation<0.05, page<0.001 ion<0.001. U

Signif. codes: 0 “***70.001 “***0.01 “*’ 0.05 *.” 0.1 *
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3.2.11.2 Agricultural impacts

People living in all villages have significantly related the increase in temperature to the
increase in crop yield increased. There was a recognition and awareness of this impact
among all age groups and in all villages. The trend of early crop harvest and crop rotation
which was not possible earlier due to harsh weather was fairly adopted by smallholder
farmers. Now the elevated temperature has affected the life cycle of staple crops thus
allowing the farmers to produce more crops (Figure 3.7 a & b). Though the shared concern
was that the weather patterns are getting unpredictable, more specifically the sudden rain
patterns and these agricultural practices will not sustain for a longer period as unpredicted
rain will cause damage to the crops and the unusual melting snow will sweep the soil
fertility away.
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3.3 Ethnobotanic survey

The utmost objective of this study was to gather the indigenous knowledge about high
mountainous medicinal plants from the local community and evaluate the climate variation
effects on culturally and medicinally valued plants. The information gathered was based
on the 80 80 informants who helped identify approximately 50 medicinal plant species
widely spread in the area. Demographic features of informants are given in (Table 2.2). In
the survey, their gender, age, and socioeconomic details were recorded.

Based on ethnobotanical survey results, some highly cited species were selected; those
species are palatable, essential for therapeutic remedies, and abundant on experimental
sites thus prone to change in the environment. Predominant botanical families comprised
Asteraceae (25%), Fabaceae (8%), (Solanaceae 6%), Tamaricaceae (4%), and others count
for 2% or less (see Table 3.4).

The subsequently selected species were characterized by three or more informants as a
general criterion for the reliability of medlcmal plant use (Savikin et al., 2013). These
T h mt(ﬁﬂ fc Cile] t] he therapeutic properties
e ant Ionﬂ\ eir Wrar mgume of blooming, partly
used for remedies, and potential climate change effect on their availability (Table 3.4).
Based on the collected information, we screened out 17 highly important and common
plant species, which were categorized based on their percentage use. Artemisia rupestris
(AR) was the most cited plant due to its availability and medicinal potential. Other widely

cited plant genera include Poa alpina (PA) and Oxytropis glabra (OX), Taraxacum
officinale (TM), and Plantago major (PM).
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Table 3.4 Ecological and ethnobotanical properties of selected medicinal plant species at KNP

Results

The frequently reported and treated ailments were high blood pressure, diarrhea, and skin
allergies (40%), followed by eye irritation, fever, gastrointestinal diseases (25-30%)
including stomachache, worm treatment, and acidity (<30%), etc. Ailments related to heart,
diabetes, joint pains, obesity, and metabolism were also reported (Appendix V). A variety
of methods were reported by informants to prepare remedies i.e., decoction, infusion,
tincture, juice, ground to powder, etc. The dominant parts used in the preparation of

Results

RFC™
FCIN(O<RFC<1) N=No.

Plant species and Family Local Altitudinal Type Part Medicinal properties Climate change effect Citation
authority name range (m) used (according to local Frequency
people) (FC%)
Artemisia santolinifolia Asteraceae Roon 33434039 Perennial Whole  Worm, digestion, Increased availability 75
Turcz.ex Krasch plant diarrhoea, malaria
*Artemisia rupestris L. Asteraceae Khich 4050-4676  Perennial Whole insect repellent elevates Late-blooming 60
plant immunity, skin diseases
*Taraxacum afficinale L. Asteraceae Vamook 33464059 eremnial Stems,  Asthma, cadiac No effect %
leaves.
Smelowskia Brassicacese Zakh 4085 perennial Flower,  Blood pressure oubles  Berries are not that juicy 15
calycina (Steph.) leaves and diabetes
Silene gonosperma Caryophyllaceae ~ Gulch 3359-4693 Perennial  Whole Fever ‘Vegetation increased 17
(Rupr)Bocquet Jant
*Astragalus penduncularis  Fabaceas Zhoop 336469  Perennial Leaves  Diabeles, aniiaging, an- _ vegetaion increased %
Royle ex Benth inflammatory
loveer
Oxytropis glabra OC Fabaceae Zarth 434 peremmial Leaves intemalwound,anti-  Noeffect i
sprag agin
*Comastoma ntianaceae lay 4696 W PWennial  Leaves Pneumonia, sore throat, No effect 33
Yy rium (T4 r ar and fever.
1
g hargffla L. ariace Jspandu 3 plefial Fever and joint pain No effect 8
Plantago major L Plantaginacess  Sepailk w059 perenmial LY Uicers,skin wounds Ripe late 3
and
*Poaalpina L. Poaceae Noz 3346-4076 Perennial ~ Whole Vegetation increased 45
fant
Bistrta offcinalis Polygonaceae onbu W80 Perenvial Root  Wounds Less vegetation 8
*Primula macrophylla Primulaceae Banafsha 4676 Perennial ~ Leaves Alleviate pain, analgesic Forage available 9
0.0on and
Flower
*Potentilla hololeuca Rosacea Zatsprig 3343-4696 Perennial ~ Leaves Menstrual cramps Increased vegetation 29
(Boiss)Hook.f and
Flower
Saxifraga sp Saifragacese Sitbark 453 pereomial Leaves  Diarthes, and minorskin o effet e
problems
Pedicularis ashmiriana  Scrophulariaceae  Push 4650 perennial Whole  Stomach aches Shified towards high 0
Pennell plant altitude
Hedinia Scrophularizceae  tibet 46%  perennial Whole Pain and swelling, muscle  Distributed t al sies 1
tibetica (Thomson) Oestenf plant weakness
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Figure 3.8 Linear mixed effect model representation of significant effects of each treatment (Fixed
effect) on percentage cover and biomass. Warming significantly increased the percentage cover,
while the combined effect of warm and clip significantly decreased it suggesting that clipping has
a negative effect on overall percent cover and biomass as compared to control. a) Percentage cover
was higher in warming plots in comparison to control but warm and clip treatment significantly had
less cover of species suggesting that clipping has a negative effect on overall percent cover. b)
greater biomass of all species in warming treatment as compared to control and other treatments.
Significance codes: 0 “****0.001 “*** 0.01 “**0.05°.” 0.1 " 1
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medicine were leaves, flowers, and/or the whole plant. The characteristic cultural
significance of plant species was recorded as a source of feed and forage for livestock and
wild animals. Local communities rely on livestock to generate income. Summer pastures

of informants)

are important, and the mentioned species are frequently available there

09375

3.4 Multisite Experimentation on Rangeland and Grassland Ecosystem
(MERGE)

04375

01875
02125

02875 Effects of warming (OTC) and clipping treatment (simulated grazing) on percentage cover

05125 and above-ground biomass of selected medicinal plant species through manipulative

L ] L]
TheArt-of writing:
3.471 Lirtear rMixe ect model fOr fixe ran ects of variables

The individual factor impact on the percentage cover and biomass is shown in Figure 3.5,

04125
o1

0475

05625

o1

— illustrating the impact of warming (W), clipping (CL), and interactive treatment of both

— warming x clipping (W x CL) keeping the site as a random effect. There were strong
significant and positive effects (p<0.001) of factor warming on the overall percentage cover

I and biomass tested by linear mixed model contrastingly clipping exerted a significant

01625 negative effect on biomass and non-significant negative effect on percentage cover. Plant
species decreased their aboveground biomass in clipping plots while there was a significant

increase in biomass in warming plots.
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When treated each treatment with each represented species, keeping the effect of the site
as random, the output supported the fact of elevated warming as significantly positive for
both percentage cover and above-ground biomass. This positive effect was overridden by
the clipping effect in interaction plots where the combined impact of both warming and
clipping was found to be significantly negative on aboveground biomass (p<0.05) (Table
3.8).
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Table 3.5 Summary statistics of Linear mixed model to determine the fixed effects of
treatments and random effects of site & species

Percentage cover

Above ground biomass

Estimate
Predictors Estimates Cl t-value p-value Cl t-value p-value
(Intercept) 7.78 ‘Igi -1 5512 <0.001 271 é‘657 -3 4631 <0.001
Factor 516-1 2.46-4.
[Warming] 7.86 0.56 3.309 <0.001 3.64 83 6.035 <0.001
Factor 0 -2.87 -
[Clipping] 178 0423 -4 -0.797 0.198 -1.68 050 -2.789 0.005
Factor K 2.75--
[Warm*Clip] -0.32 33;82 -2 -2081 0.818 -1.56 038 -2.587 0.010
Random Effects Percentage cover
o 80.83 15.40
T00 Species 17.68 2.38
T00 Site 6.26 0.10
ICC 0.23 » » 0.14
site 5
-Art of writing:
servations 0 40
Marginal R? / Conditional R? 0.094/0.301 0.207/0.317
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Figure 3.9: Treatments, site, and species effects on culturally important plant species percentage cover and biomass. a) the percentage
cover of plant species increases in warming treatment and at multiple sites because of high abundance of these species like P.alipna,

and A. rupestris
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Estimate, Standard error, and t statistics are shown for models testing the change in species
percentage cover and biomass in warming (OTCs) and clipping plots along the elevation
gradient (random effect). For the two experimental warming approaches (OTC and
warm*Clip), two models are presented: one containing only experimental warming, and
the one with clipping (interaction), while the second model tests the effect of clipping
overall sites and species. Marginal R? value represent variance by fixed effects and
conditional R? explained variance by the entire model (fixed and random). Overall, the
effect of the warming treatment is strong in comparison to clipping and the two-way
interaction of both treatments (Warm*Clip). Significance codes: 0 “*** 0.001 “**’ 0.01

*70.05°70.1°°1.

The overall differences in percentage cover of control and treatment plots at site
MERGE1(M1, 4696 m) and site MERGES (M5, 3346 m), are found to be significantly
different (M1 has higher cover and biomass than control while at M5 there is no significant
variation between control and treatments. At other sites (M2, 4059 m, M3, 4022 m, M4,

3990 j§) the regponse of spasies between coniro} and treatment plots was similar (Figure
. 9 s

3.9) U r ing @te randW rt'eln hlﬂ % mining factor for certain

species' significant response variables as Considering the Tixggactors the variability was

high among site species that responded differently at different sites.
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Figure 3.9: Treatments, site, and species effects on culturally important plant species percentage cover and biomass. b) shows decline
in biomass of species in clipping treatment as compared to control but the significant positive effect of warming treatment. Significance.
codes: 0 “**¥70.001 “***0.01 “**0.05 . 0.1°" 1.
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