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My schoolboy-idea of the Himalaya

Tibet Himalaya, Nicholas Roerich (1933)



A normal view of Kathmandu! The starting point for 
nine exciting and challenging botanical expeditions in 
the Sino-Himalayan area 2001-2012

Thamel, 
Kathmandu 
2002

Shock to the system!
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Terminology

Biodiversity – ‘variety of life’ from genes to whole 
ecosystems and biomes. In practice, most commonly 
assessed as species richness, the number of 
species in an area. In my case, plant species.

Ecosystem services – benefits that people get from 
ecosystems

Himalaya – Himalaya sensu stricto plus mountains 
of south-west China that abut the Himalaya in north-
west Yunnan, southern Tibet, southern Qinghai, and 
southern Sichuan. Call it Himalaya rather than Sino-
Himalaya.



Matilsky (2013)



Defining a Mountain

Mountain – seemingly obvious to most people, but 
difficult to derive a quantitative generalised 
scientific definition of what a mountain is in 
biodiversity and ecological research (Körner et al. 2011)

Not definable solely by elevation or climate 
because mountains occur at all latitudes from the 
equator to the poles.

Only common feature of all mountains is their 
steepness (slope angle to the horizontal) which 
causes gravity to shape them and create habitat 
types and disturbances typical of mountains and 
which makes exposure and aspect important driving 
factors



Cannot quantify steepness at the global scale, so 
the Mountain Biodiversity Portal (MBP) 
www.mountainbiodiversity.org uses ruggedness as a 
simple proxy for steepness to define mountain 
terrain and hence the distribution of mountains 
across the globe.

Ruggedness is defined by the MBP as a single 
>200 m elevational difference between two out of 
nine neighbouring 30’’ grid cells on a 2’30’’ scale. 
This scale corresponds to grids of 21.5 km2 at the 
equator, 15.2 km2 at 45° latitude, and 10.7 km2 at 
60° latitude.



MBP result is 16.5 million km2 (12.3%) of 
terrestrial surface is rugged at this scale and thus 
contain mountains

Körner et al. (2011)



Total terrestrial land area (134.6 million km2) 
outside Antarctica and total area of mountains 
as defined by MBP in eight major regions

Region Total area 

(106 km2)

Mountain area 

(106 km2)

% of total 

area

Total Earth 134.6 16.5 12.3

Asia 44.6 8.9 19.9

Africa 30.0 1.2 4.0

N America 22.1 2.9 13.1

S America 17.8 2.2 12.4

Europe 9.8 0.9 9.2

Australia + New Zealand 7.7 0.1 1.3

Greenland 2.1 0.1 4.8

Oceania 0.5 0.2 40.0

Most mountainous in relative terms are Oceania (including 
large islands of SE Asia) (40%), followed by Asia (19.9%), and N 
America (13.1%). In absolute terms, Asia followed by N America
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Himalayan Mountain Biodiversity 
in Geographical Space

Basic Statistics

Global vascular plant species richness about 
270,000 described species

Likely global estimate for total species richness 
about 320,000-500,000 species

Global alpine vascular plant flora about 15,000-
20,000 species, 2000 genera, and 90-110 families

About 6-7.5% of world’s flora, but only 2.6% 
of land is alpine. More alpines than expected



‘Hotspots’ of Mountain Plant Biodiversity

Long been recognised that within the broad 
latitudinal gradients of richness, there are areas 
of greatest richness, so-called 'hotspots‘. Also 
mountain hotspots of biodiversity e.g. Himalaya

Makalu 
(8475 m) 

Tibet



Qomolangma (Everest) 
(8848 m), Tibet

Cho Oyu (8201 m), Tibet

Photos: Harry Jans



Min-Shan (6970 m), 
Sichuan, China

Jhomolhari     
(7314 m) Bhutan

Photo: Joanne Everson



Big Snow Mountain       
(Da Xue Shan) (7556 m), 
Yunnan

Jade Dragon Mountain 
(Yulong Shan) (5596 m), 

Yunnan

Bai Ma Shan (6740 m), Yunnan



Where are the Richest Mountain Areas 
Globally in Terms of Vascular Plant Richness? 

Not easy to answer because not all areas have 
complete or modern floras (e.g. Tien Shan, 
South Andes)

Simple analysis based on our recent alpine 
expeditions (2000-2013, excluding spring trips 
to Iran, Turkey, etc.) in terms of total number of 
species seen and identified on a ‘per field-day’ 
basis in an attempt to standardise ‘botanising 
effort’



Days No. species Species/day
Yunnan, 2009 20 1090 53
Tibet, 2009 18 852 47

Tien Shan, 2008 14 560 40
Qinghai, 2006 11 473 43
Tibet, 2005 22 802 37
Bhutan, 2002 14 520 37
Sichuan, 2001 16 380 24

Southern Andes, 2012 14 560 40
Central Patagonia, 2006 23 493 21
North Patagonia, 2005 16 497 31
Southern Patagonia, 2000 15 320 21

Tasmania/SE Australia, 2008 15 340 23
New Zealand, 2003 16 352 22

Eastern Cape, 2009 12 612 51
E Africa, 2007 11 212 19
Drakensberg, 2002 15 702 47

Oregon & N California, 2004 15 584 39
Colorado, 2002 14 590 42

Recent expeditions



At a broad geographical scale, mean ‘richness’ 
is less variable than expected

Mean (species/day)

Asia 39

Africa 39

N America 38

S America 28

European Alps 28

Australasia 23

Scandinavia 22

Still have several expeditions to ‘work-up’ – NW 
India 2007, Sichuan 2011, Nepal 2012. Picture 
unlikely to change – Asia is rich!

Richest mountain areas are, as expected, Asia 
(Himalaya) and Africa, followed by N America



How and Why does Biodiversity 
Vary Spatially in the Himalaya?

Obvious first question – how many vascular-plant 
species are there in the Himalaya?

Not easy to answer!

Indian subcontinent as a whole:

ca. 25000 species

350 families, but 0 endemic families

4000 genera, with 200 endemic genera

Mill in Davis et al. (1995)



No. spp. Endemic 
spp.

Endemic 
genera

Endemic 
families

Western Himalaya >5000 >430 0 20

Tibetan Province 1500-1600 Ca. 70 0 0

Eastern Himalaya

Central & E Nepal 6000 250 0 0

Bhutan/ Sikkim 5500 100 0 0

Arunachal Pradesh >3000 ? ? 0

Nepal 6500 285 ? 0

Mill in Davis et al. (1995) 
Watson et al. (2011)

Many gaps in our knowledge; constantly improving 
knowledge; great need for herbarium bioinformatics 
across all Himalayan countries and beyond to 
produce an up-to-date checklist for the Himalaya.

Himalaya is a major biodiversity hotspot



Several essential references

1998 1996





Second obvious question – how does species richness  
change with elevation world-wide?

General rule is species richness declines with elevation

Decreases
on average, 
by 15-45 
species per 
100 m.

Grabherr et al. (1995)

Species richness and 
temperature in relation 
to elevation (Odland & Birks 
1999)

Körner (2002)



Why is there a regular decline in species diversity 
with elevation, especially at high elevations?

Parallels the well-known latitudinal decrease in 
diversity.

Potential explanation for elevational gradient in 
biodiversity.

Limited area – biodiversity-area relationship 
above tree-line hardly changes with elevation 
across the globe ('mountain geometry'). Species 
number thus declines in proportion to declining 
land-area as elevation increases.

Simplest ‘null hypothesis’



Global pattern of 
land area outside 
Antarctica in 100 
m steps starting 
at 1500 m

5.1% � 2000 m

2.7% � 3000 m

1.7% � 4000 m

0.5% � 5000 m

Körner (2007)



Körner (2004)

Area changes with elevation. Species number 
decreases as available area decreases with increasing 
elevation. Habitat diversity also decreases with 
decreasing area.

Above tree-limit, land area is halved, on average, for 
every 167 m increase in elevation (150 m in Alps, 178 
m in Andes). Richness decreases with elevation because 
area decreases with elevation.



Jhomolhari (7,314 m) 
Bhutan

Makalu (8475 m) 
Tibet

Photos: Harry Jans

Photo: Joanne 
Everson

Third obvious question – what are the species 
richness patterns in the highest mountains in the 
world, namely the Himalaya?

Cho Oyu (8201 m) Tibet



Vetaas & Grytnes (2002)

Species richness of flowering 
plants (4928 taxa) and elevation 
(0-6000 m) in Nepal

Nepal – longest elevational gradient in world

John-Arvid Grytnes

Ole Reidar Vetaas
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Other groups of plants in Nepal

�=Vascular plants – peak 1500-2500 m

�=Ferns – peak 1900 m

�=Mosses – peak 2500 m

�=Liverworts – peak 2800 m
Bhattarai et al. (2004) 
Grau et al. (2007)

Khem 
Bhattarai

Oriol Grau



Lichens in Nepal

Total lichen richness peaks 
at 3100-3400 m

Higher than for other plant 
groups (1500-2800 m)

Endemic peak at 4000-
4100 m, same as for 
vascular plants

Baniya et al. (2010)

Chitra 
Baniya

Total

Endemics



Fourth obvious question – why do all Nepalese 
species-richness patterns show this unimodal 
pattern?

Various technical problems in compiling data for 
such studies due to interpolation. Also problems of 
‘hard boundaries’.

Grytnes & Vetaas (2002) did numerical simulations 
to investigate the effects of these problems on the 
observed patterns. When allowed for, there is a 
strong decrease of richness with elevation but 
the unimodal pattern is not an artefact.



Fifth obvious question – why is there a unimodal 
pattern in species richness in the Himalaya?

Unimodal pattern may be more widespread than previously 
thought, especially over long ecological gradients (not 
always equivalent to long elevational gradients).

Energy-water model ideas of O’Brien (1993, 1998, 2006), 
whereas richness is a function of water + energy.

Temperature (α energy) 
decreasing with elevation

Water availability often 
has a unimodal pattern 
in some mountain areas

Species richness shaded

Grytnes & McCain (2007) 
McCain & Grytnes (2010)

Species richness



Polar mountains 
(Greenland)

Temperate 
mountains (40°-
60°) (e.g. W USA)

transition (30°-
40°) (e.g. Turkey, 
Iran)

Subtropical (10°-
30°) (e.g. 
Drakensberg, 
Himalaya)

Equatorial (0°-10°) 
(e.g. Mt Kenya, 
Kilimanjaro)

Pakistan – rise then fall in precipitation 
in monsoon season (1-5 are different 
mountain ranges)

Körner (2007)

How does precipitation change with elevation?



Examples of mountains with very different 
precipitation-elevation patterns

Polar – decreases with 
elevation (Svalbard)

Temperate – increases 
with elevation (Patagonia)

Sub-tropical – peak at 
mid elevation (Turkey)

Equatorial –
decreases 
with 
elevation 
(Kenya)



Species richness patterns and precipitation – elevation patterns 
globally based on personal observations and published data

Species 
pattern

Pptn 
pattern

Species 
pattern

Pptn 
pattern

Svalbard M � SW Turkey U ∩
W Norway M � NE Turkey U ∩
Kenya M � Central Turkey U ∩
Ethiopia M � SW Iran U ∩
Bhutan M � Tien Shan U ∩
Tasmania M � NW India U ∩
S Is., New Zealand M � Sichuan U ∩
S Patagonia M � Qinghai U ∩
Tierra del Fuego M � Tibet U ∩
E Norway U � Yunnan U ∩
N Sweden U � SE Australia U ∩
Alps U � Yukon U ∩
Pyrenees U � Rockies U ∩
Bulgaria U ∩ California & Oregon U ∩
Greece U ∩ N Patagonia U ∩
Drakensberg U ∩ Central Patagonia U �

Cape, S Africa U ∩ U=Unimodal; M=Monotonic
�=inc; �=dec; ∩=mid-elevation peak



To summarise
Precipitation:

Species:

� � ∩

Unimodal 1 4 19

Monotonic 6 3 -

(1) Most unimodal species patterns are seen on mountains 
with a precipitation peak at mid-elevations (i.e. the sub-
tropical type including Himalaya) (19 out of 33 regions) 

(2) All monotonic species patterns are seen on mountains 
with precipitation increasing or decreasing with elevation 
(e.g. Mt Kenya, Tierra del Fuego, western Norway) (9 out 
of 33)

(3) A few (5 out of 33) unimodal patterns occur on mountains 
with increasing precipitation (1) (e.g. central Patagonia) or 
with decreasing precipitation (4) (e.g. N Sweden, E 
Norway, Alps, Pyrenees)



Sixth obvious question – are there species-rich 
‘swarms’ or ‘hotspots’ within the eelvational gradient 
of the Himalaya and, if so, what caused them?

Huge diversity of one genus (up to 300 species) in 
an area. Many ‘neo-endemics’. Himalaya has more 
such species ‘swarms’ than any other mountain area 
in the world.

Pedicularis Primula Cremanthodium

Meconopsis Saussurea Saxifraga

Rhododendron Ligularia Gentiana

Corydalis



Pedicularis oederi, Norway Pedicularis tricolor, Sichuan

Pedicularis



Pedicularis przewalskii, Qinghai Pedicularis siphonantha, Bhutan



Pedicularis bella, Bhutan Pedicularis decorissima, Sichuan

Photo: 

Mike Grant



Meconopsis bhutanica (=M. discigera), Bhutan

Meconopsis



Meconopsis horridula ssp. 
racemosa, Sichuan

Meconopsis horridula ssp. 
horridula, Tibet



Meconopsis integrifolia
Sichuan

Meconopsis pseudointegrifolia
Yunnan



Meconopsis punicea
Sichuan

Meconopsis simplicifolia
Tibet



Meconopsis lancifolia
Sichuan

Meconopsis delavayi
Yunnan



Meconopsis aculeata
NW India

Meconopsis speciosa
Yunnan



Meconopsis 
quintuplinervia, Sichuan

Meconopsis 
pseudovenusta, Yunnan



Meconopsis tibetica, Tibet

Rediscovered in 
2005 and described 
in 2006



Saussurea

bhuktesh

brunneopilosa

superba

tangutica medusa

250 
endemic 

spp.



Saussurea gnaphaloides
(6400 m)

Saussurea 
gossipiphora

Saussurea 
tridactyla

Photos: Toshio Yoshido



Many of these highly localised species-rich swarms 
are in high mountain areas, often of relatively 
recent (Tertiary) age.

Commonest interpretation is that these ‘swarms’ 
are caused by rapid habitat isolation resulting 
from isolation as the land is uplifted. Combined 
with locally changing conditions, result is 
allopatric speciation in a small area.

Alternative hypothesis: these speciation patterns 
occurred, in part at least, as a result of changing 
UV-radiation experienced by the plants as the 
landmass was uplifted. Provides a sympatric 
speciation mechanism, or at least a mechanism 
that does not require total geographical isolation. 
Such isolation does not exist in places like Tibetan 
Plateau – very uniform landscape and topography. W
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Ratio of Himalayan 
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richness steadily increases 
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Isolation effect more and 
more important at high 
altitudes above 5000 m. Also 
high UV-B radiation.

Rheum nobileSaussurea bhutkesh



Himalayan Mountain 
Biodiversity in Ecological Space

So far, have discussed unimodal peak in species 
richness along elevational gradients on mountain 
ranges globally in terms of elevation (e.g. Nepal 
1500-2000 m; N Patagonia 900-1100 m; Drakensberg 
1700-1900 m)

Clearly the ecological conditions at a given elevation 
vary with latitude

Need to convert these elevations into thermal belts
or thermal life-zones defined by growing-season 
temperature only and thus allowing for the latitudinal 
change in elevation of thermally similar areas. The 
Mountain Biodiversity Portal (MBP) does this (Körner et al. 

2011)



Ecological definitions of thermal and ecological 
belts and life-zones – ‘Ecological space’

Nival belt – Snow-line – Alpine belt - Tree-line – Montane belt  

Alpine life-zone = Alpine belt + Nival belt

Only life-zone that occurs at all latitudes on the globe

Körner 

(2004)



Körner et al. (2011)

(<6.5°C, GS 94 days)

Thermal belts
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Mountain area for each thermal belt across all latitudes. Note 
strong asymmetry between Northern (R) and Southern (L) 
Hemispheres. About 27% of all mountain terrain is frost free



Global land area above thermal tree-line (alpine + 
nival belts) is 3.55 x 106 km2 (= 21.51% of all 
mountain terrain, 2.6% of all Earth’s land area).

27% of all mountain terrain falls in the warm, low 
elevation frost-free >15°C category –
surprisingly large rugged area that represents 
lower slopes and foothills of warm temperate, 
sub-tropical, and tropical mountains in Africa, 
Asia, and S America. Areas often heavily 
cultivated for bananas, tea, coffee, or rice 
(‘banana belt’). 23% in lower montane and 21% 
in upper montane belts. Bulk of world’s mountains 
are ecologically in the montane and lower foothill 
thermal belts.



Thermal belts in Nepal

Lower montane (2500 m)

Upper montane (3600 m)

Photos: Mark Watson



Lower alpine (4100 m)

Upper alpine (4800 m)

Photos: Mark Watson



Uppermost alpine (5300 m)

Nival

Photos: Mark Watson



In terms of these thermal belts, where do the peaks 
of vascular plant species richness occur globally?

Unimodal peaks (in 
24 mountain ranges)

Mountain area 
(%)

Nival - 3.2

Upper alpine - 4.5

Lower alpine 3 13.7

Upper montane 7 20.5

Lower montane 9 22.6

GS >15°C but with frost 1 8.1

GS >15°C and frost-free 4 27.2

Unimodal peaks centred on lower montane, upper montane, lower 
alpine belt, and frost-free areas with mean GS temperature >15°C

In terms of total biodiversity, lower montane and upper 
montane are key areas with maximum vascular plant 
biodiversity. Same for the nine regions with monotonically 
decreasing richness. These belts occupy the greatest mountain 
area. Not so surprisingly because of species-area relationship.



Very few mountain areas where the richness of 
different plant groups has been studied, except 
in Nepal

Group Peak Thermal belt

Flowering plants 1500-2000 m Lower montane

Endemics 4000 m Thermal tree-line

Ferns 1900 m Lower montane

Mosses 2500 m Upper montane

Liverworts 2800 m Upper montane

Lichens 3100-3400 m Upper montane

Endemic lichens 4000-4100 m Thermal tree-line

Emphasises importance of lower montane and upper 
montane belts for maximum species richness. These are the 
thermal belts experiencing the greatest human impacts
and are thus under the greatest threat, and yet provide 
critically important ecosystem services



Nepal (2800 m)

Nepal (3100 m)

Upper montane zone



Himalayan Mountain 
Ecosystem Services

Three main types:

1. Provision services – extractable resources that 
primarily benefit lowland populations (water for 
drinking, irrigation, timber) and ecosystem 
production (crops, medicinal plants)

2. Regulatory and support services – biodiversity, 
watershed and catchment protection, soil fertility, 
soil storage of water and carbon, photosynthesis, 
primary production, nutrient cycling

3. Cultural services – spiritual role of mountains, 
biodiversity (biophilia), recreation, cultural and 
ethnological diversity, aesthetics, ecotourism





Ecosystem services in mountain habitats globally

Alpine Montane Hills/Plateaux

Terr Aq Terr Aq Terr Aq

Downslope 
safety

Safety +++ - +++ - + -

Dams +++ + + + + -

Water Freshwater +++ +++ +++ +++ + +

Energy +++ +++ +++ +++ + +

Food Grazing ++ - +++ - +++ -

Crops - - +++ + ++ ++

Fibres Fuel - - ++ - ++ -

Timber - - ++ - ++ -

Medicinal Wild +++ - +++ - + -

Cultivars - - +++ - + -

Cultural Recreation ++ + ++ ++ +++ +

Spiritual +++ + ++ + + +

Ethnology +++ - +++ - ++ -

- not relevant; + relevant; ++ important; +++ very important

Will vary from area to area (e.g. European Alps, Himalaya, Andes)
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Alpine Montane



Population 
(x 103)

Per cent of 
total

Density 
(per km2)

Asia 597,714 49% 65.2

Former USSR 34,851 3% 6.4

South America 173,549 14% 37.7

North Africa 141,113 12% 52.3

Central Africa 119,559 10% 18.3

Europe 152,613 13% 43.1

Total 1,219,399 100% 38.2

World population 6 billion, so global mountain 
population (1.2 billion) is about 20% of total 
global population.

Data from Körner et al. (2005)

Human population in mountains



Functional Significance of Mountain 
Biodiversity or Why is Mountain 

Biodiversity so Important?

1. Catchment slopes depend on soil stability

2. Soil stability depends on near continuous plant cover

3. Plant species diversity ensures a sustained plant cover and 
hence soil stability

4. Biodiversity therefore provides insurance – intact systems 
provide insurance against system failure (Körner 2002)

5. Ecosystem functioning (plants, animals, micro-organisms 
co-existing and functioning together)

6. Cultural heritage argument – diverse, man-made 
ecosystems are historical treasures of our society

7. Ethical aspects (the right of all species to exist)

8. Aesthetic values (the beauty of alpine plants)



Concentrate on Körner’s “Insurance of Intact 
Systems” model

Mountain terrain (alpine + montane) covers 12% of the global 
land area

All mountains have slopes, sometimes very steep slopes

Slopes (and the peaks behind them) not only capture water but 
channel it to the foothills and, via large river systems, feed the 
lowland plains

Mountains therefore provide water for over half of mankind, 
directly or indirectly. Hold about 66% of world's freshwater as 
snow or ice

Runoff and associated sediment load are beneficial (water 
supply, mineral nutrients) and also non-beneficial (floods, 
mud-flows, etc.)

Slopes are the key to so much of mountain landscape ecology



Unless made of solid rock, the only way loose substrates 
are secured to slopes is through VEGETATION.

Mountain vegetation provides the 'screws' and 'nails' 
that maintain slopes and prevent slope dangers and 
disasters.

Slopes are only as stable and safe as the integrity and 
stability of their vegetation. Function of the vegetation 
diversity
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Integrity of mountain up-slope vegetation is 
thus the basic core or control of much, if not all, 
of down-slope lowland welfare and society in 
many parts of the world.

Easy to forget basic link between remote 
mountains and densely populated lowlands.

Recurring floods in 
China, Bangladesh, 
India, etc., and mud 
slides in Philippines or 
Andes are result of 
uncontrolled up-slope 
instability.

Floods are by far the major 
disaster in south Asia 1900-2010



Much lowland productivity is required to support 
the needs of up-slope society and to maintain 
sustainable management in the uplands.

Down-slope � Up-slope interdependencies

"Lowland – Upland Contract of Society" (Körner 2002)

Needs the effectiveness of mountain vegetation, 
natural or cultural, to control slope and soil erosion



Biodiversity and Ecosystem 
Functioning

How is biodiversity within an ecosystem related to the 
ecosystem’s functioning?

Quantifying and understanding this relationship (biodiversity-
ecosystem function (BEF)) are important because almost all the 
Earth’s environmental changes are leading to the loss of natural 
habitats and species.

Now clear from recent meta-analyses of data relevant to BEF 
(e.g. Isbell et al. 2011; Maestre et al. 2012; Reich et al. 2012) that biodiversity
enhances the ability of ecosystems to maintain multiple 
functions (e.g. carbon storage, productivity, nutrient pools and 
cycling).

Many species are needed to maintain multiple ecosystem 
functions and services at multiple times and places in our 
rapidly changing world.



What about alpine and montane systems?

Pohl et al. (2009) Plant Soil 324: 91-102

Looked at soil aggregate stability in machine-graded 
ski slopes and adjacent undisturbed vegetation on 131 
alpine and montane ski slopes in Switzerland in relation 
to abiotic soil features, above-ground vegetation, and 
root properties.

Number of plant species, root density, and sand content 
explained 54% of variance in soil stability.
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Partitioning variance (54.4%) in soil stability

Unexplained 45.6 P
o
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2
0
0
9
)

Plants contributing to soil stability were grasses, forbs, 
and shrubs – no one functional group but a 
combination of groups

High plant diversity is important in enhancing soil 
stability at disturbed alpine and montane habitats

ss = sum 
of squares



Not fully known if mountain ecosystems with 
more species are less at risk of loss of 
integrity than systems with less species.

Depends on absolute numbers of species

identity, growth-form, and ecology 
of species

environmental conditions

Probably the case, judging by other 
ecosystems. Insurance hypothesis proposes that 
one of the benefits of biological richness is 
that it insures against system failure.



Functional redundancy may not play any role for long time 
periods but a single extreme event can cause functional 
redundancy to be the 'safety mechanism' of fragile mountain 
slopes.

Mountain slopes are very 
susceptible to extreme events 
(e.g. slope collapse, storms). 
Maintaining mountain biodiversity 
is thus a high priority as mountain 
slopes and their stability are so 
important globally for the 'Lowland 
– Upland Contract of Society'.

Functional diversity of species are Nature's insurance against 
system failure (loss of substrate on mountain slopes) and secures, 
at the same time, other 'services' such as

- provision of medicinal plants, food, fodder, fibres, and other 
montane forest products

- clean run-off water

- attractive landscapes



How many species are needed to ensure 
ecosystem integrity and slope stability?

Answer depends on the time-frame but the more 
the better is a safe generalisation.

We do not know what future disturbances and 
stresses will be. Best to play safe now! 

As gravity does not compromise or cease, there is 
little hope for repair once alpine slopes are 
damaged and 'wounded'

May take thousands of years for new soils to 
develop in an eroded landscape. End-result of 
slope damage may be bare rock.



Central Tibet (4520 m)
Miehe et al. (2008)



Rokaya et al. (2012)

Peak of medicinal plant 
richness about 1000 m but 
medicinal plants (up to 100 
species) occur up to 6000 m 
(e.g. Rheum nobile, 
Saussurea spp.) in Nepal. 
Peak in low elevation frost-
free >15°C and lower 
montane belts

Ghimire (2008)

What about medicinal 
plants as part of 
provisioning ecosystem 
services? About 3000 
such species in Sino-
Himalayan area 



Emphasise the central role of medicinal plants in 
Himalayan ecosystem services

(2008) (2008)



Evidence for human-induced dwarfing 
of Saussurea laniceps in the Himalaya

Decline in height of S. 
laniceps since 1900

Height of plants at 
heavily harvested and 
low harvest sites – 9cm 
smaller. Selection 
pressure for being small

Law & Salick (2005)



Ecosystem service provision in mountain regions

Human 
population 
density

Ecosystem 
services based 
on ESScap

measure that 
incorporates 15 
services

Grêt-Regamey 
et al. (2012)



Supply     and demand of ecosystem services

Himalaya

Western N 
America

Grêt-Regamey 
et al. (2012)



What are the Potential Threats to 
Montane and Alpine Biodiversity 

in the Himalaya?



Millennium Ecosystem Assessment

Hal Mooney

www.maweb
.org

Habitat change very high; importance 
of climate change moderate; invasive 
species, over-exploitation, and pollution 
low in mountains as a whole



Abundant predictions of projected warming by 2055 in 
mountain and arctic areas according to IPCC Fourth 
Assessment Report. Average of five climate predictions 
under two different future scenarios (A1FI, B1)

Nogués-Bravo 
et al. (2008)

A1FI

B1



Order of predicted temperature change (1=high, 12=low)

2055 2085

Northern Asia 1 1

N American Arctic 2 2

European Arctic 3 4

Central Asia (Himalaya, etc.) 4 3

N Africa 5 6

N American Rockies 6 5

European Alps 7 7

N and Central Andes 8 9

Equatorial Africa 9 8

South Africa 10 10

Southern Andes 11 11

Australia/New Zealand 12 12

Health warming – at very coarse spatial scales (10’x10’ ~20x20 km)

Will fail to capture topography, habitat heterogeneity, or microclimate 
buffering



Nepal Biodiversity 
Plan 2004

Unique in recognising 
people as part of the 
systems from 
lowlands to alpine 
summits

Ram P. Chaudhary
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www.unibas.ch/gmba

www.mountainbiodiversity.org



Within the Global Mountain Diversity Assessment, 
change in emphasis from diversity in ‘pristine’ 
mountain areas to a recognition of alpine areas 
as ‘cultural landscapes’

2002

2006www.mountainbiodiversity.org



Many montane and low-alpine areas in Alps, Carpathians, 
Caucaus, Hindu Kush, Himalaya, South Africa, Tibet, 
Karakorum, Altai, Scotland, and Scandinavia are man-
made ecosystems or 'cultural landscapes' from many 
thousand years of utilisation.

Cultural heritage – wooden fences, stone walls, shrines, 
wooden or stone dwellings, drainage and irrigation systems, 
very specialised flora and fauna, etc.

Traditional and thus commonly sustainable management, 
very rarely leads to erosion.

These traditional land-uses are currently disappearing
due to population growth, increasingly intense agriculture, 
and large extension of land-use areas for marginal 
economic gain.

Result is major changes in ecosystem functioning & biodiversity



Essential to secure sustainable agriculture in 
traditional montane and alpine areas near the tree-line:

1. to conserve biologically highly diverse, 
stable, and attractive plant communities

2. to maintain a healthy, unpolluted food and 
water source for future generations

3. to retain part of our cultural heritage

4. to ensure soil stability and water supply
for down-slope human communities

5. to achieve sustainable livelihoods for local 
communities

Major problems in maintaining sustainable economy
and life-style in face of current economic 
scenarios, global change, and climate change



Abundant ground-
level evidence for 
recent climate 
change in 
Himalaya

Piao et al. (2010)



Khumbu, Nepal, 2007



Ragarsamba Glacier, Tibetan Himalaya

Bhutan, 2009

extent of glacier 1921 2005



West Rongbuk Glacier, N side of Everest

Average vertical ice loss 104 m from 1921 
(lower picture ) to 2008 (upper picture)
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Glacier size is a function of 

winter precipitation (accumulation) and

summer temperature (ablation)

Is it temperature or precipitation or both?

Probably both with changes in temperature and
timing and intensity of monsoon systems

2012 2010



Major Threats in Mountain Areas 
World-Wide

1. Habitat and land-use change

2. Climate change (global warming)

3. Invasive introduced species

4. Over-exploitation (agriculture, grazing)

5. Pollution (nitrogen, phosphorus)

6. Hydro-electric development and also, more 
locally, recreation (e.g. ski development)



Potential threats different in different mountain 
areas, a point not really emphasised by MEA

North 
America

South 
America

Scandi-
navia

European 
Alps

Other 
Med mtns

Turkey 
& Iran

Introduced 
species

+ ++ - - + -

Land-use change - + ++ ++ ++ ++

Hydroelectric 
development + - + + - +

Ski development + + + + + +

Atmospheric N 
deposition ++ - + ++ + -

Global warming ?++ + ++ ++ ++ +

Over-exploitation - + - - ++ ++

++ = high threat + = some threat - = no likely threat

Note the ? for global warming



Australia
New 

Zealand
East 

Africa
Southern 

Africa
China Himalaya

Introduced 
species

+ ++ - + - -

Land-use 
changes

+ - ++ ++ ++ ++

Hydroelectric 
development

- - - + + -

Ski development + + - - ? -

Atmospheric N 
deposition

- - - - + -

Global warming + + + ++ ?++ ++

Over-exploitation - - ++ ++ ++ ++

++ = high threat + = some threat - = no likely threat

Note the ? for global warming



Recent detailed quantification of the role of 
black carbon aerosols in Earth’s climate 
system provides some alarming results (Bond et al. 

2013 AGU)

Black carbon is carbonaceous material with 
unique physical properties produced by 
combustion – fossil fuels for transportation, 
solid fuels for industry and domestic heating, 
burning of biomass. Total global emissions were 
7500 Gg in 2000 

Additional Threats Recently Discovered



Emission type and quantity vary with latitude

Black carbon 
emission types 
and quantity in 
relation to latitude

Open burning 
dominant at low 
latitudes; coal and 
diesel in north

Bond et al. (2013)

N

S



Contribution to direct climate forcing estimated by 
difference between actual observed climate and 
model predictions in relation to aerosol absorption 
optical depth

Bond et al. (2013)

Highest climate 
forcing by black 
carbon in Indian 
subcontinent, SE Asia, 
and Africa. Much from 
lowland and lower 
montane belts.

Black carbon with a 
climate forcing of 
+1.1 w m-2 is second
most important 
human emission in 
terms of forcing today, 
after CO2



Greatest recent changes are occurring in montane
belt, rather than the alpine belt, as a result of 
climate change, invasive species, land-use 
changes, and habitat loss

Schickhoff (2011)

Increase of exotic 
evergreen species in 
lower-montane belt 
of the southern Alps 
1900-2000. Climate 
change and
invasive species
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Annual rate of change (%) of forest cover in 
Himalayan countries 1990-2000 and 2000-2005. 
Decreases everywhere but Bhutan and India. 
Habitat loss and land-use changes



Planetary Boundaries on Mountains

Concept introduced by Johan Rockström et al. in 
2009 as a means of exploring the safe operating 
space for humanity

Nine planetary systems and driving variables. 

Estimated the current position for each system 
globally.



Green is safe, 
red is current 
position

Safe boundaries 
exceeded for 

• Climate change

• Nitrogen cycle

• Biodiversity loss

Steffen et al. (2011)

Global analysis – but what about mountains?



Divided Earth’s mountains into three broad areas

1. N Hemisphere N of 30°N

2. Equatorial 30°N-20°S

3. S Hemisphere S of 20°S

and assessed position of the boundaries for the 
nine Rockström et al. variables for the three 
mountain areas. Very crude but emphasises that 
not all mountain areas face the same threats.



N Hemisphere mountains north of 30°N 

Safe boundaries 
exceeded for 

• Climate change

• Nitrogen cycle

• Land-use 
(including 
invasive 
species)

• Biodiversity loss

Major ozone-hole 
discovered in the 
Arctic in 2011



Equatorial 30°N-20°S (including Himalaya)

Safe boundaries 
exceeded for 

• Climate change

• Nitrogen cycle

• Freshwater-use

• Land-use 
(including 
invasive 
species)

• Biodiversity loss



Safe boundaries 
exceeded for 

• Climate change

• Ozone depletion

• Nitrogen cycle

• Freshwater-use

• Land-use 
(including 
invasive 
species)

• Biodiversity loss

S Hemisphere mountains south of 20°N 



Climate change

Nitrogen cycle

Land-use

Biodiversity loss

Exceeded in all mountain 
areas but to different 
extents

Ozone depletion

Freshwater-use Exceeded in S Hemisphere 
and Equatorial mountains 
(Sino-Himalaya)

Exceeded in S Hemisphere 
mountains

Planetary Systems and Driving Variables

Status



Conclusions
1. Alpine plant biodiversity is higher than one would expect on a 

simple species:area relationship

2. Some mountain areas are particular 'hotspots' of biodiversity 
(e.g. Himalaya)

3. Alpine biodiversity declines at a remarkably constant rate with 
elevation (about 40 species decrease per 100 m above the 
thermal tree-line)

4. High mountain biodiversity in certain areas appears to be a 
result of many factors, including centuries of low-intensity 
land-use, topographical isolation, high geological and 
topographical diversity, and high productivity as a result of 
high precipitation at mid elevations (Himalaya)

5. Greatest recent changes are in the montane & frost-free 
belts – highest biodiversity and many important ecosystem 
services, but greatest impact from land-use changes, habitat 
loss, invasive species, climate change, and atmospheric N



6. Himalayan biodiversity is globally important because of the 

importance of stable montane slopes and the 'Lowland –

Upland Contract' for society

7. There are many potential threats to Himalayan biodiversity. 

The most important are land-use changes, global warming, 

and over-exploitation. ‘Planetary’ boundaries have been 

exceeded in some areas

8. Himalayan biodiversity is not only a scientific theme of great 

interest, but also it is perhaps the best 'indicator value' of 

the integrity of Himalayan ecosystems

9. Understanding Himalayan biodiversity and ecosystem 

services and how they will respond to future environmental 

changes presents many challenges



Major Challenges in Himalayan 
Biodiversity Research

1. Encourage adopting the emerging paradigm in 
conservation biology, namely conservation in 
a rapidly changing world

Recognises that much progress has been made 
world-wide in the identification of priority areas 
for biodiversity conservation. Evaluation phase

Must now build an understanding of biological 
processes into management and planning

Conservation planners need to deal with the 
dynamic processes of species and their 
interactions with their environment

Set a new agenda for conservation and 
management. Applicable to all spatial scales

1998



2.Encourage data-archiving and data-mining
of the vast amount of information largely ‘lost’ 
in herbaria about localities, dates, elevations, 
etc. Biodiversity informatics is essential 
subject for the future

2010



3.Encourage greater use of ‘historical’ data and 
old photographs to investigate recent floristic 
and vegetational change – re-sampling 
studies. 

Huge untapped resource of potentially 
important information. One example is the 
work of Kari Klanderud and John Birks in 
Jotunheimen



Jotunheimen mountains of central Norway

24 mountains surveyed in 1930-1931 by Reidar 
Jørgensen

Re-located over 400 of his localities in 1998

Could see how flora had changed in 68 years

Kari Klanderud and John Birks (2003)



>2,000 m

1,800 – 2,000 m

1,600 – 1,800 m

Changes in 
species 
numbers

� 1930-31

� 1998

Little 
change 
in 
alpine 
belt

Big 
increase 
in lower 
montane 
belt

Some 
increase 
in upper 
montane 
belt

Klanderud & 
Birks (2003)



4.Encourage completion of the much-needed 
Flora of Nepal

With this completed plus the Flora of Bhutan
(and Sikkim) and the now very nearly completed 
Flora of China, plus information from NW India 
(sketchy), northern Pakistan (about 60% of Flora of 
Pakistan is complete), and Arunachal Pradesh (little 
modern data), opportunity to compile an Annotated 
Check-List of Vascular Plants for the Himalaya, if not 
a flora of the Himalaya.



Flora alpina involved 24 botanists 
from Italy, Germany, Austria, 
France, Switzerland, and Slovenia



5. Encourage and support careful fieldwork using 
modern GPS technology, Google Earth, etc. to 
map populations of threatened or potentially 
threatened mountain species over time.
For example, Jeremy Roberts and his mapping 
of Dryas octopetala at Yew Cogar Scar, Yorkshire



Jeremy Roberts repeatedly ‘waymarked’ Dryas
populations using a hand-held GPS. Imported records  
into Google Earth and overlaid onto aerial photograph 
using MacGPS Pro. Each dot is a population within a 
10 x 10 m grid cell in 2010 – valuable baseline for 
future monitoring here, at the southernmost locality 
for Dryas octopetala in England. Rare & endangered



6.Encourage careful and critical evaluation of 
coarse-scale predictions of climate change 
down-scaled to mountains and of local-scale 
studies on micro-climate. Encourage the 
emerging subject of climate change biology

20112011 20122011



7.Encourage sharing of scientific and human 
resources. All accept that we do not have 
enough resources. Essential that we share 
what we have to deal with the major issues 
that Planet Earth are facing now that we are in 
the Anthropocene.

Many important initiatives

www.mountainbiodiversity.org

Flora Himalaya Database

www.leca.univ-savoie.fr/db/florhy

www.efloras.org

www.kew.org/data/grasses-db.html

www.gbif.org



8. Given present state of knowledge, scenario 
planning as used in business and finance may 
provide an effective basis for using diverse 
scientific findings in decision-making

2007 2009



Scenario-planning uses a combination of 
scientific input, expert opinion, and forecast data 
to develop alternative scenarios for future. 

Contrasts with attempts at developing ‘precise’ 
quantitative assessments of future conditions 
that may be hindered or biased by much 
compounding of uncertainties and qualifications.

Science data

Expertise

Forecast data

Scenario A

Scenario B

Scenario C



9. Encourage closer collaboration between 
ecologists and environmental economists in 
an attempt to develop realistic and robust cost-
benefit analyses and related environmental 
policy for different mountain areas

2010
2009

2001



10. Encourage closer 
collaboration 
between ecosystem 
ecologists, 
climatologists, 
modellers, and 
environmental 
economists to produce 
integrated 
assessments of the 
likely impacts of 
climate change on 
upland systems, 
economies, and biota



11. Very much still to be discovered and 
understood about mountain biodiversity and 
ecology and ecosystem services in space 
and time, despite three outstanding books

201220092003



2012

2004

2013



A very major challenge for the 21st century

2009



12.Encourage greater respect for the unique 
mountain environments amongst all who visit or 
live in the great mountain ranges of the world 
such as the Himalaya – ‘Global garbage 
pollution’

East 
Rongbuk 
Glacier, 
Everest



Final Words

We can only hope that the inherent adaptations of 
alpine plants, their capability of adapting to 
changing conditions through polyploidy, the 
existence of both high-elevation and lowland 
refugia, and the remarkable micro-environmental 
heterogeneity of mountain habitats will ensure their 
future survival until the next ice-age and beyond

Alpine plants have survived periods of warm 
temperatures in the past, e.g. in the Holocene 
thermal maximum and in previous interglacials, such 
as the Eemian, when summer temperatures were 
about 2oC higher than today.



Let’s enjoy them while they are still with us!

Cultural ecosystem service of mountains, 
namely aesthetic beauty of alpine plants
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