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1.1  Introduction

Can you imagine a world without mountains? It would 
undoubtedly be a much less diverse place in terms of 
biomes, habitats and species. Mountains are the cra-
dles of all major river systems, they are the central 
determinants of regional‐ and continental‐scale cli-
mate and they comprise many unique biomes 
(Figure 1.1). They generate massive influxes of sedi-
ment that are divulged into adjacent territories (e.g., 
from the Andes across the Amazon basin, and from 
the Rockies into the Great Plains). For these reasons, 
the effects of mountains reach well beyond their 
immediate slopes (Gentry 1982; Finarelli & Badgley 
2010; Hoorn et al. 2010).

Mountains also have a dual role in that they both gen-
erate and receive biodiversity (Hoorn et  al. 2013). On 

one hand, they can generate diversity through in situ 
adaptations and diversification, subsequently providing 
neighboring regions with new lineages (e.g. Antonelli 
et al. 2009; Santos et al. 2009). On the other, they are able 
to support pre‐adapted lineages from other similar mon-
tane regions that arrive via long‐distance dispersal 
(Merckx et  al. 2015). Nevertheless, teasing apart the 
 relative contributions of in situ diversification versus 
 dispersal (Antonelli 2015), and assessing how and when 
different climatic and geological conditions influenced 
different regions, is a matter of intense research. Likewise, 
we are just beginning to understand how and when 
 climate and tectonism interact, and how they together 
affect biodiversity.

The effect mountain building has on climate, and how 
these processes together influence the speciation, extinc-
tion and migration of different taxa, is hotly debated. 
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A  number of studies have touched on some or many 
aspects of this set of interactions (Hughes & Atchison 
2015; Hughes 2016; Lagomarsino et al. 2016), yet none 
has fully addressed the complexity of the field in a sin-
gle work. We have therefore commissioned 31 peer‐
reviewed chapters that, when taken as a whole, address 
this need.

One of the fundamental questions to address is: How 
can we untangle mountain building and climate change, 
and what influence did each of these processes have on 
biological diversification? It has been known for some 
time that Plio–Pleistocene climate change is responsible 
for pronounced changes in relief and a vast increase in 
global erosion rates (Molnar & England 1990). However, 
in recent years, mountain uplift, rates of erosion and 
paleoaltitude have begun to be measured more accu-

rately, thanks to advances in analytical methods in geo-
sciences (e.g., in the fields of isotope and fission‐track 
analysis) (Gosse & Stone 2001; McElwain 2004; Reiners 
& Brandon 2006; Forest 2007; Polissar et al. 2009; Lomax 
et  al. 2012; Mulch 2016). These developments have 
 enabled a global assessment of the timing and geographic 
extent of mountain building, erosion and relief (Herman 
et al. 2013; Herman & Champagnac 2015). Together, the 
data thus obtained provide a geohistorical guideline that 
helps to improve models of biotic evolution. Accurate 
mountain uplift ages have already been successfully 
applied in the context of molecular phylogenetic studies 
that test for the influence of surface uplift on species 
diversification (Lagomarsino et al. 2016).

Other major questions include: When did taxa evolve, 
how did they respond to the ecological opportunities 

Figure 1.1 The center section of Humboldt’s classical tableau, illustrating a cross‐section of the Chimborazo volcano in Ecuador, the 
highest mountain peak as measured from the center of the globe. This detailed drawing depicts one of the earliest studies of how the 
mountain biota is structured along an elevation gradient. Humboldt recognized the existence of distinct vegetation zones at different 
elevations with largely unique sets of species, constrained by climatic and physiological adaptations. This pioneering work is often 
considered a landmark in biogeography. Source: Humboldt & Bonpland (1807). See also Plate 1 in color plate section.
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that followed from mountain building and what were 
their geographic distributions through time? The gen-
eration of novel, carefully sampled biological data from 
extant species, together with improved databases on 
the fossil record – including enhanced geochronology 
from the Neotoma Paleoecology database, the 
Paleobiology database and Neclime, to name but a few 
–offers new perspectives on biotic evolution in moun-
tain regions (e.g., Favre et al. 2015; Flantua et al. 2015). 
This, combined with new methods for predicting 
diversification and range evolution based on fossil 
records (e.g. Silvestro et  al. 2016) and molecular 
sequences (e.g. Antonelli et  al. 2016; Morlon et  al. 
2016) and methods for cleaning and processing vast 
amounts of extant species‐occurrence data (Töpel 
et  al. 2016), provides researchers with valuable tools 
and data for testing specific hypotheses on the evolu-
tion of mountain biodiversity.

Finally, determining the relative roles of abiotic and 
biotic processes in the assembly, generation and mainte-
nance of biodiversity is a central task in understanding 

biological distributions, and it forms the core of this 
book. Here, specialists from different disciplines have 
joined forces to synthesize the current knowledge on 
mountain building, climate and biodiversity. To help the 
reader through this cross‐disciplinary volume, the text is 
accompanied by a glossary of terms and a geological time 
scale (see back‐cover inset).

1.2  What are Mountains?

Mountains are defined as “landforms that rise promi-
nently above their surroundings, generally exhibiting 
steep slopes, a relatively confined summit area, and 
 considerable local relief” (Molnar 2015). They cover 
over  a tenth of the continental surface of the Earth 
(Figure 1.2), based on a recent evaluation by Körner et al. 
(2016), who used the ruggedness of Earth’s terrestrial 
surface,  excluding Antarctica, as the constraining fea-
ture for identifying “mountains” (Figure 1.3). Based on 
this   estimate, they calculated that mountains cover 
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Figure 1.2 A selection of the most prominent mountain systems on Earth, as well as several other major geologic features and systems 
discussed throughout this book (image courtesy Suzette Flantua). Americas: 1, Aleutian Arc; 2, Cascades; 3, Rocky Mountains (Rockies); 
4, Basin and Range Province; 5, Great Plains; 6, Appalachians; 7, Sierra Madre; 8, Panama Isthmus; 9, Northern Andes; 10, Guiana Highlands; 
11, Central Andes; 12, Bolivian Altiplano; 13, Southern Andes; 14, Brazilian Highlands. Europe: 15, Scandinavian Mountains; 16, Jura 
Mountains; 17, Alps; 18, Pyrenees; 19, Apennines; 20, Carpathians. Africa-Arabia: 21, Atlas Mountains; 22, Ahaggar (Hoggar) Mountains; 
23, Yemen Highlands; 24, Ethiopian Highlands; 25, East African Rift System (EARS); 26, Rwenzori Mountains; 27, Drakensberg. Asia: 28, 
Ural Mountains; 29, Caucasus Mountains; 30, Zagros Mountains; 31, Tien Shan; 32, Hindu Kush; 33, Kunlun Shan; 34, Tibetan Plateau; 35, 
Himalaya; 36, Deccan Plateau; 37, Western and Eastern Ghats; 38, Altai Mountains; 39, Hengduan Mountains; 40, Japanese Alps. Oceania: 
41, New Guinea Highlands; 42, Eastern Highlands (Australia); 43, Southern Alps. Antarctica: 44, Transantarctic Mountains. See also Plate 2 
in color plate section.
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13.8 million km2 of Earth’s land surface (12.5%), of which 
3.3 million km2 comprises alpine and nival belts.

Mountains are topographically complex, and are often 
rich in biodiversity. Barthlott et al. (1996, 2005) related 
this topographic complexity  –  or geodiversity (see 
also  Gray 2004)  –  directly to biodiversity. Based on 
100 × 100 km species‐richness data, Barthlott et al. (1996, 
2005) identified five global centres of vascular plant 
diversity, all of which are situated in or adjacent to moun-
tainous regions (Figure 1.4a). Körner & Ohsawa (2006) 
and Körner et al. (2016) further estimated that half of all 
biodiversity hotspots (as defined by Myers et  al. 2000) 
and a quarter of all terrestrial biodiversity is situated in 
mountains. Moreover, mountains host some of the most 
diverse (“hottest”) biodiversity hotspots on the planet, 
including the tropical Andes and the Hengduan 
Mountains (Barthlott et  al. 1996, 2005; Hughes & 
Eastwood 2006; Spehn et al. 2010, 2011; Madriñán et al. 
2013; Hughes & Atchinson 2015). Recently, Badgley et al. 
(2017) presented a four‐part framework under which 

the  processes that lead to this relationship between 
 topographic complexity and high levels of biodiversity 
can be robustly assessed.

The connection between mountains and biodiversity 
is also seen in several taxa with well‐understood species‐
richness patterns. These include mammals, birds and 
amphibians (extensive data on species ranges are acces-
sible from www.iucnredlist.org and www.birdlife.org). 
However, as with hotspots, in making such connections 
it is important to consider that humans have influenced 
the distribution of many species (Faurby & Svenning 
2015). The European brown bear Ursus arctos, for 
instance, once had a much wider distribution in Europe, 
but is presently mainly confined to mountainous regions 
due to anthropogenic pressure. However, when the 
anthropogenic modifications to species ranges are 
excluded, the correlation between mountainous regions 
and mammal diversity is evident (Figure  1.4b). While 
humans may have exaggerated the pattern of montane 
diversity, we clearly did not create it.
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Figure 1.3 Mountain areas based on ruggedness, as defined by Körner et al. (2011) (maximal elevational distance between nine grid 
points of 30″ in 2.5′ pixel; for a 2.5′ pixel to be defined as “rugged” (i.e., mountainous), the difference between the lowest and highest of 
the nine points must exceed 200 m). Numbers indicate topographic profiles of selected mountain ranges around the world. The 
characteristic topography of a mountain directly relates to the potential impact and frequency of connectivity breaks caused by 
Pleistocene glacial cycles, and thus the expression of the flickering connectivity system. Bars below profiles indicate a 100 km distance 
proportional to the profile shown. Source: Adapted from Körner et al. (2011). Figure from Chapter 12. See also Plate 3 in color plate section.
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1.3  The Physiography of Mountains 
and Patterns of Biodiversity

Mountains are natural barriers, characterized by their 
elevation gradients, their physiographic complexity and 
the changes in climate and environment that they cause 
through time. These factors influence the distribution 

and diversification of species, and also make mountains 
suitable for maintaining biodiversity over time. This is 
particularly pronounced in the tropics, where a species 
only needs to move relatively small distances to remain 
within its preferred niche space during periods of rapid 
climate change, as compared to species in the lowlands 
(Sandel et al. 2011; Condamine et al. 2016).

Diversity zones:
Number of vascular plant
species per 10,000 km2

Non-�ying mammal diversity
per ~10,000 km2 adjusted to
remove human in�uence
(see legend for full details)
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Figure 1.4 (a) Global plant diversity measured by estimated number of vascular plant species per 10,000 km2. Source: Barthlott et al. (1996, 
2007), with permission from Wilhelm Barthlott and Jens Mutke. (b) Estimated patterns of species diversity for terrestrial mammals. This map 
was constructed using estimated natural species ranges without human influences, and plotted using an equal‐area Behrmann projection 
with colors proportional to the number of expected species. Several mountain regions have noticeably higher diversity than surrounding 
areas (e.g., the Rocky Mountains and Sierra Nevada in North America, the Andes in South America and, in particular, the East African Rift 
System). Source: Modified from Faurby & Svenning (2015), with permission from Søren Faurby. See also Plate 4 in color plate section.
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By the 19th century, Alexander von Humboldt had 
already recognized the important relationship 
between plant diversity, complex topography and cli-
mate (Figure 1.1) (Mutke 2010). Over the course of the 
20th century, however, the role of geological processes 
was gradually segregated from biodiversity research, 
with paleontology, geology and biogeography seldom 
considered in ecological theory (Ricklefs 1987, 2004). 
In spite of this general trend, certain themes were 
recognized and expanded on during the 20th century, 
which can now be integrated in order to provide a bet-
ter understanding of the complex biodiversity patterns 
in mountains.

It has been known since the 19th century that physi-
ography relates to species richness, but the relevance of 
this notion has become eclipsed over time. Inspired by 
the theory of island biogeography proposed by 
MacArthur and Wilson (1963, 1967), Ricklefs (1977) 
coined the term “environmental heterogeneity” (EH), 
reviving the idea that a species can be excluded from a 
region due to environmental or evolutionary change. 
Ricklefs’ (re)introduction of EH was a revolutionary 
step in ecology, as it renewed the debate on the rele-
vance of geological processes in time and space as driv-
ers for species richness and distribution. Later, Ricklefs 
(1987, 2004, 2005) concluded that despite long‐term 
resistance to the idea from ecologists, large‐scale 
regional and historical processes influence regional 
biodiversity, and that regional and local diversity are 
directly connected. Previously, large‐scale processes 
had been considered too weak to influence the equilib-
rium that was achieved by local processes. Nevertheless, 
Ricklefs explained that patterns of biodiversity can only 
be properly interpreted within the broad context of 
regional and historical influences.

Many studies now recognize the importance of EH 
(see Tews et  al. 2004 and Stein & Kreft 2015 for over-
views) – including variation along the elevational gradi-
ent (EG) – in mountain biodiversity. The EG consists of 
gradual changes in the environment with increasing ele-
vation along a mountain slope. Along an EG, biodiversity 
can be quantified in relation to hydrological, geochemi-
cal, climatological, topographical and edaphological 
 factors, among others (Hughes & Eastwood 2006; Kreft 
& Jetz 2007; Kupfer 2010; Mutke 2010; Mutke et al. 2011; 
Moeslund et al. 2013; Flantua et al. 2014; Stein & Kreft 
2015). However, the taxonomic coverage of a study is 
important to its interpretation. Recently, Peters et  al. 
(2016) showed that at community level, temperature 
came out as the strongest driver for species diversity 
along the EG on Mount Kilimanjaro. Although spatial 
EH and EG are now well studied, their changes through 
time and parallel impact on mountain biodiversity 
remain poorly understood.

Early naturalists, such as Humboldt, Linnaeus and also 
Tournefort, recognized the importance of the EG as an 
abiotic determinant of biodiversity in mountain regions. 
This gradient is most pronounced in the tropics and 
loses its dramatic effect at higher latitudes. As Janzen 
(1967) stated, “In respect to temperature, valleys may be 
figuratively deeper to an organism living on the ridge top 
in the tropics than in a temperate area”. The EG is char-
acterized by a consistent decrease in temperature and air 
pressure as one moves upslope, whereas other climatic 
variables  –  such as solar radiation and precipita-
tion – have a less consistent pattern (Körner 2003, 2007; 
McCain & Grytnes 2010). This differentiation in physical 
parameters along the EG is reflected in vegetation zones 
or belts.

Mountains often are conical, decreasing in area 
upslope (but see Elsen & Tingley 2015). The original 
concept derived from the south‐western USA, where 
forested mountain peaks  –  or “sky islands”  –  were 
 separated from a “sea” of desert; it is now expanded to 
include other regions with similar contrasting settings 
(McCormack et al. 2009). Although the classical species/
area relationship would demand a decline in species 
towards the top of a mountain (see Lomolino 2000), in 
reality this does not occur. Meta‐analyses of large floral 
and faunal data sets show that repeated isolation and 
connectivity between biomes favors endemism and colo-
nization in sky islands (e.g., Steinbauer et  al. 2016). In 
spite of this, the highest biodiversity is found in moun-
tains at mid‐elevation, where species of lower and higher 
altitudes meet (see Lomolino et al. 2010).

Mountains directly affect regional climate, because of 
the orographic barrier effect (Houze 2012). The oro-
graphic barrier redirects atmospheric masses, often by 
directing clouds upslope. At higher altitudes, these 
clouds cool, leading to precipitation. This process is par-
ticularly well studied in the Andes, where the South 
Monsoon and the South American Low‐Level Jet are 
associated with the high Andes (e.g., Garreaud et  al. 
2008; Poulsen et  al. 2010; Rohrmann et  al. 2016). The 
effects of orographic rains extend into the tropical low-
lands, leading to drainage modifications and high biodi-
versity (Hoorn et al. 2010). Mid‐elevations in mountains 
are especially exposed to orographic rainfall, which 
makes them a suitable home for cloud forests rich in 
ferns (Kessler et al. 2016). For further details on moun-
tain climatology in relation to modern plant assemblages 
and distribution, we refer the reader to Körner (2003, 
2012) and Scherrer & Körner (2010).

Biota are not just passive recipients of physical and 
chemical changes in the environment and can also sub-
stantially influence the local and regional climate. These 
feedback effects occur through increases or decreases in 
albedo and evapotranspiration, and by fixing carbon 
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(e.g., Malhi et  al. 2002). Moreover, species also have a 
profound effect on the development of soils, on the bio-
geochemical cycles of nitrogen and other nutrients and 
on erosion and sedimentation processes (e.g., Durán‐
Zuazo & Rodríguez‐Pleguezuelo 2007). These feedback 
mechanisms between the atmosphere, hydrosphere, 
geosphere and biosphere are illustrated in Figure 1.5.

1.4  Plate Tectonics, Mountain 
Building and the Biological  
(R)evolution

Plate tectonics are crucial for understanding biogeogra-
phy and answering the question: Why aren’t all species 
found everywhere with a suitable habitat? Although the 
breakup of the supercontinent Pangea and the later split 
of Gondwana and Laurasia seem something from the 
distant past, the biota of the modern world still carry 
their signatures. For example, they provide a plausible 

explanation for why marsupials are found in both South 
America and Australia, and why penguins are not found 
on Greenland. Incidentally, both are derived from taxa 
that originated on the Gondwanan landmass and never 
dispersed with successful establishment on Laurasian 
landmasses. This is most evident in the recognition of 
biotic realms: continent‐level regions containing similar 
sets of organisms at higher taxonomic levels. Their num-
ber, placement and limits were mapped by Wallace 
(1876), and later revised and refined by modern methods 
and large amounts of data (e.g., Holt et al. 2013).

Alfred Wegener was the first to recognize the rele-
vance of plate tectonics in biological and climatic evolu-
tion (Wegener 1912; Köppen & Wegener 1924). Much 
later, Raven & Axelrod (1974) realized the importance of 
this global geological mechanism for biological distribu-
tion patterns. They presented a comprehensive review in 
which they evaluated the effects of continental drift on 
the current distribution of biodiversity, which consti-
tutes a major contribution to the field now known as his-
torical biogeography. More recently, the effect of plate 

Hydrosphere

BiosphereGeosphere

Atmosphere

nutrient input

biogeochemical cycles, energy exchange

evaporation

precipitation

Figure 1.5 Schematic representation of the complex interaction between four of Earth’s “spheres”: the geosphere, biosphere, atmosphere 
and hydrosphere. Each sphere is surrounded by a selection of words indicating the terminology and processes associated with it. The 
Earth’s layers are indicated in the cut‐out, but are not drawn to scale. The lithosphere comprises the crust and the uppermost solid mantle. 
Source: Adapted from Senckenberg Magazine (2015). See also Plate 5 in color plate section.
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tectonics on determining deep biological differences 
among continents was confirmed by spatial regression 
analyses (Ficetola et al. 2017).

Areas of active tectonics are tightly associated with 
vicariance and dispersal, two processes by which a taxon 
comes to exist in its current range. Taxa that passively 
“rode” the diverging landmasses during continental 
breakups are considered vicariant, as are those whose 
distributions were physically disconnected by smaller‐
scale processes such as river re‐routing (e.g., some 
Amazonian fishes: Albert et al. 2006). Vicariance occurs 
on both large (e.g., continental) and small (e.g., intra‐
mountain) scales, and is simply the result of a taxon 
breaking into several populations due to an emerging 
physical or ecological barrier, leading often to independ-
ent evolution and speciation. In contrast, species that 
actively or passively colonized novel environments – such 
as oceanic islands or sky islands, or via migration over 
land bridges – are said to have dispersed. In addition to 
these processes, range expansion and contraction, sym-
patric speciation and local extinction further influence 
local species richness and diversity.

Mountain building is an important driver of speciation 
through time and space (Van der Hammen et al. 1973; 
Raven & Axelrod 1974; Van der Hammen & Cleef 1986). 
In the past two decades, there has been an increased focus 
on the role of geological processes in montane biotic 
evolution (Winkworth et al. 2005; Linder 2008; Antonelli 
et al. 2009; Potter & Szatmari 2009; Djamali et al. 2012; 
Särkinen et al., 2012; Heenan & McGlone 2013; Hoorn 
et  al. 2013; Madriñán et  al. 2013; Luebert & Weigend 
2014; Favre et al. 2015; Hughes & Atchison 2015; Merckx 
et al. 2015; Craw et al. 2016; Hughes 2016; Lagomarsino 
et al. 2016; Renner 2016), the effects of which extend well 
into adjacent continental basins (Gentry 1982; Kohn & 
Fremd 2007, 2008; Badgley 2010; Finarelli & Badgley 
2010; Hoorn et al. 2010; Gates et al. 2012; Jacques et al. 
2014) and marine environments (Clague 1996; Renema 
et al. 2008; Wright & Stigall 2013; Yasuhara et al. 2016).

The mechanisms of mountain building and their effect 
on geomorphology and on peripheral sedimentary 
basins are further summarized in Owens & Slaymaker 
(2004) and Johnson & Harley (2012).

1.5  Mountains, Climate 
and Biodiversity: A Short Overview

This book is divided into three parts. The first two deal 
with processes and theory, while the third presents loca-
tion‐specific examples from around the world. Part I pri-
marily addresses geological and hydrological processes, 
and biological mechanisms are incorporated in Part II. 
Part III is made up of chapters that apply concepts from 

the first two parts to exemplify how  –  by combining 
mountains, climate and biodiversity – we can arrive at a 
more holistic view of how montane biodiversity evolved.

Part I begins with a review of mountain and volcanic 
arc formation and isostasy  –  the equilibrium between 
the Earth’s crust and mantle – and how these processes 
control continental elevation (Chapters 2 and 3). Climate, 
weathering and erosion are important factors that con-
tinuously reshape relief and promote uplift, particularly 
in the past 3 million years (Chapter 4). The methods used 
to quantify exhumation, surface uplift and mass removal 
through novel geological techniques and methodologies, 
such as fission‐track and isotope analysis, are introduced 
(Chapter 5), along with an explanation of stable isotope 
paleoaltimetry, used to infer past altitudes (Chapter 6). 
Information gleaned from these techniques, when 
included in biological models, can lead to novel insights 
into the coupling (and timing) of abiotic and biotic pro-
cesses. In addition to geochemical methods, fossil leaves 
also make excellent indicators of past precipitation and 
temperature (Chapter  7), which give insights into past 
topographic complexity, altitudes and climatic gradients. 
Mountains alter the regional climate and have distinct 
climatic gradients along their slopes that are directly 
connected to biotic evolution (Chapter 8). On an even 
larger scale, global drivers of climatic change through 
time include the Earth’s surface reflectiveness (albedo), 
incoming solar radiation and atmospheric greenhouse 
gas contents, as they change over decades to million‐year 
time scales (Chapter 9). The implications of this for the 
modern landscape and for biotic evolution are not yet 
well understood, but must be enormous.

In Part II, the key connections between topographic 
complexity, EG and biodiversity are explored. The con-
cept of geodiversity underpins this part, and it is broadly 
defined and explored (Chapter 10). This is followed by a 
methodological introduction to geodiversity analysis 
and examples of how it can be used to predict biodiver-
sity (Chapter 11). Over time, the highly diverse nature of 
mountains can be explained in a more process‐oriented 
manner, focusing on the importance of shifting connec-
tivity between mountain peaks during climatic change in 
the Pleistocene (Chapter 12). Different facets of EH and 
how isolation drives diversification patterns across 
mountains over shorter time scales play a major role 
(Chapter 13). High geodiversity is linked to high levels of 
biodiversity. The effects of the landscape and climate on 
past and future rates of diversification are explored in 
North American mammals (Chapter 14), and the com-
ponents of this process are further decoupled by the 
separate estimations of speciation and extinction rates, 
as these do not necessarily respond similarly to environ-
mental changes (Chapter 15). However, the time scales 
on which geological and evolutionary processes act may 
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differ by several orders of magnitude, and broad correla-
tions of regions with similar geodiversity over time do 
not always have presently analogous patterns of biodi-
versity (Chapter 16). With this in mind, the focus moves 
to the relationship between biota and physiography. 
When looking at global‐scale patterns, climatic stability 
directly relates to those areas with the highest overall 
endemism in bird taxa (Chapter 17), whereas for hum-
mingbirds specifically, it is instead temperature that cor-
relates best with speciation rates over time (Chapter 18). 
As topography changes, catastrophic events leave their 
mark on major features, with equally major effects on the 
local biodiversity. River capture is a rare but significant 
result of physiographic change, and can lead to increased 
diversity in lowland river basins, which are already 
among the most species‐dense ecosystems on Earth 
(Chapter  19). Finally, the key concepts and pitfalls in 
measuring biodiversity across regions are explained 
(Chapter 20), leading in to the theory behind how spe-
cies distributions are estimated and projected across 
space and time (Chapter 21), which can be used to fore-
cast the effects of climate change and the potential of 
mountains as climate refugia.

Part III is organized following the historical land-
masses – Gondwana and Laurasia – and presents case 
studies from mountain systems around the world. The 
large‐scale relationships between mountains, climate 
and biodiversity become apparent. The selected moun-
tain systems are mostly young, formed in the Cenozoic. 
However, examples of older systems, such as the tepuis 
in South America and the Transantarctic Mountains, 
are also included. The geologically recent uplift of the 
Isthmus of Panama led to the Great American Biotic 
Interchange, and united former Laurasian and 
Gondwanan elements: North and South America, 
respectively. However, the timing of the biotic inter-
change does not directly coincide with the uplift, as 
there was significant habitat disparity between the 
newly uplifted region and the areas it connected 
(Chapter 22). Likewise, the biodiversity found on top of 
the table‐like tepui of northern South America does not 
entirely match with the expected “Lost World” scenario 
once envisioned: despite significant endemicity in the 
region, there is also evidence of ongoing biotic exchange 
with surrounding ones (Chapter 23). Antarctica became 
an isolated continent starting about 50 million years 
ago. Once disconnected from South America and 
Australia, the temperate (almost tropical) setting in the 
Paleogene changed into the icy, biologically depleted 
environment of the present. The montane and alpine 
biota in the Transantarctic Mountains are a relic from a 
biodiverse past (Chapter 24). Another Gondwanan frag-
ment, New Zealand, was mostly submerged after the 
breakup of the supercontinent. Significant parts of its 

landmass did not re‐emerge until the late Neogene, and 
it was around that time that the Southern Alps and their 
biota formed, as shown by the high rates of speciation in 
certain taxa (Chapter 25). Africa is the largest continent 
that derived from Gondwana, and is primarily formed 
by old continental crust. This stable cratonic crust is, 
however, breaking up along one of the most striking 
geological features in the world: the East African Rift 
System. The geological evolution of this system is inti-
mately connected to the paleoenvironment, climate, 
biodiversity and human evolution on the continent 
(Chapter 26). Meanwhile, in the Northern Hemisphere, 
a close biological connection persisted across Eurasia 
throughout the Meso‐Cenozoic. EGs in the Alps and the 
mountains of Eastern Asia are well recorded in floral 
records, and the regions maintained similar biotas until 
the onset of recent global climate variations. In the past 
ca. 3 My, climate variations drove many of the European 
taxa to extinction (Chapter 27). In the wake of the reduc-
tion in European taxa, the Tibeto‐Himalayan region 
witnessed a period of diversification (Chapter  28). 
Likewise, Eastern China and Japan were united by land 
until relatively recently. Around 10 Ma, rifting separated 
these regions, but the common history of the mountain 
biota of Japan and Eastern China is still preserved in the 
resemblance between their modern floras (Chapters 29 
and 30). The book concludes with a review of vegetation 
dynamics in Southeast Asia, a region that  –  like New 
Zealand and Japan  –  is dramatically deforming at the 
intersection of two tectonic plates. This region consti-
tutes a crossroads of migration, but also includes long‐
recognized, distinct biogeographic barriers. Detailed 
reconstructions of the natural history of this region are 
now possible through the integration of molecular and 
geological data (Chapter 31).

1.6  Outlook

Biodiversity loss through climate change and the destruc-
tion of habitats is seen as a major societal challenge 
(Rockström et al. 2009). On humanity’s time scale, span-
ning hundreds to thousands of years, our actions are a 
threat to biodiversity through both landscape and cli-
mate changes. A large part of Earth’s biodiversity may be 
destroyed before we have even begun to understand its 
origins and evolution. Even though we are not the only 
players shaping the world around us, we must strive to 
understand our impact on global processes before it is 
too late.

The effect of current climatic and landscape changes 
on biodiversity is a hot topic in international scientific 
research and political agendas. Large amounts of fund-
ing have been devoted to reconstructing the relationship 
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between climate and biological diversity in order to make 
accurate projections of future scenarios. However, while 
climate is a dominant process that is visibly changing 
during our lifetimes, it is not the only mega‐scale process 
affecting biodiversity. Over a longer time scale, spanning 
millions of years, processes such as plate tectonics, global 
climate and environmental changes have formed the 
world that we know, and these must be considered in 
order to properly understand present diversity and ongo-
ing changes.

Biodiversity is transient and evolves continuously over 
different temporal and spatial scales (Benton 2009). 
Abiotic, mega‐scale geodynamic processes, including 
mountain building, operate on the scales of entire conti-
nents and millions of years, heavily influencing the three 
major processes responsible for determining biodiver-
sity: migration, speciation and extinction.

This book presents a compilation of contributed chap-
ters from researchers in a variety of fields, studying dif-
ferent organisms and systems, who are all working 
towards the common goal of promoting a broader, com-
bined view of geologic, climatic and biological processes 
and how these shape diversity. The advances showcased 
in this book permit us to develop a more informed and 

comprehensive view on the topic, and to expand on the 
early ideas proposed in the 19th and 20th centuries by 
the pioneers of biogeography. Taken as a whole, 
Mountains, Climate and Biodiversity is intended as a 
handbook for current and future students, a reference 
and an inspiration for how the field can grow and 
develop.
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