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Summary
The high tropical Andes harbours vital ecosystems that sustain biodiversity,
carbon storage, and environmental service provision for millions of people.
They are identified as one of the most vulnerable terrestrial ecosystems to
GEC, particularly to climate change and land use conversion. Despite their
vulnerability and the importance of global biodiversity conservation and Andean
societies, they are among the least studied ecosystems in the world. Knowledge
gaps bounds understanding of how high Andean ecosystems will respond to the
combined effects of both climate and land use change. These knowledge gaps
are primarily related to ecosystem functioning and resilience, which is related
to the absence of long-term ecological data across the high tropical Andes.
Additionally, conservation actions, including restoration, are restrained due to a
limited comprehension of the consequences of anthropogenic activities over high
Andean ecosystems; thus, particularly important is to understand the relationship
between plant community composition and ecosystem productivity (i.e. the massratio hypothesis, sensu Grime 1998) and the use of both ecological attributes to
assess ecosystem recovery from human impacts.
In this thesis, I studied the patterns of summit plant community´s across the
tropical section of the Andes. As measures of plant community patterns, I used
species richness, species abundances, and plant cover. Further, I studied what
environmental factors influence plant community composition, species diversity,
and thermal niche traits in high tropical alpine ecosystems. Based on the thermal
niche traits, I assessed the potential vulnerability of species and communities
to climate warming, considering the effect of the climate variability hypothesis
(Stevens, 1989) on the species niche breadths. Further, I synthesised the current
state of knowledge and assessed the current and projected landscape changes in
the high Andes due to the combined effect of glacier retreat and climate warming. I
reviewed documented glacier changes and landscape evolution over past decades
to millennia and assessed projected future glacier shrinkage until 2100 for two
case studies in the Andes of Ecuador and Peru.
I also evaluated the capacity of high Andean ecosystems to recover from land
use changes using the aptitude to store and take up carbon together with plant
diversity. As a measure for carbon storage, I used biomass stock, i.e. above and
below ground biomass per area, and as a measure for carbon uptake, I used
biomass dynamics, i.e. the fluxes in biomass over time. For biodiversity, I used
plant species richness, species abundances and growth-forms as an indicator of
functional diversity (niche complementary theory).
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Lastly, I carried out an applied research analysis aimed at informing conservation
policy formulation in continental Ecuador through defining critical areas for
biodiversity conservation. As surrogates of Ecuador´s biodiversity, I analysed
distribution patterns of 810 conservation priority species and 89 terrestrial
ecosystems together with above ground biomass spatial patterns. For pressure
indicators, I modelled the likely impact of climate change, deforestation, mining
and oil concessions, human population density trends and an accessibility model
as a proxy of future land cover changes.
The main objectives of my thesis therefore were: (i) understand patterns and
processes that influence plant community composition and species diversity in
high tropical alpine ecosystems; (ii) determine alpine species and communities
thermal niche traits to assess the potential impacts of global warming on the high
Andean biota; (iii) assess the expected and observed changes in tropical high
Andean landscapes due to the combined effect of climate change and glacier
shrinking; (iv) investigate temporal trends in ecosystem recovery after land use
practices stopped by analysing changes in vegetation cover, carbon stocks and
uptake, and plant community diversity; and (v) to identify priority areas for
biodiversity conservation in continental Ecuador, considering the short and midterm impacts of global environmental stressors.
I collaborated with research, conservation and public institutions in Ecuador,
Peru, Venezuela, Argentina, Peru, Bolivia and Colombia through the GLORIAAndes network that manages and monitors high Andean ecosystems through the
establishment of permanent vegetation plots. In these locations, I collected data
on plant community composition, substrate-type cover, and carbon stocks for
different pools. The integration of all the collected information in a single dataset
allowed me to generate different measures of biodiversity, carbon stocks, carbon
dynamics, and environmental conditions across the high Andes. Further, from
satellite images and IPCC climate models (CMIP5), I assessed glacier dynamics
and landscape transformation through the 21st century. Priority areas in Ecuador
where based on museum and herbaria datasets from the Catholic University in
Quito.
Plant communities in Andean summits exhibited high community composition
turnover. It is therefore essential to understand what determines the spatial
variation in plant communities´ composition along the Andes. Therefore, in chapter
3, I looked at the influence of environmental gradients in plant communities’
composition and species richness. I found that the most important abiotic factors
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controlling plant communities’ patterns are annual precipitation and maximum
air temperatures combined with geographic isolation. Additionally, the degree
of community singularity is related to the high degree of recent local speciation
driven by the geographic isolation of tropical mountain summits.
Then I looked at how different climate conditions shape species and community
traits along the latitudinal gradient of the tropical Andes, in order to assess the
vulnerability of alpine ecosystems to climate change effects. In chapter 4, I
evaluated these relationships by testing the effect of reduced seasonal temperature
variation in the thermal niche traits of species and communities along the
latitudinal and elevation gradients. I found that non-seasonal climate conditions
on alpine summits in the equatorial tropics select for plant species with narrower
thermal tolerances, compared to alpine summits exposed to increasing annual
temperature seasonality at higher latitudes, which favours species with broader
thermal tolerances. Further, I found that under warming scenarios, alpine species
restricted to equatorial latitudes and plant communities dominated by these
species are projected to undergo the strongest loss of thermal tolerance. My
results confirm the Climate Variability Hypothesis for plant communities across a
latitudinal gradient throughout the tropical Andes and, thus, should be considered
as essential components in assessments of plant diversity vulnerability to the
impacts of climate warming.
I deepened the analysis on the effect of temperature increase in the high tropical
Andes. In chapter 5, I scaled from individual species to landscapes to evaluate the
combined effect of climate change and glacier shrinking over ecosystems. I found
that high Andean landscapes are rapidly changing with major transformations
related to glacier loss. Principal landscape transformations can be grouped
into: (i) formation of new lakes and drying of existing ones, (ii) alteration of
hydrological dynamics in glacier-fed streams and high Andean wetlands, resulting
in community composition changes, (iii) upward shifts of species and formation
of new communities in deglaciated forefronts,(iv) potential loss of wetland
ecosystems, and (v) eventual loss of alpine biota.
In chapters 6 and 7, I assessed the resilience capacity of high Andean ecosystems
to land use impacts through analysing temporal changes in carbon storage and
carbon sequestration rates. In chapter 6, I assessed the effect of natural recovery
(i.e. passive restoration) on high Andean ecosystems after 23 years of cattle
grazing practices ceased. I found that ecosystems were able to recover from
land use impacts gradually. Higher carbon sequestration rates were correlated
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with increased growth-form diversity. In chapter 7, as opposed to chapter 6, I
studied the effect of assisted recovery practices on specific functional attributes
of a highly degraded system. Specifically, I evaluated how effective herbivore
exclusion practices after seven years of implementation, in increasing the
biomass of palatable species to maintain the carrying capacity and sustain alpaca
fibre production in the Peruvian highlands (Huancavelica). Overall, I found that
exclusion practices are positively affecting vegetation coverage and inducing a
gradual shift towards a more palatable grassland community concerning the nonexcluded areas.
Nevertheless, ecosystem responses to rehabilitation practices varied and the
indicators used allowed for the assessment of these variations. For example,
vegetation coverage seemed to be increasing at a faster rate for the treatments
that provided water, yet, a decrease in species richness accompanied this. Further,
I found no significant changes in biomass accumulation among rehabilitation
practices, which might be related to the fact that in semi-arid systems, carbon
pool responses to exclusion practices take long to occur.
The above chapters (chapters 6 and 7) showed that carbon stocks and its variation
in time (i.e. productivity), plant cover and species diversity proved to be suited for
detecting Andean ecosystem responses (trends) to passive and active restoration
actions within relatively short timeframes.
Lastly, in chapter 8, I implemented a conservation planning exercise aimed at
identifying priority areas for biodiversity conservation in continental Ecuador,
considering the threats posed by climate and land use change. I found the
Ecuadorian system of protected areas has significant conservation shortfalls that
require expanding their current size in 2,46 million ha in order to include critical
areas in the central and southern Andes, central Amazonia, and the central and
southern portions of the coastal plain. Of utmost importance is to preserve the
mountain forest of the Eastern versant to enhance landscape connectivity between
the Andean piedmont and the Amazonia lowlands.
The high tropical Andes constitute a critical region that harbours the richest and
unique tropical alpine flora of the world. The ecosystems contained in this region
provides essential local environmental services to a large population and global
benefits to society such as water provision for human consumption, clean energy
(hydropower generation) and climate change mitigation through carbon storage
and annual sequestration. Nevertheless, the tropical Andes is included in the
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top list of threatened ecoregions worldwide due to climate and land use change
impacts. In this thesis, I showed and discussed that conspicuous environmental
gradients over short distances largely control species distribution, community
assemblages and ecosystem function. These environmental gradients are rapidly
changing, such as air temperature, due to climate warming which in turn is
weakening the environmental filters that control many of the ecological processes
and transforming Andean landscapes at the fastest rate since the Last Glacial
Maximum. Additionally, I have tested the capacity of high Andean ecosystems
to recover from land use impacts which have proven to be a viable option to
increase ecosystem resilience to climate change impacts, conserve biodiversity
and secure resource provision for sustainable management of Andean landscapes.
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