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Abstract
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Biodiversity is being lost under alarming rates due to an unsustainable socio-economic trajectory
causing global change. Such loss is unequally spread over the Earth, and Southern Asia has been
and is projected to continue to be one of the most affected regions. Mammalian species play a
pivotal role in ecosystem regulation and their disturbance can trigger potential cascading effects.
Thus I used several correlative and mechanistic models to increase knowledge on the response
of the mammalian community in Southern Asia to global change (Aim 1). In Chapter 1, I found
indications that closely related species of small wild cats (Prionailurus spp.) display species-
specific responses to climate, land cover and human disturbance. Their habitat suitability is
likely following different trends since deep-time. In Chapter 2, macro-scale spatially-explicit
mechanistic simulations revealed that six species, including large and medium-sized carnivores
and two medium-size herbivores, respond differently to past (1850) and projected future (2100)
land-use changes. Some species are likely to benefit from future projected changes, while
others may not be viable or see local populations going extinct. In Chapter 4 I also found a
local heterogeneous response to forest loss in a community of 31 mammalian species within
protected areas in Northeast India. Secondly, I explored the effectiveness of spatial conservation
strategies under global change (Aim 2). In Chapter 1, I found low (<10%) and uneven coverage
of suitable habitat by protected areas for Prionailurus spp in the Indian subcontinent. In Chapter
4 I found that protected areas reduce forest loss by approximately 20% in 56 protected areas
of Northeast India. Finally, I aimed at incorporating ecological dynamics in assessments of
global change effects on biodiversity (Aim 3). In Chapter 2 I was able to apply a spatially-
explicit mechanistic simulation, including demographic and dispersal processes, to macroscale.
I identify that dispersal may play a major role in the projections of some species' response to
global change. Chapter 3 goes a step further and identifies that it is already possible to join fully
mechanistic simulations of land-use and biodiversity, including bi-directional feedbacks. Such
approaches promise the potential for a general mechanistic modeling framework to produce
more accurate projections of biodiversity change.
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Biodiversity loss under global change 

Human well-being has increased substantially since the 19th century. For 
instance, child mortality decreased five-fold since 1950 and life expectancy 
has more than doubled since 1900 (Roser and Dadonaite 2013; Roser and 
Ritchie 2013). Consequently, the human population is on the rise leading to 
the need to shelter and feed billions of human beings. This has an effect on the 
Earth system. Planetary boundaries have been crossed or are predicted to do 
so. Biosphere integrity is one the boundaries at high risk (Steffen et al. 2015).   

Mass extinction and spatially-asymmetric declines 
Biodiversity indicators show that biodiversity is declining or being lost at 
unprecedented rates. Among vertebrates 32% have decreased their population 
size and range, while among mammal populations more than 40% have 
experienced severe population declines or  lost over 50% of their range 
(Ceballos et al. 2017; Ceballos and Ehrlich 2002). Approximately 60% of 
large herbivores, which play a critical role in ecosystems, are threatened 
(Ripple et al. 2015). This has led to a decline in mammal functional and 
evolutionary diversity worldwide (Brodie et al. 2021). Losses and declines 
extend to other branches of the tree of life, with similar patterns, for example, 
in plants and fungi (Lughadha et al. 2020) and insects (Cardoso et al. 2020). 
Thus, evidence points to a current mass extinction or biodiversity annihilation 
(Ceballos et al. 2017). Furthermore, due to ecological interactions of species, 
cascading-effects can be triggered (Ceballos et al. 2020). 

Importantly, biodiversity is not evenly distributed across Earth. Following a 
latitudinal gradient, species richness reaches its peak near the equator (Pontarp 
et al. 2019). Therefore, most biodiversity is found in tropical and subtropical 
forests. The same environmental conditions (i.e. abundant water availability, 
nutrient-rich soils, and low climate seasonality) that make these areas rich for 
life are the same that make them of high suitability for agriculture and pasture 
(Zhang and Cai 2011). Global agriculture, livestock, and forestry for 
commodity production is therefore driven to these areas. Under this pressure, 
countries are differently affected depending on their regulation and 
enforcement of environmental law. Under current deforestation, the 
Caribbean, Tropical Andes, Philippines, Mesoamerica, Sundaland, Indo-
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Burma, Madagascar, and Western Ecuador, are predicted to be among the 
most biodiverse regions where more species will be lost (Brooks et al. 2002). 
Declines in Southeast Asia seem to be particularly acute as it can lose up to 
42% of its biodiversity (Sodhi et al. 2004). Among mammals and birds, 
defaunation is estimated to be higher in South America and Southern Asia 
(Dirzo et al. 2014). More recent analyses based on the living planet index 
confirm this pattern, with the stronger decline of biodiversity found in Latin 
America & Caribbean (-94%), Africa (-65%) and Asia-Pacific (-45%) 
compared to a 1970s baseline  (Almond et al. 2020). 

Increasing pressures  
There are two different sets of drivers of biodiversity loss. Direct drivers are 
those that interact with biodiversity such as climate change, land use change, 
or overexploitation of species. Intergovernmental Platform on Biodiversity 
and Ecosystem Services (IPBES) estimates that land use is the main direct 
driver of biodiversity loss and points out that the main land use change 
globally is agriculture expansion. Agriculture expansion is increasing sharply 
since the 19th century, but had a particular rise between 1950 and 1970, 
modifying and converting primary habitats such as tropical and subtropical 
forests. These drivers are regulated by indirect drivers of biodiversity loss, 
namely demographic and sociocultural factors, economic and technological 
developments, actions by institutions and governments, as well as conflicts 
and epidemics (IPBES, 2019). In other words, the human system.  

More dramatically, future projections indicate that biodiversity loss and 
decline is expected to continue and increase (Johnson et al. 2017). Similar 
projections are found for direct drivers of biodiversity loss. For instance, 
Molotoks et al. (2018) identified high percentages of conversion to cropland 
in the Amazon basin in Brazil in the Cerrado hotspot, the northern coast of 
Africa. in the Mediterranean basin hotspot, and in several countries in 
Southeast Asia, including Laos, Cambodia, Vietnam and Myanmar. Indo-
Burma, the most threatened hotspot, has over 7.5% of the entire area predicted 
to be completely converted to cropland. 

To add to the complexity, direct drivers of biodiversity loss can interact among 
each other to dampen or exacerbate solo-effects (Mantyka-Pringle et al. 2012; 
Brodie 2016). Though I have not tested these interactions in this thesis, it is 
important to have it in consideration when interpreting the main findings. As 
an example, a population that is under climatic stress, with potentially lower 
fecundity rates, and overexploitation leading to increased mortality rates, may 
not have the capacity to react to land-use changes. In some other cases, 
favourable climatic modifications may help species to expand or shift their 
ranges, and therefore cope better with land-use changes (for examples in 
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interactions see for instance Guo et al. 2018; Williams et al. 2022). 
Unfortunately, there are estimates that synergistic effects among global 
change drivers will exacerbate negative effects (Brook et al. 2008). However, 
these estimates tend to be based on extrapolations from current rates, as there 
is no common biodiversity modelling platform that allows to infer trends of 
biodiversity in the future in standardized ways as there are in climate science 
(Urban et al. 2021).  

Main strategies to avert biodiversity loss 
Two main strategies to protect biodiversity are the adoption of global 
sustainable development pathways and the implementation of management 
actions for preservation or restoration of biodiversity.   

A myriad of socio-economic pathways (SSPs) based on potential scenarios of 
economic development (e.g. Gross Domestic Product evolution) and societal 
development (e.g. human population future projections) have now been 
designed. These have then been used to derive greenhouse gas concentration 
(i.e. representative concentration pathways - RCPs) (O’Neill et al. 2017). 
More recently, SSPs originating under different RCPs were translated into 
global land-use scenarios (Popp et al. 2017). Projections of biodiversity under 
these scenarios indicate that only the adoption of the most sustainable 
pathways allows the recovery or maintenance of biodiversity (Leclère et al. 
2020).     

Under these projections and knowing that humanity is not on target to meet 
climate (i.e. Paris agreement) and biodiversity targets (i.e. Aichi targets) 
(Perino et al. 2022) the implementation of biodiversity preservation strategies 
such as the establishment of protected areas or global restoration initiatives 
assumes critical importance. For instance, Leclère et al. (2020) suggested that 
the only way to maintain biodiversity is through the urgent application of 
conservation strategies. There are calls to expand protected areas up to 50% 
of terrestrial land (Wilson 2016; Dinerstein et al. 2020) but, importantly, also 
calls to improve their effectiveness. Globally, effectiveness of protected areas 
at maintaining species richness is estimated to be 41% (Gray et al. 2016) 
though there is mixed evidence with reports of populations strongly declining 
within protected areas, while other reports suggest stable populations 
(Johnson et al. 2017). In summary, economic incentives that can steer global 
and local economies into more sustainable pathways, and expansion of 
effective protected areas are critical actions to safeguard global biodiversity. 
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Importance of biodiversity 
Biodiversity provides provisioning, regulating, cultural and supporting 
services to the human system (IPBES, 2019). The most obvious service of 
nature to humanity is food. Biodiversity also generates mechanisms that 
regulate the ecosystem, which is fundamental for humanity to implement a 
functional food system. The IPBES estimates that animal pollination is a key 
process for more than 75 % of global food crop types, including fruits and 
vegetables, coffee, cocoa and almonds. The link between biodiversity loss and 
emergence of infectious diseases has also been called attention recently, due 
to change in exposure as for instance mammals are likely to act as hosts 
(Wilkinson et al. 2018; Keesing and Ostfeld 2021). At the cultural level 
biodiversity has been always tightly linked to the development of human 
civilization, through inspiration on arts and science and providing recreation. 
Fundamentally, biodiversity sustains the most basic processes that allow life 
on land such as photosynthesis and nutrient cycling (Lovelock and Margulis 
2007). The decline or collapse of these services puts the human species in 
jeopardy. 
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Research aims 

The aim of this thesis was (1) to increase knowledge on the response of the 
mammalian community in Southern Asia to global change; (2) explore the 
effectiveness of spatial conservation strategies under global change scenarios 
and (3) incorporate ecological dynamics in assessments of global change 
effects on biodiversity. 
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Mammal community in Southern Asia 

Southern Asia is a global hotspot of mammalian species richness, functional 
diversity, and phylogenetic diversity (Brodie et al. 2021). This diversity has 
its origin in the influence of three zoogeographical regions, the Oriental 
region, the Saharo-Arabian in the west and the Sino-Japanese region in the 
North (Holt et al. 2013). Furthermore, the landscape heterogeneity and micro-
climates translate into a wide variety of ecoregions (Olson et al. 2001), 
inducing speciation rates and giving origin to a large number of endemic 
species, such as the brown palm civet and the rusty-spotted cat in South Asia, 
or the flat headed cat and proboscis monkeys in Southeast Asia (Francis 2019). 
Mammalian diversity in the region is still being described, for instance the 
Sahola and the Annamite striped rabbit have been described only during the 
1990s (Tilker et al. 2017, 2020).     

Larger species in the community have experienced dramatic declines or have 
been declared extinct in the past decades. This has been driven mainly by 
habitat loss, bushmeat and poaching (Steinmetz et al. 2006; Ceballos and 
Ehrlich 2002). In South Asia, the Asiatic Lion is now restricted to a few 
isolated populations (Bauer et al. 2016), while the Asiatic cheetah is declared 
extinct (Durant et al. 2022). A similar situation is found for the Indian 
rhino, isolated in a few populations in the Himalayan foothills (Ellis and 
Talukdar 2019). In Southeast Asia, both the Javanese and Malaysian rhinos 
are critically endangered (Ellis and Talukdar 2020; Ellis and Talukdar 2022). 
All Orangutans are critically endangered as well (IUCN 2022). Species that 
were once widespread in South and Southeast Asia, such as elephants, tigers 
and leopards, only occupy a small portion of their historical range (Ceballos 
and Ehrlich 2002). Evidence suggests that extinction rates in the region are 
one of the highest (Crooks et al. 2017). 

The mammalian guild was selected as study system for two main reasons: 

The mammal guild plays a fundamental role in ecosystem regulation through 
top-down processes. Tertiary consumers regulate populations of primary 
consumers, for instance through predation, and can compete with secondary 
consumers influencing their population dynamics and behaviour (Prugh et al. 
2009; Jachowski et al. 2020). Primary consumers on the other hand are vital 
for land cover dynamics (Staver et al. 2021; Olofsson and Post 2018). 
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Therefore, global change effects on the mammalian guild are likely to cascade 
through the entire ecosystem (Ford and Goheen 2015; Wallach et al. 2015; 
Kauffman et al. 2010). 

Finally, mammals are an adequate group for global change analyses as their 
global diversity has been widely described (Brodie et al. 2021; Davis et al. 
2018; Andermann et al. 2020) as well as their regional and local diversity (e.g. 
Dorji et al. 2019; Tamma and Ramakrishnan 2015). Their responses to global 
change have also been extensively studied in different scales and 
environmental contexts (e.g. Wearn et al. 2019; Brodie 2016), allowing for 
comparison of findings between studies. In my case, as I aimed to apply 
macroscale analyses in Chapters 1 and 2, mammals were a good choice due to 
the availability of large datasets on their occurrence (e.g. GBIF) as well as on 
their life-history traits (e.g. Pantheria, COMBINE, Phylacine, Animal 
Diversity Web). 
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Closely-related species show species-specific 
environmental responses and different spatial 
conservation needs: Prionailurus cats in the 
Indian subcontinent (Chapter 1)  

The prediction and delineation of conservation strategies in very biodiverse 
rich regions where biodiversity data is often lacking is challenging. A potential 
option could be to assume a similar response among closely-related species 
and, within the same group, draw inferences based on species for which data 
is available and extrapolate that relationship for species lacking data. 
Following this rationale, in Chapter 1 I start by exploring the potential niche-
conservatism hypothesis among closely-related species 

I specifically estimate the relationship between the occurrence of Prionailurus 
cats in South Asia, climate, land cover and human disturbance. Then I project 
this relationship in deep-time (up to the Last Interglacial) as well into the 
future (up to 2050) to understand how these species will respond to projected 
global change. Finally, I use habitat suitability estimates to understand if the 
main spatial strategy for biodiversity protection (i.e. protected areas) can 
adequately cover the species range.  

We collected presence records for the Rusty-spotted Cat P. rubiginosus, 
Leopard Cat P. bengalensis and Fishing Cat P. viverrinus, and for an 
additional outgroup species, the Jungle Cat Felis chaus. Records were 
collected from published sources, online databases, and personal 
communications. Small felid occurrence was modelled using a maximum 
entropy-based machine learning algorithm (Phillips and Dudík 2008) that 
estimates the probability distribution for a species’ occurrence based on 
environmental constraints. This was done at 10 km resolution based on home-
range estimates for the target species. Topographic (i.e. elevation), bioclimatic 
variables, land-cover maps, and human disturbance metrics, were extracted 
from online databases (e.g. WorldClim). We then estimated niche equivalency 
and similarity (Broennimann and Fitzpatrick 2011) within the Prionailurus 
group and between the Prionailurus species and the outgroup species. In 
addition, we also estimated species response to environmental change 
dynamics through time (Last interglacial - LIG; Last Glacial Maximum - 
LGM; Mid-Holocene - Mid-Hol: current time - 2000; and 2070 under two 
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green-house gas emission scenarios). We projected the best climate-only 
models onto projections of past and future climate, and then calculated the 
proportion of the Indian subcontinent with suitable climate for each species at 
particular time intervals. Finally, protected area coverage in current time was 
calculated by converting species environmental suitability predictions from 
the hybrid models (i.e. including climate, land cover and human disturbance) 
into binary maps of predicted suitable habitat, and calculating the percentage 
of the occupied area that is covered by protected areas.  

We found no support for phylogenetic niche conservatism within 
Prionailurus. We show that Prionailurus species have less or similar spatial 
overlap with each other than in relation to Felis chaus, an outgroup species. 
Also, within Prionailurus there was no greater spatial overlap between sister 
species. Niche equivalency environmental space was rejected. Thus, species-
specific environmental responses translate into potentially heterogeneous 
responses to future climate change. Our findings increase the body of evidence 
showing lack of phylogenetic niche conservatism in mammalian species, and 
reinforces the importance of understanding deep-time species specific 
histories and speciation mechanisms before assuming common responses and 
conservation strategies delineation. In particular, the patterns found match 
with a speciation process related to environmental divergence, similar to that 
found in other tropical mammals. Furthermore, our results suggest that 
endothermic species with a tropically restricted geographic range (P. 
rubiginosus and P. viverrinus) may see their occurrence areas maintained or 
increased with global warming, whereas more thermal generalist species (P. 
bengalensis and F. chaus) may not be able to cope well with higher 
temperatures in the tropical parts of their ranges. Importantly, we suggest that 
range contractions may have begun before anthropogenic impacts although 
these may have contributed to the trend. For example, P. bengalensis’ climatic 
suitability may have been decreasing since the LGM. 

In terms of species protection, current areas of high environmental suitability 
for the different species are not equally, and adequately, covered by the 
existing protected area network. Protected areas are often located in forested 
regions (generally assumed to be associated with higher species richness), in 
habitats used by charismatic species, such as tiger reserves in India, or in 
places less suitable for humans due to rough topography or low economic 
potential. This is perhaps the reason why P. bengalensis, which is associated 
with tropical semi-evergreen forests and can inhabit higher altitudes, has 
greater coverage of its range by protected areas than the other species.  

In conclusion,  particular environmental niche characteristics result in species-
specific environmental responses and no support for phylogenetic niche 
conservatism within Prionailurus. This is projected to translate into 
heterogeneous responses to future climate change. We also highlight the need 
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to account for deep-time long term dynamics and disentangle natural species’ 
suitability dynamics and human-driven species distribution changes when 
predicting species vulnerability to global change. Finally, the low estimates of 
protected area coverage (below 10%) indicate important gaps in the current 
protected area network in the Indian subcontinent and call for further 
assessments including multiple taxa. 
 



 

17 

Land-use effects on Southern Asian mammals 
from 1850 to 2100 based on ecological 
dynamics (Chapter 2)  

In Chapter 1, I have found evidence for species-specific responses to global 
change within closely-related species of small wildcats based on correlative 
and static species distribution models.  

In Chapter 2, I aim to explore if species-specific responses extend to species 
belonging to other functional groups in the mammal community in Southern-
Asia. In particular, I focused on testing the hypothesis of strong decline of 
large size species and community change (e.g. Newbold et al. 2020; 
Daskalova et al. 2020). This time I have incorporated demographic and 
dispersal dynamics to refine predictions and allowed for dynamic landscapes 
that mimic dynamics of land-use change. 

We predicted species occupancy and abundance across time with the spatially-
explicit agent-based model RangeShifter (Bocedi et al. 2014, 2021). Through 
combining local density-dependence on fecundity, stage-structured 
demographics and dispersal, the model can generate range-wide 
metapopulation dynamics with explicit local population dynamics and 
connectivity between local populations. The model was successfully applied 
to large-body size carnivorous species (Panthera tigris, Panthera pardus) 
mid-sized and small carnivorous (Cuon alpinus, Felis chaus, Vulpes vulpes 
and Prionailurus bengalensis) and two Cetartiodactyla species (Sus scrofa and 
Gazella benetti) for the period 1850 to 2100. For future land use projections 
we considered two socio-economic pathways, representing an intermediate 
scenario (SSP2-4.5) and a worst-case scenario (SSP5-8.5) (Popp et al. 2017; 
Hurtt et al. 2020). 

The results in this Chapter support a disproportionate and negative influence 
of loss of non-disturbed patches, and lower landscape permeability in large 
mammals (Newbold et al. 2020). For Panthera tigris, the largest species in the 
study, the decline in habitat suitability up to current time isolates suitable areas 
leading to patches with the highest number of individuals per cell being 
disjointed. The decline is probably associated with increase in rangelands 
throughout the 20th century. Even if fecundity responds positively to habitat 
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suitability increase under future scenarios (i.e. increase in ratio of juveniles 
in the population), individuals seem unable to colonize suitable habitat as 
occupancy drops under all of the future scenarios, and therefore unable to 
establish a viable meta-population. Mean proportion of the total number of 
individuals compared to the baseline was 0.15 (min = 0.14, max = 0.17) for 
SSP2 and 0.020 (min = 0.005, max = 0.034) under SSP5. The species seems 
to be particularly sensitive to dispersal as simulations fail with juvenile-only 
dispersal. These findings have the hallmark of an extinction-debt (Figueiredo 
et al. 2019) and therefore alert for potential similar situations with large body-
size mammals, as body size is positively correlated with higher extinction risk 
(Hutchings et al. 2012).  

We also found indicators for potential community homogenization supporting 
the expected future spread of widespread species (Newbold et al. 2018) and 
restriction of forest-specialists (Sales et al. 2020). The potential for 
homogenization was supported by lower predicted declines of abundance for 
species known to have wide habitat niche such as Sus scrofa, Felis chaus and 
Vulpes vulpes. Together with the simultaneous and more accentuated decrease 
of forest-associated species (i.e. Panthera pardus, Prionailurus bengalensis, 
Cuon alpinus and Panthera tigris) under both SPPs, but particularly under 
SSP5, it is likely that in cells where all species can coexist the proportion of 
widespread species increases. Mean species richness per cell followed a 
decline throughout the 20th century (mean = 0.90, SD = 0.15) with all species 
decreasing occupancy, followed by an increase from current time up to 2100 
under both scenarios (SSP2: mean  = 0.95, SD = 0.18; SSP5: mean  = 0.97, 
SD = 0.22), as forest-associated species further decrease their occupancy but 
widespread species increase (i.e. Sus scrofa) or maintain (i.e. Vulpes vulpes 
and Felis chaus) the total number of occupied cells. These findings join the 
body of literature suggesting increased turnover in species composition driven 
by land use (e.g. Daskalova et al. 2020; Phillips et al. 2017).  

The major role of dispersal in order to track land use changes (Schloss et al. 
2012; Newbold 2018) was also confirmed. Our results align with this 
hypothesis particularly due to the role of dispersal in the non-viability of a 
Panthera tigris meta-population. We also infer that connectivity will be the 
key to maintain the disjointed core populations of Cuon alpinus. In the case 
of Panthera pardus, Felis chaus and Sus scrofa, the most populated patches 
follow an eastern shift under future SSPs. Therefore, dispersal will play a 
major role in the viability of these populations. For species like Prionailurus 
bengalensis and Gazella benneti, for which the population cores seem to be 
stable under current and future scenarios, dispersal may play a lesser role. 
However, further isolation of peripheral populations may still occur, as in the 
case of the Prionailurus bengalensis population in South India, in agreement 
with the results in Chapter 1. The importance of dispersal is corroborated by 
high sensitivity of response metrics to variation on dispersal type.  
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Overall, we estimate the mean total proportion of remaining individuals across 
species to be 0.60 (SD = 0.24) under SSP2 and 0.64 (SD = 0.37) under SSP5.  
The drop in the total number of occupied cells is of lower magnitude (SSP2: 
mean = 0.82, SD = 0.27; SSP5: mean = 0.84, SD = 0.32) compared to baseline 
land-use in 1850. Together with indications of potential changes in 
community composition, these findings suggest that SSP2 is not enough to 
maintain or recover populations compared to pre-disturbance levels or be able 
to sustain current community composition. There is therefore the need to 
explore additional management and conservation strategies, such as landscape 
restoration and expansion of the protected area network, with a particular 
focus on less disturbed primary habitats and on landscape connectivity as this 
was identified as a critical aspect for population viability. 
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The road to integrate climate change effects on 
land-use change in regional biodiversity 
models (Chapter 3) 

Following on the use of standardized land-use scenarios to understand the 
direct unidirectional feedback of land-use change on biodiversity in Chapter 
2, Chapter 3 is a review that explores the potential of advancing biodiversity 
modelling through the mechanistic integration of the main global change 
drivers (i.e. climate change and land-use change) on biodiversity models at a 
regional level.  

The aim is to identify challenges and opportunities to integrate all three 
modelling approaches at the regional scale, with three key (bi-directional) 
links between climate change, land-use change and biodiversity change 
models.  

We follow a two-step procedure by first reviewing empirical and modelling 
studies of the effects of climate and climate change on regional land use and 
then summarizing studies of the effects of land use on regional biodiversity. 
In both approaches the model type, scales, input variables, climate change 
impact, outputs, ecosystem/biodiversity parameters and key findings were 
recorded. Models were then classified by land-use approach, type of 
biodiversity model component (mechanistic, experimental-statistic, or hybrid 
when combining both; real vs. virtual system), scales (spatial extent and 
resolution, temporal extent and resolution), study biological group (e.g. taxon 
or ecological guild), input (variables read-in during initialization or 
simulation, either empirical or generated by land-use model), output (reported 
land-use and biodiversity metric), whether the study included climate change 
effects directly on biodiversity or via climate-induced land-use change. 
Finally, and based on the properties collected for each study we used an 
ordination analysis to identify similarities between current approaches as well 
as potential gaps in model integration. 
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Integrating climate-driven biodiversity change into 
land-use models 
We found that land use models rarely consider biodiversity. Current land-use 
change models often focus on the relationships among farmers' decisions and 
biophysical elements as the land-use change process is often based on 
individual decisions, cultural practices, and regional policies. However, 
biodiversity can lead to ecosystem modifications at the local level, like 
influencing the selective extraction of valuable species  (e.g. Gatti et al. 2015) 
or modifying crop yields (Synes et al. 2018). Biodiversity loss may also affect 
consumer behaviour (Schaffner et al. 2015), which has been, for example, 
used for product certifications such as palm oil-free products. Biodiversity 
economic value may be also evoked and could become a driver in economic 
land allocation models (e.g. Knoke et al. 2020). Therefore, we find multiple 
ways to integrate biodiversity into land-use models, from influencing the 
decisions of subsistence farmers to improving yields, product demand, and 
biodiversity-influenced regional policies. These add to common ways in 
which biodiversity is integrated in land-use change models at regional and 
global scales, for instance through restriction for anthropogenic land-use 
expansion in protected areas or intact forests (e.g. Alexander et al. 2018) or as 
a post hoc overlap analysis of model outputs over biodiversity estimates (e.g. 
Kobayashi et al. 2019). We highlight the potential for further integration for 
instance through modelling the expansion of common plant species (e.g. via 
range models (e.g. Bocedi et al. 2021) that would directly impact the land 
cover. Household models (e.g. Singh, Squire, and Strauss 1986) maximize 
utility, which is a function of many aspects beyond profit and climate such as 
e.g., cultural practices, subsistence, biodiversity, leisure, or environmental 
protection, are also a potential avenue. For full integration of the two 
modelling approaches we also bring attention to the need of relating individual 
land users’ actions and decisions at local scales (e.g. farmers decisions), to 
biodiversity outcomes that may vary in scale from local to regional. There are 
however differences and incompatibilities of spatial and temporal scales of 
both biodiversity and land-use models. This demands particular attention 
across land-use models, which often apply and report different resolution 
formats and units.  

Integrating climate-driven land-use change into 
biodiversity models 
We found four main approaches for the inclusion of land use in biodiversity 
modelling but they are mostly based on the unidirectional effect from land use 
on biodiversity (except approach four). (1) Overlay of the outputs of both 
land-use and biodiversity models to identify land-use change within important 
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biodiversity areas or to identify suitable areas for biodiversity (e.g. Sales, 
Galetti, and Pires 2020). (2) Applying land-use field data or land-use model 
outputs from previously developed models as input for a biodiversity model 
(e.g. Struebig et al. 2015).(3) Using a land-use model where land-use types 
are associated with biodiversity values calibrated on literature data (e.g. 
Santos et al. 2016). (4) Finally, we found examples of model coupling (e.g. 
Redhead et al. 2020). This is the most integrative approach in which both 
models are simultaneously simulated allowing for bi-directional feedback 
between land use and biodiversity. Bi-directional models revealed greater 
influence of land-use change (Synes et al. 2018) 

Another important aspect on the integration of land-use and biodiversity 
modelling is the decision on the biodiversity parameters influenced by land-
use. Most studies only account for land-use effects on habitat availability or 
suitability (e.g. Travis 2003), something that has been highlighted in recent 
reviews (Santos et al. 2021; Davison et al. 2021). Land-use effects on 
demography have been more rarely considered, but Quetier et al. (2007) 
allowed for effects on fecundity rates, dispersal ability, and mortality (via 
disturbances). Cabral et al. (2013) considered the effect of loss of habitat on 
local carrying capacity, while Bocedi et al. (2014) considered effects of 
anthropogenic disturbance effects on individuals’ settlement during dispersal. 
Only Dullinger et al. (2020) included direct and indirect effects of climate 
change on biodiversity via climate-driven land-use change. 

We suggest increasing focus on model coupling, as this has been successfully 
done both with correlative (Dullinger et al. 2020) and process-based (Synes et 
al. 2018) biodiversity models. Agent-based models seem a straightforward 
way for this integration as the framework is used by both the land-use and 
biodiversity communities. Such integration however will depend on the 
harmonization of spatial scales (units and file formats), temporal resolutions, 
inclusion of indirect effects of climate change as well as bi-directional 
feedbacks: this would account for emergent interactions between both 
systems, something that has been recently called for (Urban et al. 2021).  

Challenges and directions for full land-use and 
biodiversity modelling integration 
For land-use models, there is a need to identify the regional drivers of land-
use change, to implement well-tailored concepts to simulate human-related 
changes in the composition of landscapes, ecosystems, and, as argued in 
previous sections, biodiversity. For climate drivers, further evidence is needed 
to understand how land users respond to weather extremes in various contexts. 
For socioeconomic drivers, this means going beyond simulating agricultural 
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or livestock expansion, to integrate production of specific commodities 
addressing possible responses of decision-makers to biodiversity changes. 
Current land-use models are also limited to project far into the future, giving 
their high demand for data in the fitting process and the above-mentioned 
socio-economic uncertainties.  

For biodiversity models, we found the need for two particular developments, 
the inclusion of evolutionary dynamics as well as integrating climate-driven 
behaviour of human-agents on biodiversity. Evolutionary dynamics at 
ecological time frames remain understudied (but see Leidinger et al. 2021) 
even though human activities can trigger evolutionary response. Another 
direction is to integrate climate-driven behaviour of human agents on 
biodiversity. For instance, through direct effects of harvesting (e.g. fisheries, 
sport hunting, grassland management) on demographic or growth processes in 
biodiversity assessments. We highlight that harmonization and standard 
formats such as the adoption of the Essential Biodiversity Variables (EBVs) 
framework (Pereira et al. 2013) is key to allow further developments for 
biodiversity models.  

Overall, a major step forward is the link of terrestrial and aquatic systems, due 
to fundamental differences in ecological processes and biodiversity and 
ecosystem functions (but see Harfoot et al. 2014). On the technical side, the 
high-resolution data from climate models is not yet fully explored by 
biodiversity or land-use models. 

For a full complete loop in linking all the components we draw particular 
attention to the biodiversity-ecosystem function (BEF) relationship (van der 
Plas 2019). The importance of high biodiversity to carbon sequestration and 
thus also to climate mitigation suggests that modelling changes in tree 
diversity and composition is a promising way to fully integrate biodiversity, 
land-use (for instance through deforestation, afforestation, and agriculture 
management) and climate models (e.g. Bendix et al. 2021). This would be an 
improvement over integrated assessment models, which are typically applied 
to evaluate proposed climate mitigation but lack explicit biodiversity 
integration. 

First attempts to integrate biodiversity and land-use models show that full 
integration of biodiversity, land-use and climate-models is attainable. Major 
shortcomings include a lack of concerted effort in standardizing outputs and 
resolution, as well as methods to simultaneously optimize multiple outputs 
(e.g. species number, stakeholder profits, carbon balance, and temperature). 
With fully integrated models including bi-directional effects, we could explore 
scenarios considering not only climate mitigation, but also e.g. biodiversity, 
ecosystem functions, and sustainable development. 



24 

Increasing forest loss influences mammal 
communities within protected areas in 
Northeast India (Chapter 4)  

In Chapter 2, I have found indications that following a middle-road socio-
economic pathway (SSP2) might not be enough to recover mammal 
populations in Southern Asia to population abundance of pre-industrial 
development levels (1850). I therefore suggested that recovery of mammal 
populations will require additional conservation strategies, something that has 
been equally shown by Leclère et al. (2020).   

Since the main spatial strategy currently in place to avert biodiversity loss are 
protected areas, in Chapter 4 my aim is to understand how effective protected 
areas are at minimizing biodiversity threats. I use forest loss as an indicator of 
disturbance to measure the proportion of forest loss within 56 protected areas 
in the Northeast India landscape and explore its potential drivers. In addition, 
to understand if disturbance within protected areas had an effect on 
biodiversity, I estimate the effect of forest loss on mammal occupancy and 
richness within five protected areas.   

We have adopted two main steps in terms of methodology. First, a regional 
assessment of forest loss and its drivers within protected areas and, secondly, 
an occupancy  modelling study to explore potential influence of forest loss on 
the mammal community. We focused on Northeast India as it is an extremely 
biodiverse region that connects forests in South and Southeast Asia. For the 
regional assessment of forest loss, we calculated the proportion of forest loss 
for each protected area by summing the area of forest loss detected between 
2001-2018 and dividing it by the total tree cover area in 2000. In addition, the 
area of forest loss per year was also calculated. To estimate protected area 
effectiveness we applied a matching method (Andam et al. 2008) to estimate 
the rate of forest loss within PAs compared to that outside of protected areas. 
To identify potential drivers of forest loss, a beta regression model was used 
to quantify the effect of protected area features, cropland and human 
infrastructures, due to the bounded nature of forest loss proportion data (0,1). 
As a response metric we used the average value of forest loss in all the 1 km2 
sampling units within each protected area. For the estimation of forest loss 
effects on the mammal community we adopted the hierarchical formulation of 
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Dorazio and Royle’s (2005) community occupancy model to test for the 
influence of forest loss on mammal species site-scale (camera station) 
occupancy. This was based on photographic detections of mammals collected 
in five protected areas between 2014 and 2016. As a proxy for disturbance 
associated with forest loss, we calculated the distance to the nearest forest loss 
patch. As forest loss patches of different size may represent different 
disturbance levels we considered the minimum distance to forest loss patches 
of different areas (30m2, 150m2, 300m2, 450m2). Note that patches were 
restricted to the protected areas except for the closest 450m2 patches that were 
often located outside the protected area. For both the beta-binomial model and 
the occupancy model we adopted a Bayesian framework. 

We initially hypothesized increasing disturbance within protected areas (Jones 
et al. 2018; Geldmann et al. 2019; DeFries et al. 2005) and expected to detect 
forest loss based on reports of deforestation from particular protected areas 
in Northeast-India (Ghosh-Harihar et al. 2019). Overall, mean forest loss 
percentage within protected areas was 4.72% (SD = 7.10%; min: 0 - max: 
34.93%). However, the average forest loss per year in the last five years (30.31 
km2) was higher than in the entire 17-year period (22.95 km2/year). However, 
protected areas were able to reduce forest loss as a plot of land had lower forest 
loss (mean = 3.81%, SD = 1.21%) compared to land with similar 
environmental conditions outside protection (mean = 4.79%, SD = 1.10%), a 
reduction of approximately 20%. This is more optimistic than current 
available studies suggesting that habitat conversion rates inside protected 
areas are indistinguishable from that on unprotected lands, or that disturbance 
reduction is in the order of 7.3% for 175 protected areas across India (Clark et 
al. 2013; Reddy et al. 2017). Nevertheless, our estimates are below a global 
mean of about 41% disturbance reduction in protected areas (Wolf et al. 2021), 
those estimated in northern Thailand (Liu et al. 2022). 

We were not able to find direct support for the hypothesis of forest loss 
association with land conversion due to agriculture in particular in areas with 
smaller land area and lower protection status (Clark et al. 2013). We only 
found a well-supported negative effect of elevation on forest loss proportion 
within protected areas. However, lower elevations are known to be more prone 
to land conversion due to their suitability for agriculture (Andam et al. 2008) 
and we found a strong correlation between elevation and cropland within 
protected areas (r > 0.7). This was particularly evident in the Brahmaputra 
basin of Assam where forest has been converted to agricultural land and 
human settlements during the past decades (Lele and Joshi 2009). Agricultural 
land has been highlighted as a main driver of forest conversion in the Indo-
Burma region (Reddy et al. 2019) through fuelwood consumption, logging, 
and encroachment (Saikia 2014; Curtis et al. 2018). 
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Finally, we hypothesized that mammal occupancy within the protected areas 
will have heterogeneous tolerance to forest loss, with negative-response from 
forest-restricted species (Sollmann et al. 2017; Brodie et al. 2015)   

This hypothesized scenario is exactly what we found. Hog Deer Axis porcinus, 
Large Indian Civet Viverra zibetha and Small Indian Civet Viverricula indica 
had higher occupancy closer to forest loss patches within the protected areas, 
while sambar deer had lower occupancy closer to those patches. There was 
also a tendency (i.e. more than 90% of the estimated posterior distribution) for 
the occupancy of Common Palm Civet Paradoxurus hermaphroditus, Crab-
eating mongoose Herpestes urva, Leopard Cat Prionailurus bengalensis and 
Tiger Panthera tigris to be associated with closer distance to >300m2 forest 
loss patches within the protected areas. However, the change of signal on some 
estimates (e.g. Tiger, Marbled cat Pardofelis marmorata, Leopard Cat, Asiatic 
Golden Cat Catopuma temminckii, Common Palm Civet and Himalayan 
Crestless Porcupine Hystrix brachyura) from a positive association with 
>300m2 forest loss patches within the protected areas to a negative association 
with >450m2 forest loss patches mostly outside the protected areas might be 
an indicator that some species, in particular carnivores, explore landscape 
heterogeneity (e.g. edge effects) within the protected land but avoid disturbed 
areas outside protection. On the other hand, herbivorous species like the 
sambar deer (negative association with >300m2 forest loss patches within the 
protected areas) may tend to use more homogenous areas within the protected 
areas, as well as avoiding disturbance outside, as sambar deer and barking deer 
had negative association with >450m2 forest loss patches mostly outside the 
protected areas. These findings are in accordance with mixed-response to 
disturbance observed in similar communities in Malaysia (Sollmann et al. 
2017; Brodie et al. 2015) and elsewhere (Rovero et al. 2017; Ferreira et al. 
2020; Li et al. 2022). Finally, differential-species responses also led to 
heterogeneity in site-scale response metrics, namely higher estimated 
occupancy and richness in trapping sites within the protected areas with lower 
forest loss proportion (i.e. Balpakram National Park and Pakke Tiger 
Reserve). 

We found evidence that aligns with lower, but increasing, forest loss within 
protected areas (Wolf et al. 2021; Leberger et al. 2020) and consistent with 
the overall thesis of species-specific responses to forest loss at the community-
level (Daskalova et al. 2020; Alves et al. 2020). The maintenance of non-
disturbed forests seems vital for forest-specialists in the community, 
reinforcing the need to conserve primary habitats and have strictly protected 
areas (Ferreira et al. 2020). In the case of Northeast India, we call for targeted 
actions addressing forest loss in key protected areas as, overall, the protected 
area network seems to reduce forest loss. This is critical not only for 
biodiversity in the region but also for the key role of these protected areas in 
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maintaining the only forest connectivity link between South and Southeast 
Asia. 
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Conclusions  

I aimed at increasing knowledge on the response of the mammalian 
community in Southern Asia to global change (Aim 1). I was able to show that 
closely related species of small wild cats (Prionailurus spp.) display species-
specific responses to climate, land cover and human disturbance. Their habitat 
suitability is likely following different trends since deep-time (Chapter 1). In 
Chapter 2, macro-scale spatially-explicit simulations revealed a very 
heterogeneous population response of large and medium-sized carnivores as 
well as medium-sized herbivores to past and projected future land-use 
changes. Widespread species like the wild boar may benefit from future 
projected changes while others such as the tiger may not be viable or face local 
extinction. Furthermore, this heterogeneous response seems to extend to the 
local scale as I found a mixed response of mammalian occupancy to forest 
loss even within protected areas (Chapter 4). This body of evidence supports 
the potential local extinction or population reduction of habitat-specialists, 
which will be potentially replaced by increasing populations of species with 
higher tolerance to disturbance (i.e. the biotic homogenization hypothesis) 
(Newbold et al. 2018; Daskalova et al. 2020). In other words, this implies that 
maintenance and recovery of large undisturbed patches of primary habitats 
underpins the success of conservation strategies in Southern Asia. The only 
spatial strategy that is capable of achieving this is a considerable expansion 
of the current protected area. I suggest going bold and follow even more 
ambitious targets such as 30% of land protected (Pimm et al. 2018) or the half-
earth strategy (Wilson 2016). As Bhutan is showing, it is possible (Lham et 
al. 2019; Bruggeman et al. 2016). Thus, the estimation of a trade-off between 
allocated land for agriculture and conservation is of utmost importance in 
Southern Asia. The implementation of such trade-offs is urgent as land use 
allocation based on middle-road development scenarios is not enough to halt 
biodiversity loss, as we have found in Chapter 2. Countries in South and 
Southern Asia can take advantage of being emerging economies and lead on 
a path to ambitious sustainable socio-economic pathways (i.e. SSP1). 

In my second aim, I explored the effectiveness of spatial conservation 
strategies but obtained indications of low (<10%) and uneven coverage of 
suitable habitat by protected areas for Prionailurus spp. in the Indian 
subcontinent (Chapter 1). Protected area effectiveness at reducing forest loss 
was approximately 20% (Chapter 4). These findings imply that India is way 
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below the 17% of land defined by the Aichi targets, and that improvements 
are not only needed in coverage but importantly in effectiveness and therefore 
funding. To compensate for lower effectiveness, India may have to aim for 
much higher land coverage by protected areas than the current international 
goals. Dispersal is also likely to play a major role for species to be able to 
respond to land use change (Chapter 2), thus ensuring connectivity within and 
among countries (i.e. transboundary cooperation) will be critical. 
Unfortunately, the level of spatial changes predicted in Chapter 2 suggests that 
species that today have patches with the highest local density in South Asia 
may have it in Southeast Asia under projected land use change. Therefore, 
commitment of one or few countries to conservation strategies is likely to not 
be enough, as species will need to migrate through the landscape until 
establishing themselves in a new suitable environment.  

 
Finally, research-wise it is fundamental to accompany all these strategies with 
dynamic mechanistic population simulations (Aim 3) that can mimic real-life 
interventions. Increasing effort and funding on primary data collection is 
fundamental. Particularly, the collection of species occurrence and life-history 
data from different populations and in areas that are still less explored, like the 
Indo-Burma hotspot. Adoption and development of model coupling is a very 
promising avenue for assessments of global change effects. 

 
In summary, through the implementation of spatial conservation strategies and 
simultaneous improvement of global change assessments to avoid misguided 
actions, I conclude that there is still a chance to halt mammal decline in 
Southern Asia, but action needs to be taken now. 
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Future perspectives  

In the end, I expect that this thesis helps fill gaps in knowledge about 
biodiversity in Southern Asia and further reinforces the need to act quickly to 
protect and restore nature in this region. Reflecting on the main findings I 
identify new technical avenues for global change assessments.  

 
It was an important step further to include ecological dynamics in 
macroecological assessments of global change, as this is not yet regularly done 
in the field. It is easy to envisage a moment where highly complex biodiversity 
dynamics can be routinely modelled in a standardized way. There are however 
two main steps that seem urgent to achieve to fulfil this vision. One is the 
development of standardized ways to mechanistically account for and 
calibrate species interactions. There is strong and growing evidence that 
inclusion of relationships between species can considerably alter biodiversity 
projections (Abrego et al. 2021; Åkesson et al. 2020; Thompson et al. 2021). 
However this will be extremely complex due to the context-dependent nature 
of inter-specific interactions (Åkesson et al. 2020; Song et al. 2020; Tikhonov 
et al. 2017). 

In addition, the inclusion of evolution in biodiversity forecasting is also key 
(Urban et al. 2020). For instance, Nadeau et al. (2019) suggests that the 
evolution of dispersal could increase range expansion rates and allow species 
to adapt to novel conditions in their new range but that low genetic variation 
and genetic drift can slow or halt range expansions. On the other hand, high 
genetic variation may facilitate evolution to novel climates and allow species 
to persist longer than expected (i.e. evolutionary extinction debt). 
Nevertheless, the inclusion of eco-evolutionary dynamics is still rarely used  
(Romero-Mujalli et al.  2019; Siepielski et al. 2018). Notable exceptions are 
for instance the software Nemo-age, a spatially explicit individual-based 
simulation software combining ecological and evolutionary processes (Cotto 
et al. 2020) or the genetics module in Rangeshifter (Bocedi et al. 2021).  

 
More ambitious, but perhaps even more motivating, would be the inclusion of 
such a platform in the grand scheme of Earth Science modelling (see for 
instance the Copan-core framework – Donges et al. 2020), allowing for 
feedback between biodiversity and the remaining components of the Earth 
system, such as  atmosphere, hydrological cycle or land use (e.g. Synes et al. 
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2018). Fortunately, initiatives for a common biodiversity modelling platform 
that can link to such earth system dynamics are underway (Urban et al. 2021). 
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Svensk Sammanfattning  

Det har under de senaste decennierna skett en kraftig minskning och påverkan 
av naturliga skogar i världen. Hela 75 % av all landyta har förändrats på något 
sätt genom mänsklig påverkan. Tropiska och subtropiska skogar har 
reducerats och fragmenterats i en allt högre grad, och den genomsnittliga 
förekomsten av de arter som bebor dessa skogar har minskat med minst 20 %. 
Detta i sin tur kan leda till stor påverkan på dessa ekosystem och i 
förlängningen en påverkan på de människor som är beroende av dessa skogar.  

 
De skogslevande arterna har inte bara minskat, utan även homogeniserats så 
att den variation som funnits mellan olika områden har jämnats ut och 
områdena har blivit mer homogena. Detta är en följd av att vissa arter, 
generalister, gynnats av olika förändringar, medan specialister missgynnats. 
Slutresultatet blir en minskad biologisk mångfald både inom och mellan 
regioner. 

 
En allt viktigare faktor vid sidan om förändringen i hur land används är 
klimatförändringarna. Detta tenderar att missgynna vissa arter och gynna 
andra, vilket kan förväntas leda till en ytterligare homogenisering och förlust 
av biologisk mångfald. 
Det är mot bakgrund av detta som denna avhandling har tillkommit. 
Avhandlingen har tre syften:  

 
att öka kunskapen om hur däggdjurssamhällen i södra Asien reagerar på 

habitatförändringar 
att utvärdera effekten av olika bevarandestrategier under olika scenarier om 

klimatförändringar 
att inkludera dynamiska ekologiska effekter in utvärderingen av olika 

scenarier 
 

Den första delstudien utgår från det faktum att för många däggdjursarter i 
södra Asien saknas basal ekologisk kunskap om deras levnadssätt. Denna är 
kunskap är vital för att förstå hur arterna kan reagera på framtida förändringar. 
Den grupp som främst studerades var kattdjur av släktet Prionailurus. En 
hypotes är att den nisch som arterna använder är fylogenetiskt konservativ, det 
vill säga att närbesläktade arter har i stort sett samma nisch, och 
extrapoleringar därmed blir möjliga. Startpunkten var att analysera relationen 
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mellan de olika arterna och deras förekomst i relation till klimat, 
landanvändning och mänsklig störning. Efter det gjordes en analys av denna 
koppling ur ett historiskt perspektiv och med en projektion fram år 2050. 
Slutligen undersöktes i vad mån de krav de olika arterna har på habitat 
motsvaras av de områden som avsätts för skydd av olika arter. 

 
De arter som studerades var rostfläckig katt (Prionailurus rubiginosus), 
leopardkatt (P. bengalensis), fiskarkatt (P. viverrinus) och som en jämförelse, 
djungelkatt (Felis chaus). Även om de tre förstnämnda är nära släkt finns få 
likheter i deras ekologiska nisch. De tre arterna hade mindre ekologiskt 
överlapp med varandra än de hade med djungelkatten. Detta leder till 
slutsatsen att arterna måste bedömas var för sig eftersom deras ekologi är art-
specifik. Vidare tyder resultaten på att de två arter (rostfläckig katt och 
fiskarkatt) som med sin utbredning är begränsad till tropiska skogar kommer 
att kunna bibehålla eller till och öka sin förekomst, medan de övriga två som 
är generalister kan komma att få problem med högre temperaturer i delar av 
deras utbredningsområden och därmed minska i förekomst. Skyddade 
områden är ofta skogsområden med karismatiska arter såsom tigern, vilket 
leder till att även arter som leopardkatten gynnas av dessa skyddade områden. 

 
Den andra delstudien utökar föregående analys till andra grupper i samma 
region (södra Asien), för att testa hypotesen att stora arter minskar mest och 
hur däggdjursamhällen förändras. I denna studie inkorporeras även arternas 
demografi och spridning för att få mer realism och även inkorporera ett 
dynamiskt landskap för att förstå effekten av förändringar i landanvändning. 
Detta gjordes med programmet RangeShifter, explicit designat för studier av 
detta slag. De arter som studerades var två stora rovkatter (tiger, Panthera 
tigris och leopard Panthera pardus), fyra mindre rovdjur (djungelkatt, 
leopardkatt, asiatisk vildhund (Cuon alpinus), och rödräv (Vulpes vulpes), och 
slutligen även vildsvin (Sus scrofa) och indsk gazell (Gazella bennetti) för 
perioden 1850-2100. Två klimatscenarier användes, ett mellanscenario, SSP2-
4.5, och ett värsta-fall-scenario, SSP5-8.5. 

 
För tigern har minskningen av lämpligt habitat medfört att artens utbredning 
fragmenterats. Även om fekunditeten kan påverkas positivt av en ökande 
tillgänglighet av lämpliga habitat genom nya skyddade områden, är 
spridningsbarriärerna för stora för att detta ska kunna realiseras. 
Simuleringarna tyder på att ca 2-15 % av individerna finns kvar år 2100 om 
inte arten kan röra sig mellan olika lämpliga habitat. Detta i sin tur leder till 
att arten på sikt kan komma att försvinna. 

 
Generalister såsom vildsvinet, rödräven och djungelkatten förväntas minska 
bara måttligt och kan därmed leda till att homogenisering av 
däggdjursamhällen över större geografiska områden. De mer skogslevande 
arterna (leopard, leopardkatt, vildhund och tiger) kan förväntas minska i antal 
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vilket i sin tur leder till en ökning av generalisterna. Detta leder till en 
minskning artrikedom. Totalt sett kan vi förvänta oss att individantalet kan 
minska till 60 % av nuvarande mängd, och den yta som de finns i minskar till 
lite drygt 80 % av nuvarande. Det betyder att även mellanscenariet, SSP2, är 
inte tillräckligt för att bevara dessa däggdjursamhällen. Det som framgår 
tydligt är, förutom skyddet av specifika habitat, behovet av 
spridningsmöjligheter där skyddade områden ingår i ett nätverk med möjlighet 
till spridning emellan olika områden. 

 
De två första delstudierna rör endast hur landanvändning och habitattillgång 
påverkar framtida populationer av olika däggdjur. Den tredje studien är en 
litteraturgenomgång av olika modelleringsstrategier för att se vilka 
utmaningar och möjligheter det finns att inkorporera de metoder som används 
i de första två delstudierna med effekten av klimatförändringar. 

 
Den första slutsatsen är att modeller som använts för att förstå effekten av 
förändringar av landanvändning sällan tar biologisk mångfald i beaktande, 
utan är främst fokuserade på hur brukare påverkas. Detta kan vara ett problem 
eftersom en minskning av biologisk mångfald kan påverka brukare på olika 
sätt, och ett utelämnande av denna vitala komponent kan leda till ofullständiga 
eller felaktiga slutsatser. En kombinerad modelleringsansats är därför 
nödvändig. 

 
Tre av de fyra modelleringstrategier som finns i litteraturen har studerat 
effekten av landandvändning på biologisk mångfald, medan den fjärde studien 
även studerat den omvända effekten, det vill säga effekten av biologisk 
mångfald på landanvändning. Slutsatsen av denna genomgång är att en fullt 
integrerad modellering är möjlig, antingen genom korrelativa studier, eller 
genom individbaserade simuleringar där man kan inkorporera viktiga 
demografiska faktorer som spridning, dödlighet och fekunditet.  
 
En strategi vad gäller modellerandet som för närvarande är underutnyttjad är 
att kombinera ekologiska och evolutionära förändringar. Förändringar i miljön 
leder på kort sikt till ekologiska förändringar i antal och utbredning, men på 
lite längre sikt potentiellt evolutionära förändringar på grund av ändrade 
selektionstryck. Detta kan ske för enstaka arter, men ett inkorporerande av 
även hela ekosystem, eller åtminstone stora delar av ekosystem, ger en större 
inblick i potentiella förändringar. 
 
Den avslutande delstudien bygger på de slutsatser som kom från i delstudie 
två, nämligen att de bevarande-åtgärder som föreslagits (SSP2) inte är 
tillräckliga för att bevara livskraftiga populationer av olika skogslevande 
däggdjur. Eftersom den huvudsakliga bevarandeåtgärden är att skydda 
landområden är det viktigt att förstå hur effektiva dessa skyddade områden är 
för att minimera hoten mot den biologiska mångfalden. Denna studie använder 
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skogsavverkning som ett mått på störning i 56 skyddade områden i nordöstra 
Indien. Dessutom analyseras effekten av minskningen av skog på utbredning 
och artrikedom hos däggdjur i fem utvalda områden. 
 
I de skyddade områdena minskade skogen med i genomsnitt 4.7 %, men i en 
allt ökande takt de senaste 17 åren, dock i mindre takt än i omgivande 
områden. Grundhypotesen var att förekomsten av olika däggdjursarter var 
skilde sig åt mellan arter med avseende på minskning av skogen, där 
framförallt strikt skogslevande arter påverkades mest. Detta var också fallet. 
Vissa arter ökade i antal nära avverkningar, medan andra arter minskade. För 
flera arter var avståndet till en avverkningsyta viktigt, de var vanligare nära en 
avverkning men minskade med ökat avstånd. Detta kan förklaras med en 
välkänd ekologisk effekt där kanter mellan habitat ofta ger en ökad 
bytestillgång. Å andra sidan missgynnas vissa herbivorer som gynnas av mer 
homogena skogar. Bevarandet av orörda skogar som ingår i ett geografiskt 
nätverk är vitalt för bevarandet av många arter och däggdjursamhällen. 
 
Avhandlingen har gett tre viktiga insikter: 

- komplexiteten hos arters respons på olika störningar och svårigheterna att 
modellera detta 

- behovet av stora orörda skogsområden för att kunna bevara den biologiska 
mångfalden, och att jord- och skogsbruk är de främsta faktorerna som 
påverkar biodiversiteten 
- att skyddade områden är fundamentala för att kunna återställa biodiversitet 
till vad det en gång var, men att effekten är heterogen. 
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