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Abstract 

 

 
One major reason for the global decline of biodiversity is habitat loss and fragmentation. 
Conservation areas can be designed to reduce biodiversity loss, but as resources are limited, 
conservation efforts need to be prioritized in order to achieve best possible outcomes. The field of 
systematic conservation planning developed as a response to opportunistic approaches to 
conservation that often resulted in biased representation of biological diversity. The last two 
decades have seen the development of increasingly sophisticated methods that account for 
information about biodiversity conservation goals (benefits), economical considerations (costs) and 
socio-political constraints.  

In this thesis I focus on two general topics related to systematic conservation planning. First, 
I address two aspects of the question about how biodiversity features should be valued. (i) I 
investigate the extremely important but often neglected issue of differential prioritization of species 
for conservation. Species prioritization can be based on various criteria, and is always goal-
dependent, but can also be implemented in a scientifically more rigorous way than what is the 
usual practice. (ii) I introduce a novel framework for conservation prioritization, which is based on 
continuous benefit functions that convert increasing levels of biodiversity feature representation to 
increasing conservation value – using the principle that more is better. Traditional target-based 
systematic conservation planning is a special case of this approach, in which a step function is 
used for the benefit function. We have further expanded the benefit function framework for area 
prioritization to address issues such as protected area size and habitat vulnerability.   

In the second part of the thesis I address the application of community level modelling 
strategies to conservation prioritization. One of the most serious issues in systematic conservation 
planning currently is not the deficiency of methodology for selection and design, but simply the 
lack of data. Community level modelling offers a surrogate strategy that makes conservation 
planning more feasible in data poor regions. We have reviewed the available community-level 
approaches to conservation planning. These range from simplistic classification techniques to 
sophisticated modelling and selection strategies. We have also developed a general and novel 
community level approach to conservation prioritization that significantly improves on methods that 
were available before.  

This thesis introduces further degrees of realism into conservation planning methodology. 
The benefit function -based conservation prioritization framework largely circumvents the 
problematic phase of target setting, and allowing for trade-offs between species representation 
provides a more flexible and hopefully more attractive approach to conservation practitioners. The 
community-level approach seems highly promising and should prove valuable for conservation 
planning especially in data poor regions. Future work should focus on integrating prioritization 
methods to deal with multiple aspects in combination influencing the prioritization process, and 
further testing and refining the community level strategies using real, large datasets.  
 



 
 
 
 

Summary 

Anni Arponen 
Metapopulation Research Group, University of Helsinki, PO Box 65, FIN-00014 University of Helsinki, Finland  

 

1 Introduction to systematic conservation planning 

The current biodiversity crisis is unprecedented 
in the planet’s history: for the first time, a mass 
extinction event is caused by a living species. 
Recent extinction rates are 100 to 1000 times 
larger than natural background rates and 
predicted to increase up to ten-fold in the near 
future (Pimm et al. 1995; Thomas et al. 2004; 
Millennium Ecosystem Assessment 2005). We 
are driving species and populations to 
extinction: habitat loss and fragmentation, 
climate change, nutrient loading, direct 
exploitation and introduction of invasive species 
are the most important causes of extinctions 
(Millennium Ecosystem Assessment 2005). 
Because we are the cause of this loss, we also 
have the possibility to take action to halt it. 
Effective networks of protected areas are 
needed now more than ever. But as resources 
for nature conservation are limited, 
conservation efforts need to be prioritized in 
order to achieve best possible outcomes. 

The field of systematic conservation 
planning (Margules & Pressey 2000) developed 
as a response to opportunistic approaches to 
conservation that often resulted in biased 
representation of biological diversity. In the past 
protected areas were typically established in 
areas with low economic costs and least 
potential for alternative land uses, for example, 
remote areas, high altitudes, steep slopes and 
low productivity soils. They were often created 
for reasons other than protection of biological 
diversity, such as for recreational purposes, or 
for scenic beauty (Pressey et al. 1993; Pressey 
1994). The last two decades have seen the 
development of increasingly sophisticated 
planning schemes that account for information 
about biodiversity conservation goals (benefits), 
economical considerations (costs) and socio-
political constraints. Various complications that 
influence the performance of a reserve network 
system, such as its spatial configuration, or the 
scheduling of conservation actions, can be 
taken into account with the modern tools 
(Figure 1). 

A typical conservation planning process 
starts with setting general objectives, such as 
creating a reserve network with the goal of 
minimizing the loss of endangered species from 
the planning region. The goals may be 
influenced by perceived values of different 
biodiversity attributes. Because we rarely have 
data on all the attributes of interest, we must 
resort to the use of biodiversity surrogates. 
There are two general types of surrogacy 
approaches: species-based and community-
level modelling. Species distribution data can 
be used either directly for protected area 
prioritization, or in combination with 
environmental data to model the distribution 
data that are missing (Guisan & Zimmermann 
2000; Guisan & Thuiller 2005; Elith et al. 2006). 
The other approach is to model higher level 
diversity attributes: species richness patterns 
and turnover in species community composition 
(Ferrier et al. 2002; Ferrier et al. 2004; Ferrier & 
Guisan 2006; Ferrier et al. 2007). With this 
approach good coverage of diversity features 
can be achieved without knowing the exact 
distributions of individual features (species). 

Traditional conservation planning 
techniques require setting of quantitative 
targets for the optimization procedure. Early 
studies were simplistic variants of the minimum 
set or maximum coverage problems. In the 
minimum set problem the aim is to protect each 
species a given number of times with minimum 
cost (Underhill 1994; Csuti et al. 1997; Pressey 
et al. 1997), and in the maximum coverage 
approach to maximize the number of species 
occurring in the network when budget is limited 
(Camm et al. 1996; Church et al. 1996). Much 
of the literature revolved around optimality and 
sub-optimality of different programming 
techniques (Underhill 1994; Camm et al. 1996; 
Church et al. 1996; Pressey et al. 1996; Csuti 
et al. 1997; Polasky et al. 2000; Rodrigues & 
Gaston 2002; Önal 2003; Sarkar et al. 2004; 
Fischer & Church 2005; Vanderkam et al. 
2007). In the end it makes little difference 



 
 
 
 

 

 

Figure 1 A schematic overview of the systematic conservation planning process. The roman 
numerals indicate which parts of the process are in focus in each chapter of this 
thesis. The planning process typically starts from identifying appropriate conservation 
objectives. Numerous factors can be incorporated into the optimization of 
conservation actions, although most studies have focussed on only one or few of 
them at a time. The outputs of the optimization are used to guide decision making. 
Expert opinion is presented here as an alternative to the quantitative planning tools, 
but in reality expert opinion can also be used to derive various inputs used in these 
analyses. Interests of stakeholders may influence decision-making and 
implementation. Implementation should be followed by a monitoring programme to 
evaluate the successfulness of the project and to produce inputs for future planning.

whether the solution is optimal or slightly 
suboptimal if the problem definition is overly 
simplistic to begin with: ignoring relevant 
components such as habitat connectivity may 
lead to much larger sub-optimality than that of 
an inexact solution to a more realistic problem 
(Moilanen 2008).  

With a simplistic problem definition such as 
the basic minimum set, there is no guarantee 
that the reserve network will actually be 
effective in the long term. A minimum set of 
protected areas without considering its spatial 
configuration may even correspond to 
maximizing the number of extinctions within the 

network (Cabeza & Moilanen 2003). Long-term 
persistence of species in the network may be 
enhanced by aiming at higher representation 
levels (multiple or larger populations) and areas 
with better habitat quality, or by addressing the 
spatial configuration of the network to enhance 
dispersal between sites (Cabeza & Moilanen 
2001). 

Another common simplification in 
systematic conservation planning studies has 
been that protection is assumed to happen 
instantaneously. In reality funds allocated for 
conservation are rarely available all at once, 
but rather as smaller amounts over a longer 



 
 
 
 

period of time. If we cannot protect everything 
at once, which are the areas that should be 
protected most urgently? Several dynamic 
(sequential) selection algorithms have been 
developed to address this scheduling problem 
(Costello & Polasky 2004; Meir et al. 2004; 
Pressey et al. 2004; Snyder et al. 2004; 
Drechsler 2005; Strange et al. 2006; Turner & 
Wilcove 2006; Wilson et al. 2006; Moilanen & 
Cabeza 2007; Harrison et al. 2008), and are 
typically guided by site vulnerability in addition 
to its contribution towards achieving the 
conservation goals (see also Figure 3). 

Usually systematic conservation planning 
studies have considered sites simply as 
protected or unprotected, where protection is 
assumed to be beneficial for all species. In the 
real world there may be multiple alternative 
conservation actions available for each site, 
such as different kinds of restoration 
techniques or varying levels of protection. Few 
publications exist that consider the possibility of 
multiple actions (Wilson et al. 2007; van 
Teeffelen & Moilanen 2008; van Teeffelen et al. 
2008), largely due to the complexity of the 
optimization problem, which is further 
complicated by the fact that what is beneficial 
for one species may be harmful for another 
(van Teeffelen et al. 2008). 

Integration of socio-political factors into the 
quantitative prioritization is a difficult but 
important issue and a subject of ongoing work 
in the Metapopulation Research Group. 
Considering mere economic costs emphasizes 
developing countries as conservation priorities 
due to low land acquisition costs and high 
levels of biological diversity. However, many 
developing countries have poor quality of 
governance which may in reality increase the 
total costs of conservation and decrease the 
effectiveness of protected areas. Considering 
such information in the prioritization process 
will change global conservation priorities 
(Eklund, unpublished results). 

A common feature for all above mentioned 
components of the prioritization process is a 
high level of uncertainty. Distribution data are 
typically biased and incomplete in many ways, 
and factors such as habitat vulnerability or 
effects of different conservation actions on 
different species are at best rough estimates. 
One of the recent advances in the field has 
been the integration of uncertainty analyses 
into conservation and management (Burgman 
et al. 2005; Regan et al. 2005; Moilanen et al. 
2006). 

Even though Figure 1 and this thesis focus 
on the quantitative tools for systematic 

conservation planning, the other stages of the 
planning process are equally important. 
Decision making and implementation on the 
ground are always influenced by a large 
number of social, political and economic 
factors, many of which are hard or impossible 
to account for within the optimization procedure 
(Knight et al. 2006a; Knight et al. 2006b; 
Adams & Hutton 2007; Knight et al. 2008). 
Public opinion, interests of different groups and 
stakeholders may cause an otherwise perfectly 
good conservation plan to be abandoned. This 
is why flexibility is required from the tools, so 
that when a solution turns out to be unfeasible 
to be implemented in practice, there are 
alternative solutions easily available. 

An additional stage in the process that is 
often neglected should be the monitoring of the 
performance of the implemented network. The 
circular structure in Figure 1 refers to what is 
called “adaptive management”, which 
essentially means learning by doing (Shea et 
al. 2002; McCarthy & Possingham 2007). 
Ideally, all implemented conservation plans 
should include a monitoring programme to 
follow up on changes in species abundances, 
habitat quality, or whatever would be the most 
suitable indicators of success relevant to the 
aims of the programme. The information 
collected should influence future decisions such 
that conservation actions that clearly are 
effective are favoured, and ineffective practices 
are changed.  

2 Thesis outline 

In this thesis I focus on two general topics 
related to systematic conservation planning. In 
the first part (chapters I-IV) I address two 
different aspects of the question about how 
biodiversity features should be valued. I 
investigate the extremely important but often 
neglected issue of differential prioritization of 
species for conservation (chapter I). Species 
prioritization can be based on various criteria, 
and is always goal-dependent, but can also be 
implemented in a scientifically more rigorous 
way than what is the usual practice. Then I 
introduce a novel framework for conservation 
prioritization, which is based on continuous 
benefit functions that convert increasing levels 
of biodiversity feature representation to 
increasing conservation value – using the 
principle that more is better (chapter II). 
Traditional target-based systematic 
conservation planning is a special case of this 



 
 
 
 

approach, in which a step function is used for 
the benefit function. We have further expanded 
the benefit function framework for area 
prioritization to address issues such as 
protected area size and habitat vulnerability 
(chapters III and IV).   

In the second part of the thesis I address 
the application of community level modelling 
strategies to conservation prioritization 
(chapters V and VI). One of the most serious 
issues in systematic conservation planning 
currently is not the deficiency of methodology 
for selection and design, but simply the lack of 
data. We are remarkably ignorant about 
distributions of biodiversity features, which 
makes the application of even the best 
methods rather complicated and in the worst 
case perhaps even misleading. Community 
level modelling offers a surrogate strategy that 
makes conservation planning more feasible in 
data poor regions. It takes advantage of 
information on environmental variables together 
with available species distribution data to model 
higher level diversity attributes: species 
richness and spatial turnover in species 
community composition We have reviewed the 
available community-level approaches to 
conservation planning. These range from 
simplistic classification techniques to 
sophisticated modelling and selection 
strategies. We have also developed a general  

 

and novel community level approach to 
conservation prioritization that significantly 
improves on methods that were available 
before.  

3 Valuing biodiversity in 
conservation planning 

Most often systematic conservation planning 
methods are applied at the level of occurrences 
of species at candidate sites. Species are 
considered equal, and the objective is to 
protect or prevent the extinctions of as many of 
them as possible. However, there are 
numerous reasons why species should not be 
treated as equals in conservation planning. 

Chapter I addresses the infinitely complex 
issue of species prioritization for conservation. 
The different criteria are summarized in Table 
1. There is no single, correct way of assigning 
species priorities, and in the end everything 
depends on the goals determined by people 
involved in the planning process. However, 
prioritization can be made scientifically more 
rigorous by taking into account the various 
criteria preferably quantitatively rather than 
qualitatively whenever data availability allows 
that. 

 

Table 1. A summary of different criteria used in species prioritization for conservation. 

General criterion Specific criteria What is prioritized 
Pattern Phylogenetic / 

taxonomic uniqueness 
Phylogenetically unique species with no close 
living relatives, relict lineages 

Evolutionary potential “Evolutionary fronts”, lineages with active, 
ongoing speciation, opportunistic species, 
meta-species 

Process 

Ecological process Keystone species, structuring species, top 
predators, dispersal or pollination agents, 
indicators of ecosystem integrity 

Need of protection Extinction risk Species with high extinction risk according to 
IUCN Red list status or similar, rare species 
(small geographical range, small population 
size, high habitat specificity), endemics 

Cost-effectiveness Conservation triage Species that benefit most from cheapest 
conservation measures 



 
 
 
 

The outcomes of typical conservation 
planning approaches are strongly dependant 
on targets that must be set in advance for each 
biodiversity feature (species). For example, the 
aim could be to protect one population of each 
species, or 10% of the range of each species. 
Defining reasonable targets is difficult due to 
poor knowledge of species biology. 

Often we do not know what is enough to 
ensure persistence of species in the long term. 
Another problem is that with fixed targets the 
computational approaches designed to solve 
the problem are blind to differences in species 
representation levels that exceed the targets, 
although it seems obvious that higher 
representation levels should be better. 
Similarly, they cannot distinguish between 
solutions where species are entirely absent or 
only barely below the target. 

The use of continuous benefit functions for 
species representation introduced in chapter II 
provides a solution to this problem. The idea of 
a continuous benefit function for species 
representation is simply that protecting more 
individuals, more populations and more species 
is always better than fewer. The principle 
applies equally well at any level of organization 
of biological diversity, such as at the level of 
communities. Ideally, one would choose an 
appropriate form for the function based on 
species biology when such information is 
available. For example, species that are 
unlikely to persist if only few populations are 
protected could be represented by a sigmoid 
curve, where higher conservation benefit is 
obtained only when representation levels 
exceed some threshold value (type III, Figure 
2), whereas a species that is likely to do well 
even if protected only at very few locations 
could be represented by an asymptotic function 
with decreasing marginal gains (type II, Figure 
2).  

The benefit function framework is especially 
suitable for implementing differential species 
weighting. In chapter II we apply the technique 
to conservation prioritization for herb rich forest 
vascular plants in Southern Finland. The 
species were prioritized according to IUCN 
threat status, national rarity and phylogenetic 
uniqueness. The use of continuous benefit 
functions in combination with species weights 
changed dramatically the identity of prioritized 
sites as compared with traditional target based 
planning. We also identified unprotected areas 
that would substantially improve the current 
protected area network. 

 

Figure 2 Different forms of benefit 
functions. (I) is the traditional step 
function, and forms (II) and (III) are 
continuous benefit functions 
appropriate for different types of 
species. The step function is 
actually the limit of the sigmoid 
function. 

The following two chapters (III and IV) build 
on the benefit function approach for 
conservation planning. Chapter III addresses 
an issue commonly encountered in quantitative 
conservation planning when protected area 
candidates vary in size: Maximizing the 
numbers of species or populations occurring in 
the protected area network tends to result in 
selection of numerous small fragments that in 
combination contain many species. This is 
obviously problematic because species are less 
likely to survive in the long term at these small 
habitat fragments. We introduce two alternative 
refinements to the benefit function -based 
conservation planning approach that aim at 
correcting for site size. 

Essentially, these refinements give higher 
weight to larger sites following the form of the 
species-area relationship; a well-known rule in 
ecology according to which the number of 
species increases with increasing area, taking 
the shape of a power function. In an application 
with Finnish rich fen vegetation data, we found 
that preferentially selecting larger areas led to 
only minor decreases in the numbers of 



 
 
 
 

species or populations protected. Moreover, the 
decreases in representation applied mostly to 
species for which we had assigned lower 
weights because they were not classified as 
threatened or locally rare. 

It has been commonly suggested that site 
prioritization should be based on two 
measures: Irreplaceability and vulnerability 
(Figure 3) (Eken et al. 2004; Pressey et al. 
2004; Brooks et al. 2006; Linke et al. 2007). 
Irreplaceability is a measure of site importance, 
typically defined as the extent to which options 
for a representative reserve system are lost if 
the site becomes unavailable, or as the 
potential contribution of the site to a 
conservation goal (Pressey et al. 1994). 
Vulnerability describes the site’s susceptibility 
to (anthropogenic) threats, and is meant to 
indicate the urgency of protection of the site: a 
highly vulnerable site must be protected as 
soon as possible or otherwise it will be lost. 
Even though these two measures are often 
suggested to be used in combination for site 
prioritization, they have never been 
quantitatively combined.  

In Chapter IV we combine what 
corresponds to irreplaceability and vulnerability 
in the context of continuous benefit functions. 
The measure of site importance is called 
“replacement cost” (Cabeza & Moilanen 2006), 
and is defined as the loss in biological solution 
value (sum of values of species representations 
derived from their benefit functions) when the 
site cannot be included in the optimal solution. 
Vulnerability is considered explicitly through 
implementing an algorithm for dynamic reserve 
selection (Moilanen & Cabeza 2007) which 
accounts for site-specific habitat loss rates. Our 
extended replacement cost measure considers 
the loss in biological value at the end of the 
planning period when a site cannot be included 
in the optimal selection sequence, and 
therefore combines not only “vulnerability” and 
“irreplaceability”, but does so within a temporal 
dimension making the measure all the more 
realistic for real world planning, where 
implementation of conservation programmes 
tends to be developed painfully slowly over 
many years. 

We investigated conservation priorities for 
fungus species in Norwegian forests using the 
extended replacement cost. We showed 
quantitatively with a real example how high site 
value does not necessarily mean the site 
should be protected early. We found that the 
sites most important for conservation were also 
highly expensive compared with young forest 

stands, and using realistic cost estimates in the 
optimization procedure easily restricts the  
selection to sites with limited conservation 
value. 

 
 
 
 
 
 
 

 
 
 
 

Figure 3 Conservation priorities determined 
by irreplaceability and 
vulnerability. Highest priority sites 
are the ones in quadrant 1 where 
both vulnerability and 
irreplaceability are high. The sites 
in quadrant 2 have high 
conservation value but are not in 
imminent threat of being lost, and 
therefore not among the most 
urgent sites to protect. The sites in 
quadrant 3 are not among the 
most valuable, but are more likely 
to be lost if left unprotected. 
Quadrant 4 represents the lowest 
priority sites that are neither 
particularly important for achieving 
the conservation goals nor at risk 
of being lost. 



 
 
 
 

4 Community-level strategies for 
conservation planning 

 
Currently the number one challenge in applying 
conservation planning techniques into practice 
seems to be the lack and poor quality of 
biodiversity data. We are in desperate need of 
surrogate techniques that best take advantage 
of that scarce data we have. Use of specific 
species groups for which data is available as 
surrogates for other species has been a popular 
idea, but as the tests have varied greatly in their 
implementation (Cabeza et al. 2008), no 
consensus has been reached about whether or 
not some groups work as surrogates, and if so, 
which ones (Rodrigues & Brooks 2007). 
Species groups as surrogates do not seem an 
especially promising solution. Another popular 
approach has been to use species-level habitat 
modelling techniques to derive comprehensive 
species distribution maps from incomplete 
observational data (Guisan & Zimmermann 
2000; Guisan & Thuiller 2005; Elith et al. 2006). 
These techniques have evolved into rather 
functional   options,  but  one  can hardly  model 

distributions of all species, and therefore the 
question of surrogacy between species groups 
remains a problem.  

A third group of approaches is what I call 
here community level modelling. The 
differences between species-based and 
community-level strategies are depicted in 
Figure 4. Chapter V provides a thorough 
introduction to and evaluation of community 
level approaches for systematic conservation 
planning. It is a chapter in the book “Spatial 
conservation prioritization: Quantitative 
methods and computational tools”, intended for 
a wide audience of advanced students, 
scientists, and conservation managers. The 
basic idea of community level approaches is 
that instead of modelling species distributions 
individually, we settle for modelling information 
on higher level diversity attributes: species 
richness and spatial turnover in species 
community composition. In this way we manage 
to identify locations that most differ from the 
others, and together contain most species 
without knowledge of the actual identities of 
species at each location.  

 
 

 

Figure 4 Schematic of species-based vs. community-level approaches to conservation 
planning. Two types of data can be used (diamond boxes) either alone for site 
selection or in combination for modelling (square boxes). Different site selection 
approaches are described in the ovals with examples of specific techniques in italic. 
The thick arrows connect different types of data to modelling approaches, and the thin 
arrows connect raw or modelled data to area selection approaches. 



 
 
 
 

Various available community-level ap-
proaches differ in their complexity. There is a 
continuum of approaches starting from 
simplistic classification techniques based on 
only environmental variables (Belbin 1993; 
Faith et al. 2001): It is assumed that locations 
that differ from each other regarding some 
environmental variables differ also regarding 
their species community composition, which 
may or may not be true, and by selecting a 
diverse set of locations, one protects a diverse 
set of species.  

The more advanced community level 
techniques use both environmental and species 
distribution data in the modelling, and operate 
in a continuous environmental space where the 
scaled distances between sites indicate 
dissimilarity in species community composition 
(Ferrier et al. 2004; Ferrier & Guisan 2006). In 
chapter VI we introduce an improved method 
where we take into account two important 
issues that have previously been ignored: (1) 
variation in species richness between locations, 
and (2) variation in species turnover rate across 
the environmental space. We demonstrated 
with simulated data how accounting for these 
two points significantly improves the 
performance of community level approaches in 
conservation planning.  

Our method seems highly promising, and 
would be valuable especially in data poor 
regions, but also as a complementary strategy 
to other techniques in other regions. That said, 
as we used simulated data in our analyses for 
reasons of technical clarity, it is obvious that 
the technique needs to be further tested with 
real datasets to get a better picture of its value 
relative to other available approaches. 

5 Synthesis and future challenges 

This thesis introduces further degrees of 
realism into conservation planning methodology 
(Table 2). The benefit function -based 
conservation planning framework largely 
circumvents the problematic phase of target 
setting, and because it allows for trade-offs 
between different species, it provides a more 
flexible and hopefully more attractive approach 
to conservation practitioners. In addition to the 
RSW2 software (Moilanen & Arponen 2008) 
used in the analyses in this thesis, the benefit 
function approach has been implemented in the 
Zonation software (Moilanen et al. 2005; 
Moilanen & Kujala 2006; Moilanen 2007). The 

Zonation program has recently been 
implemented in several applications (Kremen et 
al. 2008; Leathwick et al. 2008; Moilanen et al. 
2008; Thompson et al. 2009), of which 
especially a conservation plan for Madagascar 
has attracted considerable public attention 
(Kremen et al. 2008). This entitles us to opti-
mism regarding the future and the imple-
mentation of the fruits of our work in practical 
conservation planning projects.  

There is still room for various methodo-
logical developments in systematic conser-
vation planning. Many issues have been 
addressed separately (scheduling of conser-
vation action, spatial planning, multiple alter-
native conservation actions, effects of costs 
and threats, effects of climate change) and 
future work should focus on how to take these 
various aspects into account in combination. 
We have filled in one step by quantitatively 
combining irreplaceability with vulnerability of 
areas in chapter IV, but much remains to be 
done.  

However, the major challenge seems to lie 
in the lack of data with which to use the 
increasingly sophisticated methods. Even 
though data quality and availability is constantly 
improving due to numerous global database 
projects, we are still remarkably far from having 
complete information on distribution of 
biological diversity. This is where the issue of 
surrogacy comes into picture. We have 
introduced a substantial methodological 
improvement for community level conservation 
planning. These techniques are especially 
valuable in situations where data is inadequate 
for species level conservation planning. 

Often species-level modelling is also in-
feasible due to the large amount of separate 
models required. Therefore, I anticipate that the 
best prospects for future work are in the further 
development of community level strategies. In 
addition to some technical improvements, most 
importantly, the methods should be tested and 
refined using real, large and comprehensive 
datasets to see how they perform at different 
geographical scales, grains and regions, with 
different types of data, and with data on 
different biodiversity features (taxa, functional 
species groups, phylogenetic diversity and so 
forth). Moreover, the methods should be 
modified for addressing issues such as 
temporal dynamics and climate change, and 
combined with species-based approaches. 

 



 
 
 
 

Table 2. Main contributions of this thesis to the literature and the corresponding chapters. 

Contribution Chapter 
 

1. Clarifying and classifying the biologically relevant criteria for species 
prioritization 

I 

2. Introducing a new idea for phylogeny-based prioritization that is more 
suitable for ”supertrees” than previous approaches 

I 

3. Creating a framework for the use of continuous benefit functions in 
conservation prioritization 

II 

4. Providing practical examples of species weighting based on different criteria 
(in the context of benefit functions) 

II, III, IV 

5. Providing ways of accounting for site size in benefit function -based 
planning 

III 

6. Quantitatively combining equivalents of ”irreplaceability” and ”vulnerability” 
in dynamic site prioritization 

IV 

7. Summarizing and providing new insight into use of community level 
modelling strategies in conservation prioritization 

V 

8. Introducing a new, effective community-level strategy for conservation 
prioritization that takes advantage of both richness and community turnover 
models   

VI 

 
 
 
Although I speak of systematic conservation 

planning or reserve selection methodology 
throughout this thesis, it should be noted that 
the methods that I have described are 
applicable to a much wider range of questions 
than mere selection of new protected areas. 
They can be useful in any kind conservation 
prioritization, including targeting of restoration 
or habitat management actions, or even for the 
reverse problem of identifying the least valuable 
locations to sacrifice first for development. In 
the case of the community modelling 
approaches, an obvious application is the 
identification of potential survey sites that are 
most likely to contain highest numbers of new 
species, or in other words, the sites that differ 
most from the ones already surveyed. 

Even though primarily methodological in 
nature, the contributions of this thesis are 
meant to be assimilated into practical 
conservation planning – if not directly through 
the use of software we are freely distributing in 
the internet, then at least through adopting the 
general principles, such as “more is better” in 
species representation. The ultimate objective 
of this type of research is to have an impact on 
real world planning practices, but its 
successfulness in this context remains to be 
seen in the future. 
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