Biological Diversity in
Urban Environments

Positions, values and estimation methods

Mats Gyllin

Department of Landscape Planning
Alnarp

Doctoral thesis
Swedish University of Agricultural Sciences
Alnarp 2004



Acta Universitatis Agriculturae Sueciae
Agraria 461

ISSN 1401-6249

ISBN 91-576-6483-8

© 2004 Mats Gyllin, Alnarp

Tryck: SLU Service/Repro, Alnarp 2004



Abstract

Gyllin, M. 2004. Biological diversity in urban environments — positions, values and estima-
tion methods. Doctoral dissertation.
ISSN 1401-6249, ISBN 91-576-6483-8

The thesis approaches the concept of urban biodiversity from different angles in an attempt
to explain its significance.

In a study from the constructed Toftands wetland park, methods of affecting local biodi-
versity are demonstrated as integrated with other functions, such as water quality and
stormwater detention. Vegetation analyses are provided to show the rapid and sometimes
unexpected change in species composition. Both spontaneous and introduced species were
followed in a five-year project.

Theoretical aspects of urban biodiversity are studied in-depth and the different views on
biodiversity in general and urban biodiversity in particular are scrutinised. It is concluded
that a holistic view on urban biodiversity probably reflects the true conditions best.

In a method study, a few different kinds of biodiversity mapping were tested. It was con-
cluded that the biotope-mapping model tested was easy and rapid, but incomplete. Patch
mapping was more time-consuming, but possibly more informative. Patch shape was com-
pared to species diversity, but there was no correlation. It was concluded that both kinds of
mapping need to be calibrated with biological data, and that the human function of urban
environments should be an integrated part of urban biodiversity studies.

A method of assessing the perception of biodiversity was tested using a semantic test on-
site. An index for biodiversity experience was created and later tested also in a photo-based
study. Both studies comprised laymen as well as experts. It was concluded that there were
differences between photo-based and on-site ratings, but the biggest difference was detected
with the on-site experts.

As a general conclusion of the thesis it can be stated that urban biodiversity is an integral
part of the urban environment, and that it is impossible to regard the city without its bio-
logical component, as well as it is impossible to regard the biological component without its
human connection.

Keywords: Urban ecology, perception studies, biodiversity measurement, biodiversity as-
sessment
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Appendix

Papers I-V

The present thesis is based on the following papers, which will be referred to by
their Roman numerals:

I.  Stormwater as a resource — experiences from a multi-functional solution to
onsite stormwater management in southern Sweden (Manuscript)

II.  Understanding urban biodiversity — a matter of values, attitudes and profes-
sional positions (Manuscript)

III. Approaches to urban biodiversity mapping — methodological considerations
(Manuscript)

IV. A semantic model for assessing the experience of urban biodiversity (Manu-
script)

V. Visual, semantic assessments of biodiversity from photographs and on-site
observations — a comparison (Manuscript)



Background

In 1997, the research programme Green structure and development of urban envi-
ronment was launched at the Department of Landscape Planning Alnarp, Swedish
University of Agricultural Sciences. Its main aims have been to expand the knowl-
edge and initiate discussions regarding urban development and sustainability —
socially as well as ecologically — by making three thematic studies concerning the
‘green structure’ of urban environments. In addition, a frame project with focus on
investigating aspects of ‘green knowledge’ in municipality planning and manage-
ment, and the relevance and communication of research efforts in that context, has
been conducted by AgrD Gunilla Lindholm. She has also been project leader for
the entire research programme since its second year.

Although the thematic studies have been conducted as separate projects regard-
ing content, methods and results, there has been some co-operation concerning
literature studies, focus group interviews, and study sites. There has also been a
continuous discussion regarding concepts and other relevant theoretical and meth-
odological issues. Of the thematic studies, children’s perspectives on outdoors
environments has been the focus of landscape architect Maria Kylin (cf. Kylin &
Lieberg, 2001). Green space as a characterising element of townscape and urban
design has formed the basis for the dissertation by landscape architect Karl Lovrie,
which he defended in 2003 (Lovrie, 2003).

The third theme — biological diversity in urban environments — is reported
through this thesis. It has been funded mainly by the Swedish Council for Building
Research (project no. 95306-5), jointly with faculty funds of the Swedish Univer-
sity of Agricultural Sciences, Movium (frame programme for 1997-2000), the
SLU project “Nya planeringsforutséttningar” (project leader: Erik Skérback), and
the Department of Landscape Planning Alnarp. The study in paper I was financed
by the Swedish Council for Building Research, although through a different pro-
ject (no. 890790-1). Part of the study of paper III has been funded by the Swedish
Council for Forestry and Agricultural Research (SJFR).

Introduction

Biological diversity (or biodiversity) has been mentioned in the scientific literature
since the beginning of the 1980’s. It was gradually shaped into its present form
during the following decade through notable publications such as Wilson and Pe-
ter’s “Biodiversity” (1988). The increased use of the concept depended largely on
the active attempts to make it a means of political pressure, mainly in the hands of
global nature conservation (Haila, 1999). It became popular to a wider audience
with the conference in Rio de Janeiro, where the Convention on Biological Diver-
sity (UNEP, 1992) was signed and ratified by a large number of nations. The con-
vention was implemented in Sweden through national action plans, e.g. by the
Swedish Environment Protection Agency (Terstad, 1995), and for the urban envi-
ronments by the National Board of Housing, Building and Planning (Emanuelsson
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et al., 1996). Locally, the convention has been implemented through local Agenda
21 efforts (Ohlsson, 1997), although emphasis has often been on other sustainabil-
ity issues than biodiversity.

It seems that urban biodiversity has played a rather insignificant role in most
municipalities, with a few exceptions (e.g. Malmo stad, 2001). However, many
municipal green plans have had “protection and conservation of nature values” as
a theme since the introduction of green plans as an independent planning instru-
ment (e.g. Natur- och kulturvardsprogram for Géteborg, 1979; Stockholms friytor,
1982; Grahn, 1986, 1991). This theme seems to have continued during the follow-
ing decades, somewhat strengthened by biodiversity as an additional argument.
Since the biodiversity focus has been on conservation, most references from this
later period to urban biodiversity from public authority sources concern remnants
of wildlife within the bounds of the city (Bernes, 1994; Larsson & Wandén, 1995;
Engstrom et al., 1996). Perhaps sources like Murphy (1988) from the expansive
early phase of concern for global biodiversity have encouraged this attitude. A
different view stems from urban planning and landscape architecture, where bio-
diversity is approached from another angle, exemplified by Lonngren and Persson
(1995), where the visual experience of biodiversity is emphasised. The planning
approach to biodiversity otherwise has a tendency to focus on generalised, large-
scale elements, e.g. in the Swedish ‘green plans’ (e.g. Malmé stad, 1984; Lunds
kommun, 1990; Ottoson, 1994; Svensson & Goransson, 1994; Umed kommun,
1998). A conclusion could be that the typical biologist with an interest for nature
conservation approaches biodiversity from a detail level, whereas the typical green
planner approaches it from a large-scale level. That does not mean that biologists
are rigid and simple-minded or that planners are shallow and indifferent, but there
are certainly reasons to believe that there is a communications problem.

One reason for such communications problems may be that the purpose for ad-
dressing urban biodiversity is unclear, and therefore it is uncertain what aspects of
biodiversity to emphasise. Of course, there is the general purpose of adhering to
the biodiversity convention, and a list of reasons is provided there (UNEP, 1992),
but they are very general and especially aimed at covering global biodiversity is-
sues with special emphasis on sensitive areas. For urban environments in Sweden,
they are perhaps too general. The correct question might be: What value does ur-
ban biodiversity have? Does it have a value in itself, or does it only have instru-
mental value, i.e. some sort of ‘use’ to people (Sagoff, 1992; Randall, 1994; Kel-
lert, 1996; Bengtsson, Jones & Setild, 1997; Oksanen, 1997). It is particularly
important to be clear about this in cities with their dense human populations.

Another reason why biodiversity issues are easily misunderstood is that the in-
terpretation of the concept differs. It may mean substantially different things to
different groups of people, as has been demonstrated for example by van den Berg
et al (1998). Sometimes it could be a simple matter of semantics, sometimes a
more profound difference in opinions of what organisms biodiversity should com-
prise, and hence what effects directed measures might have. The various defini-
tions of the concept (Delong, 1996) are not very helpful, since they are either too
general or too specialised. The most ‘official’ definition (UNEP, 1992) states that
biodiversity comprises the variability at three levels (ecosystem, species, and ge-



netic level), while others add more levels and some say that it is the diversity ‘at
all levels’ (De Leo & Levin, 1997). Common to all definitions is the opinion that
biodiversity is more than just the number (or diversity) of species.

It is sometimes stated that biodiversity cannot be measured, at least not as a sim-
ple variable (Bernes, 1994; Catizzone & Larsson, 1997). It is a reasonable assump-
tion, at least if the ambition is to measure all biodiversity at a certain place. Con-
sider, for example, the enormous quantities of living creatures in a single soil sam-
ple (Brussaard et al., 1997; Bongers & Bongers, 1998; Couteaux & Darbyshire,
1998; Ekschmitt & Griffiths, 1998). A variety of methods have been suggested, all
with a varying degree of limitations or extrapolations, such as the measurement of
indicators, higher taxa, selected groups of organisms, landscape level features etc
(Oliver & Beattie, 1993; Colwell & Coddington, 1994; Faith, 1994; Hammond,
1994; Harper & Hawksworth, 1994; Lovejoy, 1994; May, 1994; Pearson, 1994;
Prance, 1994; Williams & Gaston, 1994; Witting & Loeschcke, 1995; Grand-
champ, Niemeld & Kotze, 2000; Hermy & Cornelis, 2000; Lofvenhaft, Bjorn &
Ihse, 2002; Sarkar & Margules, 2002). However, there is no general, standardised
expert methodology adaptable to different needs and different scale levels, al-
though biotope mapping as conducted primarily in Germany (Sukopp & Weiler,
1988; Duhme & Pauleit, 1992; Frey, 1999) could be considered a ‘standard’ for
large-scale levels.

Some observers claim that the urban environment is primarily a place for peo-
ple, and hence biodiversity assessments in urban environments should only reflect
biodiversity as perceived by people. While the rationale behind such a statement is
doubtful (it is argued elsewhere in this thesis that other species are not only abun-
dant but also necessary and seamlessly integrated in the urban environments), it
nevertheless adds another dimension to the motives for urban biodiversity plan-
ning.

The starting point for many of the ideas in the thesis emerged within the rather
traditional, however innovative, Toftanés project (presented in paper I). Much of
the theory is rooted in the works of others. The notion that human well-being to a
large extent depends on the proximity of other living creatures has its origin in the
biophilia hypothesis (Wilson, 1984). However, the dependence on more recent
findings in environmental psychology is perhaps more evident, particularly
through the works of Patrik Grahn (Grahn, 1991; Berggren-Bérring & Grahn,
1995; Grahn et al., 2000; Stigsdotter & Grahn, 2002, 2003; Grahn & Stigsdotter,
2003). Regarding visual perception, the works of Gibson (1986) has provided
some very useful insights. The view on nature expressed in the thesis owes a great
deal to Kenneth Olwig (Olwig, 1983; Olwig, 1993a, b; Olwig, 1994), although
this is not always explicitly expressed. The view on cities is based on the ideas of
Amin and Thrift (2002), but Johan Radberg (e.g. Radberg, 1997) is also an impor-
tant source for inspiration. A few central works in the ecological disciplines
should also be mentioned; “The Ecology of Urban Habitats” by Gilbert (1991),
“Biodiversity and Ecosystem Function” by Schulze and Mooney (1993), and
“Principles and Methods in Landscape Ecology” by Farina (1998).

The approach by Lonngren and Persson (1995) comprised an assessment model
for experienced biodiversity, based on a number of seemingly arbitrary factors,
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including expert judgements. In Jensen et al (2000) another model is used, al-
though not well enough described, but also apparently based on expert judge-
ments. Other ways of assessing biodiversity through judged ratings have been
used, sometimes as part of more comprehensive investigations, comprising other
assessments as well (Berggren-Barring & Grahn, 1995; van den Berg, Vlek &
Coeterier, 1998). There is, however, no method of measuring the experience of
biodiversity comparable to a very reliable and rational method as the SBE (Scenic
Beauty Estimation) method for preference studies in forest areas (Daniel & Boster,
1976; Daniel & Schroeder, 1979; Daniel, 2001).

Objectives of the thesis

The urban biodiversity issues discussed above could be summarised like this:

e Biodiversity is a very complex concept, particularly in an urban context. How
should it be treated to avoid communications problems? What does it mean to
different groups of people? Could it be made operative to science or urban
planning?

e  Biodiversity cannot be measured in full detail. Reliable, ‘standard’ estimation
tools are mainly designed to function in large-scale studies or in rural envi-
ronments for conservation purposes.

e  The experience of urban biodiversity by non-experts is rather unknown terri-
tory, but in environments where people live, it may be a very important fac-
tor. Methods of measuring such experience need to be refined and formalised.

The general purpose of the thesis has been

e To formulate a conceptual framework for urban biodiversity, comprising
definitions and evaluation of different approaches.

e To suggest measurement methods to be used by persons with some experi-
ence with ecology, particularly in an urban environment.

e To suggest and compare assessment methods concerning the experience of
biodiversity.

Most of the theoretical considerations concerning urban biodiversity are treated in
paper II, while measurement methods are discussed in paper III. Although the rele-
vance for planning and management are not specifically investigated, some possi-
bilities are discussed. The everyday experience, conscious or subconscious, of
biological diversity, particularly in an urban context is investigated, and methods
to measure such aspects are suggested in paper IV and V.
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Methodology

The “Green structure and development of urban environment” project started with
joint focus group interviews (Kitzinger, 1995; Wibeck, 2000) with participants
representing different interests and competence. The purpose of those interviews
was to capture the essence in the city green as perceived by those groups. These
interviews provided very useful insights in the way that urban environments are
perceived by residents, planners, teachers, and ecologists. Although this material
has not been explicitly utilised in the thesis, it has nevertheless had profound in-
fluence on the direction of the work, particularly regarding papers II, IV and V.

In the Toftands project, standard ecological methods were used to register the
succession of the vegetation. Species abundances were registered in permanent
plots, and biomass was sampled according to a standard scheme. Other samples
were also taken according to standard procedure (paper I). The overall purpose
with the vegetation sampling was to register the success of introduced species and
their influence on biodiversity development, and to check the speed and influence
of the spontaneously invading species. The Toftanés project is a case study from
which important conclusions can be made regarding actions to affect biodiversity
through establishment of wetlands in urban settings and the integration of biodi-
versity in multi-functional projects.

Paper 1II is a theoretical work, intended to conceptualise urban biodiversity. It
comprises an extensive literature review, treated philosophically.

Paper III is based on two studies, both using GIS. The Lund study is based on
large units, roughly equalling districts or blocks, while the Eslov study is based on
visually homogenous units (‘patches’), identified from an aerial photograph. The
concept of functional groups, used to characterise the patches, is exemplified by
groups of vascular plants registered on-site.

Paper IV and V are both based on semantic environmental assessments of envi-
ronments made by groups of participants. In paper IV participants were recruited
from students and ecology researchers who made assessments on-site, while in
paper V participants were recruited via the Internet and made assessments from
photographs, also via the Internet. Results from the studies were treated statisti-
cally and an index for biodiversity experience was created and evaluated.

For more details on methods, see below or in the respective papers.

Biodiversity as an integrated part of a multi-
functional urban project (Paper I)

In paper I, the process and general results of a project aiming at a multifunctional
stormwater detention facility, the Toftands Wetland Park, is described. The project
was an attempt to join forces between vegetation science, limnology, landscape
aesthetics, local planning and technical stormwater solutions. The aims of the pro-
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ject were summarised as a number of functions that the facility was supposed to
provide in the long term. The four main functions were

e  Hydrological function. This is the basic function of a stormwater detention
facility, i.e. regulation of water flows. Regular measurements of water flow
and water level were made.

e  Water quality function. The site was designed to retain nutrients from agricul-
tural drainage water, and heavy metals from stormwater. The water was
slowed down and pollutants taken care of through sedimentation ponds and
uptake in the vegetation. Sediments and vegetation were scheduled for re-
moval according to a management plan. Since the basin floor was more or
less regularly flooded, soil samples from the different zones were analysed
for nutrients, organic content and heavy metals. Water samples were from the
inlet and outlet were analysed for nitrogen and phosphorus.

e  Habitat function. This summarises actions and observations aimed at biodi-
versity, i.e. the facility as habitat for spontaneous and introduced plants, and
hence a potential habitat for wildlife animals — primarily birds, amphibians
and invertebrates, but also mammals and fish. The dry and wet parts of the
area (everything except open water) were sown with a very broad selection of
seeds considered suitable for the local geological and climate conditions. The
parts with open water were left for spontaneous development. The plant com-
munity was thoroughly monitored during a five-year period, and then ana-
lysed and evaluated. The animal community was also registered during the
period, although less ambitiously. Apart from species diversity, biomass dry
weight was measured in the different zones.

e  Amenity function. Since the facility was placed within a residential area, it
was supposed to function as a local park. However, this issue was never fully
investigated and the residents were never asked for their opinions regarding
the facility. Parts of the area were intentionally difficult to access to spare the
wildlife. The more accessible parts of the area were occasionally used as an
excursion site for school classes.

The Toftands project can be regarded as a test project for integrating biodiversity
considerations in urban planning, although as an isolated project. As such, it was
successful, since co-operation among the involved parties worked well and proved
that making substantial contributions to local biodiversity could be made in com-
bination with other functions. It also served as a starting point for more principal
ideas regarding the position of biodiversity in the urban landscape.

Biological diversity — what is it and how can it
be estimated (Papers II and I1I)?

Possibly, the expression ‘biological diversity’ was originally developed as an in-
tuitive and visual concept, probably primarily within nature conservation, and later
definitions have been more or less successful attempts to formalise this. In Paper
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II, the various problems and aspects of biological diversity are discussed. The pa-
per addresses moral/ethical approaches to biodiversity, its scalability, influences
from different views of nature, and views of man’s position vis-a-vis biodiversity,
i.e. whether man should be considered a part of biodiversity or be kept out of it.
The paper deals with the position of ‘biodiversity’ in the everyday language, and
suggests common ways to treat it as a more holistic concept, since it is used in a
number of rather different ways. The holistic approach is an attempt to respond to
the need for reconciliation in an arena where ‘biodiversity’ needs to be addressed
in an operational sense.

‘Biological diversity’ was given its current meaning within the American con-
servation movement in the beginning of the 1980’s. Although the diversity of life
had been discussed many times and in many ways before that, it was now pre-
sented as a seemingly quantitative measurement with the unified conservation
movement to back it up.

Even though expressions like variation and diversity within species (from the
UNEP definition) implies that this is a quantifiable, measurable entity, it is soon
realised that it is impossible to measure all life forms, even in a very limited area.
Thus, limitations are unavoidable, and depend on a number of factors such as the
investigated area, the competence of the researchers, the economic and temporal
limits of the project, etc. A relevant question is how well the conducted investiga-
tion represents the intended biodiversity. There are probably occasions when the
results can be regarded as representative for biodiversity, but it is difficult to be
certain, and more difficult the narrower the sample is.

For example, making statements about biodiversity based on bird fauna data
alone would be less reliable than if bird and vegetation data were used together.
However, it is less clear if it is better to choose birds instead of vegetation as ‘bio-
diversity representatives’ or vice versa, because that requires an estimation of how
well the other group (and all other groups of organisms present in the current
study area) is represented. In other words, how well do birds (or vascular plants
etc.) as a group function as indicators of biodiversity? This could be narrowed
down further, even to single species, in which case they are called ‘indicator spe-
cies’, ‘umbrella species’, ‘keystone species’, ‘flagship species’, or ‘focal species’,
depending on their function (Lambeck, 1997; Simberloff, 1998).

Such species are, in different ways, considered more important to biodiversity
than others, or at least more informative. This can be generalised to comprise all
species, i.e. all species are more or less unequal in a biodiversity context (Harper
& Hawksworth, 1994) depending on factors such as:

e FEcology. Connections between species lead to dependencies, not always
equal or even mutual. Species that many other species depend on could be
considered ‘weightier’ than the dependant species, with keystone species as
the ‘weightiest’. A tree, for example, would be more ‘important’ than the
parasites and epiphytes living in it.

e Taxonomy. It can be assumed that taxonomically isolated species have more
unique genes than those with close relatives, e.g. ‘living fossils’. These are
extreme examples, since they are often the only surviving representatives of
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high-level taxa, e.g. phyla, classes or orders. The same principle is, however,
applicable at all taxonomic levels, where species with few relatives can be
said to contribute more to biodiversity than those with many relatives.

e  Utility — affection. This may be controversial, and could perhaps be consid-
ered a variant of ecological weighting. It comprises species that in one way or
other induce human actions. Such actions can be to protect them (e.g. ‘flag-
ship species’ — species that evoke particularly protective measures) or to fa-
vour them in other ways, e.g. through cultivation. Many cultivated species
would not survive without protection. It could also be the other way around,
with man acting to reduce species that are regarded as threatening, competi-
tive, annoying, or simply misplaced. We may thus consider man as a particu-
larly important ‘keystone species’. A species that humans consider friend or
foe will have a different effect on biodiversity than otherwise.

However, as has been mentioned before, the narrower the sample, the more reli-
able it has to be as predictor of biodiversity, i.e. the presence of a certain, single
species should indicate the presence of a fair number of other, specific species,
with some certainty. The American ecologist and researcher Daniel Simberloff has
criticised the mechanical use of single species to represent entire communities
(Simberloff, 1998). According to Simberloff, most single-species concepts are
either too vague or inclined to measure the wrong thing. The only concept he finds
to be of at least potential value is keystone species, i.e. species that affect the pres-
ence of a large number of other species in a very direct manner. Examples are
predators of otherwise dominating species or species that alter the physical condi-
tions of a certain place, e.g. conifers, coral reefs, or grazing sheep. According to
Simberloff, there are still reasons to be cautious, since there may be systems that
simply lack keystone species.

Groups of species characterised by some common functional feature could be
considered a generalisation of keystone species (De Leo & Levin, 1997). Such
groups are usually labelled ‘functional groups’ in the ecological literature and are
generally considered an expression for some ecosystem function (Schulze &
Mooney, 1993). The identification and use of functional groups, as suggested in
paper III, should be a more robust and reliable indicator system than keystone spe-
cies, since the concept as such implies that species are, in some sense, inter-
changeable. Thus, it does not rely solely on a single species, as is the case with the
keystone species approach. An attempt to exemplify the use of functional groups
attached to homogenous areas of urban environment is presented in paper III. A
pilot project to that effect was carried out in parts of Eslov, where homogenous
areas were identified using aerial photos. These areas were then verified on-site
and their biological content estimated by standard ecological techniques for further
analysis to identify a few examples of functional groups. It is suggested that ‘func-
tion’ can be generalised to comprise other than just ecological functions, e.g. cul-
tural, aesthetic or utility functions. Furthermore, it is also implied that the method
should, when fully developed, concentrate on the functional groups directly, in-
stead of as in the study, estimating the species level first.

Paper III also comprises a more general method to map urban biodiversity,
based on earlier, primarily German, hierarchical biotope mapping methods (Su-

14



kopp & Weiler, 1988; Hartwig & Kiichenhoff, 1998; Breuste, 1999; Frey, 1999).
A pilot study from Lund is presented and discussed. The main advantages with
this approach are its high reliability, the speed with which it can be done and its
high ‘codability’ level, i.e. the nomenclature used is common ground to many
people, at least those familiar with Swedish urban environments. Its disadvantages
are that it needs to be calibrated regarding its biological content, because other-
wise the ‘biotopes’ identified are only identified through their administrative prop-
erties, not their biological properties. It is finally suggested that an appropriate
combination of ‘biotope mapping’, ‘patch mapping’ and inventories of ‘functional
groups’ should provide a useful set of methods for urban biodiversity assessments
with demands of reasonable speed and accuracy from an expert angle.

An important conclusion of paper III is that the purpose of the investigation ul-
timately decides how the methods should be approached. To use functional
groups, the function has to be known in advance.

It should also be remembered that this kind of methodology does not provide
guidelines regarding what kind of biodiversity should be preferred. This is a deci-
sion for planners and politicians to make. From an ecological point of view, there
is no ‘right’ or ‘wrong’ biodiversity, just different kinds of biodiversity.

This is in analogy with the general conclusions of paper II, where a holistic atti-
tude towards biodiversity is suggested as the most appropriate, when regarding the
truly integrated nature of urban biodiversity.

The experience of urban biodiversity (Papers IV
and V)

The concept of ‘flagship species’ was mentioned above, i.e. species that evoke
positive reactions with the public (Simberloff, 1998). Hence, it is usually no big
effort to motivate protection for them, unless some other, stronger interest gets in
the way. There are, however, drawbacks with this kind of protective measure. The
argument that a large number of other species are protected as a bonus effect may
be true in some cases, but the benefits are unclear, perhaps trivial and probably
unevenly distributed. Furthermore, if the flagship should become extinct, which is
reasonably likely, since flagships are often large animals in small, sensitive popu-
lations, then the protection disappears for other species as well. There is also a risk
that the protection of the flagship species becomes so expensive or prevailing that
other protective measures are neglected or reduced. In that case, other kinds of
protection might be more efficient.

This could be seen as an argument in favour of an expert view in matters con-
cerning the protection of biological diversity. It is easy to join forces to save a
charismatic flagship species, but views are likely to diverge when less familiar
species are on the conservation agenda. The importance and sensitivity of many
such species can often be assessed only by experts. On the other hand, there are
reasons why the public should be given opportunity to express their views, not
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least since the biological diversity directly affecting the residential areas is treated
in local planning documents with subsequent management of surrounding envi-
ronments.

As stated in paper III, ‘function’ is not necessarily restricted to ecological func-
tion, but could be other kinds of function reflecting values that the public attach to
plants and animals, e.g. aesthetics or health/utility aspects. Kaplan (1990) and
Kaplan et al (1998) suggest that places rich in species are fascinating due to their
content, which can strengthen the ability to concentrate. They may also have a
reviving effect against fatigue and work-related stress. With this in mind, it be-
comes increasingly interesting to study the reaction to biodiversity by urban resi-
dents. An interesting question in that context is whether areas that are established
with the purpose of having a high biodiversity level, also are perceived that way.

One way of capturing the experience of environmental phenomena is by letting
people rate words in a semantic model. The difficulty lies in using words that are
both relevant and interpretable to the participants. The works based on Wittgen-
stein’s analysis of everyday language, particularly the reference of words, may be
a suitable starting-point. Later researchers have identified hierarchic or taxonomic
levels of unambiguous meanings of words, their codability (Hartnack, 1971;
Strawson, 1975; Furberg, 1982), which indicates how clear and distinct a word’s
reference is. The logic of a language depends on how the words are used in a cer-
tain context. Examples of words with low codability are political terms like ‘free-
dom’ or religious like ‘holy’. In the everyday language, when those words are
surrounded by words with high codability, they do have meaning, though. How-
ever, the spoken language is more difficult to follow than the written language,
since it contains cultural references that a foreigner may have problems with de-
tecting (Ricoeur, 1984). When the same person writes down his statements, the
references are generally more comprehensible. According to linguists like Ricoeur
a word or phrase with low codability, e.g. ‘biological diversity’, can be compre-
hended through its use, or by its connection to words with high codability (Straw-
son, 1975; Sigurd, 1983; Ricoeur, 1984). The latter has been utilised by linguists
using multivariate analyses of words with high codability to investigate the con-
tents of conversations and the relations to words with lower codability, but at a
higher philosophical, political, or religious level (Bierschenk & Bierschenk, 1985,
1986).

In 1957, C. E. Osgood presented the idea that loadings of words can be meas-
ured in a scale with a distinct mid-point, e.g. 1-5 or 1-7 (Osgood, Suci & Tan-
nenbaum, 1957). Through such scales, anybody can state to what extent he or she
thinks a word fits a certain phenomenon. Since the beginning of the 1960’s, re-
searchers in environmental psychology like Berlyne (1974) or Wohlwill (1983)
have been using such knowledge to make preference studies. E. H. Zube devel-
oped a way of analysing photos with the aid of Osgood’s scale and multivariate
analyses (e.g. in Zube, Pitt & Anderson, 1974). In the 1970’s, Rikard Kiiller con-
ducted semantic studies using words of high codability, reliability and validity,
which, after multivariate analyses, indicated how the participants perceived diffuse
phenomena such as architectonic completeness, complexity and spatiality. Later,
other researchers have used the same technique (Sorte, 1982; Axelsson Lindgren,
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1990; Grahn, 1991; Berggren-Bérring & Grahn, 1995; Axelsson Lindgren, 1999;
Axelsson Lindgren, Gyllin & Ode, 2002).

In paper IV, a tool to measure the experience of biodiversity (Biodiversity Ex-
perience Index - BEI) is suggested. It is based on visual impressions of environ-
ments and ratings of specific words connected to biodiversity. The method is
based on the semantic environment description method outlined by Kiiller (1972;
1975). A number of words were selected from different semantic tests (Kiiller,
1975; Axelsson Lindgren, 1990; Berggren-Bérring & Grahn, 1995) concerning
architecture, urban environments, parks and nature. The words were selected to
catch the entire scope of biodiversity as well as possible, and through the earlier
works were known to have high codability. The investigation sites were selected
to represent different types of green urban areas, typical for South-Swedish mu-
nicipalities. Results were then analysed by multivariate methods (factor analysis,
cf. Morrison, 1990; Manly, 1994), and the BEI was then based on factor loadings
of the words that were strongest correlated to ‘biological diversity’. The words
used in the final version of the BEI were plant richness, animal richness, wild, and
varied, weighted by their factor loadings.

This instrument was used in the investigation that paper V is based on. To the
data from paper IV, data from a photo-based investigation with digital pictures of
the same sites were added. The purpose of this was partly to find out if photo-
based ratings were comparable with on-site assessments. The results were not en-
tirely conclusive. There were significant differences between on-site and photo-
based assessments for five of the six sites. The general pattern was approximately
the same, however, so it may be possible to reduce differences by choosing more
photos, or more representative photos.

Part of the investigation was designed to address the difference between ‘ex-
perts’ and ‘non-experts’. In the on-site study, six senior researchers in plant ecol-
ogy participated, along with the 96 students representing ‘non-experts’, and in the
Internet study, 36 of the participants had university degrees in biological subjects,
whereas the rest were a mix of different professions and backgrounds.

There were no detectable differences in BEI between biologists and non-
biologists in the Internet study. There were differences in individual words, but the
pattern was difficult to interpret. There were, however, rather distinct differences
for two of the areas in the on-site study. Those two areas were given significantly
higher BEI scores by the ecologists than by the students.

How can this be interpreted? There are two main explanations:

1. Experience. It is reasonable to assume that the experts have acquired an eye
for details that may go unnoticed by non-experts. Ecologists may observe
more species, and the potential the site may have for even more species. Such
details could be difficult to see in a photo. Perhaps more senses than just vi-
sion are involved.

2. Values. Ecologists may be biased by opinions that certain types of environ-
ments should contain more species. There is also a possible scale effect, since
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the ecologist is aware of the uniqueness of a certain environment, and thus
values it higher because of its contribution to biodiversity at a larger scale.

Thus, 1. is based on real, although possibly subconscious, knowledge, whereas 2.
is based on experience-based values.

In the subsequent focus-group interview with the ecologists who had partici-
pated in the on-site study, an inventory of the vascular plants from the two sites
they had judged most different was presented. At first, they were surprised to hear
that the number of species was practically the same, but rather quickly made two
assumptions: The first was that the species of the site they had given the highest
biodiversity rating were more evenly dispersed throughout the area, and hence
were easier to detect and make judgements about. Several species of the other site
were represented by only a few individuals each. The second assumption was that
the highest rated site had a more diverse insect fauna than the other site. This as-
sumption was made from vegetation structure and the age structure of the trees.

In practice, they explained their ratings as a function of intuitive, experience-
based judgements of things they did not have the time or means to actually inves-
tigate. Furthermore, it could be verified that the first assumption was true, since
the inventory also comprised abundance data. Since there were no data concerning
the insect fauna, the second assumption could not be verified. However, it seems
reasonable that the ratings were largely based on knowledge of previous experi-
ences with similar objects.

The study shows that on-site judgements of biodiversity are made differently by
ecologists and non-ecologists, at least if the environments are in some way ex-
treme.

Concluding remarks

It should be stressed that the links to urban planning implied in this thesis are
merely conceptual. It is not the intention of this thesis to suggest concrete ideas or
techniques for planning theory or planning practice, although planners have some-
times been consulted and even participated marginally in some preparatory focus
groups and in the continuous discourse within the research programme. However,
dealing with urban biodiversity inevitably leads to planning considerations, al-
though in this case only as theoretical constructions. Sometimes techniques are
suggested as suitable in a planning situation, but only in the most general terms.
Further tests and studies are needed and should be made before the required plan-
ning tools have been created. The discussion below merely point out a few possi-
ble directions to take and a few pitfalls to avoid.

Biodiversity has sometimes been subjected to extensive publicity, which could
seem like a good thing, but there are drawbacks with too much exposure. Like
other ‘fashions’, it may simply become ‘unfashionable’ and disappear from the
agenda as quickly as it appeared, particularly if there are forces reacting against
the ‘fashion’ and even striving to oppose green initiatives. Urban planning in big
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cities may be particularly sensitive to urbanity ideals, compact cities and other
trends that tend to reduce green open space, and thus biodiversity (cf. Radberg,
1997).

Another possibly adverse effect of biodiversity as ‘fashion’ is uniformity, i.e.
the tendency to adopt standard models for biodiversity, as discussed in paper II,
e.g. exemplified by the use of standard seed mixes for meadow establishment etc.
This could have the extreme effect of increasing species numbers locally, while
decreasing them regionally. While this risk may seem far-fetched, there is defi-
nitely the risk that standard procedures to increase biodiversity sometimes are un-
necessary or at least disproportionately expensive. There is a parallel in the costs
for establishing movement corridors which, according to Simberloff et al (1992),
sometimes are not justifiable in comparison with their benefits.

There is a tendency in recent Swedish urban planning to make isolated biodiver-
sity projects, based on the governmental “Local investment programme” funds
(Ministry of the Environment, 2000; IEH, 2003). This initiative seems like a good
idea, but there are a few points that need addressing. At first, long-term manage-
ment is usually not covered by the funds, which means that it has to be part of the
regular municipal management, and the design of such objects should preferably
be sufficiently robust to endure periods of low budget. In the Toftands case (paper
I), which could be considered such a project, the area is managed according to a
management plan. If this is not done, the intentions of the facility cannot be ful-
filled. The second point is geographical integration. Again, the Toftands facility
may serve as an example, since it is completely separated from the surrounding
park areas regarding purpose, management, vegetation, and visual impression.

The two points illustrate integration in time and space of biodiversity considera-
tions. With the awareness that humans are not the only organisms living in the
cities (Healey, 1997, 164 ff.), and the conception of the city, not as an isolated
entity, but as a constantly changing, dynamic mix of networks (Amin & Thrift,
2002), perhaps new views on urban planning will allow tighter integration of
‘green’ issues to match the notion that biodiversity is not isolated from the city,
but is an integrated part of it.

Some places are suitable for actively favouring a certain type of biodiversity, but
urban biodiversity is a dynamically fluctuating phenomenon at nearly all places in
the city, not least those places that fall between the actively planned areas. The
notion of urban biodiversity as the ‘ambient green’ of the city might be difficult to
put on the planning agenda, but if it could be accomplished, along with a general
understanding of the different aspects of biodiversity according to paper II, urban
planning could become truly ‘green’. The concrete evidence of well being con-
nected to environments with green elements (Kaplan, 1983; Kaplan, Kaplan &
Ryan, 1998; Ulrich, 1999; Grahn & Stigsdotter, 2003) and awareness that people
want variation in their everyday environment (Berggren-Bérring & Grahn, 1995)
may speed up the process.

As stated before, this thesis does not provide answers to the difficult issue of
integrating biodiversity in urban planning, but merely suggests some directions to
take. In paper I, a project is presented that demonstrates that it is possible to inte-
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grate biodiversity considerations with other urban issues, albeit as an isolated pro-
ject, and presents ways of altering biodiversity through directed actions. In paper
I, an attempt is made to conceptualise urban biodiversity and capture it’s use and
understanding. This could serve as a basis for urban biodiversity communication.
In paper III a system for comprehensive, flexible measurement of urban biodiver-
sity is presented as a tool for direct assessments of biodiversity. In paper IV and V,
a way of measuring the perception of biodiversity is presented and tested. This is a
way of making indirect measurements of biodiversity, based on semantic ratings.
Together, the five papers try to provide a possible framework for treating urban
biodiversity in planning and science.

Future research

It seems that a doctoral thesis evokes more questions than have been answered. At
times, it is frustrating to be able to do so little about all the things that can be done.
Perhaps the questions should be considered the most important results of a disser-
tation, since this, at least in some cases, is the starting point for further research.

There is a need for refinement of functional groups as a measurement tool. Al-
though some ideas and a few examples are presented in this thesis, much work
needs to be done before an operative methodology has been reached. The most
important and central functions need to be properly identified and categorised, and
the method needs to be tested in several urban areas in different geographical dis-
tricts with varying ambition levels. Several functional aspects regarding aesthetics,
preference and utility should be compared to the aspects of urban ecosystem func-
tions.

Methods regarding biodiversity experience should also be developed and re-
fined. Investigations should include environments of different complexity, and
more groups of people should be involved, e.g. landscape architects, urban plan-
ners and nature conservationists.
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