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Man is now an urban species, because 
most of the mankind lives in cities. 
In cities, the only thing permanent is 
change. There are several agents of 
change in operation in cities, produc-
ing environmental disturbances at vari-
ous temporal and spatial scales and 
regimes. This affects the living condi-
tions of both man and other urban 
species. This study was an ecological 
stress tests how different urban habi-
tats and species survived the actions of 
the agents of change. 

The disturbances can be divided into 
pulse disturbances and press distur-
bances. In this study, air and water pol-
lution were typical pulse disturbances. 
The ecosystems may have enough 
adaptive capacity to renew and remain 
in a stable state, but they may also shift 
to a new state. The ecosystems that 
maintain their stable state have high 
resilience, but others shift into a new, 
possibly undesirable domain (from the 
perspective of biodiversity conservation 
and ecosystem services).

The pulse of air pollution caused a 
temporary disappearance of urban epi-
phytic lichens in the city of Tampere 
(Finland). After ameliorating the air 
quality, the lichens returned, albeit in 
a reorganised combination of species. 
Thus, the ecosystem showed resilience 
as it was able to recover after the dis-
turbance ended. Enough of external 
ecological memory was available and 
most of the lichens returned after the 
pollution episode was over. 

Within a period of 100 years, water pol-
lution and other disturbances of the 
urban lake of Iidesjärvi (in Tampere) 
caused a shift from one stability do-
main (a clear-water state) to a new do-
main (turbid-water state). This domain 
shift presents a challenge for urban 
environmental management. A dead-
lock situation was created because the 
shift back to the desirable state would 
require excessive technical and eco-
nomic resources. The upstream, non-
polluted lake of Kaukajärvi in the same 
catchment area remained in a clear-
water	 state	 with	 rich	 flora	 of	 elodeids	
and isoetids. The dynamic macrophyte 
species pool (1902–2008) of Iidesjärvi 
consisted of 48 species, some of which 
disappeared temporarily and later re-
turned. The shallow species-rich lakes 
in the region may occasionally experi-
ence species turnover; a species that 
disappears may recolonise later from 
other lakes.  

The gradient paradigm provides a use-
ful basis for studies in cities to quan-
tify the intensity of urbanisation. In the 
present study, a 21 km long string of 
grid cells was established through the 
city of Tampere. The aim of the gradi-
ent study was to examine the distribu-
tion of native and alien plants along 
the	gradient	 line	and	 to	find	 the	most	
important variables, which determine 
the location and abundance of species 
along it. 

The urban forest fragment under study 
(1.27 ha in the city of Tampere) had 
enough adaptive capacity to remain in 
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the same stability domain since it has 
been isolated 120 years ago. The urban 
pressure affected the forest in several 
cumulative ways and domain shift will 
occur in the foreseeable future. A spe-
cial feature of boreal cities is the pres-
ence of remnants of seminatural habi-
tats, mostly forests, close to central 
business districts. As a result, Nordic 
cities are resilient and show remark-
ably low extinction rates of plants.  

The	 urban	 traffic	 corridors	were	 com-
pared with a river corridor on the mu-
nicipal level. Despite their small area, 
the corridors are very rich in species. 
The corridor plants in the City of Van-
taa represented 61 percent of the total 
number of species of the biogeographi-
cal province of Uusimaa. Disturbance 

regimes were the common denominator 
of	the	ecological	profiles	of	traffic	corri-
dors and river corridors. In spite of the 
richness in species, urban corridors are 
not included in the networks of protect-
ed areas.   

The Finnish cities showed a high degree 
of resilience in spite of the concomitant 
actions of several agents of change. 
This was a result of the urban struc-
ture of the Finnish cities. In Finland, 
fragments of original nature of differ-
ent types are embedded in the urban 
structure. 

Keywords: urban ecology, monitor-
ing, disturbance, resilience, ecological 
memory
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1.1. Urban ecology and the 
new paradigm in ecology

In ecology, time and space are intimate-
ly linked (Preston 1960, Haila 2002, 
Haila & Levins 1992). The present en-
vironmental crisis has created demand 
for	 ecologists	 to	 provide	 scientific	 ad-
vice on conservation matters. This ad-
vice	should	be	time-	and	space-specific	
and be backed by ecological theories, 
which need to be exact and predictive 
(Haila 2002).

There has been a paradigm shift in 
ecology over the last decade; the previ-
ous equilibrium assumptions (balance 
of nature) have been rejected and are 
now described as myths (Haila 1990, 
Lomolino 2000, McDonnell 2011). The 
concept of a balance of nature comes 
from the ancient greek philosophers. 
One	 of	 the	 most	 influential	 equilib-
rium theories in modern ecology has 
been the island biogeography theory 
of MacArthur and Wilson (1967). This 
theory	 has	 strongly	 influenced	 sev-
eral	 fields	 of	 ecology	 since	 the	 1960s,	
including conservation biology; for ex-
ample, the idea that “reserves equal is-
lands” surrounded by a “sea” of hostile 
environment to the species in the re-
serves (gilpin & Diamond 1980). 

As Haila (2002) pointed out, this state-
ment of gilpin & Diamond 1980 “can 
be read the other way around: when-
ever the preserves or fragments are not 
surrounded by an ‘inhospitable sea,’ 
the	‘empirical	findings	of	island	biogeo-
graphic theory are not pertinent”. For a 

1. INTRODUCTION

fragment of green space, a city is hardly 
an inhospitable sea, but rich in species 
and novel habitats (Kowarik 2011).

The equilibrium assumptions have 
been replaced by a more dynamic 
“non-equilibrium” paradigm, which ad-
mits the idea of spatial and temporal 
variability driven by non-equilibrium 
processes in various scales.  This ap-
proach emphasises human activities as 
important agents of change (Pickett & 
McDonnell 1993).  Another important 
feature, in addition to the stability pro-
posed by the equilibrium assumptions, 
is resilience, an ecosystem’s ability to 
withstand disturbance without passing 
to a new stable state or stability domain 
(Holling 1973, Folke et al. 2004, Folke 
2006, Walker et al. 2006). 

The new non-equilibrium paradigm in 
ecology enhances the multidisciplinar-
ity of urban ecology and allows the in-
clusion of humans as a component in 
urban ecology as well as in ecology in 
general (McDonnell 2011). Urban ecol-
ogy may also be regarded as “data-
intensive science” in which new and 
surprising patterns can be discovered 
using new data-driven approaches (Kel-
ling et al. 2009). 

Interactions between space and time 
provide the bases of this study. As 
Preston (1960) stated, “Since space and 
time are coexistent, it seems philosoph-
ically unlikely that cause is limited to 
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one and effect to the other. Indeed we 
are all aware that the effect, the change 
of species, is seen in time as well as in 
space”. 

Urban ecology is a multidisciplinary 
field	of	research.	It	integrates	both	ba-
sic (that is, fundamental) and applied 
(that is, problem-oriented) natural and 
social science research to explore and 
elucidate the multiple dimensions of 
urban ecosystems (McDonnell 2011). 
Urban ecology may be divided into two 
components: ecology “in” the city and 
ecology “of” the city. 

Modern cities can be seen as huge eco-
logical test laboratories or unplanned 
experiments, the result of which are 
still poorly known. More information 
is needed regarding the basic ecologi-
cal patterns and processes in cities 
(ecology “in” cities), and also about the 
ecology “of” cities (Niemelä et al. 2011). 
The ecology of cities includes the inter-
actions between social and ecological 
systems in an urban framework. Cit-
ies must respond to the new and partly 
unknown challenges of global change 
(grimm et al. 2008). 

Meanwhile, a comprehensive theoreti-
cal framework of urban ecology is still 
in the making; a more “step-by-step” 
approach may be useful. It is not always 
possible to indicate where an individ-
ual	study	can	“fit”	 into	 the	 theoretical	
framework.	 Specific,	 well-understood	
case studies may have more general 
relevance. These so-called “analogue 
models” may suggest important aspects 
and processes of urban ecology that de-
serve particular attention and may be 
generalised in other situations (Haila 

2002). An analogue model may be re-
garded as real-life model of a theoreti-
cal idea (Haila and Dyke 2006). Later, 
the	studies	may	be	fitted	into	ecological	
theory, which will be “exact and predic-
tive”. This is an especially useful and 
pragmatic approach in ever-changing 
cities. 

Cities are rich complexes of human-in-
duced and naturally occurring process-
es (Haila 1999, Niemelä 1999, Kowarik 
2011, Niemelä et al. 2011). The urban 
habitat is the most rapidly expanding 
habitat around the world. Now that man 
has become an urban species, urban 
ecology	 has	 become	 a	 significant	 field	
of science (McDonnell 2011). In 1900, 
a mere 10 percent of the total world’s 
population	was	urban.	Today,	that	fig-
ure exceeds 50 percent and is still in-
creasing (grimm et al. 2008, United 
Nations 2010). Man shares the urban 
environment with thousands of other 
species, which form a complex network 
of interactions (Clucas et al. 2011). Ur-
banisation is a major global trend and 
the survival of animal and plant species 
in urban conditions is a highly relevant 
question. The interactions are ecologi-
cal, physical and social, and render the 
cities as socio-ecosystems in the sense 
of grimm et al. (2008). As a result, the 
urban landscape is dynamic and highly 
heterogeneous, with interactions that 
are both spatial and temporal. 

The spatially focused approach of 
patch dynamics is well suited to frag-
mented urban landscapes. In the city 
of Tampere, for example (pop. 220,000, 
area 127.4 km²), there are 3400 habi-
tat patches (of homogenous land use) 
(Ranta & Rahkonen 2008, Ranta 2011). 
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An average of 2500 building permits is 
granted in Tampere each year, which 
usually creates increased fragmenta-
tion and disturbance.

Most of the studies on urban ecology 
have been made in the temperate zone. 
Compared to other cities around the 
world, the cities of the boreal zone are 
relatively small and young. The largest 
cities in the boreal zone in the eastern 
part of Fennoscandia are Petrozavodsk 
(pop. 270,000) (the capital of the Re-
public of Karelia (Russia)) and Tampere 
(pop. 220,000) in Finland. 

The structure of boreal cities is rela-
tively dispersed compared with more 
southern and older cities (Kasanko et 
al. 2006). Antipina (2003) described 
cities in Russian Karelia, in the boreal 
vegetation zone, as follows: “Karelian 
cities are unique in several respects: 
they are situated on the shores of lakes 
and rivers, surrounded by forests, and 
are ‘blended’ with the natural environ-
ment; and patches of natural (mainly 
forest, coastal and aquatic) vegetation 
are preserved within them. This favours 
maintenance of populations of entirely 
nonurban forest, bog, and coastal abo-
riginal plant species.” This description 
also applies to the Finnish cities only 
a few hundred kilometres to the west. 

The unique structure of the cities in the 
boreal zone has several ecological con-
sequences. For instance, native species 
are found abundantly in the centre of 
Finnish cities because patches of the 
surrounding matrix vegetation (usually 
coniferous forest) occur near the dense-
ly built business centres. 

These structural features explain the 
favourable situation in the conserva-
tion of urban biodiversity in boreal cit-
ies. The cities of the boreal zone have 
resisted the loss of biodiversity bet-
ter than their temperate counterparts 
(Ranta & Viljanen 2011, Hahs et al. 
2009). In the management of urban 
forests, conservation and recreation 
prevail over timber production. This 
means that the proportion of old forest 
stands will increase in the forests of bo-
real cities (gundersen et al. 2005). 

1.2. Plants and disturbance
Disturbance is a key factor in urban 
landscapes. Expanding cities are in a 
constant state of change in their ur-
ban and exurban zones (Zipperer et al. 
2000). The relationship between ur-
ban organisms and disturbance is not 
straightforward.	 Some	 species	 benefit	
from disturbance while others suffer 
from it; some species are well adapted 
to cities and others are not. The well-
adapted species can be divided into 
synanthropic ones, which live exclu-
sively with humans, and hemerobic 
ones,	 which	 prefer	 human	 influence.	
In relation to cities, vascular plants are 
traditionally	 classified	 as	 urbanophil-
ous and urbanophobic species (Wittig 
et al. 1985, Wittig 1991, Sukopp et al. 
1990). 

grime’s theory on plant strategies (the 
CSR triangle theory) is a wide-ranging 
theory in plant ecology (grime 1979,Wil-
son and Lee, 2000). The three plant 
strategies are competitor (C), stress tol-
erator (S) and ruderal (R). The propor-
tion of species with different strategies 
is likely to change within vegetation in 
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response to changing land use distur-
bance) (Hodgson, 1991). Plants with 
the same life strategy respond similarly 
to certain ecological conditions and will 
aggregate at a scale at which the eco-
logical conditions are similar (Massant 
et al., 2009). Ruderals (R) are plant spe-
cies that prosper in situations of high-
intensity disturbance and low-intensity 
stress.

Another way to classify plant species 
is according to their tolerance to urban 
disturbances. Species can be grouped 
as urban exploiters, adapters and avoi-
ders. The group determines the location 
of each species along the urban-rural 
gradient. Exploiters are most abundant 
in the city centre.  

1.3. Resilience of urban  
ecosystems

In ecology, the term “resilience” is used 
in different contexts and has several 
meanings (Brand and Jax 2007). A re-
view	 of	 definitions	 was	 published	 by	
Carpenter et al. (2001). The term “resil-
ience” is also widely used in social sci-
ences and business studies (e.g., Koti-
lainen & Eisto 2010). 

The constant changes in urban areas 
test the ability of urban ecosystems to 
respond and maintain their stability, 
where	 stability	 is	 defined	 as	 the	 re-
turn of a system to equilibrium (Holling 
1973).	Resilience	can	be	defined	as	the	
ability to absorb changes and return 
to the former equilibrium state or re-
organise itself. Natural ecosystems sys-
tems may have a high capacity to ab-
sorb changes, but when certain limits 
are passed, the system can no longer 

return to its former state and must in-
stead change to a different condition 
or system state. This new state may be 
undesirable from a human perspective 
but may nevertheless be highly resil-
ient. This may lead to problems in prac-
tical management situations, where the 
objective is to reverse the undesirable 
state. 

Recently, the system theoretical stud-
ies on socioecology have become more 
popular. The social and ecological sys-
tems are closely connected and study-
ing them separately is not meaningful. 
Human activities affect all ecosystems 
so much that they must be taken into 
account both in research and policy 
making (Folke 2006). 

The approach of the interaction of eco-
systems and social systems is called 
“resilience thinking” (Walker & Salt 
2006). The central concept in resilience 
thinking is socioecological systems. 
This refers to the comprehensive total 
system that evolved from the adapta-
tion between natural ecosystems and 
the social systems of man, which tries 
to adapt to different spatiotemporal 
disturbances, both ecological and so-
cioeonomic (Scheffer et al. 2002). 

A central idea in resilience thinking is 
the assumption that the socioecological 
systems are constantly changing (Walk-
er & Salt 2006) and that their develop-
ment is directed by poorly predictable 
disturbances. 

Ecological memory is an essential part 
of resilience (gunderson 2000). The 
more ecological memory an ecosystem 
has, the more resilient it will be. After 
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a disturbance, some of the legacies of 
the undisturbed ecosystem will persist 
and function as starting points for the 
reorganisation and recovery of the eco-
system (internal ecological memory). 
If these legacies are lost, mobile links 
from an undisturbed support area may 
help recolonise the disturbed site (ex-
ternal ecological memory) (Lundberg & 
Moberg 2002). 

The external ecological memory is par-
ticularly important in urban conditions, 
where habitat loss is the rule and the 
ecosystems are more or less disturbed. 
The remaining fragments of undistubed 
ecosystems may serve as pockets of ec-
ological memory for future restoration.

1.4.  The aim of the thesis
The aim of this thesis is to study how 
urban ecosystems respond to distur-
bances and maintain their resilience. 
More	 specifically,	 the	 study	uses	 case	
studies to explore human-induced ur-
ban disturbances and disturbance re-
gimes at various temporal and spatial 
scales (temporal studies I, II and III; 
spatial studies IV and V) and the eco-
logical resilience in connection with 
these case studies. The response to 
urban disturbance is further analysed 
spatially by urban gradient analysis 
(IV)	and,	finally,	the	importance	of	dis-
turbance dependent urban ecosystems 
for biodiversity on urban municipal lev-
el is evaluated. 

Studies I–III hypothesise the distur-
bances can also be seen in urban eco-
systems as pulse or press disturbanc-
es. The concept of ecological memory 
may be applied in cities and contrib-

utes to ecological resilience. Naturally, 
the three selected case studies repre-
sent only a small fraction of all ongoing 
urban processes and disturbances. The 
three case studies may also be seen as 
test cases of how well urban ecosys-
tems resist disturbances and recover 
from them. 

1.5.  Temporal studies
It	 can	be	 difficult	 to	 do	 anything	 in	 a	
city without it affecting biodiversity in 
some way. The agents of change usu-
ally overlap, both temporally and spa-
tially. From the temporal point of view, 
some of the changes are episodic, but 
others are long-term. 

These three case studies were selected 
because they coincide, both temporally 
and spatially. The fundamental agent 
of change is the same in cases I (epi-
phytic lichens and air pollution) and II 
(water pollution). The economic boom 
in Finland after World War II, and spe-
cifically	the	so-called	“Korean	conjunc-
ture” of 1951–1952, favoured economi-
cally Finnish industries: paper, pulp, 
sawmill and metallurgic industries, all 
of which were represented in the city 
of Tampere, one of the main industrial 
cities in Finland (Hjerppe 1989). The 
increased industrial volume also meant 
an increase in pollution and garbage. 

Environmental legislation at that time 
was poorly developed and pollution 
could continue uncontrolled for years, 
even decades. The pollution partly con-
sisted of emissions to the urban atmos-
phere (sulphur dioxide). It was very 
harmful for the environment, materials 
and human health (I). Correspondingly, 
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the economic boom years affected nu-
merous lakes, both large and small, in 
Finland. For example, Lake Iidesjärvi 
in Tampere was heavily polluted. Nu-
trients from untreated sewage, heavy 
metals and PCB accumulated in the 
bottom sediments of Lake Iidesjärvi.

Case study IIII (isolated urban forest 
fragment) is connected with the early 
industrialisation of Tampere. The ar-
rival of the railway to Tampere in 1876 
was important for the local industries 
as the Finnish railways were directly 
connected with the capital of the Rus-
sian empire, St. Petersburg. The new 
railway station was built in the village 
of Kyttälä, which still belonged to the 
rural municipality of Messukylä. Af-
ter the annexation of Kyttälä village in 
1877, the irregular working-class set-
tlement of the village was demolished. 
Part of the annexed land was used to 
establish a new cemetery on the Kale-
vanharju esker in 1880. However, the 
increase in the urban population made 
it	 necessary	 to	 find	 a	 place	 for	 a	 new	
municipal cemetery. The new cemetery 
fragmented the uniform pine forest on 
the esker; much of the habitat was lost, 
but some remained as isolated forest 
fragments. One of these fragments is 
the Teerenpuisto urban forest (III).                                                                                      

1.5.1. Response of epiphytic lichens 
to air pollution in the city of 
Tampere, Finland (I).

Cities use many chemicals, such as 
herbicides, pesticides and fertilisers, 
while most factories and power plants 
produce various types of emissions. 
Very few of the chemicals have wide-
spread effects on biodiversity. However, 

air pollutants may be responsible for 
extensive changes on biodiversity. A 
well-documented example is acid rain, 
which affected both forests and lakes 
across large parts of Europe (Kauppi et 
al. 1990). Case study I concerns urban 
air pollution. The Air Protection Act was 
introduced in Finland in 1995 and new 
national guidelines with limit values 
were issued in 1996 (Kukkonen et al. 
1999). Nowadays, the quality of air is 
well monitored and regulated by differ-
ent legal instruments. At the Europe-
an Union level, the Commission to the 
Council and European Parliament de-
cided to improve community environ-
mental legislation, and prepared a The-
matic Strategy on Air Pollution COM 
446 (2005). On the national level, Fin-
land’s air pollution control policies aim 
to maintain high air quality, in order to 
preserve healthy and pleasant residen-
tial environments and viable natural 
ecosystems (Suomen ympäristö 2002).   

In the 1960s and 1970s, air pollution 
control was not a national priority, 
despite the damage to forests, human 
health and materials. One of the most 
damaging pollutants was SO

2
, which 

originated mostly from energy produc-
tion and industry (Statistics Finland 
1996). The air pollution problem in the 
1960s and 1970s was especially severe 
in industrial cities like Tampere. 
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Fig. 1. Yearly mean SO
2
-concentrations (μg/m3) in Tampere (Central Square observation station).

The sensitiveness of lichens to air pol-
lution was observed as early as the 
1860s, when the Finnish lichenologist 
William	 Nylander	 was	 one	 of	 the	 first	
to conclude that luxuriant lichens in-
dicate the purity of air (Nylander 1866). 
Lichens were recognised as being very 
sensitive to air pollution. 

In the early 1900s, the decline of ur-
ban lichens was attributed to soot from 
coal burning. Much later, sulphur di-
oxide was recognised as the principal 
toxic agent. Lichens are well suited as 
biological indicators for monitoring en-
vironmental quality, for two main rea-
sons. Firstly, lichens are sensitive to 
pollutants, which can be measured by 
their performance. Secondly, lichens 
have an exceptional ability to accumu-
late chemicals, which can be directly 
measured (gries 1996, van Dobben et 
al. 2001, Conti & Cecchetti 2001).

Once the disappearance of lichens 
from cities had been recognised, sys-

tematic urban mapping studies began. 
Sernander (1926) recognised a “lichen 
desert” in the centre of Stockholm, with 
tree trunks bare of lichens. Outside the 
centre, poorly colonised trees belonged 
to the “struggle zone” and outside the 
city was the start of the “normal zone”. 
A similar study was conducted in Hel-
sinki by Vaarna (1934) and later in 
Tampere (Sahrakorpi 1967). 

By 1970, sulphur dioxide concentra-
tions in the air could be compared with 
the lichen zones, also on a national 
scale (Hawksworth and Rose 1970). Li-
chen species could be ranked according 
to their sensitivity to sulphur dioxide. 
Some species, such as Usnea spp., Lo-
baria pulmonaria and Ramalina spp., 
are among the most sensitive, while 
Lecanora conizaeoides, Hypogymnia 
physodes and Parmelia sulcata resist 
higher sulphur dioxide concentrations. 

As a response to severe air pollution 
(SO

2
), epiphytic lichens disappeared 
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Fig. 2. Lichen desert in the city of Tampere in the early 1970s (Ranta 1974, Ranta & Rahkonen 2008).

completely from a wide area in the stud-
ied industrial city Tampere, and a “li-
chen desert” was formed (Ranta 1974). 
In the 1970s, the concentrations of SO

2
 

were very high by modern standards; 
on average, about six times higher than 
the present day limit value of 20 μg/m³ 
(Air Quality Directive 2008/50/EY) and 
about	five	times	higher	than	in	Helsinki	
at the same time (Hosiaisluoma 2001).

Damage to forests combined with in-
ternational pressure, forced Finland to 
adopt new strategies to reduce air pol-
lution. These strategies were effective 
and emissions started to decline from 
the early 1970s onwards. This develop-
ment continued so successfully that, 
by the end of century, the lowest de-
tection limit of measuring instruments 
had been reached. 

This development has also been not-
ed in other European cities, such 

as London and Paris, where lichens 
started to recolonise the former lichen 
deserts (Rose & Hawksworth 1981, 
Hawksworth & McManus 1989, Show-
man 1981, gilbert 1992, Seaward & 
Letrouit-galinou 1991, van Dobben & 
de Bakker 1996), and also in Finland 
(Hosiaisluoma 2001). Lichens are high-
ly	versatile	organisms	that	reflect	both	
rising and falling levels of air pollution.

The rapid disappearance of SO
2
 in Tam-

pere created the opportunity to follow 
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up the return of lichens to the former 
lichen desert. Despite several recolo-
nisation studies around the world, the 
recolonisation process itself has not 
been followed up in detail. In Tampere, 
a monitoring system was established to 
follow up on the return of lichens be-
tween 1980 and 2000. 

The aim of the present study is to moni-
tor the recolonisation process over a 
period of 20 years, with air pollution as 
the principal agent of change. 

1.5.2. Response of aquatic mac-
rophytes on eutrofication 
in Lake Iidesjärvi (Tampere, 
Finland): from a rural lake to 
an urban problem (II)

In 1900, Lake Iidesjärvi in Tampere 
was situated in rural surroundings, 
at that time outside the administra-
tive city limits. Encroaching urbanisa-
tion changed Lake Iidesjärvi from being 
largely in a rural area surrounded by 
cultivated	 fields,	 pastures	 and	 mead-
ows, to an urban lake. Only during the 
last few decades has the lake been ap-
preciated as valuable for conservation 
and recreation. Previously, it became 
damaged by waste waters, dumping of 
toxic waste, aggressive road construc-
tion, introduced species and the con-
struction of new settlements close to 
the shore. 

The damage created a deadlock situa-
tion: the rehabilitation of the lake has 
required measures that are too ex-
tensive and expensive to be realised. 
Therefore, the unsatisfactory situation 
continues for local inhabitants. The 
poor quality of the environment does 

not permit any possibilities for popular 
recreation apart from skiing and skat-
ing on the ice.

Lake Iidesjärvi can be considered as a 
local hotspot for biodiversity, as it con-
tains aquatic plants, birds and insects 
(Ranta & Rahkonen 2008) with several 
rare and endangered species included. 
The focus of the present study is on 
changes in aquatic macrophytes dur-
ing the 1900s. 

The oldest information comes from 
1902. Since then, the macrophytes 
have been regularly surveyed. In the 
case of Iidesjärvi, the agents of change 
that have had the greatest impact on 
the diversity of aquatic macrophytes 
are	the	eutroficating	wastewaters,	land-
fill	 on	 the	 shore	 (in	 operation	 1929–
1959), construction of a two-lane road 
across	an	ecologically	valuable	flooded	
meadow in 1975, and construction of 
new settlements on the shores. Some of 
these projects would hardly be possible 
now that Finland has joined the Euro-
pean Union and has to apply European 
environmental standards. 

The sediment analysis reveals that Lake 
Iidesjärvi was highly productive lake 
before major human settlement in the 
area (Alhonen 1981, Vuorinen, Uusi-
noka & Alhonen 1983). Despite some 
efforts to improve the quality of the 
lake, severe blue-green algae blooms 
occur every year. The state of the lake 
reflects	the	past,	and	the	internal	load-
ing of nutrients from the sediments 
keeps the water quality poor. 

The aim of the present study is to 
evaluate the response of aquatic mac-
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rophytes to the agents of change that 
have affected the lake over the last 100 
years. 

1.5.3. Urban forest fragment: resist-
ance against urban pressure 
(III)

The fragmentation of forests is one of 
the main threats to biodiversity around 
the world (Haila 2002). generally 
speaking, urban habitats, including 
forests, are fragmented because of ex-
panding urban development (godefroid 
& Koedam 2001). According to ecologi-
cal theory, small urban forest remnants 
will have a rather ominous future, with 
a loss of species, invasion of aliens and 
other overwhelming agents of change, 
which can be summarised as “urban 
pressure” (Ode & Fry 2006, Hamberg 
et al. 2010). This urban pressure in-
cludes such agents as the invasion of 
alien species, trampling, dog walking, 
forest management practices, urban 
heat island and propagule pressure 
from surrounding urban habitats. The 
aim of the present study is to monitor 
the effects of all the concomitant agents 
of change in an urban forest fragment 
over a period of 20 years.

The study of urban forest fragments 
must consider several important fac-
tors, such as fragment size, shape, age 
and degree of disturbance (Ross et al. 
2002). Size, shape and age are con-
stants, while time is the variable. One 
central question concerns the fate of a 
small, isolated urban forest fragment 
and urban forests in general. To what 
extent will predictions of the ecological 
theory come true and how this can be 
applied in urban forestry? Species re-

laxation, relations between native and 
non-native	 species,	 eutrofication	 and	
edge effects could be monitored over 
100 years after the forest patch was es-
tablished by fragmentation. 

The study area, the Teerenpuisto for-
est, is relatively well suited to this type 
of study because it has long forest con-
tinuity (hundreds of years) and it has 
escaped major disturbances like burn-
ing and clearing of agricultural land. 
Teerenpuisto was saved from modern 
urban development by the steepness of 
the esker slope. Disturbance level may 
be considered moderate, because the 
local neighbourhood is mostly detached 
houses. Human movement in the area 
has been channelled into a walkway at 
the edge of the forest. This case study 
can also be regarded as a spatial study 
because the spatial distribution inside 
the fragment is considered. 

1.6. Spatial studies 
Spatial and temporal heterogeneity 
in cities has both natural and human 
sources (Alberti 2005). Ecological stud-
ies have analysed the relationships be-
tween landscape structure and species 
distributions, movements and persist-
ence. The degree of urbanisation affects 
both the composition and numbers of 
the species. 

Urbanisation causes fragmentation 
and loss of natural habitats and puts 
pressure on the existing natural habi-
tat patches. Some of the habitats are 
completely new, such as parks, gar-
dens and wastelands. Human popu-
lation density is negatively correlated 
with species richness, at least in stud-
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ies	 conducted	 on	 a	 fine	 spatial	 scale,	
but it may be positively correlated in 
studies conducted on a more coarse 
spatial scale (Pautasso 2007). Urbani-
sation usually reduces species richness 
for most biotic communities. However, 
plants are an exception to this pattern: 
plant species richness often increases 
in cities more than in non-urban areas 
(grimm et al. 2008). The native plant 
species usually decrease, but non-na-
tive species increase. This could be due 
to the importation of non-native plants 
for horticultural and landscaping pur-
poses, which occurs at a rate that out-
paces the extinction of native species 
(McKinney 2008).

The spatial part of this thesis includes 
two papers regarding rural-urban gra-
dient and disturbance dependent eco-
systems. The urban-rural gradient is 
a spatial representation of human in-
fluence	and	disturbance	 in	a	city	 (IV).	
Urban	 traffic	 corridors	 are	 the	 most	
widely distributed urban habitats and 
depend on regular human disturbance. 
Urban	 traffic	 corridors	 are	 artificially	
maintained in the early stages of suc-
cession. A city may also have natural 
corridors, such as river corridors. The 
disturbance of river corridors is caused 
by	natural	forces	(floods,	ice	and	flow	of	
debris) (V).

1.6.1. Factors determining plant 
assemblages along a rural-
urban gradient in the city of 
Tampere (IV)

Soon after the gradient paradigm was 
introduced in ecology, it was applied in 
urban ecology (Whittaker 1967, Austin 
1987, McDonnell & Pickett 1990, Mc-

Donnell et al. 1997). It provides a use-
ful basis for studies in spatially vari-
able ecosystems in cities to quantify 
the intensity of urbanisation (McDon-
nell et al. 1997, Mörtberg 2009, Pick-
ett et al. 2009). The gradient approach 
also includes humans and can be ap-
plied internationally in a standardised 
form (Niemelä et al. 2002, Niemelä & 
Kotze 2009). The gradient orders en-
vironmental variability in space, cor-
responding to the structure and func-
tion of ecological systems (McDonnell & 
Pickett 1990). The intensity or degree of 
environmental change determines how 
steep the gradient will be in ecosystem 
structure and function. The gradient 
analysis can be seen as an organising 
tool for research in urban ecology. Cit-
ies have numerous structural features 
that affect the spatial placement of spe-
cies and communities. Environmental 
changes and the response of plants 
along the gradient provide a template 
for further research in urban ecology 
(McDonnell et al. 1997). 

The aim of the present study is to ex-
amine the distribution of native and 
non-native plants along the urban gra-
dient	line	and	to	find	the	most	impor-
tant variables that determine the loca-
tion and abundance of species along it.  

The gradient itself is a 21 km long 
string of grid cells that measure 500 m 
x 500 m. The cells are a part of a com-
prehensive	mapping	of	the	urban	flora	
in the city of Tampere. The cells form a 
straight line from rural surroundings at 
the outer limit of the city (from the east-
ern rural municipality of Kangasala to 
the western town of Nokia through the 
central parts of Tampere). In fact, this 
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gradient is a forest-urban-forest gradi-
ent because the matrix ecosystem out-
side the city is boreal coniferous forest. 

1.6.2. Disturbance dependent urban 
ecosystems: roadside and 
riverside green (V)

In urban ecology, corridors and patch-
es are key elements of the landscape. 
According	to	its	definition,	a	corridor	is	
“a relatively narrow strip of a particular 
type that differs from the areas adja-
cent on both sides” and a patch is “sur-
face area that differs from its surround-
ings in nature or appearance” (Turner 
et al. 2001). Corridors may be natural 
(like river corridors) or man-made (like 
roads, hedgerows, power lines, etc.). In 
ecology, corridors are particularly rel-
evant because of their connectivity be-
tween otherwise isolated habitat patch-
es. (Hobbs 1992). Corridors have been 
seen as tools that mitigate the negative 
impacts of fragmentation and maintain 
viable populations in fragmented eco-
systems. This point of view is attractive 
as habitat fragmentation is regarded 
as one of the major threats to biologi-
cal diversity. This assumption regard-
ing the effectiveness and usefulness of 
conservation corridors (or wildlife cor-
ridors) has had, and continues to have, 
a profound effect on practical planning, 
where increased connectivity is seen 
as an unquestioned paradigm in con-
servation planning and reserve design 
(Hess & Fischer 2001). 

However, both the functionality and 
usefulness of ecological corridors has 
been questioned because of the lack of 
supporting studies. A group of “conser-
vation corridor sceptics” has emerged 

(Beier & Noss 1998), some of whom 
have stated that corridors may serve as 
conduits for pests, diseases, invasive 
species and unwanted predators. The 
discussion continues regarding suit-
able reserve design strategies (Minor & 
Lookingbill 2010, Moilanen et al. 2009). 

Road corridors are probably the most 
widespread corridors in present-day in-
dustrial societies. In the United States, 
road corridors cover approximately 1 
percent of the total land area, and 15–
20 percent of the country is ecologically 
impacted by roads (Forman & Alexan-
der 1998). The road corridors have sev-
eral ecological functions: conduits, bar-
riers, habitats, sources and sinks (Hess 
& Fischer 2001). 

Road corridors serve several functions 
simultaneously. As for people, road 
corridors are conduits for animal and 
plants. The moving vehicles and the air 
turbulence they cause spread the prop-
agules of several plants. This is largely 
the case for railways as well (Carpenter 
1994), so road and rail corridors can be 
categorised	as	“traffic	corridors”.	

Traffic	corridors	also	serve	as	habitats	
in which animals and plants can sur-
vive and reproduce. The value of traf-
fic	corridors	for	conservation	has	been	
well documented (e.g., Auestad et al. 
2011, Tikka et al. 2000, 2001, Speller-
beg 1998, Forman et al. 2003, Vermeu-
len 1994 Vermeulen & Opdam 1995, 
Stottele 1995, Vägverket 1999). On the 
other	hand,	traffic	corridors	function	ef-
fectively as conduits. Several plant spe-
cies arrived in ports and were spread by 
railways to the interior of the country. 
In Finland, this has been documented 
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by Suominen (1969). Several recent in-
vaders to British Isles have used traf-
fic	corridors	for	dispersal	(Abbott	et	al.	
2009, Walker 2007). 

Corridors are often rich in species. In 
the United Kingdom, roadsides con-
tained 870 species of vascular plants 
out	 of	 the	 county’s	 total	 flora	 of	 2000	
species (Way 1977). 

The	present	study	aims	to	treat	traffic	
corridors as habitats and estimate their 
importance for the diversity of vascular 
plants on the municipal level. The cities 
of Vantaa, Kerava and Järvenpää were 
chosen	because	they	are	all	floristically	
mapped.	 The	 results	 from	 traffic	 cor-
ridors can be compared with the com-

prehensive municipal mapping results. 
Most of the roads in Finland are man-
aged by the municipalities, and munici-
pal decisions affect the diversity of road 
corridors. All railways are managed by 
the state. 

The City of Vantaa also has river cor-
ridors. The river Vantaa was compre-
hensively mapped and the results com-
pared with other corridor types and 
with the city as a whole. The basic dif-
ference between the corridor types is 
the	 management:	 traffic	 corridors	 are	
regularly managed by man, but natural 
corridors by more or less regular natu-
ral	forces,	such	as	floods	(Ranta,	Kesu-
lahti, Viljanen and Tanskanen 2012, 
unpublished manuscript). 
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2.1. Temporal studies

2.1.1. Response of epiphytic lichens to air pollution in the city of Tampere, 
Finland 

2. METHODS AND RESULTS

A permanent monitoring system was 
established in 1980. It consists of (1) 
25 study sites mainly in the area of the 
former lichen desert (Fig. 2), (2) six ref-
erence sites outside of the lichen desert 
and further away from the city centre, 
and (3) four sectors in the city centre 
for monitoring all the tree trunks in the 
most polluted area in the city centre 
(Fig.3) and 38 individual trees along the 
main street of Hämeenkatu.

All the permanent study sites were 
monitored in 1980, 1985, 1990 and 
1995.	 	 Every	 site	 consists	 of	 five	 ad-

jacent trees of the same species (Tilia 
x vulgaris). Tilia was selected because 
it is a very common ornamental tree 
along streets and in parks. Only trees 
with perimeters over 50 cm were in-
cluded. Two of the 125 studied trees 
that were lost during the 15-year moni-
toring period were not included in the 
calculations. The same criteria were 
applied to the six reference sites as 
to other sites, including methods and 
monitoring years.

Fig. 3. The 25 permanent monitoring sites (1–25) and the four sectors (A–D) for monitoring the total 
number of colonised tree trunks.
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The six reference sites are situated fur-
ther away from the city centre (Härmälä, 
3.5 km S from Central Square; Rahola, 
6 km W; Pyynikki, 2 km SW; Linnain-
maa, 6 km E; Haihara, 7 km SE and 
Koivistonkylä 3 km SSE).  

The recolonisation process of lichens 
was monitored at four different levels: 
(1) total colonisable surface, (2) study 
site level, (3) individual tree level and 
(4) lichen species level. The total colo-
nisable surface for epiphytic macroli-
chens is the sum of the surface areas 
of all tree trunks in the city. In the four 
monitoring sectors, the presence or 
absence of lichens on the tree trunks 
(from 0 cm to 200 cm) was noted. In the 
study sites, the cover values of lichen 
species were measured on each tree in 
cm² between 0 cm and 200 cm from 
the ground and later calculated as ‰ 
of the total available surface (200 cm 
x perimeter of the tree). The summed 
cover values and trunk surface are-
as were then calculated for the entire 
study site. At the individual tree level 
(the 38 trees along the main street), the 
surface of each tree was divided into 
four zones: upper sides of branches, 
upper trunk, rough surfaces and lower 
trunk. Colonisation of these zones was 
recorded at every tree. The upper sides 
of branches were observed from the 
windows and roofs of buildings or with 
binoculars from the ground. The trees 
were studied in a similar way in 1980, 
1985, 1990 and 1995. At the species 
level, the appearance of each species in 
study sites was noted, together with the 
changes of frequency and cover value 
during the monitoring period.

Before the high sulphur dioxide con-
centrations started to fall in the early 
1970s, a lichen desert of 5 square kilo-
metres was formed in the centre of the 
city of Tampere (Ranta 1974) (Fig. 2). 

The zone of damaged lichens was much 
wider, about 30 square kilometres. The 
recolonisation of lichens had already 
started before the monitoring sites were 
established, and eight species were ob-
served in 1980. The number of spe-
cies increased steadily: 11 in 1985, 19 
in 1990, 21 in 1995 and 22 in 2000. 
Over the same period, the total cover 
of lichens increased from 0.06 percent 
to 10.9 percent. The mean number of 
species increased 10-fold, but the in-
crease on total cover was almost 180 
times higher. The numbers of species 
increased linearly, but cover increased 
exponentially. 

Fig. 4. Increase of the mean number of species 
and cover of lichens on monitoring sites.
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In addition to the quantitative increase, 
qualitative differences could be ob-
served. The recolonising lichens could 
be divided in “early colonisers” and 
“late	colonisers”.	Among	the	first	colo-
nisers were Hypogymnia physodes, Hy-
pocenomyce scalaris and Vulpicida pi-
nastri. Ramalina farinacea, Usnea spp. 
and Bryoria spp. and Evernia prunastri 
belong among the latest colonisers. 

Despite the rapid recovery, there was 
still a considerable difference in spe-
cies richness and total cover of lichens 
between the 25 study sites in the city 
centre and the six reference sites. In 
2000, the study sites had roughly half 
the species number and the total lichen 
cover compared with the reference 
sites. The mean number of species in 
the reference sites increased from 6.8 
in 1980 to 13.8 in 2000. The mean cov-
er increased from 7.8 percent in 1980 
to 19.6 percent in 2000. In both cases, 
the relative increase was much lower 
than in the central monitoring sites. 
This was due to the higher number of 
species to begin with, as only the most 
sensitive species were missing from the 
reference sites in 1980. 

Despite the rapid fall of SO
2
 concen-

trations, the recolonisation had barely 
started by 1980 when the monitoring 
started. There was a lag period of 10 
years before the rapid recolonisation 
started. The recolonisation process did 
not show a spatial pattern, but lichens 
also appeared in the middle of the 
former lichen desert. 

Although lichens reappeared rapidly in 
the former lichen desert, both lichen 
flora	 and	 vegetation	 are	 still	 impover-

ished compared to the reference sites. 
By 2000, the reference sites had twice 
as many species than the city sites and 
twice the average lichen cover. 

Even in the near total absence of SO2, 
lichen recovery seems to take several 
decades. 

2.1.2. Response of aquatic mac-
rophytes on eutrofication 
in Lake Iidesjärvi (Tampere, 
Finland): from a rural lake to 
an urban problem (II)

As an urban, species-rich lake, 
Iidesjärvi has been the object of biologi-
cal observations and research through-
out most of the 20th century. The mate-
rial is widely scattered and only partly 
published. In the beginning, plants and 
insects were collected irregularly for 
private and public collections. During 
the latter part of the century, the local 
scientific	societies	(botany,	entomology	
and ornithology) collected a lot of in-
formation about Iidesjärvi. The results 
have mostly been published in the local 
journals	and	leaflets	of	these	societies.	
Regular environmental monitoring by 
municipal and other authorities started 
at the middle of the 20th century. The 
main objective for monitoring was the 
quality and hygienic state of the water, 
although heavy metal concentrations 
in	fish	were	also	investigated.	Relevant	
information has been found in many 
non-biological sources, such as the ar-
chives of local museums, collections of 
historical photographs, local newspa-
pers and magazines. 
 
Systematic botanical research started 
with	 floristic	 inventories	 in	 the	 1930s	
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(Lehtonen, 1933). Later on, botanical 
studies	focused	on	the	influence	of	dif-
ferent environmental variables like pH 
and nutrients (Perttula 1954, Järnefelt 
1956, Toivonen & Ranta 1976). The fre-
quency and abundance of plants were 
estimated in the same way as in earlier 
studies. Species included in this study 
were vascular aquatic plants, as de-
fined	 by	 Linkola	 (1933).	 Aquatic	mac-
rophytes were divided to growth forms 
according to Toivonen and Huttunen 
(1995).

The comprehensive macrophyte pool of 
Iidesjärvi consists of 48 species. Twen-
ty-two of these were present in all sur-
veys from 1902 to 2008, so they can be 
considered permanent species. 

The number of species in each indicator 
value class is as follows: eutrophy (12), 
meso-eutrophy (14), indifferent (11), ol-

igo-mesotrophy (6) and oligotrophy (0). 
Nine of the species can be regarded as 
dominant on the basis of their frequen-
cies and abundances. The dominant 
species belong to the highest frequen-
cy and abundant classes (Toivonen & 
Ranta 1976). The changes of the domi-
nant species can be explained by the 
hypereutrophy and the introduction 
of an alien species, the muskrat (On-
datra zibethicus). The now-disappeared 
Schoenoplectus lacustris and Equise-
tum fluviatile are favourite foods of the 
muskrat and E. fluviatile suffers from 
overeutrofication	 (Ranta	 &	 Toivonen	
2009). The decrease of elodeids can be 
connected with the increasing turbidity 
of the water. The present hypertrophic 
state of the lake explains the yearly al-
gal blooms in the lake, which greatly 
reduce the ecosystem services that the 
lake might otherwise provide. 

Table 1. Dominant macrophyte species in Iidesjärvi in different surveys. The first number represents 
frequency and the second number indicates abundance (Ranta & Toivonen 2009).
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A special feature of the macrophyte 
flora	 in	 Iidesjärvi	 is	 the	 existence	 of	
so-called “lagoons”. They are separate 
water bodies from the main basin of 
the lake and have a very different wa-
ter quality. The lagoons are springs on 
a sandy bottom that have clear water. 
Algal blooms do not enter the lagoon 
and they are a suitable environment for 
elodeids. Some rare elodeids, such as 
Potamogeton compressus and Callitriche 
hamulata, occur only in these lagoons. 
If the water quality of the lake should 
ever improve, these species of the la-
goons could invade the main basin (ex-
ternal ecological memory). However, the 
internal loading from the bottom sedi-
ments will not permit any improvement 
of water quality if the sediments are not 
removed or isolated. 

The number of observed macrophytes 
was at its highest in the survey of 1947 
(74 percent out of the species pool) and 
lowest in 1991 (58 percent). On the ba-
sis of macrophytes, the state of the lake 
was at its worst in 1991, when practi-
cally all elodeids had disappeared from 
the main basin.

Table 2. Floristic change: dissimilarity index 
(D.I.) between surveys T1 and T2 = nT2 + dT2 / 
tT1 + tT2. nT2 = new species in the T2 survey, 
d T2= disappeared species in the T2 survey, 
tT1 = number of species in the T1 survey, tT2 = 
number of species in the T2 survey.

The changes in the macrophyte com-
munity from 1933 to 1947 (14 years) 
and from 1947 to 1975 (28 years) were 
comparable, but the change from 1975 
to 2003 (28 years) appears to have been 
more dramatic (Table 2). 

Lake Iidesjärvi shows the classic rela-
tionships between disturbance, eco-
logical structure, invasions and extinc-
tions. The anthropogenic disturbance 
(mainly water pollution) exceeded the 
resilience of the lake. The macrophyte 
communities changed and, at the same 
time, the yearly algal blooms (hypertro-
phy) destroyed the living possibilities 
of most isoetids and elodeids. These 
changes led to the invasion of both vas-
cular plants and an alien mammal spe-
cies – the muskrat (Ondatra zibethicus). 
The muskrat consumed the favourite 
food plants Schoenoplectus lacustris 
and Equisetum fluviatile to extinction. 
New plants invaded the vacant habitats 
(Fig. 5). 

Fig. 5 The collapse of Lake Iidesjärvi followed 
this classic model (from Allen, Forys & Holling 
2010).
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2.1.3. Vegetation of an urban forest 
remnant after 120 years of 
fragmentation (III)

The vegetation data for the present 
study was collected from every 5 x 5 m 
grid cell within the forest. A comprehen-
sive systematic grid was used to map 
the plants. The number of grid cells is 
508 and the size of each cell is 5m x 
5m. The total mapping area is 1.27 ha.

Fig. 6. Map of the study area.

Each cell was surveyed twice, in 1980 
(100 years after fragmentation) and 
again in 2000 (120 years after fragmen-
tation). The presence/absence of each 
plant species was noted. No individu-
als were counted. Two data sets were 
formed and the presence of all vascular 
plant species was recorded. Seasonal 
variations are of little importance in the 
sub-xeric forest and one yearly survey 
(carried	out	in	June	and	July)	is	suffi-

cient to gain a comprehensive picture of 
the	flora.	Sub-xeric	forest	does	not	have	
the clear spring aspect of a more herb-
rich forest (Reinikainen et al. 2001).

Firstly, the plants were distinguished 
into two categories with respect to their 
immigration status, which was either 
native (indigenous, 61.9 percent of all 
species in 1980 and 56.7 percent in 
2000) or non-native (aliens, 42.5 per-
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cent of all species in 1980 and 43.3 
percent in 2000) (Hämet-Ahti et al. 
1998). Furthermore, typical coniferous 
forest species (32 species, 23.9 percent 
of all species in 1980 and 20.4 percent 
in	 2000)	 were	 also	 identified	 based	
on	 classification	 in	 Reinikainen	 et	 al.	
(2001), Hotanen et al. (2008) and Kalli-
ola (1973). Secondly, using Ellenberg’s 
indicator values for nitrogen and light 
(Ellenberg 1991), the sum of nitrogen 
and light indicator values was calcu-
lated for each grid cell. Thirdly, species 
were analysed with respect to their CSR 
strategies according to grime (1979, 
2002). The strategy values have been 
collected from the FloraWeb database 
(Bundesamt für Naturschutz 2011).

Three different methods were used to 
study the relationships between the 
groups of origin, indicator values and 
life strategies. All the analyses were 
conducted using SPSS version 13.0. 
Firstly, the different species groups’ 
locations in the forest and its changes 
between 1980 and 2000 were studied 
with the help of thematic maps and by 
paired a two-sample t-test. Secondly, 
regression models for all species groups 
and their changes between 1980 and 
2000 were developed using the edge 
and the pathway distances as explana-
tory variables. 

During the 20-year period, the number 
of native and alien species remained 
remarkably stable. The total number of 
native species increased from 57 to 68 
(1980-2000). Aliens increased from 83 
to 89 during the same period.  The total 
species richness increased from 134 to 
157. 

The average cover (the number of 
grid cells with corresponding species 
present) of native species increased in 
the same period from 13.7 to 14.4, and 
the aliens from 2.0 to 4.2. Despite the 
generally modest increase in alien oc-
currence, some individual species in-
creased considerably; for example, Pi-
nus cembra increased from 27 cells to 
231 cells and Sorbus intermedia from 
77 to 234 cells. At the same time, some 
original species of the pre-fragmented 
forest decreased; for example, Calluna 
vulgaris from 50 to 9 cells (-82 per-
cent), Arctostaphylos uva-ursi from 36 
to 8 cells (-72 percent) and Trientalis 
europaea from 75 to 7 (- 91 percent). 
The native species that increased most 
were typically trees and bushes: Prunus 
padus (+ 200 percent) and Ribes alpi-
num (+231 percent). The spatial distri-
bution of aliens did not change to a 
statistically	significant	degree	over	the	
study period. Although the number of 
aliens increased evenly throughout the 
study area, their share is still very low 
(Figs. 7 and 8). 
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Fig. 7. Distribution pattern of native species in 1980 and 2000. The natives concentrated in 1980 in 
the central part of the forest, but were more evenly distributed in 2000.

Fig. 8. The distribution pattern of alien species in 1980 and 2000. 

Fig. 9. The nitrogen indicators were concentrated along the pathway and the edges. 

Nitrogen and light indicators

Several qualitative differences were 
also detected. Between 1980 and 2000, 
the sum of indicator values (according 
to Ellenberg 1991) for nitrogen (average 
per cell) increased from 40.1 per cell to 
52.8. After 1980, the number of nitro-
gen	 indicators	 decreased	 significantly	
in the central part of the area, in rela-
tion to the edge, because the nitrogen 
input was not directed towards the cen-
tral zone (Fig. 9). 

In 2000, the nitrogen indicator species 
dominated near the pathway and at the 
southern slope of the area. The greater 
the distance to the edge, the lower the 
number of nitrogen indicator species. 
The absolute number of nitrogen indi-
cator species had a positive and statis-
tically	 significant	 correlation	 with	 the	
distance to the edge (-0.272). 
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CSR strategies

The	eutrofication	of	the	study	area	fa-
vours competitors (C-strategists) and 
impairs stress tolerators (S-strategists), 
but has little effect on ruderal strate-
gists (R-strategists). Between 1980 and 
2000, the average value of C-strategists 
per grid cell increased from 3.2 to 3.9 
(Fig. 10). 

Between 1980 and 2000, the average 
number of S-strategists per cell de-

Fig 10. Light indicator values in 1980 and 2000.

Fig. 11. The distribution pattern of C-strategists in 1980–2000.

creased from 5.5 to 4.9 (Fig. 11). gener-
ally speaking, the greater the distance 
to the edge, the higher the number of 
S-strategists. The S-strategists had a 
positive	and	statistically	significant	cor-
relation with both the distance to the 
edge (0.498) and to pathways (0.227). 
The two variables accounted for 31 per-
cent of the variability of the S-strate-
gists in the regression model. 

Fig. 12. The distribution pattern of S-strategists, 1980–2000.
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The spatial distribution of R-strategists 
did	not	change	to	a	statistically	signifi-
cant degree during the study period. R-
strategists showed high numbers near 
the edge and had a negative and sta-
tistically	significant	correlation	with	the	
distance to the edge (-0.514). The two 
independent variables accounted for 27 
percent of the variability of the number 
of R-strategists in the regression model.

2.2. Spatial studies

2.2.1. Vascular plants along an 
urban-rural gradient in the 
city of Tampere, Finland (IV).

The material collected for this study 
is	derived	from	the	comprehensive	flo-
ristic mapping of the city of Tampere 
(Ranta and Rahkonen 2008). The city 
was divided into 596 quadrates of 500 
m x 500 m. Observations of 1239 plant 
species (409 of which were natives) 
were made in the original citywide map-
ping. There were 200,000 observations 
in total. The transect consisted of 42 
mapping cells of the citywide material 
(Fig. 12).

Three different methods were used to 
study the relationships between ur-
banisation and spatial patterns of spe-
cies	richness.	The	first	involved	study-
ing the variation in species along the 
urban-rural gradient with the help of 
graphic diagrams. 

Secondly, in order to capture the effects 
of urbanisation on the native and non-
native species and their numbers and 
percentage, a multiple regression anal-
ysis was conducted. On the basis of the 

reviewed literature, four variables were 
selected to identify urban and rural 
features (see Table 1): (1) Percentage of 
forest land; (2) percentage of detached 
houses; (3) distance to the city centre 
(the cell that represents the city centre 
shows the highest number of retail and 
commercial services, the central busi-
ness district of the city of Tampere); and 
(4) population (log transformation was 
performed on population because of its 
non-normal distribution). The predictor 
variables did not correlate highly with 
each other (the highest correlation be-
tween independent variables was .764 
between the distance to the city centre 
and the percentage of forest land).

Thirdly, in order to examine the rela-
tionships between plant species and 
the urban structure in more detail, the 
variables were studied in relation to the 
proportion of forest land with a simple 
linear regression analysis. In addition, 
the nonlinear relationships between 
the variables were analysed using a 
quadratic model.

A total of 8267 plant observations 
(presence of species in 500×500 cell) 
were made along the entire transect 
(an average of 197 observations per 
quadrate). The share of natives on the 
transect is 44 percent. The group of 
non-natives consists of archaeophytes 
(24.6 percent), ornamentals (6.9 per-
cent), garden escapes (9.7 percent) and 
neophytes (14.2 percent) (Figs. 14 and 
15). 
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Fig. 13. The urban-rural transect (500m × 500m) and human population density  
in the city of Tampere.

Fig. 14. Proportion of forest land along the transect.
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Fig. 15. Absolute number of native and alien plant species along the transect.

The percentage of non-natives exceeds 
the percentage of natives in 26 quad-
rates. The highest difference between 
the percentage of native plant species 
and aliens is approximately 70 percent 
(Fig. 15). 

Fig. 16. The percentage distribution of native and alien plant species along the transect.
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In the regression model, the variables 
account for approximately 30 percent 
of the total variability in the number of 
species among the quadrates (see Ta-
bles 2 and 3). Compared to other vari-
ables, the total number of species has 
the	lowest	coefficient	of	determination;	

this is because the total number of spe-
cies includes a large variety of species. 
The total number of species has a sta-
tistically	significant	correlation	with	the	
percentage of detached houses. This 
high correlation suggests high species 
richness in semi-urban areas. 

Table 5. Simple quadratic regression model (independent variable: proportion of forest land): coef-
ficients of determination (R2), constants, unstandardised regression coefficients.

Fig. 17. Relationships between proportion of forest land and total numbers of all (A), native (B) and 
alien plant species (C).
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The absolute number of natives has a 
positive	and	highly	statistically	signifi-
cant correlation with the percentage 
of detached houses and the distance 
to	 the	 city	 centre	 and	 significant	 cor-
relation with the percentage of forest 
land. The absolute number of natives 
correlates negatively with population. 
The total number of natives shows the 
highest	 coefficient	 of	 determination	
with distance to the city centre. In-
creased distance indicates more forests 
or other habitats that are suitable for 
native species, such as natural lakes 
and shores, brooks, bogs, rocky out-
crops and meadows. Although the na-
tives are basically forest species, the 
distance from the city centre explains 
the number of natives better than the 
share of forested land. These habitats 
are not abundant near the most dense-
ly populated and built-up parts of the 
city. 

The number of natives increases con-
tinuously with the proportion of forest 
land. The linear and quadratic models 
both	show	a	highly	statistically	signifi-
cant relation to the proportion of forest 
land (Table 2). However, the quadratic 
response is stronger, with the curve 
peaking at 50 percent of forest land. 
At the very rural ends of the gradi-
ent, the number of natives represents 
the undisturbed and monotonous na-
ture of coniferous forests. The absolute 
number of natives is similar in the rural 
and suburban areas. Suburban settle-
ment does not necessarily correspond 
to lower numbers of native species in 
Finnish conditions. In Finnish subur-
bia, buildings are like small isolated 
spots in the wide forest and they have 
little effect on general vegetation. In the 

city centre, however, there is very lit-
tle forest or any type of vegetation and, 
consequently, relatively few native spe-
cies.

The percentage of natives has a highly 
statistically	 significant	 relationship	 to	
the distance from the city centre and the 
percentage of forest land, and a nega-
tive relation to population. The percent-
age of natives follows the proportion of 
forest	land	continuously,	which	reflects	
the importance of the forests to the na-
tives (Fig. 16 and Table 2). When the 
proportion of forest land is lower than 
approximately 30 percent, the aliens 
take over. Landscaping of these areas 
has brought ornamentals and other al-
ien plant species to the area.

The four selected variables account for 
as much as 88 percent of the variability 
of the percentage of the alien plant spe-
cies (Table 2). The percentage of alien 
species	 has	 a	 highly	 significant	 nega-
tive relation to the distance from the 
city centre and the percentage of for-
est land. The percentage of aliens has 
a	highly	significant	positive	relation	to	
the population.

The alien species dominate in the most 
urban quadrates (low in forests), but the 
share of alien species drops as forests 
increase (Fig. 16). The decrease in the 
share of forest land results in a linear 
increase in the share of alien species. 
The proportions of natives and aliens 
are inversely related to the proportion 
of forest. The absolute number of non-
natives drops in the very city centre, 
but the percentage of non-natives does 
not (Figs 14 and 15). In the most urban 
areas, only a few habitats are available 
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for any plants, but the non-natives are 
not replaced with the natives either. 

2.2.2. Disturbance dependent urban 
ecosystems: roadside and 
riverside green (V)

Study V consists of two parts: (1) com-
parison	of	traffic	corridor	species	(spe-
cies of road corridors and railway cor-
ridors)	with	 the	whole	urban	floras	 in	
cities of Vantaa, Kerava and Järvenpää 
(Fig. 17), and (2) comparison of urban 
corridors	 (both	 traffic	 and	 river	 corri-
dors)	with	the	entire	urban	flora	at	the	
municipal level in the city of Vantaa. 

The	material	 of	 traffic	 corridors	 is	 de-
rived from the comprehensive study 
of	the	urban	flora	in	the	city	of	Vantaa	
(Ranta & Siitonen 1996). An update of 
the survey was published in 2002 (Met-

sätähti Oy 2002). The cities of Kerava 
and Järvenpää were mapped during 
the 1990s. The survey of the urban 
flora	was	made	using	 the	same	meth-
ods in all cities: systematic mapping 
by grid cells of 1 km² (Fig. 19). The fre-
quency and abundance of each plant 
observed in all grid cells was recorded 
with a habitat code. A system of 34 dif-
ferent habitat codes was used. Five of 
the codes were different types of traf-
fic	corridors	(roads	and	railways).	If	the	
plant	was	observed	in	a	traffic	corridor,	
a corresponding code was used. If the 
plant was observed in different environ-
ment, one or several of the remaining 
29 codes were selected. A single plant 
species could receive several codes ac-
cording to the different habitats where 
it was growing (Figs. 18 and 19, Tables 
6 and 7).

Fig. 18. The study area: cities of Vantaa, Kerava 
and Järvenpää in southern Finland with the main 
railway line.
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Table 6. Main results of the floristic mapping of the cities of Vantaa, Kerava and Järvenpää with traf-
fic corridors.

The River Vantaa was mapped sepa-
rately. The river was divided into one-
kilometre long mapping units (1 km * 
25 m). There are 27 of these mapping 
units inside the city of Vantaa, between 
12 and 34 km from the river mouth (the 
other shore of the river partly belongs to 
Helsinki, the other to Vantaa). The right 
and left banks of the river were mapped 
separately. All plant observations along 
the river were attached with one of 11 
river habitat codes and the estimated 
abundance and frequency values. The 
codes indicate the position of a plant in 
the river corridor (for example, in the 
water,	on	the	shore	below	flood	level	or	
in the riverside forest). The mapping 
of river corridor plants along the River 
Vantaa was completed in 2002.

The total number of corridor species 
(traffic	corridors	and	river	corridors)	in	
Vantaa is 540, which represents 76.1 
percent	of	Vantaa’s	total	flora.	The	flora	
of the biogeographical province of Uusi-
maa consists of 880 species (Lahti et 
al. 1988), 61 percent of which have oc-

currences in corridors of Vantaa. The 
total estimated area of all corridors in 
Vantaa is approximately 653.4 ha (2.7 
percent of the city area of 240.4 km²). 

A general description of the city of Van-
taa	and	its	traffic	corridors	is	presented	
in Article V. The River Vantaa is 99 km 
long and disembogues in the gulf of 
Finland in the Baltic Sea. It stretches 
37 km within the city of Vantaa (Fig. 
18).
The total number of river corridor plant 
records in the study area (species x 1 
km unit x habitat code) was 6650. A to-
tal of 339 species were observed in the 
river corridor inside the city of Vantaa 
(508 species along the entire 99 km-
long corridor. The estimated total area 
of the corridors will be 189 ha (river cor-
ridors)	and	464.4	ha	(traffic	corridors).	
The corridors are among the smallest 
habitat types in the city.

A comparison of the frequency distribu-
tions between corridor plants and non-
corridor plants produces a clear dif-
ference. Corridor plants show bimodal 
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Fig. 19. Map of the study area: city of Vantaa with the River Vantaa, main highways and railways.

Fig. 20. The grid cells in the comprehensive urban floristic mapping. Each of the 246 cells is 1 km x 
1 km. The white area in the middle of the city is the Helsinki-Vantaa airport (not mapped). Numbers 
indicate coordinates in the used coordinate system. Similar grid cell systems were used in the cities 
of Kerava and Järvenpää.
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Table 7. Ecological profiles of the different species groups in Vantaa. RC = river corridor, TC = traffic 
corridors and NC = non- corridor (Ranta 2008). Variables: total habitat codes are the sum of habitat 
codes attached to each species in the citywide material. Total cells: the sum of the cells (1 km²) 
where the species has been observed in the citywide mapping.

U-shaped frequency curves (Fig. 20 and 
21), while non-corridor plants show a 
unimodal L-shaped frequency curve 
(Fig. 22).
A total of 540 species of vascular plants 
(76.1 percent of all the plants in Van-

taa) have occurrences in corridors. By 
way of comparison, only 262 species 
have occurrences in herb-rich forests, 
the most productive and species-rich 
forest type in Finland (Ranta and Siito-
nen 1996). Corridor species represent a 

Fig. 21. Frequency distribution 
of river corridor plants (RC). The 
frequencies of each species are 
derived from the comprehensive 
mapping of the city of Vantaa 
(intervals of 10 percent).

Fig. 22. Frequency distribution of 
traffic corridor plants (TC). The 
frequencies of each species are 
derived from the comprehensive 
mapping of the city of Vantaa 
(intervals of 10 percent).
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Fig 23. Frequency distribution 
of plants without occurrences in 
any corridor (NC), non-corridor 
species. The frequencies of each 
species are derived from the com-
prehensive mapping of the city of 
Vantaa (intervals of 10 percent).

dominant share of the available species 
pool of the city. 

There are 800 established vascular 
plant species in the biogeographical 
province of Uusimaa (Lahti et al. 1988), 
61 percent of these species  occur 
in the corridors of the city of Vantaa. 
Three hundred and thirty species have 
occurrences	 both	 in	 traffic	 and	 river	
corridors. 

Table 8. Plant strategy types of different 
species groups (river corridors, traffic cor-
ridors and not in corridors) and all species in 
Vantaa. Percentages of all species. Strategy 
types as follows: C = competitor, S = stress-
tolerator, SR = stress-tolerant ruderal, SC 
= stress-tolerant competitor, R = ruderal, 
CSR = CSR strategist, CR = competitive 
ruderal. Intermediate strategy types, such as 
CS and CR, were interpreted as in Hermy et 
al. (1999). Please note that there are a few 
species with no strategy type included in the 
used database.

Table 9. Mean strategy profiles of species 
included in corridor groups and the whole 
Vantaa.

Plant	 strategies	 have	 been	 defined	 as	
“groupings of similar or analogous 
genetic characteristics, which recur 
widely among species or populations 
and cause them to exhibit similarities 
in ecology” (grime 2002). Plants with 
the same life strategy have a similar re-
sponse to certain ecological conditions 
and will aggregate at a scale at which 
the ecological conditions are similar 
(Massant et al. 2009) (Table 7).
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3.1.  Conservation of urban biodiversity in Finland  
– a success story?

3.  DISCUSSION

Urbanisation	 is	 a	 significant	 factor	 in	
both current and predicted species ex-
tinctions, the consequences of which 
remain poorly known (goddard et al. 
2008, McDonald et al. 2008). In the 
study area, however, urbanisation is 
not	a	significant	factor	in	the	extinction	
of urban plants. The several agents of 
change and stressors have altered the 
species composition at different tem-
poral and spatial scales, but the losses 
in the form of extinctions are minimal. 
In Helsinki, the list of extinct species in 
the 1900s consisted of 37 species out 
of 1070, of which 30 are natives (Kurtto 
pers.com., Kurtto & Helynranta 1998, 
Vähä-Piikkiö et al. 2006). Species of 
wetlands and seashores are well repre-
sented (23 out of 37). 

According to the municipality of Tam-
pere, 30 species of vascular plants (out 
of 1225) became extinct during the 
1900s (Korte & Kosonen 2003) (Table 
10.) A closer look at the list reveals that 
relatively few of the species are natives 
(8) or archaeophytes (10), while 12 are 
neophytes. There are several special-
ised weeds of expired cultivated plants 
on	the	list,	such	as	flax	(Linum) and rye 
(Secale cereale). Some species, such as 
corn cockle (Agrostemma githago), ar-
rived in connection with grain imports. 
Several of the species have not been 
observed in the city proper, but in the 
rural parts of the city, the formerly in-

dependent municipalities of Aitolahti 
and Teisko. 

The species on the list are mostly 
plants of cultural habitats (23/30), 
four species (4/30) of mires, swamps 
and shores (Geranium palustre, Mal-
axis monophyllos, Pedicularis sceptrum-
carolinum and Viola uliginosa), two spe-
cies (2/30) of dry meadows (Botrychium 
lanceolatum and Gentianella amarella) 
and one (1/30) of lakes (Utricularia sty-
gia). 

Extinction lists are remarkably short 
in the cities of Helsinki and Tampere, 
despite the rapid increase in the urban 
population over 100 years (Helsinki 
grew from 79,000 in 1900 to 550,000 in 
2000, while Tampere grew from 36,000 
to 210,000 in the same period) (Statis-
tics Finland 2011). An increase in pop-
ulation means an increase of buildings, 
roads and other infrastructure. Several 
rural municipalities or parts of them 
have been annexed to Helsinki and 
Tampere (city proper) over 100 years, 
but these annexed areas are also now 
densely urbanised. There are no partic-
ular “safe havens” for plants, although 
the urban structure in the Finnish cit-
ies is clearly favourable for the conser-
vation of plants (Antipina 2003). 

The most extinction-prone species in 
any environment are rare ones, which 
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Table 9. Vascular plants that have disappeared from the City of Tampere (Korte and Kosonen 2002). 
NAT = native, ARC = archaeophyte, NEO = neophyte (Hämet-Ahti et al. 1998). IUCN categories, ac-
cording to Rassi et al. (2010).

are usually habitat specialists with 
narrow geographical distributions 
and patchy distributions (Volkov et al. 
2003). These narrow specialists oc-
cur only in limited areas, where their 
preferred habitat is available. Many of 
the species that have disappeared from 
Finnish cities are specialists in one way 
or another. Populations are usually 
small and may disappear for stochastic 
reasons. 

The	present	urban	floras	may	be	seen	
partly as legacies from the past agrari-
an areas, which later were transformed 
to cities. Modern cities may carry a 
large extinction debt. Finnish cities like 
Tampere, Helsinki and Vantaa have 
largely expanded on agricultural land. 
The species of the former agricultural 
areas may still constitute a consider-
able	 part	 of	 the	 present	 urban	 floras.	
The long-term survival of these species 
in a city may be doubtful (Hahs et al. 
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2009, Hanski 2000, Kuussaari et al. 
2009, Helm et al. 2005). 

Urban extinction is usually caused by 
the construction of urban infrastruc-
ture to meet human needs (Williams et 
al. 2009). Some habitat types, such as 
wetlands and bogs, are clearly incom-
patible with the needs of urban people. 
Most bogs and similar habitats in Finn-
ish cities have been drained and trans-
formed, which explains the extinctions 
of several wetland species.  

Some generalisations can be made on 
the	basis	of	the	implemented	urban	flo-
ristic surveys in Finland. If an urban 
environment is geologically, historically 
and culturally diverse, there should be 
ecological niches for several kinds of 
plants, including specialists. One way 
to test the diversity of a city is to cal-
culate the minimum number of grid 
cells that include all the native plant 
species (or any other group of origin). 
In the city of Vantaa, for example, only 
38 grid cells (1 km²) out of 246 (15.5 
percent) contain all the native species. 
In Tampere, 88 grid cells (0.25 km²) out 
of 598 (14.7 percent) contain all the na-
tive plant species (Ranta and Siitonen 
1996, Ranta et al.1997, Ranta 2012).

On the other hand, in the urban archi-
pelago (207 islands) outside the city of 
Helsinki, the number of species could 
be predicted by knowing only the size 
of the island (Ranta et al. 1999). This 
reflects	 the	 Finnish	 nature,	 including	
urban nature, which could be consid-
ered somewhat monotonous. The domi-
nant ecosystem is the boreal conifer-
ous	 forest.	 This	 reflects	 the	 prevalent	
Precambrian bedrock, young acid soils 

and the low variability of the topogra-
phy (peneplain relief). Edaphic anoma-
lies	are	known	to	diversify	floras	(such	
as so called serpentine species), but 
such anomalies are rare in Finnish cit-
ies (Williams et al. 2009). The history 
of mankind also has a substantial in-
fluence	on	 the	flora.	For	 example,	 the	
period when Finland was united with 
the Russian empire (1809–1917) left a 
considerable	legacy	in	the	present	flora	
of Finland. Such historical crossroads 
and periods of international exchange 
are rare in Finland. 

The latest assessment of threatened 
species in Finland does not directly 
mention urbanisation as a threat factor 
(Rassi et al. 2010). However, factors like 
disturbance	 and	 traffic,	 mechanical	
wear, construction and other random 
factors may be indirectly connected 
with urbanisation. 

Other studied agents of change (air 
and water pollution) have not caused 
regional extinctions of species. The 
air pollution episode was a meso-scale 
event, but the lichens returned after 
the amelioration of air quality, albeit in 
reorganised communities. In the case 
on Iidesjärvi, a few species disappeared 
from the lake over  100 years, but not 
from the whole city or region. New ar-
rivals offset the losses. The macrophyte 
species	 composition	 is	 influenced	 by	
the total available species pool of the 
region, within approximately 25 km of 
Iidesjärvi (Toivonen & Huttunen 1995). 
This interchange of species increases 
resilience. According to Toivonen and 
Huttunen (1995), Lake Iidesjärvi is part 
of	the	group	of	five	regional	hypertroph-
ic lakes, which also includes Lake Kirk-
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kojärvi, from where the new species 
Potamogeton crispus invaded Iidesjärvi 
in 2000. 

Small urban woodlands may be seen as 
conservation hot-spots and as a good 
choice for promoting biodiversity con-
servation in towns (Croci et al. 2008). 
The studied urban forest fragment of 
Teerenpuisto	seems	to	confirm	this.	Af-
ter 120 years of fragmentation, the for-
est still maintains populations of rare 
and endangered species of both vascu-
lar plants and insects, such as the en-
dangered Hadena albimacula (on Silene 
nutans) (Tampereen kaupunki 2008, 
2009). None of the vascular plants of 
the forest disappeared in the 20-year 
period. “Woodlands seem to be a good 
choice for promoting biodiversity in 
towns” (Croci et al. 2008). 

3.2. Resilience of urban  
ecosystems

Ecological	resilience	may	be	defined	as	
the amount of disturbance that an eco-
system can withstand without chang-
ing its self-organised processes and 
structures	 (defined	 as	 alternative	 sta-
ble states) (gunderson 2000). Ecologi-
cal resilience is generated by a diverse 
but overlapping function within a scale 
and by apparently redundant species 
that operate at different scales. Scale 
can	be	defined	as	a	range	of	spatial	and	
temporal frequencies (Peterson et al. 
1998). 

A heuristic of a ball and cup has been 
developed to describe the different 
types of resilience (gunderson 2000, 
Scheffer et al. 1993). At equilibrium, 
the ball remains at the bottom of the 

cup, while disturbances shake the cup 
and move the ball to another position 
in the cup. If the disturbance is strong 
enough, the ball may roll over to a new 
cup, a new alternative state. 

Resilience building should be part of 
the agendas of urban spatial planning 
and design. Ecological land use com-
plementation is suggested as a method 
to synergistically support biodiversity. 
So far, however, the urban development 
seems to have generated some of the 
greatest local extinction rates of species 
and eradicated a large proportion of na-
tive	flora	and	fauna	(Colding	2007).	In	
Finland, however, cities have lost only a 
very small proportion of their plant spe-
cies during the timescale of 100–150 
years. 

The three cases on temporal changes 
of biodiversity (papers I-III) and the two 
spatial studies (IV and V) are viewed be-
low from the perspective of resilience. 

3.2.1. Lichens and air pollution (I)

Air pollution in Tampere was a meso-
scale event, both temporarily and spa-
tially. However, a new alternative state 
was not reached because the epiphytic 
lichens returned after the improvement 
of air quality and, further away from 
the city, lichens survived the pollu-
tion, albeit in a deteriorated state. The 
epiphytic lichen community was reor-
ganised because the lichens formed a 
different kind of vegetation after their 
return. The case is an example of exter-
nal memory; the lichens survived out-
side of the city and returned from there 
to the former lichen desert. 
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3.2.2. Lake Iidesjärvi: a century of 
change – from a rural lake to 
an urban problem (II)

In the same catchment area as Lake 
Iidesjärvi, but upstream, is Lake Kau-
kajärvi. It has remained in a clear-wa-
ter state (Bäck et al. 1988), provides 
several important ecosystem services, 
such	as	fishing	and	swimming,	and	has	
a	rich	aquatic	flora.	Downstream,	Lake	
Iidesjärvi is in a turbid water state due 
to 100 years of pollution. The quality of 
water was probably not as clear as that 
of Kaukajärvi, but historical records 
mentioned Iidesjärvi as being suitable 
for	 recreation,	 fishing	 and	 swimming	
in the early 1900s. Water was used 
directly as drinking water (Keskitalo-
Tanskanen 1998). After a long history 
of pollution, Iidesjärvi has lost most of 
its ecosystem services; frequent algal 
blooms in the hypertrophic lake pre-
vent the penetration of light, while the 
fish	have	high	concentrations	of	heavy	
metals	 and	 pesticides	 that	 reflect	 the	
condition of the sediments. Internal 
loading from nutrient-rich sediments is 
largely responsible for maintaining the 
high productivity. Nature observation 
remains the main ecosystem service of 
Lake Iidesjärvi. 
In conclusion, the lake has collapsed 
into an undesirable state from a human 
point of view. The present management 
alternatives are: 
(a) Restore it to a desirable state
(b) Allow it to return to a desirable state 
by itself  
(c) Adapt to the changed system be-
cause the changes are irreversible. 
Restoration may be theoretically possi-
ble, but would require huge resources 
that clearly exceed the possibilities of 
the municipality. Adaptation is the only 

viable option (Tampereen kaupunki 
2009). 

3.2.3. Urban forest fragment of 
Teerenpuisto: resisting urban 
pressure (III)

In Teerenpuisto, the incipient transi-
tion from one state to another can al-
ready be observed and will take place 
in relative near future. The invasion of 
alien species, increase of nitrogen and 
management practices (like temporary 
removal of thick coppice of Sorbus au-
cuparia) accelerate the change of the 
forest. In the period since fragmenta-
tion, habitat loss and isolation in 1880, 
the transition has barely started. The 
transition will occur when the domi-
nant tree species, Pinus sylvestris, is 
replaced by Pinus cembra, Acer plata-
noides and Quercus robur, and this will 
have a profound effect on the species 
composition of the forest. Currently, 
the litter consists mostly of pine nee-
dles, but in the future there will be 
more deciduous trees and foliar litter. 
The	 forest	 canopy	 influences	 nutrient	
cycling in the soil, which affects the 
species	 composition	 in	 the	 field	 layer	
(Prescott, 2002). However, the area will 
remain as forest, although it will no 
longer be a sub-xeric esker forest. 
The ecosystem services (recreation, 
biodiversity conservation, part of tradi-
tional cityscape) of Teerenpuisto forest 
have not changed and will remain un-
changed after the transition to a new 
state. Teerenpuisto forest contains a lot 
of internal memory and it will be use-
ful as a source of external memory for 
other urban areas. 
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3.2.4. Urban gradient (IV)
When boreal forests are considered, 
the	 five	 following	 factors	 are	 consid-
ered especially important for biodiver-
sity:	fire	disturbance,	deciduous	trees,	
gap disturbance, long forest continuity 
and coarse woody debris (Esseen et al. 
1997). None of these is particularly rel-
evant in cities. 

The observed resilience in Finnish cit-
ies has a clearly different foundation. 
The main explanatory factor is the 
typical structure of cities in the boreal 
zone. As Antipina (2003) stated, the ur-
ban structure is the key to resilience. 
The land use combinations of Finnish 
(and boreal) cities clearly promote bio-
diversity and maintain resilience (gold-
ing 2007). 

3.2.5. Disturbance dependent urban 
ecosystems: roadside and 
riverside green (V)

The corridors may connect different ur-
ban habitat patches with each other, 

which itself is a factor that increases 
resilience. Species must move from one 
habitat patch to another if they are to 
obtain enough resources (Pope et al., 
2000, Melles et al. 2003). 

The corridors also serve important 
functions as habitats and could con-
tribute	significantly	to	the	urban	biodi-
versity if they were taken into account 
in urban planning. Over 50 km of the 
River Vantaa will be included “acciden-
tally” in the NATURA 2000 system be-
cause of the presence of a single endan-
gered species, a protected River mussel 
Unio crassus. However, the river corri-
dor would also be taken into account 
on the basis of other merits, as it is one 
of the most diverse urban ecosystems. 

It seems as though now is not quite the 
time	to	 identify	traffic	corridors	as	be-
ing worthy of biodiversity protection. 
This only occurs when an endangered 
species uses the road corridor as habi-
tat. There is a clear need for a paradigm 
change in urban biodiversity conserva-
tion to achieve this. 
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4.1.  Biodiversity conserva-
tion targets after 2010

The EU and the international commu-
nity as a whole failed to reach the 2010 
biodiversity targets. New targets were 
set for 2020 (Nagoya biodiversity tar-
gets) to stem the worst loss of biodiver-
sity. These so-called “Aichi targets” are 
supposed to reduce the loss of natural 
habitats by at least half and expand 
the nature reserves to 17 percent of the 
world’s land area (Ortiz 2011). Among 
the Aichi biodiversity targets are sev-
eral strategic goals, which intend to 
address the underlying causes of biodi-
versity loss, reduce the pressure on bi-
odiversity and improve the status of bi-
odiversity by safeguarding ecosystems, 
species and genetic diversity (Rands et 
al. 2010). 

4.2.  Institutional crisis of bio-
diversity conservation

At the EU level, the current policies ap-
pear	to	be	insufficient	to	reverse	the	on-
going losses (Spangenberg et al. 2012). 
The United Nations’ establishment of 
the Intergovernmental Platform for 
Biodiversity and Ecosystem services 
represents a substantial but very re-
cent strengthening of biodiversity gov-
ernance (Vadrot 2011, Larigauderie 
& Mooney 2010). In spite of these im-
provements,	there	have	been	some	diffi-
culties in implementing the Convention 
of Biological Diversity (CBD) to stop the 
biodiversity loss. The reasons for these 

difficulties	 can	 be	 summarised	 as	 an	
“institutional crisis” (Vadrot 2011). The 
necessary legal instruments to imple-
ment the convention do exist and have 
existed for some time. The problem is 
clearly in governance (Warleigh-Lack 
2010, Farinha-Marques et al. 2011). 

4.3.  The role of urban biodi-
versity

Urban biodiversity can play an impor-
tant role in the implementation of the 
CBD’s future targets (Müller & Werner 
2010, Pierce et al. 2011). In the urban 
context, however, the old planning par-
adigm	is	insufficient	and	even	counter-
productive because it is too rigid and 
static (Ernstson et al. 2010). A transi-
tion in urban governance is needed to 
face an uncertain future and build new 
capacity to absorb upcoming shocks. 
Resilience in cities is orientated to-
wards sustaining local-to-regional eco-
system services. In general, essential 
parts of the resilience theory are highly 
relevant in cities (Batty 2008). Integrat-
ing resilience thinking and optimisation 
for urban biodiversity conservation can 
be seen as an important step forward. 
While resilience thinking emphasises 
the non-linearity of changes and the in-
terdependency of social and ecological 
systems, optimisation is an outcome-
orientated tool that contributes to the 
rationality and transparency of conser-
vation decisions (Fisher et al. 2009). 
Recently, these two policy-relevant ap-
proaches have started to converge and 

4.  IMPLICATIONS FOR URBAN PLANNING  
 AND BIODIVERSITY CONSERVATION
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overlap (Polasky 2008, Janssen et al. 
2004). 

4.4.  Paradigm change in  
urban planning

The present paradigm in urban plan-
ning	can	be	described	as	 rigid,	 inflex-
ible and static. Although this paradigm 
was once progressive and useful, tem-
poral renewal is necessary. Otherwise, 
the old paradigm will become a chain 
that prevents any future development. 
This is an impending danger in present 
urban planning and conservation. 

Some of the main differences between 
the old and the new, emerging para-
digm can be summarised as follows 
(Table 10).

In Europe, the present (old) paradigm 
is mainly based on legislation, particu-
larly European Union legislation that 
has since been incorporated into na-
tional	legislation.	A	conflict	is	emerging	
between the application of the main di-
rectives, such as the Habitat directive, 
and more general principles of conser-
vation, such as the CBD. 

The EU habitat directive is based on 
lists of species that the community 
consider worthy of protection. The in-
tention of the CBD, however, is to pro-
tect biodiversity as a whole. In Finnish 
cities, this has led to a narrow inter-
pretation of the spirit of the legislation 
or	 internationally	 agreed	 and	 ratified	
conventions. In the city of Tampere, for 
example, there are 1225 species of vas-
cular plants, but only 33 of them (2.7 
percent) have some kind of “status”, 
which means they are included in of-
ficial	lists	of	protection-worthy	species.	
This means that 97.3 percent of the 
species are non-status species. 

In practice, when something like an en-
vironmental impact assessment is be-
ing conducted, only the status-species 
are taken into account. This is clear-
ly not the way to protect biodiversity. 
Meanwhile, this legal loophole remains 
open; there is no need for conservation 
authorities to do anything more than 
just follows the legislation. The insti-
tutional inertia makes the presentation 
of creative alternatives unlikely. In the 
field	 of	 practical	 urban	 ecology,	 there	
appears to be puzzling lack of interest 

Table 10. Some differences between the old and the new emerging paradigm in urban planning and 
conservation. Modified based on Cassano (2004).

Old paradigm     New paradigm

Static      Dynamic
Unidirectional     Interactive
Sectorial     Holistic
goal-oriented     Process-oriented
Public against private    Cooperation public-private
Based on technical issues   Based on overall impression
government as provider    Private initiative
Centralised     Decentralised
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in seeking new and innovative solu-
tions, despite the fact that the academ-
ic	field	of	urban	ecology	produces	new	
approaches and innovations. Some-
how, this is true for ecology in general. 
The lack of information and knowledge 
is not the problem, but the institutional 
inertia of present governance does not 
favour innovative new approaches.  

The	lack	of	alternatives	is	also	reflected	
in urban conservation through pro-
tected areas. Among the new types of 
protected area that have been proposed 
are “ecological fallows”, which certainly 
could be useful for urban conservation 
(Bengtsson et al. 2003), but there are 
no examples yet of how to implement 
the idea. 

The present urban structure in the 
boreal zone is favourable for biodiver-
sity conservation. This feature may be 
threatened	by	the	current	trend	of	infill	
development.	 While	 infill	 development	
may provide some ecological advantag-
es, there is a risk of serious losses in 
biodiversity and a weakened resilience 
capacity of urban nature. 

Scenarios such as the air pollution epi-
sode of the 1970s and the collapse of 
Lake Iidesjärvi are no longer possible. 
In this respect, the European legislation 
with explicit limit values is an essential 
improvement. National regulatory pro-
tection also improved conservation in 
urban areas. Unfortunately, biodiver-
sity conservation appears to still be in 
the shadow of other global challenges, 
such as climate change. Implementa-
tion	 deficits	 are	 proposed	 as	 a	 cause	
of the gap between policy goals and 

outcomes (Jordan 1999). Maintaining 
resilient cities is essential in order to 
meet any impending global change and 
major stochastic changes. On the other 
hand, slow variables may also push 
systems over a threshold (Ernstson 20
10).                                                        

One of the new innovative ideas is the 
application of the no-net-loss (NNL) 
approach to urban ecology, which 
helps achieve biodiversity-neutral or 
even biodiversity-positive development 
projects. 

Several practical mitigation techniques 
have been proposed (Sadler et al. 2011), 
mostly	 to	 manage	 site-specific	 prob-
lems. The main problem with improving 
and maintaining biodiversity in cities is 
that the cities have not been built with 
biodiversity conservation in mind. Con-
servation projects have to adapt them-
selves in the existing urban structures, 
both physically and ideologically. 

Some positive developments can be 
noted. For example, the “Erfurt Decla-
ration” of 2008 is a good starting point 
for raising awareness about protecting 
the unique urban contribution to global 
biodiversity (Müller & Werner 2010). 
However, are urban ecologist able to 
provide the demanded “exact and pre-
dictive” advice on conservation matters 
(Haila 2002) or will the urban environ-
mental management be a classic case 
of a “wicked problem” (gaston 2010)? 
The answer may be in the uniqueness 
of urban problems. There may not be a 
comprehensive theory to back the ad-
vice; pragmatism may be the only solu-
tion. 
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