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Abstract
Scientists and managers are often confronted with questions concerning nature valuation,
at least in relative terms. In oil spill compensation assessment, for instance, the amount of
money the polluter has to pay for to compensate the loss is defined in monetary values. It
is however difficult or even impossible to put a price tag on some ecological values. A
Finnish-Estonian Interreg IIIA project OILECO constructs a ranking system for
populations to be used when there is a need to prioritize oil combating in the Gulf of
Finland. Because of limited time and resources for oil combating after the oil accident,
fast and difficult decisions have to be made on which populations should be safeguarded.
Aesthetic and economic values have often had more weight than ecological aspects like
e.g. recoverability of species and their status in e.g. international agreements. This has led
to the neglect of e.g. many threatened taxa that can be as severely affected by oil spills.
We suggest that the aim should be to minimize long term effects on the populations. This
means that the ecological role, rarity and genetic uniqueness (probability to lose a
genetically adapted population) of species should be used as a basis for valuation instead
of aesthetic or economic values that can more readily recover after the oil accident. In the
valuation and ranking of the species we use the decisions already made in the society to
evaluate, which species should be considered to be more important than others. These
decisions include e.g. nature conservation areas and the species´ status in the IUCN
classification and EU legislation.
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Introduction
The Baltic Sea is an important sea route connecting the Nordic countries and Russia to
the Atlantic. During the last decades, maritime traffic has increased rapidly in the Baltic
Sea and in the Gulf of Finland. Due to the development and expansion of oil terminals
and oil transportation volume, the risk of a massive oil spill has increased during the last
ten years. The amount of oil transported through the Gulf of Finland was 40 million tons
in 2000, approximately 140 million tons in 2004 and is expected to reach at least 200
million tons by the year 2010 (Hietala 2006). At the same time the maximum capacity of
oil tankers has risen to 150 000 tons which is also the largest size that can be used in the
Baltic Sea (because of practical reasons) (HELCOM 2001). About 15–17 tankers
navigate in the Gulf of Finland each day and according to the Finnish Maritime
Administration the risk of a severe oil accident is 0.12 occasions per 1000 vessels
(Finnish Maritime Administration 1996). If a massive oil accident takes place in the Gulf
of Finland, there might be severe but unpredictable effects because of geographical and
ecological uniqueness of the area.
The Gulf of Finland, the north-easternmost sub-basin of the Baltic Sea, is approximately
400 km long and the width ranges form 48 to 135 km. The average depth is 37 m and the
volume thus comprises only 5% of the total volume of the Baltic Sea (Alenius et al.
1998). Gulf of Finland is a unique brackish water basin where salinity varies from 0–3 ‰
in the east to 5–7 ‰ in the west (Alenius et al. 1998). The duration of ice cover varies
from approximately one and a half months in the western parts to about four months in
the east (Seinä & Peltola 1991). Due to limited water exchange and slow microbial
degradation suppressed by low temperatures and ice cover in wintertime, any
contaminants will persist in the ecosystem for a long time (Furman et al. 1998). Ice cover
in addition to indented and shallow coastline cause a challenge for navigation and thus
raise the risk of accidents. Furthermore, it affects the efficiency of oil combating. Due to
the narrowness of the Gulf, oil spreads quickly along the coastline and there is very
limited time to respond to the accident and to decide which areas should be safeguarded
with limited oil combating equipment.
The Gulf of Finland is extremely vulnerable to oil spills also from the ecological point of
view. For numerous species the Gulf of Finland and its shores represent the northernmost
and often isolated parts of their geographic distribution. There are some nationally
threatened species that have only a few occurrences on the Finnish coasts of the Gulf of
Finland and thus might never recover after an oil accident. Furthermore, it has been found
that some Baltic Sea populations have evolved substantially different from the Atlantic
populations and the Baltic can also be seen as a refuge for unique evolutionary lineages
(Johannesson & André 2006). The exceptional environmental conditions and
geographical isolation of the Gulf of Finland increase the probability of the existence of
locally adapted populations. Many unique populations might therefore have a marginal
chance to recover after an oil accident especially if the occurrences are restricted to a
small area and are suspect to drifting oil.

Scientists and managers are perhaps more often than they realize confronted with
questions concerning nature valuation, at least in relative terms. The resources for
environmental management are limited and therefore it is essential to use available
resources effectively and prioritize between the actions (Montgomery 2002, Dunn et al.
1999). This is especially true in oil spill contingency planning. The lack of time and
knowledge in the decision-making process concerning the prioritization can lead to the
neglect of e.g. some rare species that might deserve attention but are unfamiliar to the
scientists, public or to the decision makers.
Oil sensitivity mapping has focused on collecting the ecological data that can be used as
background information for oil combating or oil spill compensation assessment. Until the
1990s the focus of oil sensitivity mapping and oil spill contingency planning was strongly
concentrated on the physical effects of oil on the shoreline rather than its ecological
effects (e. g. Owens & Robilliard 1981, Thomas 1986, Tortell 1992). Since then the
sensitivity mapping has focused more on collecting databases on protected areas or
occurrences of species that are known to the public, economically important and
considered vulnerable to oil spills (e.g. Carter et al. 1993, Safetec UK 1999, DNV
Consulting 2005). However, only a few sensitivity maps have taken into account the
recoverability of species after an oil accident (Tyler-Walters et al. 2003, Offringa & Lahr
2007), even though it is natural that the recovery potential should have an essential role in
defining combating strategy. Sensitivity maps have rarely penetrated further to the issue
and analyzed which species should be taken into account, which species are vulnerable to
oil spills or have low recovery capacity and what is the ecological value of different
species. Probabilistic analysis by Juntunen et al. (2005) suggests that oil spills are likely
to have a relatively small impact on the populations of common species in the long-term.
The case is different if there is a risk to lose genetically adapted populations or
populations of rare species that are already suffering from other human impacts and are
nationally or internationally threatened. In such cases, dispersal of new individuals from
other areas is uncertain, which can lead to unsuccessful recovery of the populations.
In the Gulf of Finland, the amount of oil combating equipment is very limited compared
to the length of the coastline. In case of a large-scale oil spill, fast decisions have to be
made on which areas should be safeguarded from oil and how the species should be
weighted. OILECO project has concentrated on this question and defined ecological
values for species vulnerable to oil spills in the Gulf of Finland. We suggest that the
approach should be different if we develop sensitivity maps e.g. for oil spill
compensation assessment compared to maps that can be used to prioritize oil combating.
Maps developed for oil spill compensation assessment can encompass all vulnerable
species. However, if the maps will be used as a reference to decide which areas should be
the primary targets of oil combating after the accident, there is a need to prioritize the
combating efforts to those species that have 1) high conservation value (valuation issue),
2) slow recovery potential (population dynamic issue) and 3) are possible or reasonable
to safeguard with current oil combating methods (technical issue related to tools and
species behavior). In addition, we suggest that all taxa should be evaluated using the
same criteria when selecting the species and the selection should not be restricted to
marine species but also to the terrestrial populations on shore that are dependant on the

coastal habitats and might be as severely affected by oil spills. Here we will focus on the
issue on how to define the ecological conservation value of species and populations.

Setting values to species or populations
Utilitarian values: Aesthetic and economic value
Aesthetic animals such as marine mammals or large carnivores have been and still are the
organisms that attract public attention and this has had a major effect on the way money
has been directed between conservation efforts (Montgomery 2002). Almost all studies
that investigate public attitudes towards wildlife highlight high-profile species that are
common to the public (Montgomery 2002) and therefore it is not surprising that most
studies have found that the publics´ appreciation towards nature would be restricted to
charismatic species (Kellert 1993). Charismatic species are also often used by the nature
conservation organizations in their campaigns, which may lead to their high valuation by
the other stakeholders.
At some fields of ecology, the researchers aim to find charismatic species that can be
used as umbrella species by conservation biologists to attract the publics’ attention
(Decaëns et al. 2006). Some studies have however shown that common people value
ecological significance more than utilitarian (recreational), aesthetic, symbolic or
humanistic values and the contrasting results might be due to ignorance about the species
(Montgomery 2002). Furthermore, the public has been found to be willing to pay for the
conservation of species that they will probably never observe (Christie et al. 2006). In
Finland, the public seem to value the nature in the Gulf of Finland more than the
recreational possibilities and would want to aim resources to safeguard nature values
instead of recreational values (Ahtiainen 2007).
Cute and cuddly animals attract medias´ attention after an oil accident and they also get
most sympathy from the public. However, the use of aesthetic values to prioritize oil
combating might be misleading from the ecological point of view. Some aesthetic
vertebrates such as birds and seals attract attention from the media and have therefore
often been highlighted in sensitivity mapping. However in literature, it is suggested that
seals are less sensitive to the effects of oil compared to some other species (e.g. Jenssen
1996, Loughlin 1994) Seals are also fairly difficult to safeguard because of their mobile
behavior. Therefore we suggest that aesthetic values should not be used as a criterion to
select or prioritize between species in oil combating.
Oil spill contingency planning has often included species that have high economic value
such as commercial fish species and aquacultures (e.g. Safetec UK 1999, DNV
Consulting 2005). We may consider one example, demonstrating how different
conclusions may be drawn when applying economical valuation instead of ecological
valuation. In the year 2006 the economically most important species in the Gulf of
Finland were sander (Sander lucioperca L.), sprat (Sprattus sprattus) and salmon (Salmo
salar) (Pers comm. Pirkko Söderkultalahti 2007). However, the recovery of these species

through dispersal from adjacent areas is very likely after an oil accident. In contrast, the
total catch of vendace (Coregonus albula) in the Gulf of Finland is very low, but a
collapse of this population would probably lead to an irrecoverable damage, since
because of the isolation there is little chance of recovery though migration and the
population might be genetically distinct.
Aldo Leopold (1939) was probably one of the first scientists questioning the utilitarian
aspects of valuing species and expressed the equality of species in ecological terms.
Species can be seen to have intrinsic value (Callicott 1995). Likewise, we suggest that all
taxa should have a similar ecology based assessment on weather they should be taken
into account and how much weight should they have in the spatial prioritization of oil
combating. This assessment should be free from the potential aesthetic or economic
values that the population might have.
Ecological value
The Convention on Biological Diversity (1992) in Rio de Janeiro acknowledged the
intrinsic value of biodiversity and since then the main concern in ecological valuation has
been the importance of species for the functions, diversity, complexity and stability of the
ecosystem (Bengtsson 1998). There are some species in the Baltic that might be
considered as more important than others because they have a significant effect on the
food webs. These species are usually referred to as key or keystone species (Begon et al.
2006). The debate over these two definitions and the overall usefulness of the terms is
ongoing (Mills et al. 1993, Piraino & Fanelli 1999, Bond 2001) but the main
determination is that the extinction of such species might lead to extinction or large
changes in abundance of several other species. Keystone species were originally
described as having a major bottom-up or top-down effect on the communities of which
they are a part in a manner disproportionate to their abundance (Paine 1966, Power et al.
1996) whereas key species are those that drive ecosystem processes or energy flows a
few of them being keystone species because of their high abundance (Piraino & Fanelli
1999). If the common key species are included, the focus could be on the most
representative occurrences, since they could serve as a recolonization source after the
accident.
In the Gulf of Finland, common eider (Somateria mollissima) is one of the species that
can be seen as a keystone species since it has a strong top-down effect on the food-web.
Habitats constructing species such as bladder wrack (Fucus vesiculosus) (e. g. Wikström
& Kautsky 2007, Kangas et al. 1982, Orav-Kotta & Kotta 2004) or eelgrass (Zostera
marina) (Boström et al. 2006) in the Baltic are in turn considered as key species. Local
extinction of these species might lead to long-term changes in the ecosystem functions.
However, despite their significant role in the ecosystem it is not straightforward to
include key and keystone species in the prioritization of oil combating. Keystone species
are extremely difficult to identify and key species are often so common that they should
not be self-evidently taken into account. We argue that if they occur in vast areas, some
of the occurrences will in any case be safeguarded while concentrating on the rare

populations and therefore also the recovery is much more efficient compared to rare or
local populations.
Another aspect of the ecological value is the genetic uniqueness of species or population.
Genetic diversity has been suggested to enhance the recovery of populations afer climatic
changes (Reusch et al. 2005) Many Baltic populations have been found to differ
significantly from the Atlantic populations, and the Baltic Sea has been suggested to be a
refugee area for unique evolutionary lineages despite of the short 8000 years evolutionary
history (Johannesson & André 2006). Since the Gulf of Finland is even more remote area
with perhaps even more pronounced adaptive pressure, there might be many species or
populations that are genetically adapted to the environment, especially if species are
occurring in the margin of their distributional range and are isolated from other
populations in the Baltic. There is however very little knowledge of the genetics of the
species that might be affected by oil spill in the Gulf of Finland. In addition, the genetic
analyses often focuses on the non-functional part of the genome, i.e. they describe only,
whether the two compared populations have been isolated in the sense of reproduction.
Therefore, the application of modern genetic methods like microsatellites to the
prioritization of oil combating is not straightforward.
As Crandall et al. (2000) suggested the conservation effort should be directed at
maintaining the part of the population that is needed to the adaptive diversity within the
species. The inclusion of both genetic and ecological evidence is crucial to identify these
Ecologically Significant Units (ESU) in the populations (e.g. Ryder 1986, Moritz 1994,
Rannel 2000). The methodology to find adaptive mechanisms that affect the recovery
potential after an oil spill should be based on the functional features of the individuals
and populations. For example, it has been shown that Baltic cod (Gadus morhua) eggs
have more buoyancy in the Baltic brackish water than the eggs of North Sea cod
(Nissling & Westin 1997). Similar biological evidence would be needed for other
populations in order to show the importance and uniqueness of local adaptations.
Knowledge related to the migration rates may also be useful when assessing the likely
adaptation of the population to the Gulf of Finland. This type of assessment is a major
task for experimental ecology and physiology in the future, if we want to facilitate the
conservation decisions. Certainly, these populations can be seen to have a high
conservation value and should be taken into account in the prioritization of oil combating
if occurrence data is provided.
People value the preservation of threatened species because of the irreversible nature of
extinctions (Giraud et al. 1999). Even though local or national extinctions are certainly
not as severe as global and the recovery through migration might be possible, nationally
threatened species should have high priority in oil combating because of their often small
population size, restricted distribution and usually low resilience towards population
decrease. Unfortunately, only the more charismatic threatened species like threatened
seals and birds have often been included in the sensitivity maps because of limited
knowledge of the occurrence or just unintentional exclusion of the more unknown taxa
like insects or plants. In OILECO project we have actually found that some insect species
might become nationally extinct after an oil accident in the Gulf of Finland. These

species are dependant on the coastal habitats like natural sand dunes or meadows and
have only a couple of occurrences in the Finnish coasts of the Gulf of Finland. If these
occurrences disappear, they might never recover from the accident because these species
are very sensitive to oil and migration from other areas is highly unlikely.
Conclusions
The prioritization of oil combating according to nature values is a difficult task requiring
thorough analysis before the decisions. Which species should be primarily safeguarded
and how should the species be weighted? An interreg IIIA project OILECO has focused
on the prioritization of oil combating in the Gulf of Finland. We suggest that the
economic and aesthetic values of species should not have much weight in the
prioritization, because this might lead to the decision to safeguard the species that
actually have high recovery potential instead of species that have a very low resilience
towards population decrease. Instead all the species independently of their taxonomic
state in the evolutionary tree should go though similar approach on whether they should
be included in the prioritization maps and how they should be weighted. The ecological
value, such as importance of the species in the ecosystem as key or keystone species
should be taken into account in the valuation but the recovery potential and geographical
extent of the occurrences and oil combating efficiency should also be considered to
ensure that we are using the limited combating equipment efficiently. Special attention
should be focused to those species that are rare or threatened, whose populations might
be severely affected by oil spills and which are possible to safeguard with current oil
combating methods. We have transferred the expert knowledge to management by using
international agreements and legislation as a bases for valuation. The species are
weighted according to their national IUCN classification, status as a responsibility
species in Europe and status as a directive species in EU. Furthermore the occurrences of
different species have been weighted by their significance for the survival of the species
in Finland.
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