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A B S T R A C T

This study sought to develop a simple index for ranking birds' environmental sensitivity to oil in which birds are
used as biological indicators. The study area consisted of both the Santos Estuarine System (SES), and the Laje de
Santos Marine State Park (LSMSP), located in Southeastern Brazil. Information on the bird species and their
feeding and nesting behaviors were obtained from the literature and were the basis of the sensitivity index
created. The SES had a higher number of species, but only about 30% were found to be highly sensitive. The
LSMSP presented a much lower number of species, but all of them were considered to be highly sensitive to oil.
Due to its simplicity, this index can be employed worldwide as a decision-making tool that may be integrated
into other management tools, particularly when robust information on the biology of birds is lacking.

1. Introduction

Oil spills have been recurrent worldwide and have caused varying
degrees of damage to marine and coastal ecosystems (Gundlach and
Hayes, 1978). In the vicinities of potential sources of oil, such as ports,
refineries, vessel routes, oil terminals, and oil rigs, both marine or-
ganisms and their habitats are permanently at risk of being affected by
oil spills (Gundlach and Hayes, 1978). When marine and coastal en-
vironments are subjected to oil spills, environmental recovery may be
slow. According to reports on affected mangrove forests, recovery may
takes years or even decades (Burns et al., 1993, 1994; Kingston, 2002;
Santos et al., 2012). In an attempt to establish guidelines for quick and
successful responses to oil spills, the National Oceanic and Atmospheric
Administration (NOAA) developed Environmental Sensitivity Index
(ESI) maps. These maps include shoreline classifications according to
sensitivity to oil. The ESI itself was first proposed by Gundlach and
Hayes (1978). It classifies coastal environments into different en-
vironmental sensitivity categories based on physical and geomorpho-
logical characteristics such as slope, wave exposure, and grain size. This
classification was expanded by the NOAA to include biological and
socioeconomic characteristics of the shoreline environments in addition
to the physical parameters (NOAA, 2002). Information on sensitivity to
oil is required if priority protection efforts are to be established; it is
also essential when choosing the most appropriate response strategy

during oil spill emergencies.
Emergency response measures should be carefully outlined in a

contingency plan in order to minimize the impacts of oil on coastal and
marine environments (Romero and Abessa, 2014). A contingency plan
usually provides information on hazard identification, vulnerability
analysis, risk assessment, and response actions. An oil spill contingency
plan should present three sections: (1) a strategy section; (2) an action
and operations section; and (3) a data directory containing all relevant
maps, resource lists, and data sheets required to support an oil spill
response effort and to allow the response to be carried out according to
an agreed-upon strategy (IPIECA, 2000). A good contingency plan
provides a prompt response to an oil spill.

Birds are highly vulnerable to oil spills; however, the sensitivity of a
given species depends on a number of characteristics, from species
behavior to biology (King and Sanger, 1979; Wiens et al., 1984; Burger,
1993; Speich et al., 1991; Williams et al., 1994; Wiens and Parker,
1995; Begg et al., 1997). When a bird is oiled, it essentially may be
affected by two types of impacts: physical impacts and/or toxic impacts
(IPIECA, 2016; Kennish, 1992; NOAA, 2002). Physical impacts are
generally caused by heavy oils, which cover the animal and remove the
waterproofing of their feathers, resulting in a loss of insulation and
buoyancy (Kennedy, 1970; Peakall et al. 1982; Fry and Lowenstine,
1985; Islan and Tanaka, 2004). Toxic effects are largely caused by light
oils, especially when spills are confined to limited areas. These oils have
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more soluble and volatile components that may be directly absorbed via
dermal contact, through the inhalation of hydrocarbon saturated va-
pors, or through the ingestion of contaminated food or water, all of
which may cause a range of sublethal effects (Clark and Brown, 1977)
such as liver damage and a decrease in the number of viable eggs (Grau
et al., 1977; IPIECA, 2016; NOAA, 2002; Velando et al., 2007). Fur-
thermore, these effects can increase mortality rates, and the aggregate
effect of these consequences may produce negative alterations at the
population level or the community level (GESAMP, 1980).

The mortality of oiled birds is a clearly visible impact of oil spills.
Due to their position on the food chain, birds have been considered
suitable indicators of the health and conservation statuses of ecosys-
tems (Grant, 1991; Koskimies, 1979). Some marine and coastal birds
establish breeding colonies, which have a substantial influence on local
patterns of marine nutrient cycling and energy flows (Golovkin, 1968;
Tuck, 1961). Birds tend to occur in highly productive ecosystems and
may consume 22% to 27% of the annual production of small fishes
(Wiens and Scott, 1975). Both the relative abundance and the presence
of different groups of birds in the environment are thought to be im-
portant tools in environmental monitoring studies. The conservation
statuses of ecosystems can be measured by factors such as changes in
behavior, alterations to the size and/or structure of populations or
communities, and amounts of biomass (Koskimies, 1979). Estimating
birds' sensitivity to oil is therefore very important for providing in-
formation on the risks that oil spills create for this taxonomic group
(Begg et al., 1997) and for the ecosystem as a whole. King and Sanger
(1979) suggest that the establishment of a sensitivity index for birds
could be a useful management tool with a range of applications. These
authors proposed the first sensitivity index for birds: the Oil Vulner-
ability Index (King and Sanger, 1979). Later, Speich et al. (1991) de-
veloped a bird sensitivity index known as the Bird Oil Index and applied
it to Puget Sound, a coastal area located in Washington State in the US.
The US Coast Guard incorporated this index into oil spill response
maps. The Bird Oil Index created by Speich et al. (1991) considers a
range of information on bird behavior, population characteristics, and
seasonal occurrences in the region. Other indices were further proposed
(Anker-Nilssen, 1987; Begg et al., 1997; Camphuysen, 1989;
Camphuysen and Leopold, 1998; Tasker and Pienkowski, 1987; Webb
et al., 1995; Wiese and Ryan, 2003; Williams et al., 1994), but they
basically represented adaptations of those indices established by King
and Sanger (1979) and/or Speich et al. (1991). However, all of the
detailed information necessary to calculate those indices may not al-
ways be accessible, especially in megadiverse areas, such as the coasts
of tropical and subtropical regions. A lack of information may therefore
hinder the use of this index and consequent coastal classification. In the
current study, we provide a simple index for ranking environmental
sensitivity to oil using birds as indicators, and apply it to two sites with
different environmental and biological characteristics in order to assess
its functionality. We have established a sensitivity ranking that con-
siders the ecological niches occupied by all of the species identified, and
we have created a set of symbols to represent the different levels of
sensitivity on ESI maps.

2. Materials and methods

2.1. Description of study area

The study area is located on the central coast of São Paulo State in
Southeastern Brazil (Fig. 1). It includes the Santos Estuarine System
(SES) and the Laje de Santos Marine State Park (LSMSP). The SES is
approximately 160 km2 in size and includes two main estuarine chan-
nels (the Santos Channel and São Vicente Channel), a major bay (the
Santos Bay), and a series of small inlets, creeks, and estuarine islands.
The coastal ecosystems in this region are dominated by mangrove
swamps and salt marshes, as well as by rocky reefs, sand and mud flats,
sheltered and semi-sheltered sandy beaches, and other types of habitats.

This area experiences intense anthropic influence, including the pre-
sence of a major industrial complex (including a major oil refinery, a
large steel plant and several fertilizer and petrochemical plants), urban
areas, and the Port of Santos, the largest port in Latin America. Due to
these factors, part of the studied area is considered to be highly polluted
(Abessa et al., 2008; Lamparelli et al., 2001). The LSMSP (24°19′S,
46°11′W) is located approximately 42 km from the coast and is formed
by a main rocky islet and some rocky shores and reefs. The LSMSP is the
only marine state park in São Paulo and is considered a hot spot for
marine biodiversity. This islet is inhabited primarily by coastal and
pelagic seabirds (Campos et al., 2004).

2.2. Determining bird sensitivity

Information on the birds of the study sites was obtained from the
literature, including technical briefs, books, scientific papers, and aca-
demic reports containing information on different species, and, if pos-
sible, their distribution within the region. The survey was initially fo-
cused on collecting data on which bird species inhabit or occur in the
SES and the LSMSP. The species found were then divided according to
groups accepted by the National Oceanic and Atmospheric
Administration, or the NOAA (2002) and the Brazilian Ministry of the
Environment, or the MMA (2004): gulls/terns, pelagic birds, diving
birds, waterfowls, wading birds, shorebirds, raptors, passerine birds,
and non-passerine birds.

The purpose of the index is to classify different bird species ac-
cording to their sensitivity to oil in the case of a hypothetical oil spill.
Thus, the Bird Sensitivity to Oil Index (BSOI) was defined qualitatively
based on the nesting and feeding behaviors of the birds found in the
study area. These aspects were selected because they indicate the type
and intensity of the contact of the birds with the oil spread on the water
surface, after and oil spill. The information on the birds was obtained
from such books as The Avis Brasilis - Field Guide to the Birds of Brazil and
The Handbook of the Birds of the World (Hoyo et al., 1992; Sigrist, 2009)
and other publications. Feeding behavior was defined according to the
intensity of the species' contact with water: “no contact with water”
(low sensitivity), “contact with surface water” (moderate sensitivity),
and “diving” (high sensitivity). Nesting behavior was defined according
to the distance between the respective species' nests and water. The
classes established for nesting behavior were “no contact with water”
(low sensitivity), “nest near water” (moderate sensitivity), and “nest in
water/flooded area” (high sensitivity). The low, moderate, and high
sensitivity levels for feeding and nesting behaviors were then crossed in
a qualitative table in order to generate the Bird Sensitivity to Oil Index
(Table 1).

The “Slight Sensitivity” category is applied to species that do not
experience any contact with water during nesting or feeding behaviors.
The “Moderate Sensitivity” category reflects species which nest near
water or experience contact with surface water when feeding. Species
that nest near water and experience contact with surface water during
feeding were classified as having “Severe Sensitivity.” The Highest BSOI
category, “Extreme Sensitivity”, is applied to species that dive or/and
nest in water or in flooded areas.

2.3. Creating symbols for the Bird Sensitivity to Oil Index

In order to integrate the BSOI into ESI maps so that they may be of
use in the oil spill response planning process, we developed a set of
images to represent the different bird sensitivity categories. This study
used the bird point symbols created by the NOAA (2002), which are the
same symbols used to represent biological resources in Brazilian pro-
tocols (MMA, 2004). A small colored circle is placed above the bird
point symbols used to represent each group of species, and the cate-
gories are indicated by different colors: blue represents Slight Sensi-
tivity, yellow represents Moderate Sensitivity, orange represents Severe
Sensitivity, and red represents Extreme Sensitivity (Fig. 2).
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3. Results

In this survey, 261 species were found to be occurring in or in-
habiting the whole study area (244 species in the SES and 17 in the

LSMSP). To summarize, 144 species were classified as exhibiting Slight
Sensitivity, 20 were classified under Moderate Sensitivity, 52 were
classified under Severe Sensitivity, and 45 were found to exhibit
Extreme Sensitivity. The BSOI categories for each of the 261 species are
listed in the supplementary material.

According to the data collected, 244 bird species are found in the
SES. Of these, 144 were ranked as exhibiting Slight Sensitivity, while 20
exhibited Moderate Sensitivity, 46 exhibited Severe Sensitivity, and 34
exhibited Extreme Sensitivity. The SES, an estuarine region, is inhabited
by species from most bird groups, with the exception of pelagic birds.
Meanwhile, 17 bird species were found to occur in the LSMSP. Of these,
6 were ranked as exhibiting Severe Sensitivity and 11 were ranked
under Extreme Sensitivity. No LSMSP species were found to exhibit
Slight or Moderate Sensitivity. The species found in this region belong
to gull/tern group and the pelagic bird group.

The two areas considered in this study exhibited differences in terms
of bird habits. The SES presented a much higher number of bird species,
but most were ranked in the Slight and/or Moderate Sensitivity cate-
gories (164 species, or 67.2%); however, 80 species were classified in
the Severe or Extreme BSOI categories. Meanwhile, the LSMSP was
found to be home to fewer bird species, but all of them were found in
aquatic habits and were ranked in the Severe or Extreme BSOI cate-
gories; in other words, all species found in the LSMSP would be ser-
iously affected by an oil spill.

A GIS software was used to create maps with this sensitivity index.
The maps of birds' sensitivity to oil spills with the index developed in
this study are represented in Supplementary Material Maps.

4. Discussion

According to the results, the two studied sites would be differently
affected during an oil spill, and the effects on marine birds would be
distinct. In the mangrove areas from the SES, 80 species would be se-
verely affected by an oil spill (those exhibiting Severe or Extreme
Sensitivity), representing 32.8% of all listed birds for this region. Thus,
an oil spill reaching the SES would negatively affect a large number of
bird species. On the other hand, all the species from the island site
(LSMSP) would be drastically affected in case of an oil spill reaching
that region.

The SES presented a high number of bird species despite the high

Fig. 1. Location of the study area.

Table 1
Crossing the sensitivity of nesting and feeding behaviors in order to generate the Bird
Sensitivity to Oil Index (BSOI).

Feeding/nesting No contact with
water

Near water On water/flooded
area

No contact with water Slight Moderate Extreme
Contact with water

surface
Moderate Severe Extreme

Dive Extreme Extreme Extreme

Fig. 2. Representation of the Bird Sensitivity to Oil Index using an NOAA bird point
symbol. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)
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levels of pollution and other anthropic impacts reported in this area
(Abessa et al., 2008; Lamparelli et al., 2001). The abundance of birds in
the SES is associated with the mangrove swamps located therein.
Mangroves are widely known by their ecological importance, as pro-
viding protection for maturing offspring; stabilization of sediments and
protection of shorelines from erosion; water and atmospheric quality
improvements; filtering and assimilation of pollutants from upland run-
off; basis of a complex marine food chain; and creation of critical ha-
bitat for fisheries and coastal bird populations (Lugo and Snedaker,
1974). The local mangrove swamps are productive ecosystems that are
rich in nutrients and which provide habitats for both resident and mi-
gratory birds (Olmos et al., 2003). However, their NOAA ESI ranking is
a 10 – the highest environmental sensitivity to oil. In this sense, despite
the negative effects an oil spill will produce on the birds associated to
mangroves, these ecosystems should be prioritized, as they are already
considered highly sensitive to oil. According to the national forest code
(Brasil, 2012), mangrove forests are legally protected (namely “per-
manent protection areas”).

Meanwhile, the Laje de Santos Marine State Park shorelines are
ranked as ESI 1 and 2 – the lowest environmental sensitivity to oil –, but
the area is still considered an important region for marine birds
(Campos et al., 2004). The LSMSP is the only place in Brazil where
Sterna hirundinace, Thalasseus maximus, and Thalasseus eurygnathus
breed (Campos et al., 2004), representing also a nesting site for the
Brown Bobby (Sula leucogaster) and the Kelp Gull (Larus dominicanus)
and consisting of an important feeding and resting site for marine birds.
In addition, the park contains high marine biodiversity, and manylocal
marine organisms are food resources for birds (Tebecherani et al.,
2009).

In the LSMSP, however, 100% of the species would be greatly af-
fected by an oil spill (all exhibit Severe or Extreme Sensitivity), a factor
which would make a spill at that location a highly critical event in
terms of effects on birds. An oil spill that reached the LSMSP during the
reproductive period of the common tern (Sterna hirundinace), for ex-
ample, could decimate most of the juveniles. If the offspring is lost, the
breeding season will end up unsuccessful, with negative implications to
the entire population of such species. Moreover, as the oil may cause
mass mortality of fish and invertebrates, an oil spill may cause dramatic
reduction of food availability to marine birds, with negative con-
sequences for their health and survival. The presence of the oil slick on
the water surface is also a factor that may interfere on the visualization
of food (fish schools, for example) as most of marine birds feed based on
visual location of preys (Martínez-Abraín and Oro, 2004).

As the marine birds inhabiting the island area (LSMSP) are top
predators that feed mainly on fish, squids and zooplankton and parti-
cipate on the regulation of the bottom levels of the marine food chain
(Montevecchi and Myers, 1995), disturbances on their populations are
expected to interfere on the structure and function of inferior trophic
levels of the food chain, with unknown ecological effects. Therefore,
island environments, as those represented by the LSMSP, are critical not
only for marine birds but also for the marine conservation, and should
be considered highly vulnerable to the oil.

Bird mortality during oil spills has been extensively studied and
reported (Burger, 1997; García et al., 2003; Henkel et al., 2014; Piatt
et al., 1990; Wiens et al., 1996). The Exxon Valdez tanker spill in
Alaska, the Prestige tanker spill in La Coruña, Spain, and the Amoco
Cadiz supertanker spill along the coast of Brittany, France all represent
examples of how oil spills can affect and kill large numbers of birds
around the world. Bird mortality after an oil spill is difficult to measure
due to the underestimated number of oiled bird carcasses found on the
beach. Different authors may have presented different bird mortality
rates for birds, but there is no question that oil spills are damaging to
bird populations (Burger, 1997; Flint et al., 1999; García et al., 2003).

Information on the effects and/or influence of oil on terrestrial birds
such as passerines, non-passerines, and raptors is extremely scarce.
These birds often have less contact with water; therefore, some of their

respective species were classified as exhibiting only slight or moderate
sensitivity in this study. However, some species of these groups were
classified as exhibiting severe or extreme sensitivity. The raptors group
was ranked in low sensitivity categories due to the species' more ter-
restrial behaviors. However, Zuberogoitia et al. (2006) showed that
some species, such as the peregrine falcon Falco peregrinus, may also be
affected by oil spills. According to the author, F. peregrinus and other
species of raptors prey on aquatic birds. In addition, the peregrine
falcon was found to be a predator to 10.7% of the species that were
affected by the Prestige oil spill in Spain (García et al., 2003). This kind
of exposure to oil can expose species to sublethal levels of pollutants
that affect species' breeding activities.

The non-passerine bird group is most commonly represented by
terrestrial species, but there are some cases in which members of this
group have contact with water. In these cases, the respective species
were ranked as exhibiting Severe or Extreme Sensitivity in this study.
Overall, it is important to note that species which feed on or close to the
shore and which breed on the beach tend to be more significantly im-
pacted by oil (Wiens et al., 1996).

Our study also showed that, although species were grouped by
morphology and behavior, some groups are very large. Certain groups,
such as the non-passarines, contain different families, and these families
received different sensitivity rankings. Therefore, sensitivity should be
analyzed at the species level whenever possible in order to avoid mis-
leading results when ranking bird species according to the BSOI.

Other sensitivity indices for marine birds have been developed in
the past, particularly in Europe. King and Sanger (1979) firstly pro-
posed an oil vulnerability index (OVI) for marine birds, which com-
prised 20 factors affecting marine bird species; this OVI required in-
formation on the biology and population sizes of each species, such as
breeding range sizes, lengths of migration routes, winter range size,
marine orientation, population size, productivity, habits, threats, sea-
sonality, among others. Camphuysen (1989) used the OVI from King
and Sanger (1979) to quantify the oil vulnerability of all regularly oc-
curring species of seabirds in the North Sea. Further, Camphuysen and
Leopold (1998) narrowed down the number of ‘survival factors’ to 14.
Tasker and Pienkowski (1987) proposed three categories of oil pollu-
tion vulnerability (very high, high and moderate) to 37 North Sea
species of marine birds, based on three key characteristics: 1) time
spend on surface water; 2) North Sea importance to large proportion of
the global population of the species; 3) global rarity of the species. The
vulnerability rating was combined with information on the marine
distribution of the bird species. Anker-Nilssen (1987) assessed 17 fac-
tors that make a species vulnerable to oil pollution, at both individual
and population levels. With the help of expert judgement, Speich et al.
(1991) allocated scores to 14 factors (in three groups) in order to cal-
culate a Bird Oil Index (BOI) for Puget Sound. Begg et al. (1997) em-
ployed the Area Vulnerability Score (AVS) which attempted to quantify
the impact that oil pollution in a given area would have on marine bird
populations, based also on the OVIs previously proposed by King and
Sanger (1979) and Speich et al. (1991). Wiese and Ryan (2003), in a
study conducted in Newfoundland (Canada) used a Winter OVI (WOVI)
based on the criteria outlined by King and Sanger (1979) and adapted
by Camphuysen (1998), taking into account the birds' distribution,
behavior and exposure to oil. Webb et al. (1995) and Williams et al.
(1994) used a different approach to assess seabird sensitivity to surface
pollutants. Rather than rely on expert judgement, these authors based
their scoring procedure on data derived from surveys and scientific
studies, but also requiring population information, together with other
aspects such as behavior; reproductive potential; and reliance on the
marine environment.

In general, the marine bird sensitivity indices found in literature
determine species sensitivity to oil pollution using several biological
and physical factors such as reproductive potential, population size,
breeding distribution, and seasonal exposure in marine habitats. Due to
the large amount of information required to generate these indices,
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Wiens et al. (1984) concluded that single studies are not complete en-
ough to generate information on all of these factors. King and Sanger
(1979) also stated that there was not enough information to classify the
species they studied according to the existing index. In addition, the
existing indices require a high amount of information on the existing
marine bird species and thus they could provide a suitable assessment
of the vulnerability to oil when all the necessary information is avail-
able. This system could be considered subjective by some experts. The
authors also suggested that further research would be able to review
and refine the scores, and that a considerable amount of additional data
should be generated in order to refine the indices. However, the main
limitation to such indices relies on their application in regions where
the biology of the marine birds is poorly known, such as highly diverse
tropical and subtropical coastal zones. To such sites, a simple index may
be necessary to establish the marine birds sensitivity to oil until detailed
information is obtained and a more robust index can be used.

In our study, the criteria established were found to be useful. They
allowed for the development of a simple and reliable index (the BSOI).
This index was successfully applied to all of the bird species occurring
in the area, and it showed that different environments may be affected
differently if oiled. Mangroves are home to many more species, though
few of these species are severely or extremely sensitive to oil. The island
environment harbored fewer species, but all of them were found to be
highly sensitive.

In light of these findings, this study contributes to the development
of a solution for classifying birds' sensitivity to oil and could ideally be
applied at different sites worldwide.

Our results also show that the classic ESI may not provide sufficient
information for protecting species and ecosystems: though the ESI
considers mangroves to be more sensitive (ESI 10) than exposed rocky
shores (ESI 1 and 2), a comparison of the two study regions based on
their BSOI categories showed that, if an oil spill were to occur, the
LSMSP species would be much more negatively affected than the ESI
maps suggest. Both areas studied herein can be considered highly
sensitive, but for different reasons: the SES is sensitive because a large
number of birds would be negatively affected by an oil spill, because its
mangroves can be considered a hot spot for bird biodiversity, and be-
cause they are legally protected in Brazil and are therefore already
defined as environmentally at-risk regions. Meanwhile, the LSMSP is a
sensitive site because all of the bird species present exhibit high sen-
sitivity to oil and because the entire site already consists of a protected
area (Marine State Park) dedicated to biodiversity conservation, an area
which is at-risk by definition.

In this study, we demonstrate that the Bird Sensitivity to Oil Index
(BSOI) provides a basis for ESI maps and oil spill response planning: it
can guide protection efforts to areas inhabited by more vulnerable
species (areas such as the Laje de Santos Marine State Park) or to hot
spots (such as the Santos Estuarine System).

The BSOI proposed in this study can be applied in other regions of
world and to a wide range of bird species. This index can be further
improved by incorporating more ecological information, such as sea-
sonality, type of oil, and ICUN status in order to more realistically assess
environmental sensitivity to oil; further studies would be required to
achieve this goal. Similarly, other biological groups may be in-
corporated into the emergency action planning (such as fish, in-
vertebrates, mammals, plants, or reptiles). This information would
provide a better understanding of each environment's sensitivity to oil.

5. Conclusion

When different bird groups are compared, we can conclude that, in
general, marine and coastal species as gulls/terns, pelagic birds,
shorebirds, wading birds, and waterfowls tend to be more sensitive to
oil spills and thus exhibit severe to extreme sensitivity according to the
Bird Sensitivity to Oil Index (BSOI). On the other hand, few species of
terrestrial birds (non-passerines) presented feeding or nesting behavior

directly involving water that would rank them as exhibiting high sen-
sitivity on the BSOI. Some groups of birds are consistently more sen-
sitive than others, but this was not the rule, as was seen in the case of
the non-passerine group.

The two areas studied herein present different sensitivity levels
according to the BSOI. While the Santos Estuarine System harbors a
greater number of bird species, only about 30% are considered to be
severely or extremely sensitive; however, because the area itself is a hot
spot for bird biodiversity, it can be considered to be extremely sensitive
overall. An area presenting much fewer species, such as the Laje de
Santos Marine State Park, can be considered highly sensitive to oil
because 100% of the 17 bird species found therein were classified as
severely or extremely sensitive according to the BSOI.

The Bird Sensitivity to Oil Index is widely applicable, particularly
when low information on the biology and population of marine birds is
available. This index can be used provisionally, until detailed in-
formation on the species is obtained and a more complex index can be
employed in substitution. The BSOI can be used as a decision-making
tool and can also be combined with other tools such as ESI maps in
order to help to define priority areas for protection in case of an oil spill.
It is important to note that biological sensitivity indices do not always
agree with the ESI, a factor which indicates the need to consider two
indices in an integrated way in order to determine which areas are a
priority for protection.
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