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Summary

To inform decision makers about the most effective strategies to protect the
ecosystems of Bonaire, a full-scale valuation of all ecosystem services on the island of
Bonaire has been undertaken by WIKCS and the VU University Amsterdam. The study
addresses a wide range of ecosystems, ecosystem services and applies a multitude of
economic valuation and evaluation tools. For budgetary reasons, a distinction has been
made in terms of the ecosystem services covered by the studies between ecosystem
services that are valued through primary research and ecosystems services that are
addressed through secondary data analysis. This report summarises the ecosystem
services that are valued on the basis of desk research or through key informant
interviews. The quality of each sub-study varies, depending on the data availability to
the subsequent researchers. This also implies that not each sub-study was able to
actually generate a monetary value to be included in the Total Economic Value (TEV)
estimate. Despite this caveat, the individual studies increase the understanding of the
complex links between nature and society on Bonaire and are therefore worth
presenting.

Art value

Artists are inspired by their surroundings. Such is also the case on Bonaire, where the
natural scenery of the island stimulates artists to use components of nature in their
work. Clearly, nature plays a crucial role in the production process of art on Bonaire.
The demand of art consists of the thousands and thousands of tourists visiting the
island, who are keen to bring home a piece of art to memorise the beauty of the island
upon their return. Moreover, the beautiful photographs and books produced on
Bonaire are distributed to clients across the world. Given the explicit demand and
supply of art on Bonaire and its strong dependence on nature, the art sector on
Bonaire plays an important role in the overall economy and provides an additional
reason to manage nature well on the island. The value of the ecosystem service of
artistic inspiration is valued at $460,000 annually.

Research value

Nature in Bonaire provides important services for research and education. The marine
and terrestrial environment of Bonaire is subject for a large group of academics who
conduct and publish innovative research based on these unique and easily accessible
ecosystems. Without the presence of healthy ecosystems, Bonaire would not attract
large numbers of researchers nor would Bonaire’s nature be a source of inspiration for
many educational activities on the island and beyond. This sub-study made an
inventory of all ecosystem related research expenditures funded by governmental and
non-governmental organisations for Bonaire. In total a total research value was
estimated between 1,240,000 USD and 1,485,000 USD in 2011.

Medical and pharmaceutical value

Medicinal plants play important roles in many traditional societies. The healing
properties of herbal medicines have been recognized in many ancient cultures
thousands of years ago. Besides these local benefits, biodiversity is important for the
development of pharmaceutical treatments and drugs. The purpose of this sub-study is
to economically value the benefits of species and ecosystem functions that are relevant
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Summary

for medicinal and pharmaceutical purposes. The study found that a large part of the
population in Bonaire regularly collects and uses local herbs and other medicinal
plants for medical treatment. Two-third of the inhabitants who were surveyed made
use of local plants as an alternative to modern medicine or prescription drugs.
Ultimately, a total annual medicinal and pharmaceutical value results of $688,788 of
which more than half is comprised of the local value of medicinal plants.

Carbon sequestration

The ecosystem service of climate regulation deals mainly with greenhouse gas
emissions and how ecosystems can mitigate such effects. Bonaire has six ecosystems
that provide carbon-sequestering properties: salinas, dry forest, coral reefs, sea grass,
mangroves and open ocean. The objectives of this sub-study is to (1) identify the
ecosystems that are relevant to climate regulation in Bonaire with their functions and
threats; (2) describe the different economic valuation methods suitable for climate
regulation calculations; and (3) value the overall climate regulation potential of
Bonaire. This desk study has made a rough attempt to estimate the carbon
sequestration value of the main ecosystems of Bonaire. Based on carbon market prices
at the time of research, this value was estimated at $290,000 per year.

Pollination by bats

The island of Bonaire is a fauna and flora rich and beautiful attraction in the
Caribbean. By supporting fruit growth and aesthetic values, bats plays an important
role in preserving high levels of biodiversity on Bonaire. This study made an attempt to
give more insight in the importance pollination by bats for the island. Due to limited
availability of data and time, the study will not generate an actual economic value of
pollination. Yet, by describing the possible links between pollination and the economy
of Bonaire, this study adds value and provides a solid foundation for an actual
economic valuation study in the future. Despite of the lack of a concrete economic
value, the evidence provide support the notion of conservation of the bats of Bonaire
their natural habitat (i.e. caves). Both economic and cultural reasons have been
identified to support this conclusion.

Coastal water quality

This paper attempts to examine the values of ecosystems in provisioning good water
quality in Bonaire, Dutch Antilles. Bateman’s (2011) steps in ecosystem assessment
and economic analysis are used as a framework to run this examination. Three
ecosystems are identified that contributes to deliver services in question: mangroves,
salifias/salt marshes, and sea grasses. Based on their functions related to providing
good water quality (filtering, water purification, and nutrient cycling) this report
proposes three valuation methods: 1) replacement cost method for mangroves and
salifias; 2) Production function method for sea grasses. Benefit transfer also mentioned
in the discourse to tackle the challenge of finding relevant data.

Amenity value

The fact that many people prefer natural over built environments is often manifested
in house prices. Therefore various environmental conditions may have a significant
impact on house prices. In Bonaire these include the view or proximity to water bodies,
coral reefs and other healthy ecosystems. This study aims to estimate this so-called
amenity value of nature on Bonaire. Through a hedonic pricing analysis, the hypothesis
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was tested whether property values are not only determined by conventional house
and neighbourhood characteristics, but also affected by the presence and quality of
Bonaire’s ecosystems. From this statistical analysis no strong significant impact of
environmental variables onto the house prices has been detected and thus the
hypothesis is rejected. This lack of evidence limits the possibility to calculate the
amenity value. The cause of the poorly performing analysis is the limited data available
on house sales on Bonaire.

Cultural value

The island of Bonaire has a precious though threatened nature and its culture is
indistinguishable from nature. Yet, times are changing and so is the relationship
between nature and society in Bonaire. Since the development of industrial times,
less Bonairean practise agriculture, and less people are working in the nature. The
objective of this study is to estimate the value of the cultural ecosystem services of the
island of Bonaire. The scope of this sub-study is limited to four cultural values of
ecosystems on Bonaire: (1) Recreational activities; (2) Subsistence and recreational
fishing; (3) Kunukus; and (4) Cultural landscape.

IVM Institute for Environmental Studies
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1 Introduction

Bonaire is a small, tropical island located in the Caribbean Sea just north of Venezuela.
The ecosystems of Bonaire (especially the coral reefs) are some of the most pristine in
the world, attracting more than 200,000 tourists per year and significantly
contributing to Bonaire’s economy (IUCN 2011; Stat Yearbook 2010). Recently,
scientific studies have reported declines in ecosystem health attributed to
anthropogenic activities on the island (Slijkerman et al., 2011). This is of serious
concern because of the direct uses for which locals utilize these resources and the
significant role that tourism plays on the island.

To inform decision makers about the most effective strategies to protect these
important ecosystems, a full-scale valuation of all ecosystem services on the island of
Bonaire has been undertaken by WKICS and the VU University Amsterdam. As shown in
Figure 1.1, the study addresses a wide range of ecosystems, ecosystem services and
applies a multitude of economic valuation and evaluation tools. For budgetary reasons,
a distinction has been made in terms of the ecosystem services covered by the studies
between ecosystem services that are valued through primary research and ecosystems
services that are addressed through secondary data analysis (see second column in
Figure 1.1.

The primary studies are published in separate reports. Local recreational and cultural
values are reported in Laclé et al. 2011. The non-use values of nature in Bonaire and
other Netherland Caribbean islands are presented in van Beukering et al. 2012. The
coastal protection value of coral reefs in Bonaire is valued in van Zanten et al. 2012
and the fisheries benefits of marine ecosystems are estimated in Schep et al. 2012a.
The ecosystem service of tourism is reported in Schep et al. 2012b.

Ecosystems mm=) Values mm=) Tools === Applications

Q2 Culturte_& Extended cost benefit
o recreation Marine analysis (CBA)
5’, Non-use model - Pier constructions
=~ - -Cruise tourism expansion
% Coastal Terrestrial -Goat control
< | protection model - Sewage treatment plant
Na_ture > - Solid waste management
n 8 | Fisheries Value - Ete.
Bonaire = maps
. Tourism Awareness raising
Terrestrial é g 3 Surveys
Marine o LReaI estate J Policy development &
- 8 m=====3 Stakeholder scenario analysis
Biodiversity S | pindi .
& ! Biodiversity | engagement
> E:::::i Damage assessment
© i
o LMed|C|na| |
8 sy :::::1J Sustainable financing
& | Research |
.

Figure 1.1 Conceptual framework of the TEEB-Bonaire study
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12 Introduction

This report summarises the ecosystem services that are valued on the basis of desk
research or through key informant interviews. The quality of each sub-study varies,
depending on the data availability to the subsequent researchers. This also implies
that not each sub-study was able to actually generate a monetary value to be included
in the Total Economic Value (TEV) estimate. Despite this caveat, the individual studies
increase the understanding of the complex links between nature and society on
Bonaire and are therefore worth presenting.1

Because the ecosystem services are not interdependent, the sub-studies are randomly
presented. The ecosystem services addressed in this report include, the art value
(Chapter 2), the research value (Chapter 3), the medical and pharmaceutical value
(Chapter 4), the climate regulation value (Chapter 5), the pollination value (Chapter 6),
the coastal water quality function (Chapter 7), the amenity value (Chapter 8), the
cultural value (Chapter 9) and an analysis calculating the ecological footprint of cruise
ships in the coastal waters of Bonaire (Chapter 10).

A fair share of the ecosystem services addressed in this study were valued as part of a MSc
course Environment Resource Management (ERM) at the Insititue for Environmental Studies
(IVM) / VU University www.environmentmaster.nl.
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2 Art value

Esther Wolfs, Carina Kalke-Kats, Jorge Amrit Cado van der Lely, and Pieter van
Beukering

2.1 Introduction

Artists are inspired by their surroundings. Such is also the case on Bonaire, where the
natural scenery of the island stimulates artists to use components of nature in their
work. It is important to understand if and how the flora and fauna of the island
influences the works of Bonairean artists.

Figure 2.1 Examples of Bonairean art illustrating the fact that nature and culture in
Bonaire are strongly connected.

2.2 Methodology

Hence a survey was conducted, see appendix 1 for the questionnaire. From a list of 22
artists 13 were interviewed, from the 6 photographers identified, 2 were interviewed
and 2 local libraries and 2 bookstores were questioned. Respondents filled out the
questionnaire and put the questionnaire in a sealed envelope in order to achieve
complete confidentiality.

Table 2.1

Overview of list of artists, photographers and libraries.

Jan Art Gallery

Dirk de Boer

Jake and Linda Richter
Wolmoet Jansen

Rob Mienis

Catharina Tegelaar
Fred vd Broek

Luz Aida Franco Wesselius
Jose Smit

Janneke Knoester

Ans Klein Heerenbrink
Bon Photo

Fish Eye Photo

Scuba Vision

Addo’s Bookstore
Flamingo Bookstore

Dominique Serafini

Wil Dijkstra

Germaine Nijdam

Renate van der Bijl

Henk Roozendaal

Airbrush: www.edgerart.com

Craft Market: Mylene Oudejans
Judith Spierings
Jannie Koning
Dion

Marco di Gianvito

Bonaire Panoramas

Buddy Dive Digital Photo

Several part time photographers

STINAPA library

Openbare Bibliotheek Bonaire
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14 Artvalue

2.3 Results

Although the small sample size does not allow any significant conclusions to be
drawn, it provides an idea of how important nature is for artistic work on Bonaire.

Most artists acknowledge that nature plays an important role in their work. Nearly 70%
of the individuals that were interviewed agree that the contribution of nature is
“important” to “very important” (Figure 2.2).

45
R 40
=
9 35
3
£
© 30
o
2
225
=]
®
c 20
L
5
§ 15
5
2 10
2
5 .
Q

0 1

veryimportant important doesnot not at all

matter much

Figure 2.2 Degree to which nature contributes to the work of the artist

A total of 92% of the questioned artists indicate that more than 50% of their work is
related to nature or has in some way been inspired by nature. Animals are an
important component, since 92% of the interviewees stated that their work was
inspired by animals (including donkeys) (Figure 2.3).

95

90

85

80

75
70
65 T T T

Animals Marine Landscape Plants

Nature represented in art work (%)

Figure 2.3 Degree to which nature is represented in the work of artists
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Figure 2.4 shows how concerned artists are with the degradation of nature and their
concern with specific types of ecosystems or elements thereof. Not surprisingly, the
artists are mainly concerned with the terrestrial landscape. In comparison, landscape
degradation scores one-third higher than marine ecosystem degradation and two-third
higher than plants and animals. The high concern for landscapes can be explained
because of the importance of scenery in their work. Another observation that can be
made from Figure 2.4 is that the marine environment receives the most varied
judgement. One half of the artists are not very concerned while the other half is
somewhat to very concerned. A possible explanation for this diverse perception is the
fact that the marine environment is less directly visible for artists and therefore may
create some emotional distance with a part of the artistic community.

M Not concerned at all
Plants

M Not concerned

Animals
M Neither concerned nor

unconcerned

. B Somewhat concerned
Marine

M Concerned

Landscape
M Very concerned

Jif

0% 20% 40% 60% 80% 100%

Figure 2.4 Degree to which the interviewed artists are concerned about the
degradation of specific characteristics of nature on Bonaire

When asked how degradation of nature would affect their work over 30% answered
‘quite a bit’. On a more drastic note, over 30% of the artists stated that ‘without nature
they cannot produce their work’ (Figure 2.5).

w
(%]

w
o

N
[52]

N
o

[y
w

=
o

Share of respondents (%)

wv

No Little bit Quite a bit Alot Without
nature |
cannot
produce

o

Figure 2.5 Perceived level of impact of degrading nature on the work of the
interviewed artists
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In order to determine the economic value of nature as an input in the art sector we
first need to determine the overall economic value of the art industry on Bonaire. Three
art categories are taken into account: (1) paintings and other artwork; (2) photography,
and (3) books and postcards.

In total, approximately 7,000 works of art are sold every year on Bonaire. Assuming an
average value of $20 per artwork, the total value of artist is determined at $140,000.
From the survey we conclude that at least 75% of these works are nature related,
resulting in a nature value of paintings of $105,000 per year. About 33% of the
artwork is estimated to be sold to residents and 67% to tourists visiting the island.

The photographers are very much aware of the importance of the nature of Bonaire for
their work. They all agree to the statement “Without nature my business would fail”.
Healthy coral, diversity and abundance of marine and terrestrial life are considered
very important. From the estimated revenue costs for capital expenditures are
deducted and the gross revenue of photographers that can be contributed to nature is
estimated at $250,000.

Finally, a total of 24 books, 8 ID cards and numerous postcards that are related to
nature have been sold on Bonaire in 2011. Especially books on reefs, or reef guides
and books about tropical birds sell on the island. Postcards with a nature related
picture sell exceptionally well on Bonaire. For example postcards that have a flamingo
or iguana or representation of Klein Bonaire sell very well.

Table 2.2 shows the calculation that results in the estimate of the nature-related value
of the art sector on Bonaire. The largest contributors to the art value are

photographers that rely entirely on the beauty of nature. Writers and painters generate
similar values related to nature on Bonaire. The total nature related art value produced
by artists, photographers and writers on Bonaire is estimated to be $460,000 per year.

Table 2.2 Total estimated gross revenue of nature to art

Category Amount Unit ggic':e S;ruses ”:It(ure' Nature value
Art work 7,000 Art works $20 $140,000 75% $105,000
Photography N.A. Gross value  N.A. $250,000 100% $250,000
Books 7,000 Books/cards $15 $105,000 100% $105,000
Total value $495,000 $460,000

2.4 Conclusion

The importance of art goes far beyond economic domain of money, revenues and
profits. It inspires the world, it records the soul of society and it provides employment
to a wide range of creative and productive people. At the same time, the sector
provides important stimulus to the economy. This is especially true in Bonaire where
both supply and demand for art are abundant. The supply of art is provided by a wide
range of well-trained and hard working artists who use their surrounding as a source
of inspiration for their products and services. Clearly, nature plays a crucial role in the
production process of art on Bonaire. The demand of art consists of the thousands and
thousands of tourists visiting the island, who are keen to bring home a piece of art to
memorise the beauty of the island upon their return. Moreover, the beautiful photo-
graphs and books produced on Bonaire are distributed to clients across the world.
Given the explicit demand and supply of art on Bonaire and its strong dependence on
nature, the art sector on Bonaire plays an important role in the overall economy and
provides an additional reason to manage nature well on the island.
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Appendix 2A. Questionnaire artists Bonaire

Survey

This research is investigating the contribution of nature to the art of Bonaire. With
nature we mean all flora and fauna including landscapes and the ocean. This research
is part of a research project, which is called What is Bonaire Nature Worth? Art has an
important and special contribution to culture on Bonaire, therefore we wish to better
understand the role of nature in Bonairean art from your, the artist’s, perspective. We
highly appreciate your cooperation.

1) How much does nature contribute to your work on a scale of 0 (not at all) to 5 (very
much so)?

o 1 2 3 4 5

2) Is there anything that you consider typical of Bonaire’s nature represented in your
work and if so, what?

3) What percentage of your artwork has nature of Bonaire as the theme or is inspired
by nature of Bonaire?

4) What kind of nature is represented in your art? (check all that apply)

Marine
Landscape
Animals
Plants
Other

O O O O O

5) On average, how many total pieces do you sell each year?

6) What percentage of your sales are of Bonaire nature themed/ inspired pieces?

7) What is the average price for one of your pieces in USD?

8) How much artwork do you sell to tourists and how much to residents of Bonaire per
year in percentages?

Residents: % Tourists: %

IVM Institute for Environmental Studies
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9) For each below, indicate on a scale of 0-5 how concerned you are about the
degrading condition of the following elements of nature on Bonaire? 0 is not
concerned at all and 5 is very concerned

Marine
Landscape
Animals

All of the above
Other ...

10) Would this degradation affect your work negatively as well?

No

Little bit

Quite a bit

A lot

Without nature | cannot produce art

11) How important is the nature of Bonaire for you?

Thank you for the taking the time completing this survey. Your responses will be
recorded anonymously. When finished, please fold the survey and seal it in the
envelope provided.

IVM Institute for Environmental Studies
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3 Research value

Esther Wolfs and Pieter van Beukering

3.1 Introduction

Nature in Bonaire provides important services for research and education. The marine
and terrestrial environment of Bonaire is subject for a large group of academics who
conduct and publish innovative research based on these unique and easily accessible
ecosystems. Without the presence of healthy ecosystems, Bonaire would not attract
large numbers of researchers nor would Bonaire’s nature be a source of inspiration for
many educational activities on the island and beyond.

3.2 Methodology

The research value is estimated in a rather straightforward manner. All research
expenditures in 2011 for Bonaire are included in this value category. Management and
enforcement funds are excluded given the difficulty in obtaining this information as
well as these expenditures represent a financial cost of nature rather than a benefit.

Data is collected from governmental and non-governmental groups. To determine this
we have used the market directly to obtain information about the value of the direct
research expenditures through a brief survey. More specifically, all relevant research
organisations were asked 1) how much money they spend on research, 2) how many
researchers and 3) their number of interns. The relevant research organisations taken
into account are: STINAPA, CIEE Research Station, Echo, Sea Turtle Conservation
Bonaire, Wayaka Advies & KibraHacha Foundation, Salba Nos Lora, Dutch Caribbean
Nature Alliance, WKICS and local government Department of Spatial Planning.

3.3 Results

The results of the data search and the survey among research organisations are
summarised in Table 3.1 (e.g. in terms of labour input) and in Table 3.2 (in terms of
economic value). A total of between the 685,000 to 1,500,000 USD in 2011 has been
spent directly on research with between 8 to 12 persons residing on Bonaire are
involved with research. We have estimated that research value of research executed by
parties on Bonaire represent gross revenue of around 570,000 USD and 650,000 USD.

Moreover, between the 20 and 42 researchers visit Bonaire for on average 7 days of
research and around 40 students/ interns spend time on Bonaire doing an assignment.
Assume that most students spend between 2 to 3 months on Bonaire a total amount of
time spend by external students and researchers is between 3,200 days and 3,350
days on Bonaire. Another assumption is that this group spends on average around 100
USD for food, accommodation and transport per day. That would mean total gross
revenue of 320,000 USD and 335,000 USD per year.
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20 Research value

External partiesz, such as CARMABI, the University of Wageningen and Witeveen + Bos
also add research value. They perform research on a regular basis on Bonaire for a
total estimated budget of 350,000 USD to 500,000 USD in 2011.

Table 3.1 Overview of parties researched (2011)

Organisation Number of researchers

24 residents (2 researchers)
STINAPA 8 interns
10 to 30 visitors

4 to 6 residents (3 researchers)
CIEE Research Center 20 students
5 to 7 visitors

2 residents
Echo )

1 - 3 interns

2 residents

Sea Turtle Conservation Bonaire .
2 to 3 interns

Wayaka Advies & KibraHacha Foundation 5 residents (more project related work)

Salba Nos Lora 1 resident

7 - 9 residents (none of them purely research)

Dutch Caribbean Nature Alliance .
2 to 3 visitors for research

1 resident
WKICS 2 visitors
6 interns

Department Spatial Development - Island

Territory Bonaire A [l 7E0NRE

In this research value the value derived from the tickets of the interns and external
researchers are not allocated to Bonaire’s ecosystem services. In total we have
calculated a total gross research value between 1,240,000 USD and 1,485,000 USD in
2011.

Table 3.2 Contribution of different parties to total research value

Parties USD in 2011

Research organisations on Bonaire 570,000 - 650,000
Researchers and students visiting Bonaire 320,000 - 335,000
External research organisations 350,000 - 500,000
Total 1,240,000 - 1,485,000

2 For more information on Carmabi visit www.carmabi.org, and for the Wagingen Univesritry

visit www.imares.wur.nl and www.alterra.wur.nl and www.lei.wur.nl and for Witteveen + Bos
visit www.witteveenenbos.nl.
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4 Medical and pharmaceutical value

Andrea Brock, Miguel Ferrer and Samantha Scholte

4.1 Introduction

Medicinal plants play important roles in many traditional societies. The healing
properties of herbal medicines have been recognized in many ancient cultures
thousands of years ago. Their collection and usage not only constitutes a source of
income, but is also indispensable for health and identity, especially in non-Western
societies. Whereas in the “developed” world, 25% of all pharmaceutical products are
based on plants and plant derivatives, in non-Western societies, this number exceeds
75% (Principe in Brown, 1994: 739-40).

Balick and Mendelsohn (1994) report similar figures about Belize; accordingly,
“traditional medicines are currently the basis for much of the primary health care
delivered in tropical nations, [...] traditional practitioners provide up to 75% of the
primary health care needs of rural people” (1992: 128). Brown further emphasizes that
“the cultural role of these plants is central to how they are utilized and how their
habitat is managed” (1994: 740).

Besides these local benefits, biodiversity - especially in tropical forests, the deep sea
and coral reefs - is important for the development of pharmaceutical treatments and
drugs. As Baker and colleagues affirm, “over the last 50 years, the pharmaceutical
industry has benefitted greatly from natural product sources, especially in the fields of
infectious diseases and oncology” (Baker et al., 2007: 1225).

The purpose of this Chapter is to economically value the benefits of species and
ecosystem functions that are relevant for medicinal and pharmaceutical purposes.>

For local medicinal use, all terrestrial ecosystems are important, as people are allowed
to extract small amounts of plant species from all ecosystems (Frank Slobbe, personal
communication). As for pharmaceutical use, we will only focus on coral reefs and dry
forests as these are currently most researched and used by pharmaceutical companies.
We will now briefly elaborate on each usage.

Few studies exist which take into account both of these benefits. In the following
Sections, we will review the existing literature separately, starting with local benefits.
We first give a short overview of the methods used to valuate medicinal plants, before
proceeding to the results of these studies.

4.2 Methodology

As mentioned previously, for the economic valuation of the medicinal value of
ecosystems on Bonaire a distinction has been drawn between benefits of the
ecosystem service to the local population and benefits to the pharmaceutical industry.
In the model shown in Figure 4.1, this distinction, as well as the ecosystems
contributing to both values, is illustrated graphically.

Medicinal plants and herbs not only provide important inputs for pharmaceutical drugs and
other sorts of medical treatments, but traditional medicines are also important for health
and cultural identity of local communities.
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Figure 4.1 Analytical framework

4.2.1 Local use

Literature

Despite the importance of medicinal plants for local use, until today, “most analyses
undertaken have focused on [...] the value of medicinal plants and on the option value
of maintaining biodiversity as a source of pharmaceuticals” (Brown, 1994: 740). Only
very few authors have explicitly valued the benefits which ecosystems (usually tropical
forests) deliver to local communities. The bias towards tropical rainforests is probably
due to the fact that “traditional rainforests are currently the basis for much of the
primary health care delivered in tropical nations” (Abelson, 1990).

Balick and Mendelsohn assessed the economic value of traditional medicines from
tropical rainforests in Belize through a direct market-price based approach (1992).
After having created an inventory of plant material in two particular (representative)
plots of land, they collected all “marketable medicinal plants” and multiplied them with
local market prices of $2.80 per kg, paid by local pharmacists and healers (1992: 129).
The deduction of labour and other costs and the assumption of an either 30 or 50
years rotation resulted in monetary values between $564 and $3,054 per hectare. This
range represents the present value (to be achieved through total clearing). Adopting a
system ecological approach and taking into account rotation as well as real interest
rate would render annual net revenues of $19-61 per ha of forest (Brown, 1994: 743).
By looking at the value of these two plots in terms of stocks and fluxes, one can arrive
at values of sustainable usage, which are crucial for decision makers in the end.

Balick and Mendelsohn’s approach has been criticized on two fronts. First, it does not
take into account that “the unprocessed plant may undergo a 10-100 fold increase in
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price along its path”, thus the real value may be significantly higher (Brown, 1994:
744). On the other hand, Pearce and Puroshothaman argue that these values “would be
quickly depressed if very large tracks of land were devoted to medicinal plants” (1992:
13).

Alternatively, in order to value non-marketed medicinal plants, researchers have used
the opportunity cost approach (Brown, 1994: 744). Alcorn (1989) calculated the costs
of avoided doctor visits in Mexico. His valuation is based on the assumption that the
average family will attend a doctor about 12 times a year, and the cost for average
doctor’s visit is estimated at about $4.55. Multiplying these values, he arrives at a total
economic value of the medicinal plants of forest groves of $48.60 per hectare per year.
However, this value does not take into account the time spent collecting and preparing
medicines, as he himself acknowledges. Further, it is based on assumptions of “direct
substitutability”, which may not correspond to reality (Brown, 1994: 744).

One last remark should be made about the potential to value medicinal plants and
genetic resources financially if a market for medicinal resources demanded by
companies exists. As Simpson and colleagues state; “markets for transactions in
indigenous genetic resources are just beginning to emerge [with] payments of between
$50 and $200 per kilogram for samples” (Simpson et al., 1996: 167). However, no
valuation studies in this domain exist yet.

Method applied

The recently conducted household survey conducted on Bonaire (Laclé et al. 2012)
showed that a large part of the population regularly collects and uses local herbs and
other medicinal plants for medical treatment. Two-third of the inhabitants who were
surveyed make use of local plants as an alternative to modern medicine or prescription
drugs. The frequency is illustrated in Figure 4.1.
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Figure 4.2 Use of medical plants by the residents of Bonaire
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Almost 30 plants species with healing characteristics were mentioned by the
respondents (See Annex XX). The physical complaints for which plants were used
include the following:

e Fever
¢ Headaches
¢ Diabetes

¢ Rheumatic problems
¢ Stomach aches

e Malaria

¢ Weight problems

e Skin care

e Tumour treatment

The local use of medicinal can be valued either through direct use values or through
existence values (see Figure 4.1). The latter also entails cultural and identity-related
values which cannot be valued monetarily. The closest estimation could be contingent
valuation based on WTP by the local population (which lies outside of the scope of this
report). However, this approach is also only an approximation. Nevertheless, these
values should be kept in mind and taken into account by decision makers.

The direct use value of the medicinal plants of Bonaire will not be calculated by means
of a market approach, since no mature local medicinal market exists (Esther Wolfs,
personal communication), but through opportunity costs. In order to do so, we will
first calculate the amount of money saved in doctor’ s visits, and second, the amount
of money saved in buying modern (Western) medicines. Although in the literature
reviewed, we found out that Alcorn actually presumed perfect substitutability between
the two, we assume that the usage of herbal treatments and traditional medicine will
not entirely replace doctor’ s visits.

Instead, we estimate a 25% reduction for three reasons. First, many inhabitants use
medicinal plants only occasionally, rather than regularly (see figure 3). Second, in
order to stay credible, it is always advisable to stay at the lower limits of a valuation.
Third, inhabitants of Bonaire tend more frequently to visit the doctor in order to
receive a doctor’ s note for sick-leave, rather than to undergo actual medical
treatment (Esther Wolf, personal communication). The first two assumptions also apply
to the purchase of modern medicines. Thus, in order to calculate the monetary value,
we multiply the cost of a doctor’ s visit ($) with the average number of doctor’ s
visits (frg), the population (pop), the percentage of the population which uses
medicinal plants (users) and finally with the assumed reduction of doctor’ s visits
(red).

Y=29§ *frq * pop * users * red

In order to calculate the amount of money saved from spending on modern medicine,
we multiply the (assumed) average of money spent on medicine, adjusted for income
($/med) with the percentage of the population which uses medicinal plants (users) and
the assumed reduction of medicine purchase (red).

Y = §/med * pop * users * red
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4.2.2 Pharmaceutical use

Literature

Ascribing a monetary value to medicinal plants can be based on existing use values or
option values (Pearce and Puroshothaman, 1992). Existing use values, i.e. direct use
values, are those brought forward by the direct use of an ecosystem, e.g. commercial
sales of plant based drugs. Option values relate to future use values, i.e. ‘the
importance people place on a safe future, either within their own lifetime or for future
generations’ (de Groot, 1994: 156). It can be compared to an insurance premium paid
to guarantee access to a resource of uncertain future supply (Brown, 1994). It is
estimated that our planet is inhabited by between 10 and 100 million living species
(Simpson et al., 1996: 165). However, less than two million out of these have been
"properly described” until today (MEA, 2005) and “far smaller numbers have been
subjected to chemical or genetic analysis” (Farnsworth in Simpson, 1996). Tropical
forests, for example, are “a rich source of unknown chemicals that may eventually
prove useful to medicine” (Balick and Mendelsohn, 1992: 128). Thus, maintaining
biodiversity as a source of pharmaceuticals may even make sense economically.

Several ways to quantify direct use values of medicinal plants have been proposed,
mostly on the basis of commercial drug sales. Farnsworth and Soejarto calculated the
“dollar value that can be placed on a single plant species now growing in the United
States, should it become extinct [by the year 2000]” (1985: 231), by looking at the
active ingredients of medicinal plants present in drugs consumed by US citizens. Based
on the fact that 40 out of 5,000 flowering plant species in the US are relevant to
commercial drugs, they calculate a success rate of 1/125 for drug discovery. They then
assume that 10% of all species of flowering plants will become extinct - if appropriate
conservation measures are not undertaken - to calculate the value of “potentially
useful medicinal plants” lost. Farnsworth and Soejarto come to a total value of $3,248
billion for 16 lost plant species ($203 billion per species) in the year 1980 (Farnsworth
and Soejarto, 1985).

Instead of looking at the actual market value of plant based drugs, Principe goes one
step further by looking at the value of drugs in terms of their “life-saving properties”,
using a value of a “statistical life” (1989). Accordingly, market values do not capture all
benefits society receives by medicinal plants. He therefore calculates the costs of a
disease to society, where impact could have been avoided through the use of plant
based medicines. Taking cancer as a reference case, he calculates benefits ranging
from $34 billion to $300 billion based on the average value of a ‘statistical life’, which
is assumed to be worth between $1.5 and $8 million, and consequently the amount of
lives saved by the use of plant-based anti-cancer drugs in the US. If non-cancerous
diseases are included, benefits may even rise up to between $200 billion and $1.8
trillion (Ibidem).

The studies previously mentioned have been criticized for not taking into account
costs associated with drug development. Some scholars, such as Artuso and Aylward,
try to calculate a ‘net economic value’ of medicinal plants by adjusting for research
and development costs as well as biodiversity protection costs and royalties paid
(Artuso, 1997; Aylward, 1993). Moreover, Pearce and Puroshothaman acknowledge the
importance of taking into account the ‘prevailing institutional capability to capture the
values of discoveries’, leading to exaggerated valuations for the host country (1992:
8). Especially when host countries are developing nations, benefits of efforts to
conserve biodiversity undertaken by these countries, are often captured by others.
Therefore Pearce and Puroshothaman suggest using ‘a factor representing the
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institutional framework [that] should be applied to the ex-post discovery valuation’,
depending on the existence of a licensing structure, whether the “research conducted
in the host country causes other leakages in the economy”, and the ability of the host
country to carry out this research domestically (Ibidem). They call this factor rent
capture (a). In accordance with Ruitenbeek (1989) they then distinguish expected
production value, i.e. the patent value of one discovery, from the ‘capturable’
production value.

Building upon studies conducted by Farnsworth and Soejarto (1985), Ruitenbeek
(1983) and Principe (1989), Pearce and Puroshothaman develop a model to determine
the option value of a unit of land as biodiversity support, while acknowledging
“considerable data deficiencies” (1992: 9). They take into account the probability of
finding a drug (p), the value of this drug (v), royalties paid (r) and rent capture (a). They
estimate the value of a drug by looking at the actual market value of the plants when
traded (1), by looking at the market value of the drugs of which they are source
material (I) and by looking at the value of the drugs in terms of their life-saving
properties and using a value of a ‘statistical life’ (lll). Based on the value of a ‘statistical
life’ of $4 million, (Ill) yields the highest results ($240 billion for the US alone, $720
billion for OECD countries). Prescription-drugs (ll) are valued at between $11.7 billion
(prescription drugs in the US alone) and $49 billion (worldwide). Lastly, actual market
prices of the plants (I) yielded the lowest value, between $5.7 billion (USA) and $24.4
billion (worldwide). Pearce and Puroshothaman then proceed to calculate the value per
hectare by multiplying the number of plant species at risk, with the value of drugs,
divided by the number of hectares of land likely to support medicinal plants. The
results range from $0.1 to $21 per hectare (depending on rent capture).

Simpson and colleagues criticized the aforementioned studies because they calculate
an average value, rather than a marginal value of species. They attempt to value
marginal species on the basis of their incremental contribution to the probability of
making a commercial discovery (1996: 164). The authors calculate the Willingness to
Pay (WTP) for ‘marginal species’ by scientists, which led them to take a rather
pessimistic outlook. Accordingly, “only very optimistic researchers [...] demonstrate a
substantial willingness to pay” (1996; 179). Consequently, only in ‘biodiversity
hotspots’, such as certain areas in Ecuador, values reach up to $20/hectare. In areas
with less genetic diversity values were at one dollar per hectare or less (Ibidem: 180).
Simpson then concludes that ‘the “private value of the marginal species for use in
pharmaceutical research and, by extension the incentive to conserve the marginal
hectare of threatened habitat, are negligible” (Ibidem:183).

Most studies on the pharmaceutical value of ecosystems, such as the studies
previously mentioned, predict the total value of medicines from tropical rainforests
(Erwin et al., 2010). Ruitenbeek and Carter actually focus on the total value of
medicines from coral reefs (1999). They attempt to calculate the total economic value
of the coral reefs of Montego Bay, Jamaica, by valuing local use, non-use and
‘pharmaceutical bioprospecting’ values. In their study, potential models used in
terrestrial bioprospecting valuations are adapted to value bioprospecting in marine
ecosystems. Excluding option values, their model uses “localized cost information for
Jamaica, and benefit values and success rates based on proprietary information for
marine-based pharmaceutical products in the Caribbean” (Ibidem: 129) and they arrive
at a value of $70 million for the Montego Bay reefs. This value corresponds to
“equilibrium coral abundance levels” of 43% on available substrate; this equilibrium
level has been set by ecosystem model predictions when no additional stress is put on
the reef (Ibidem).
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Method applied

The coral reefs of Bonaire are considered to be the most relevant ecosystem to the
pharmaceutical industry, even though other ecosystems (e.g. dry forests) may be the
source of several medicinal plants. However, the genetic diversity found in coral reefs
has proven to be especially beneficial for the development of medicines by the
pharmaceutical industry. Species living in coral reefs are a rich source of novel
chemical compounds, of which the pharmaceutical importance has been revealed
through their application to biomedical research (Erwin et al., 2010). These
compounds have been found to be relevant in treating a number of diseases, such as
cancer, heart disease and human bacterial infections (NOAA, 2011).

In the 70ies, a certain cyclic polypeptide was found in cyanobacteria (blue green algae)
living in the coral reefs of Bonaire. The cyanobacteria were extracted and researched
for further medical development, during which it became clear that it could be used in
cancer treatments. Quite rapidly, researchers were able to develop a synthetic
equivalent after which harvesting on Bonaire was no longer necessary. Therefore, the
pharmaceutical industry does not play a large role on the island as of today (Esther
Wolfs, personal communication). However, coral reefs are still considered an important
source of chemical compounds, which may be valuable to drug development.

As can be seen in our model (Figure 4.1), the pharmaceutical use can be divided into
option value (the potential use in the future) and direct use value (extracting medicinal
plants or chemical structures from the ecosystem directly). The direct use value could
be valued through market-based approaches, as was shown in the literature. However
since currently no activities of the pharmaceutical industry are undertaken on the
island, no commercial drug sales can be traced back to any of Bonaire’ s ecosystems.
Therefore we will focus on option values rather than direct use values.

Option values were calculated by Simpson et al. (1996) based on willingness to pay
(WTP) of scientists/ pharmaceutical companies (contingent valuation). Alternatively,
Pearce and Puroshothaman calculated option values through a simple model. Since we
do not have the resources to perform a contingent valuation study on Bonaire, we will
partially use the model described by Pearce and Puroshothaman. In accordance to their
method, our function will take in to account the probability (p) of finding a successful
drug, number of species (n) and the market value (v) of such a drug upon discovery.
Even though we acknowledge the difference between ,capturable® production value
and expected production value through, rent capture we will not include it into our
function since we cannot estimate rent capture. We then come to the following
formula:

Y=p*v*n (per hectare)

As mentioned before, the ecosystems we will focus on with respect to pharmaceutical
use will be dry forest and coral reefs. This is mainly because bioprospecting largely
occurs in coral reefs and forests. Even though most studies focus on rainforests and
not so much on dry forests, the model can be applied to dry forests with some
adjustments concerning species richness.
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4.3 Results

Local Use

To produce a local use value, we calculate the cost ($) of visiting a Doctor as an
average on Bonaire, based on the formula we created above (Y = § * frq * pop * users *
red). Although citizens of Bonaire do not have to pay for a doctor's consult since the
constitutional change of 2010 (Esther Wolf, personal communication), the value is
nevertheless still existent, just paid by the government. We estimate the costs of a visit
at $20, which corresponds to the price before the constitutional change (Ibidem).
Furthermore, we calculate an average frequency of 12 doctor visits per family,
following Alcorn (1989). Assuming that every family consists of 2.95 family members
(Laclé, 2011), the average number of visits per person would amount to 2.4.

Y=12$20*2.95*15000 *0.67 *0.25
Y =1$148,237.50

To calculate the “savings” on medicinal drugs (Y = $/med * pop * users * red), we
adjust the average spending on medicine per person of the Netherlands (€300, or
approximately $414, Gezondheitsnet, 2007) according to the lower GDP of Bonaire®.
We arrive at average spending of $100. Assuming a reduction of usage of modern
medicines yields the following results:

Y=2$100 * 15,000 * 0.67* 0.25
Y =13251,250

Added up, the total local value of medicinal plants amounts to $ 353,083 per year.

Pharmaceutical use

As explained in the methodology section, the following function was used to come to a
value of pharmaceutical use of coral reefs and dry forests: Y =p * v * n (per hectare).
We will add the amount of hectares (h) of the ecosystem to come to the economic
value. The probability of success (p), which is applied to both dry forests and coral
reef, has been estimated at 1 in 10,000 to 1 in 1000 by Pierce (1989). Pierce based his
estimates on discussions with drug companies. Since this is a range, in accordance
with Pearce and Puroshothaman (2009), we will take the mean probability: 0.0005 as
(p) over a period of 100 years.

Coral reefs

For coral reefs, the potential drug value (v) is based on the study performed by
Ruitenbeek and Cartier (1999), where research was done on a similar coral reef. They
found hit rates and end use values of $7,775/species. The amount of species (n) per
hectare was also derived from this study. Using a standard species-area relationship,
they came to an average of 18,000 species per 42 hectares. Per hectare this would
translate into 483 species. The total area of coral reefs is 4,372 ha.

Y =0.0005* $7,775 * 483 * 4,372
Y = $8.2 million ($1,878 per ha) over 100 years
Y = § 335,750 per year, assuming a discount rate of 4%

The per capita GDP of the Netherlands lies at $40,300 in 2011 (Indexmundi, 2011), whereas the
per capita GDP lies at $ 19,000 (DEZA, 2008). Therefore, spending need to be adjusted by a ratio
of 2.3.
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Dry forests

For dry forests, different numbers need to be used. As it has become apparent in the
literature review, most studies focus on tropical rainforests rather than dry forests.
Moreover, no information on actual hit rates is available, unlike coral reefs. We
therefore adjust the market values found by Pearce and Puroshathaman (1992)
acknowledging that better data is necessary to come to more reliable results.

On the basis of plant-based prescribed drug sales, Pearce and Puroshathaman arrive at
a market value (v) of $290 million per species from tropical rainforests. As for (n), the
amount of species was derived from Figure 4.2 produced in a study on dry lands by
the WRI (2004). The figure shows the amount of flowering species in selected countries
across the aridity gradient. Assuming that flowering species are of most relevance to
the pharmaceutical industry, this figure can be used as estimation. Since Bonaire has
an annual rainfall of 500 mm it can be compared to the semi-arid climate of Spain (600
mm per year). The amount of flowering species in dry forest on Bonaire is 10 per 1000
square kilometres, or 10 species per 100 hectares. (n) is thus 0.01 per hectare. The
area of dry forest on Bonaire measures 3,360 hectares.

Y = 0.0005 * 290 million * 0.1 * 3,360
Y = $ 48.7 million ($ 14,500 per hectare) over a hundred year period
Y =$1,987,500 per year, assuming a discount rate of 4%
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Figure 4.3 Number of species of flowering plants across the aridity gradient
(adjusted from MEA, 2005: 634).

Total Economic Medicinal Value

In order to arrive at annual medicinal and pharmaceutical value of nature on Bonaire,
the above numbers need to be added up. Yet in doing so, one aspect, which has not
yet been considered, should be accounted for: the relative importance of the
ecosystems for the pharmaceutical industry from a global perspective. For coral reefs
it can be claimed that the reefs are highly diverse and also easily accessible. Combined
with the fact that earlier findings have been recorded from coral reefs in Bonaire, the
potential value of this ecosystem should certainly be accounted for. This is different
for the dry-forest, which is rather small and on a global scale is not very unique.
Pharmaceutical firms are more likely to select more vast areas to extract substances
and therefore the calculated potential pharmaceutical value of the dry forest of Bonaire

IVM Institute for Environmental Studies



30 Medical and pharmaceutical value

is virtually zero. Therefore, in the final calculation, we exclude this value from the
overall medicinal and pharmaceutical value of nature of Bonaire. Adding up the other
categories, total annual medicinal and pharmaceutical value results in a value of
$688,788.

4.4 Conclusions and discussion

The estimates of valuation studies of medicinal plants in ecosystems vary widely. This
variation is mainly caused by data deficiencies and different assumptions in the
valuation models. For example, Farnsworth and Soejarto (1985) calculate a gross value
of medicinal plants in the United States, without taking into account costs associated
with drug research and development. Pearce and Puroshathaman develop a model that
also takes into account institutional discrepancies, claiming that values are often
exaggerated for host countries who are not able to capture the benefits from
biodiversity protection. This demonstrates the complexity of choosing the correct
parameters in coming to a reliable economic value of ecosystem services.

In order to arrive at better estimates of the economic and cultural values of medicinal
plants for local use, a local survey seems most appropriate. Although the substitution
approach we have chosen can give good indications of the purely monetary value
attached to the plants, it cannot shed light on the effects of the loss of this ecosystem
service. Not only would “substitut[ing] Western medicine for traditional healers [...]
require a substantial increase in health expenditures” (Balick and Mendelsohn, 1992:
130), but, as Brown pointed out, “traditional systems may be more culturally
acceptable and able to meet psychological meets, in a way western medicine may not”
(1994: 744). Furthermore, “[m]edicinal plants are symbolically significant in many
cultures, often being seen as sources of power. (Hamilton, 2004: 1478). Hence, they
may not be easily replaceable with modern Western medicines, as the four advantages
of traditional medicines - availability, accessibility, acceptability, and adaptability
(Brown, 1995) - may not be given.

With regard to the pharmaceutical use of Bonaire's ecosystems and their biodiversity,
the picture is different. Since option values are inherently difficult to calculate, and
many undetermined factors (i.e. technological and pharmaceutical innovations,
population growth) play a role in these values, the best option is clearly to invest in
conservation based on the precautionary principle. As we saw, Simpson (1996) even
argues that option values for ecosystems - with respect to bioprospecting - can be
neglected; due to the fact multiple species may contain the same compound. Moreover
it would take ‘a very rosy view to suppose that the probabilities of discovery happen to
be precisely those that generate the maximum possible value for the marginal species’
(Simpson, 1996: 183).

After having created our own methodological model to calculate the value of medicinal
plants on Bonaire, we arrived at a total economic value of approximately $0.7 million
per year. The numbers put forward in our model should not be taken for face value, as
they lack reliability due to data deficiencies and do not take into account factors such
as development costs and rent capture. Still, this study can be seen as a good first
effort as well as the basis for further research which creates awareness among society
towards the conservation of ecosystems.

In order to translate this evaluation study into policy making, other issues need to be
considered. Currently, not all of these values can be realized, for example due to
unclear or non-existent property rights (e.g. coral reefs and the case of the
pharmaceutical company Pharmamar which discovered cyanobacteria). As Simpson and
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colleagues indicated: “property rights [on genetic resources] have typically not been
well established” and contracts between governments and pharmaceutical companies
are “often secret” (Simpson et al., 1996: 166-167). These issues may in turn pose
obstacles to effective conservation policies based on traditional usage of medicines, as
they “depend on the allocation of property rights and the cultural status of herbal
medicine” (Brown, 1994: 740).
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Annex 4A. Overview medicinal plants and their effects

Common Name

Scientific Name

USES

Is reported to have a broad range of therapeutic effects against
headache, fever, arthritis, gingivitis, respiratory disorders,
infections, tuberculosis, and diabetes. Other uses are anti-

Morinda inflammation, acne reduction and moisture retention. Noni oil
Noni citrifolia reduced total cholesterol and triglycerides levels.
Is used as a traditional remedy against diarrhea, dysentery and
intestinal parasites. The seeds and juice are considered a tonic
for the heart and throat, and classified as a bitter-astringent
(pitta or fire) component under the Ayurvedic system, and
Pomegranate Punica considered a healthful counterbalance to a diet high in sweet-
peel granatum fatty (kapha or earth) components.
Is commonly used as a refreshing healthy drink. Has also
Hyptis traditionally been used and continues to be used as a treatment
Sangura suaveolens for diarrhea and antiflammatory.
The Annona muricata tree produces a delicious fruit, also
known as graviola, which is widely consumed by indigenous
Annona peoples. The fruit and the leaves are used in traditional
Sorsaka muricata medicine for their tranquillizing and sedative properties.
Croton flavens leaf essential oil was found to be very active
Wilisali Croton flavens against tumour cell lines

Yerba Buena

Mentha
longifolia

It is mainly used for respiratory ailments but many other uses
have also been recorded. It is mostly the leaves that are used,
usually to make a tea that is drunk for coughs, colds, stomach
cramps, asthma, flatulence, indigestion and headaches.

Yerba raton

Gliricidia sepium

The tree is used in many tropical and sub-tropical countries for
various purposes such as live fencing, fodder, coffee shade,
firewood, green manure and rat poison. The sepium is also
used for its medicinal and insect repellent properties.

The plant has an antioxidant activity, mainly as fibre is used as
dietary supplementation with polyphenolic compounds is

Corchorus associated with reduced diet-induced obesity and metabolic
Yerba salu hirsutus disorders in humans.
Popular uses include treatment of cancer, constipation,
diabetes, digestive problems, dysentery, external wounds,
Croton fever, hypercholes-terolemia, hypertension, inflammation,
Yerba seru ovalifolius intestinal worms, malaria, pain, ulcers and weight-loss.
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Basora pretu

Cordia
curassavica

Leafs are steamed to treat colds and cough; an infusion of the
leafs is used to treat infections, rheumatism and arthritis. Due
to the anti-inflammatory effect it is also used against skin
diseases, malaria, flu and fever.

A leaf extract showed significant activity as an anticoagulant

Jatropha for haematological analyses and significant inhibitory activity
Flaira gossypiifolia in different human cancer cell lines.
The kidneys play a central role in regulating water, iron
composition and excretion of metabolic waste products in the
Cuscuta urine. Has been used for treatment of liver and kidney
Hilo di diabel americana disorders.
An industrially important non-edible oilseed crop, native to
tropical and subtropical regions of the world. Can be applied
against rheumatic swellings and harmless purgative. Castor oil
Ricinus massaged over the breast after child-birth increases the flow
Karpata communis of milk and stimulates the mammary glands.
Korona la Many medicinal uses of this plant exist. The fruit is mixed into
virgen / Balanites porridge and eaten by nursing mothers, and the oil is
Lamoenchi aegyptiaca consumed for headache and to improve lactation.
It has several uses as an antiseptics, antimicrobial,
antioxidant, and anti-Inflammatory. It is consumed as well as
drunk in tea to treat anxiety and against coughs, colds, and
Lemongrass Cymbopogon nasal congestion.
Has been used for the relief of anxiety, insomnia and as a
Mampurito / diuretic. Leaves were found to have antibacterial activity
Bolivian Porophyllum against Salmonella choleraesuis. Has been documented as a
coriander ruderale traditional treatment for diabetes.
The anticancer properties of the plant have been studied
largely in terms of its preventive, protective, tumour-
suppressive, immunomodulatory and apoptotic effects against
various types of cancer and their molecular mechanisms.
Neem products are believed to be anthelmintic, antifungal,
Azadirachta antidiabetic, antibacterial, antiviral, contraceptive and
Neem indica sedative.
Sources: Based on Shin et al., 2011, Codd 1983, Grassi et al., 2006, Alison and Flatta, 1999,

Hernandez et al., 2006, Oduola et al., 2005, Paul et al., 2011, Pazos et al., 2011, Sylvestre
etal., 2006 and Tsai et al., 2011.
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5 Carbon sequestration

Pablo Moleman & Natasha Risseeuw

5.1 Introduction

Ecosystems, when healthy and well managed, can often provide a myriad of goods and
services beneficial to society. These benefits are referred to as ‘ecosystem services’.
Climate regulation, the ecosystem service central to this report, deals mainly with
greenhouse gas emissions and how to mitigate such effects. The spatial focus of this
study is Bonaire which has six ecosystems that provide carbon sequestering

properties. These ecosystems are identified as salinas, dry forest, coral reefs, sea
grass, mangroves and open ocean. Nonetheless, it is not only useful to know the types
of services being provided by a specific ecosystem and their ecological importance, but
it is also convenient to know the potential monetary value they posses.

The objectives of this report are:

1. To identify the ecosystems that are relevant to climate regulation in Bonaire with
their functions and threats;

2. To describe the different economic valuation methods suitable for climate
regulation calculations;

3. To value the overall climate regulation potential of Bonaire.

The structure of this Chapter is as follows. Section 2 defines climate regulation and
carbon fixation and sequestration of ecosystems. Section 3 describes the different
valuation methods used for this report while presenting the functions and threats of
each ecosystem. We will end the study with a results and discussions, mentioning our
findings and possible limitations of this desk study.

5.2 Background

Carbon sequestration

Regulating services, the category in which carbon sequestration falls under, are
defined as ‘the benefits obtained from the regulation of ecosystem processes’ (UNEP
2010:1). The benefits derived from regulating services are categorized as indirect use
values as they, ‘provide benefits outside the ecosystem itself (van Beukering et al.,
2007:49). Additionally, identifying the beneficiaries to these regulating processes and
estimating how much of the service is provided by the particular ecosystem brings
complication in the overall valuation.

Climate regulation, unlike other ecosystem services, is relevant at both global and
local scales. Through the emission and/or absorption of greenhouse gases and
aerosols, climate regulation is able to have an effect measureable at a global scale
(UNEP 2010). At a local scale, on the other hand, climate regulation refers to the ability
the physical environment has on managing temperature, rainfall and other climate
related issues (Costanza, 1997).

The amount of greenhouse gases absorbed through carbon sequestration and/or
fixation in the six different ecosystems distinct to Bonaire is the way in which climate
regulation provides its ‘service’ at a global scale (UNEP 2010). For the purpose of this
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report, climate regulation will have a global focus and its performance indicators will
be measured through the amount of carbon sequestered and/or fixed.

Carbon fixation is the process in which primary producers convert inorganic carbon,
such as carbon dioxide (CO,), to organic components, which contribute to plant
development and metabolism (Moura-Costa 1996). The carbon is stored in the wood
and in other tissues of the plant until it dies. Thereafter, the carbon is either released
back into the atmosphere as CO,, carbon monoxide or methane (Moura-Costa 1996).

Carbon sequestration ‘is used to describe both natural and deliberate processes by
which CO, is either removed from the atmosphere or diverted from emission sources
and stored in the ocean, terrestrial environments, and geologic formations’ (Sundquist
2008:1). The definition of carbon sequestration also assumes that the uptake of
carbon is not spatially dependent, meaning that local initiatives for carbon
sequestration will contribute to global carbon reductions. For the purpose of this
report, the focus will be on the natural uptake of CO, in the six ecosystems relevant to
Bonaire.

Scenarios

In valuing Bonaire's total carbon sequestration potential, we assume two scenarios:
conservation and conversion/degradation. Conservation here means the protection of
all salinas, mangroves, dry forests, coral reefs and sea grass on Bonaire; conversion
being their total conversion®. We believe that neither of these scenarios is realistic.
However, they serve well to determine the hypothetical maximum carbon sequestration
value that could be obtained, for instance (but not solely) through carbon markets.

In most cases, efforts to calculate the total economic value of an ecosystem, as
opposed to the value of specified changes, is complicated by the change of marginal
benefit over time. But as Bateman et al. (2010) note, carbon storage is an exception to
this rule. As there is no possible way that Bonaire alone can sequester enough carbon
to significantly reduce the problem of climate change, the marginal value of carbon
sequestration on Bonaire can be assumed virtually constant.

We further assume that after conversion, be it in the short or long term, eventually all
the carbon sequestered will be released into the atmosphere.

We thus base valuation on the combined amount of carbon that will be prevented from
entering the atmosphere in the conservation scenario compared to the conversion
scenario. This includes carbon sequestered in biomass, as well as extra carbon that
might be emitted from the soil after the clearing of mangroves.

5.3 Ecosystems in Bonaire

Now that we have described the scenarios, we will address the relevant ecosystems,
their contribution to climate regulation and their respective threats.

Coral Reefs

Function: Coral reefs, as primary producers, act as a sink for carbon, but mainly
through the formation of calcium carbonate (CaCOs) (Kinsey and Hopley 1991).
Measurements indicate that coral reefs’ net production is -0.01 to 0.29 grams of
carbon per square meter per day (Kaiser et al. 2005). Nonetheless, the negative value

> Into e.g. beach resorts etc. according to respective threats (see literature section)
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