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Foreword

Everything should be as simple as possible, but not simpler.

Coral reefs are sometimes referred to as “canaries of the
sea” because of their early warning ability to show near-
shore oceanic stress. Because of their biological diver-
sity, they are also called “rainforests of the sea”. Coral
reefs are vital to the well-being of millions of people.

1997 and 1998 were devastating years for many of the
world’s coral reefs. Elevated sea surface temperatures in
many tropical regions triggered the most geographically
widespread bleaching and the heaviest mortality of corals
ever documented in such a short period. “Managers and
scientists from around the globe are particularly concerned
about this past year’s unprecedented, global bleaching
episode,” said D. James Baker, NOAA administrator. “The
bleaching and mortality rate may even worsen in the years
ahead. This serves as a wake-up call for more research
and monitoring to help protect these valuable coral reef
ecosystems.” According to the Global Coral Reef Moni-
toring Network’s status report for 1998 (Wilkinson 1998),
some reefs had up to 95% coral mortality in shallow
waters. These unprecedented events have elevated con-
cern about coral reef degradation worldwide. Coral reef
ecosystems have been identified as one of the highest
priority areas for conservation (Hatziolos, Hooten, and
Fodor, 1998).

Coral reef managers and government officials trying
to save their valuable national resources need manage-
ment-related information on coral reefs. The research
results presented in the following chapters merit much
attention because it is useful for decision support and
training in integrated coastal zone management (ICZM).
The work on cost-effectiveness analysis has developed
integrated economic and ecological models, relying ex-
tensively on fuzzy logic procedures to model impacts and
effects of interventions within the reef environment
(Chapters 3, 4 and 8). The marine system valuation work
provides economic valuations of coral reefs, demonstrat-
ing the use of different modeling methods and treating
key policy issues within this context (Chapters 5, 6, 7
and 12).

This research focused on three case study sites:
Montego Bay, Jamaica, the south coast of Curacao, and
The Maldives, with primary attention being paid to the

— Albert Einstein

Montego Bay site. Montego Bay Marine Park (the Park)
is a bold experiment that was initiated in 1992. The Mon-
tego Bay Marine Park Trust, a non-government organiza-
tion (NGO), was given responsibility by the Government
of Jamaica to manage the Park under the authority of the
Natural Resources Conservation Authority.

Over a period of several years, the people of Montego
Bay have endured the repercussions of poor planning
(Chapters 2 and 11):

* Increasing pollution of the inshore, coastal and ocean
environment;

* Damage to productive coastal ecosystems, which in-
creases losses of life and property from coastal hazards
and disasters; and,

* Conflicts of interests among user groups.

They have also begun to share a common vision:

A desire to increase the economic benefits flowing from
the use of coastal resources; and,

* Perceived economic opportunities associated with new
forms of development in the coastal zone.

Potential solutions include:

* Participatory approaches to planning, involving NGOs
and community based groups;

* Strong institutions with accepted mechanisms for cross-
sectoral cooperation;

* Enforcement of and compliance with integrated poli-
cies through the use of positive reinforcement, encour-
agement, and incentives;

+ Establishment of recognized boundaries with the rights
and rules accepted by the user groups with provisions
for sanctions; and,

* A seamless flow of information through different
mediums.

A new Montego Bay Marine Park management plan
is being implemented that includes: i) a new park zoning
plan (with mooring and demarcation buoy programs);
i) a watershed management program; iii) alternative in-
come and retraining programs for fishers; iv) merchandise,
user fee and ecotourism programs for revenue generation;
v) education programs for school children, church groups,
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and the community; vi) volunteer and public relations
programs; vii) enhanced enforcement to protect fisheries
resources from poaching; and, viii) research and moni-
toring programs to evaluate the recovery of the ecosys-
tem and track the success of park programs (Chapter 2).

Montego Bay was an ideal case study site, because it
realizes its revenues equivalently from manufacturing,
services, and tourism; making it a more complex economy
than the usual sun, sand and sea destination. Most impor-
tant, the Trust Board, managers, and park rangers of the
Montego Bay Marine Park took great interest in the re-
search and organized each of the 5 national level work-
shops and dozens of local level workshops held there over
the last 5 years. Additionally, the Trust helped to develop
the methodology, field test the decision-support model,
and complete the pre-test and 1000 sample CV survey.

What is clear about decision support tools is that they
assist in decision making, but are still an imperfect art.
A critical next step will be to continue to refine the model
in Montego Bay (or one of the other sites), and monitor
the results over time to see whether the predicted changes
in ecosystems quality occurred with the introduction of
certain management interventions. This implies a long-
term commitment by the Trust, but it will need to be done
at some point to test the validity and ultimately the utility
of the approaches presented here.

The process of consultation with the user groups was
extensive at levels from the fisherfolk to senior decision
makers and the private sector. The Greater Montego Bay
Redevelopment Company, representing trade groups and
the private sector, was involved throughout. They took
ownership of the processes, as they saw the outputs answer-
ing real life management questions. Having a clearer un-
derstanding of the different tools and how they fit together
was very pertinent to them (e.g., economic valuation tech-
niques to determine the inherent value of the coral reef
resource under threat, and then using the model to iden-
tify the relative costs and benefits of a range of options
that then helps to determine a logical sequence of miti-
gation measures). It then became clear that safeguarding
the structure and function of the coral reefs would result
in an increased flow of benefits from greater protection.

This applied research tries to shed light on two main
questions. First, “If acres of healthy coral reef at a future
time is the objective, where do we get the biggest bang for
the buck?” Conventional economic procedures for model-
ing cost-effectiveness can, unfortunately, result in sub-
optimal policy choices when applied to complex systems
such as coral reefs. In Montego Bay, up to a 20% increase
in coral abundance may be achievable through using ap-
propriate policy measures having a present value cost of

US$153 million over 25 years (Chapter 8). Second, “What
is a coral reef worth?” When a cruiseship hit a reef in the
Gulf of Aqaba some years ago, Egypt sought US$10,000/
m?2 of damaged reef. This suggests that reefs are among
the most valuable real estate in the world. What would it
cost to rehabilitate reefs that have become degraded? How
much should we invest in reef rehabilitation? Who should
pay? The least cost and valuation (benefits) exercises,
utilized together, suggested an “optimal” improvement
of coral reef abundance of 13% in Montego Bay, requir-
ing net expenditures of US$27 million, primarily through
installation of a sediment trap, waste aeration, installa-
tion of a sewage outfall, implementation of improved
household solid waste collection, and implementation of
economic incentives to improve waste management by
the hotel industry (Chapter 9).

The Montego Bay work also polled more than 1,000
tourists and local people through a contingent valuation
survey (Chapter 6). The objective was to answer a key
question: “How much would you be willing to pay to
protect the coral reef?” This and other valuation tech-
niques indicated that the total benefit attributable to the
reef in its current condition is approximately US$470
million, and that every 1% change in abundance is likely
to generate a marginal benefit of approximately US$10
million (Chapter 9). Most of the value is attributable to
direct tourism revenues dependent on healthy coral reefs
(Chapter 5). Coastal protection and non-use benefits are
next in terms of planning importance.

In the social arena, the Montego Bay work highlights
several major insights regarding the importance of: i) user
group awareness and concern; ii) opportunities to market
the Park and to provide incentives; iii) user group involve-
ment in management; iv) management of the Park as a
community resource; and, V) intersectoral coordination
among user groups (Chapter 11). The synergy of this in-
formation will assist Montego Bay Marine Park to max-
imize the socio-economic benefits of reef use through
effective management.

Given the diversity of the stakeholders, the objectives
of the Montego Bay Marine Park are to allow multiple,
sustainable levels of activities, including fishing. Some
misunderstandings are bound to occur, with some of the
fishers, hoteliers, and water sports operators lacking trust
in the equity of Park management’s solutions. In the ear-
lier years of the Park, misunderstandings produced low
levels of compliance with regulations and management
directives. The result was waning support. With the popu-
lation of Montego Bay projected to double in the next 20
years, demand will press on marine resources, augment-
ing rival behavior of the users, animosity and conflict.
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The applied research indicates that, to improve aware-
ness, park education programs should be targeted specifi-
cally to the user groups primarily through outreach pro-
grams. Further, the Park’s management programs should
be highlighted, particularly the beneficial, tangible prod-
ucts and services (benefits) the Park provides to each user
group (e.g., training for fishers, mooring systems for wa-
ter sports operators). The closer the tie between reef con-
ditions and business earnings, the greater the users’ sup-
port for reef conservation.

The research highlighted economic and social ben-
efits, and thereby helped create among user groups an
awareness of Park benefits that may not have been imme-
diately apparent to them.

For example, the tourism business in the area depends
to a large extent on Montego Bay maintaining an image
of a near pristine marine environment with a biologically
diverse and healthy coral reef environment. However,
although the economic health of the accommodations sec-
tor directly depends on tourism, the direct link between
the marine environmental conditions and business activ-
ity is not necessarily perceived by owners and managers.
Consequently, business and management decisions rarely
consider the potential impacts of decisions on the reefs.

The coral reefs of Montego Bay are a common pool
of resources managed under a regime of open access. The
restrictions that have been put in place with the intent of
preventing or curtailing the use by some groups have been
ineffectively enforced (e.g., the ban on spear fishing),
while there are no restrictions on use by other groups (e.g.,
diving and snorkeling). The user groups are generally
aware of the severe decline in the reef conditions, yet under
the current management environment, it is unrealistic to
expect the users to curtail or alter their use patterns. To
do so would cause an associated loss in short-term ben-
efits or additional incurred costs, and would be seen as a
sacrifice for the benefit of others.

The challenge is to shift from an open access regime
to a management regime. The objective is to provide sus-
tainable benefits perceived as fair to all users. Assigning
individual rights, thereby restricting access and creating
incentives is being explored with the hope of establishing
and enforcing fishery priority areas and diving priority
areas. Zoning is also pertinent in the area of genetic
resources. Processed marine biological products (chemi-
cals, enzymes and genes) are prized by the pharmaceu-
tical industry because of their complex structures and
novel biological activities (Chapter 12).

An example of bioprospecting in action is in Oman,
where in November 1999 an international team of scien-
tists in conjunction with a local university undertook a

study of a coral reef off the coast of Oman to look for new
molecules with possible antibiotic and cancer treatment
uses. Since cancer does not occur in fish, scientists look
for anti-tumoral agents in marine organisms, and are re-
searching chemical defense systems in sponges. Between
1963 and 1995, 63 marine substances with anti-tumoral
properties were patented worldwide. On previous expe-
ditions Ardoukoba scientists have found sponges with anti-
bacterial and anti-fungal properties. A mission to Mo-
zambique produced substances which turned out to be
effective in fighting herpes and HIV, the virus causing
AIDS (Source Greenwire, November 27, 1999). Jamai-
can organizations offering these types of material would
give Jamaica a clear competitive advantage over other
countries.

Overall, we call for greater emphasis on the following:

* Socio-economic concerns and clarification of property
rights, involving the promotion of practical local man-
agement regimes that involve affected stakeholders in
the resource base;

* Institutional strengthening to participate in potential
bioprospecting benefits; and,

 Ecosystem analysis, focusing on functional linkages and
relationships and protection of critical ecosystems.

The research is relevant to ongoing and, particularly,
future World Bank operations. To date in the World Bank,
there has been little lending specifically for integrated
coastal zone and coral reef management. Two notable
exceptions are the Coral Reef Rehabilitation and Man-
agement Project (COREMAP) in Indonesia, which estab-
lishes viable, operational, and institutionalized coral reef
management areas in priority reef sites, and the Meso-
American Coral Reef Initiative, which is encouraging
dialogue on better reef management between Mexico and
Central American countries. The World Bank’s role in
these projects is expected to increase in the future, and it
is currently assisting several countries in designing coastal
zone related projects. Also, the Global Environment Fa-
cility (GEF), for which the World Bank is an implementing
agency, is interested in developing projects to manage and
protect biodiversity, such as that found in coral reefs. We
conclude that better integration of ICZM requires:

* Building consensus on national coastal management
priorities;

» Supporting innovative local initiatives such as the
Montego Bay Marine Park;

* Developing quantifiable indicators of change in the
coastal zone; and,

* Strengthening institutional capacity and partnerships in
the form of international maritime agreements.
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The research has been supported by the World Bank
Research Committee, Knowledge Management (KM), and
Dutch and Canada trust funds, and may be found on the
BIONODE and Water Resources websites. Work will
continue in the form of a dissemination strategy that has
four facets (Chapter 13):

* Launch aroad show to disseminate this publication that
includes a CD-ROM of the Coral-Curagao, Coral-
Maldives, COCOMO (COastal COnservation in
MOntego Bay) decision support models (Chapter 10);

+ Continue workshops supported by Knowledge Manage-
ment, of which dozens have been held at the national
and local level,

* Create interactive programs on the World Bank Knowl-
edge Management web sites (BIONODE and Water Re-
sources) and other websites; and,

* Assist the Montego Bay Marine Park Trust in the prepa-
ration of a regional replicable project entitled ReefFix
(Chapter 2).

Richard M. Huber

The World Bank, Environmentally and Socially
Sustainable Development Sector Management Unit,
Latin America and the Caribbean Region (LCSES)
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Chapter 1

Integrated Coastal Zone Management in the
Tropical Americas and the Role of

Decision Support Models

Richard M Huber

Environmentally and Socially Sustainable Development Sector Management Unit,
Latin American and Caribbean Region (LCSES), The World Bank, Washington, DC, USA

Stephen C Jameson

Coral Seas Inc. — Integrated Coastal Zone Management, The Plains, VA, USA

Coral reef ecosystems are under increasing pressure, the
threats being primarily from human activities. In some
cases, natural disturbances further compound the effects
of anthropogenic stress. The declining state of coral reef
ecosystems has sparked concern by scientists, managers
and government officials. The 1991 National Science
Foundation, Environmental Protection Agency and Na-
tional Oceanic and Atmospheric Administration sponsored
workshop on coral bleaching, coral reef ecosystems and
global climate change (D’Elia ef al. 1991), the Seventh
International Coral Reef Symposium in 1992 (Richmond
1993), and the meeting of experts on “Global Aspects of
Coral Reefs: Health, Hazards and History” held at the
Rosentiel School of Marine and Atmospheric Science in
Miami (Ginsburg 1994) all stressed these concerns. The
TUCN (1993) estimated that about 10% of tropical coral
reefs have already been degraded beyond recovery and
another 30% are likely to decline significantly within the
next 20 years. An International Coral Reef Initiative re-
port (Jameson et al. 1995) stressed that unless effective
integrated coastal zone management is implemented, more
than two-thirds of the world’s coral reefs may become
seriously depleted of corals and associated biota within
two generations.

The coral reef ecosystems at greatest risk are in South
and Southeast Asia, East Africa, and the Caribbean; how-
ever, people have damaged or destroyed reefs in more than
93 countries (Jameson et al. 1995). Rapid population
growth and migration to coastal areas, where coral reef
ecosystems occur, exacerbate the problem. The resulting
coastal congestion leads to increased coastal pollution and
problems related to coastal construction. Increasing com-

petition for limited marine resources results in the adop-
tion of destructive fishing methods. Technologies allow
humans to exploit the reef with mechanical dredges, hy-
draulic suction, dynamiting, and poisoning. Some of the
major causes of localized coral reef ecosystem decline
include:

» The overexploitation of reef resources (fish stocks have
declined significantly in many reef areas, especially near
centers of human population);

» Excessive domestic and agricultural pollution; and,

* Poor land use practices that increase the amount of
sediment entering the coastal environment.

Results of the 1997 and 1998 Global Coral Reef Moni-
toring Network/Reef Check surveys showed that most of
the world’s reef-building “corals” are in good to excellent
condition, because they are either remote from human popu-
lations, or they are under good management, such as the
Great Barrier Reef (Wilkenson 1998). Reef Check 1997
surveys, from over 300 reefs in 31 countries, found that the
mean percentage of living coral cover on reefs was 31%
world-wide; the Caribbean had the lowest percentage at
22%, “possibly reflecting losses due to bleaching and
disease” (Reef Check 1997). However, 1997 Reef Check
surveys indicated that few “coral reefs” were unaffected
by human activities, even in very remote sites, because over-
fishing has reduced high-value indicator organisms such
as lobster, sharks and grouper to low levels at most reefs,
including some with marine protected areas (Hodgson
1998). Surveys also showed that management in most ma-
rine parks is failing to stop the loss of high-value, edible
species, and that greater attention is needed to improve
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management. The ecological balance in many of the world’s
best reefs has been altered by the removal of high-value
organisms (Wilkenson 1998). In 1998, over 40 countries
participated in the second annual Reef Check survey, and
results showed that extensive bleaching and mortality of
corals has occurred in parallel with the massive 1997/1998
El Nifio event. Mortality on a scale never previously re-
ported is occurring, including some corals that have previ-
ously survived for centuries (Hodgson 1998).

A recent estimate by the World Resources Institute,
using map-based indicators, suggested that as many as
58% of the world’s reefs are threatened by human activity
(Bryant et al. 1998). Approximately 10% of the world’s
reefs have been severely damaged or destroyed by being
mined for sand and rock, reclaimed for development (par-
ticularly for airports), or buried under sediment washing
into the sea from inappropriate land use (Wilkenson 1998).

Based on current global climate change and popula-
tion trends, Kleypas et al. (1999) and Buddemeier (1999)
predict that, on a large scale within the next few decades,
coral reefs will continue to die because of rising human
population levels, rising temperatures, rising atmospheric/
surface ocean CO, levels, and other local aspects of glo-
bal climate change.

Benefits of Coral Reefs

Millions of people depend on reefs for a source of food
and livelihood. Reefs also create sheltered lagoons and
protect coastlines and mangroves against wave damage.
Mangroves in turn protect reefs from sedimentation and
eutrophication. Mangroves and seagrasses also play an
important role in coastal protection and provide spawn-
ing and nursery areas for reef and offshore fishes. The
economies of many atoll nations are primarily based on
marine resources. In the Pacific, over 2.5 million people
live on islands built by, or surrounded by, coral reef eco-
systems. In Hawaii, coral reefs are central to a US$700
million marine recreation industry. Reef fish, lobsters,
and bottom fish generate approximately US$20 million
in landings annually and are an important source of food
for local people and for restaurant consumption (Grigg
1997). Diving brings US$148.6 million annually to Guam
(Birkeland 1997). Over 300,000 people live on coral is-
lands in the Indian Ocean and many more in the Carib-
bean. Coral reefs provide 10% to 12% of the harvest of
finfish and shellfish in tropical countries and 20% to 25%
of the fish catch of developing countries. As much as
90% of the animal protein consumed on many Pacific is-
lands comes from marine sources (IUCN 1993).

The potential sustainable yield of fishes, crustaceans
and molluscs from coral reefs could be some 9,000,000t
(12% of the world fisheries catch; [IUCN 1993). At the
present time, only a fraction of this potential yield is real-
ized. More important than the actual monetary values
associated with the fisheries, people more widely benefit
from reef use as a major source of income and employ-
ment in regions where often few employment alternatives
exist. Tourism and the recreational use of reefs on a large-
scale are recent developments.

Numerous figures are available describing tourist rev-
enue derived from coral reefs, but few are clearly defined
or comparable. The coral reefs of Florida alone have
been estimated to generate US$1.6 billion annually from
recreation uses (USDOC 1994). Figures for developing
countries are better expressed in other ways. For many
Caribbean countries, tourism is now the key economic
sector, often providing over 50% of GNP, and growing
quickly (Jameson ef al. 1995). In 1990, Caribbean tour-
ism earned US$8.9 billion and employed over 350,000
people (Holder 1991). Divers and other special interest
tourists may account for one-fifth or more of this total.
A 1981 Island Resources Foundation cost-benefit study
of the Virgin Islands National Park found that the ben-
efits associated with reef use (US$23.3 million, of which
US$20.0 million was indirect) were more than ten times
larger than the costs (US$2.1 million), clearly showing
the economic benefits of a marine protected area (Dixon
1993). In Thailand, some 5,000 small boat and dive shop
operations are dependent on reef tourism (Spencer Davies
and Brown 1992).

Collecting aquarium fishes and live corals for Euro-
pean and North American markets has developed into
another lucrative, but sometimes destructive, industry.
Harvesting methods often kill organisms not intended
for collection and many of the fish collected may die
before reaching markets. Tourism can be an environ-
mentally friendly way of generating income from coral
reef ecosystems, but only when resort development and
operations are carefully controlled. Unlimited collect-
ing, sport fishing, and accidental damage by waders,
swimmers and boat anchors can all degrade the reefs that
earn tourist dollars. Allowing sewage and other wastes
from tourist facilities to pollute reefs, or siting resorts
such that beach erosion increases, can be even more de-
grading to the health of the reefs than the direct damage
caused by individuals. Degradation of coral reef ecosys-
tems would have significant negative impacts on world
food sources, long-term negative economic impacts on
fishery and tourist industries, and devastating social and
economic impacts on millions of people around the world
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for whom coral reefs represent the primary source of
livelihood.

The North Coast of Jamaica Perspective

In the most frequently cited work on the status of Jamaica
north coast coral reefs, Hughes (1994) attributes the decline
in coral cover (from more than 50% in the late 1970s to
less than 5% in 1993) and the increase in macroalgal cover
(representing a “phase shift” in the community) to the
combined effects of overfishing, hurricane damage, and
disease. He further states that “there is no evidence that
the nation-wide algal bloom in Jamaica was caused by
increased nutrients, because it occurred throughout the
Caribbean immediately following Diadema antillarum [sea
urchin] die-off, usually far from sources of pollution”, and
that there is “an urgent need to control overfishing”
(Hughes 1994). However, there is considerable evidence
that eutrophication, by itself, can lead to a reduction in
reef fish populations (Johannes 1975). Thus, it is unlikely
that simply controlling fishing practices will restore
Jamaica’s reefs, or other coral reefs being impacted by
severe eutrophication. More importantly, the reality of
large-scale coastal eutrophication needs to be vigorously
confronted by scientists and managers alike, both in
Jamaica and world-wide.

Discovery Bay

LaPointe et al. (1997), using 1987 data (i.e., nutrient en-
richment bioassays, alkaline phosphatase assays, water-
column nutrient determinations, indicator species, biotic
cover and tissue nitrogen levels) from when reef commu-
nities were undergoing a phase shift from coral to macro-
algal dominance, challenged Hughes’ (1994) assumptions
concerning the role of nutrient enrichment by showing
that it was, in fact, an important synergistic factor respon-
sible for the increased growth rates and standing crop of
macroalgae on reefs at Discovery Bay. This finding of-
fers an additional dimension of complexity and robust-
ness towards fully understanding the phase shift.
LaPointe et al. (1997) affirms the need to adopt broad
theoretical approaches to testing management related
hypotheses regarding the degradation of coral reefs. He
warns that scientists should guard against preconceived
concepts, research designed to verify rather than falsify
hypotheses, and narrow approaches that do not test mul-
tiple hypotheses, which can all lead to the acceptance of
oversimplified hypotheses. While this is unhealthy for
science in general, it can be especially devastating for coral
reef conservation, especially in light of bureaucrats and
resource managers often looking for a politically expedient

“quick fix”. Hughes’ (1994) conclusion that a ban on
fish traps is needed to save Jamaican reefs is extremely
important, but unfortunately implies to managers that the
effects of eutrophication are relatively minor.

Other points made by LaPointe et al. (1997) that have
important management implications for other reef loca-
tions on the north coast of Jamaica, and throughout the
world, include the following:

+ The dissolved inorganic nitrogen (DIN) and soluble re-
active phosphorus (SRP) concentrations at Discovery
Bay measured during this study rank among the high-
est concentrations reported for coral reefs anywhere in
the world and explain why such impressive macroalgal
biomass now dominates this eutrophic reef system.

* The potential eutrophication at Discovery Bay was docu-
mented by widespread groundwater inputs of nitrate
(NO,’) in conjunction with predictions of increased SRP
enrichment associated with exponential human popu-
lation growth and sewage pollution.

* NO, and SRP concentrations reported by D’Elia et al.
(1981) for back-reef habitats already exceeded critical
nutrient thresholds for eutrophication, explaining why
macroalgal blooms began expanding in the early 1980s
throughout back-reef communities prior to the die-off
of Diadema antillarum in 1983.

* Near-shore groundwater data from Lapointe et al.
(1997) and D’Elia ef al. (1981) suggest that nutrient
concentrations increased in the back-reef during the
1980s and spatially spread offshore, elevating DIN and
SRP levels on the fore-reef above critical thresholds.

* The significant NO," levels and concomitant salinity
stratification throughout the study area at Discovery Bay
shows that nutrients derived from submarine ground-
water discharges and springs along the shore are trans-
ported offshore as buoyant plumes.

+ In addition to offshore nitrogen dispersion via buoyant
surface plumes, low salinity, high NO, pore waters have
been found (Pigott and Land 1986) in fore-reef sedi-
ments at Discovery Bay, suggesting that NO,-rich
groundwater is seeping through the fore-reef itself and
clearly showing that extensive areas of the Discovery
Bay fringing reefs to depths of at least 24m are being
affected by groundwater DIN enrichment.

» DIN and SRP concentrations throughout the back-reef
had been above critical thresholds for over a decade be-
fore Hurricane Allen struck in 1980, causing severe dam-
age to the reef and the luxuriant stands of elkhorn coral.
The reduction of upright corals to rubble, at a time when
nutrient concentrations were above critical thresholds,
allowed the faster developing macroalgae to physically
out-compete the corals and turf algae. Eutrophication
not only increases the biomass of macroalgae, but also
reduces the reproductive capacity of hermatypic reef
corals and inhibits coral larval settlement and survival.
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All of these factors, driven by eutrophication processes,
provide a more robust explanation for the replacement
of corals by macroalgae on reefs at Discovery Bay.

« Other evidence moderating the “top-down” interpre-
tation of Hughes (1994) includes the fact that fish
populations on the deep fore-reef (below 15m) were
overfished through intensive use of fish traps in the
1960s (Munro 1983), long before the widespread and
massive blooms of Sargassum polyceratium developed
on the reefs in the late 1980s. Furthermore, the mass
mortality of Diadema antillarum occurred in 1983,
years prior to the expansion of Chaetomorphia linum
and Sargassum polyceratium from restricted areas
around grottos in the back-reef onto the fore-reef.
Hence, there is inconsistency in the timeline between
reduced herbivory from overfishing and massive macro-
algal overgrowth in both shallow and deep habitats.
These observations further reinforce the conclusion that
reduced herbivory could not have been the only factor
causing the massive macroalgal blooms that developed
on reefs at Discovery Bay.

* The locations of most of the macroalgal dominated
habitats cited by Hughes (1994) suggest large-scale
non-point-source nutrient loading associated with
deforestation, sewage, and agricultural and industrial
development. All of these sources increased in promi-
nence along Jamaica’s coast over the past decades and,
hypothetically, contributed to nutrient over-enrichment,
giving rise to the macroalgal blooms that now domi-
nate these degraded coral reefs.

Montego Bay

Sullivan and Chiappone (1994), in their rapid ecological
assessment of Montego Bay, consider nutrient loading and
eutrophication, water quality and circulation changes, and
mechanical damage as the three most serious threats to
the coral reef ecosystem within the Montego Bay Marine
Park. Jameson (1997), Hitchman (1997) and USAID
(1996) also show nutrient levels above threshold values
for coral reef ecosystems. Box 1.1 describes an environ-
mental monitoring program conducted for Montego Bay
that was funded by the patron of the new sewage treat-
ment plant.

Williams and Polunin (1999) discovered that Jamaica
(Montego Bay and Negril sites) had the lowest abundance
of herbivorous fishes, the highest coverage of macroalgae
(70.5% for Montego Bay and 66.15% for Negril) and the
lowest coverage of grazed substratum (turf, bare and crus-
tose coralline surfaces) of 19 reefs surveyed throughout
the Caribbean. Except for Jamaica, the abundance of her-
bivorous fishes was broadly similar on most of the other
19 reefs. There was a six-fold difference (2.7g/m? vs.
17.1g/m?) in the concentration of herbivorous fishes
between Jamaica and Barbados (the highest abundance

in the study). Pooled data from all sites sampled in Mon-
tego Bay by Sullivan and Chiappone (1994) and Williams
and Polunin (1999) shows that, from 1992 to 1997, algae
cover (all types) increased from 36% to 84%.

The big challenge for Montego Bay Marine Park will
be to reverse the aforementioned phase shift. Effectively
dealing with the nutrient rich secondary treated effluent
that will be discharged into the Park by the new sewage
treatment plant is top priority (unfortunately, only human
health concerns, not coral reef health, were considered
when the new facility was designed). A deep ocean outfall
taking the effluent nutrients away from the coral reefs or
artificial wetlands that remove the nutrients before dis-
charge into the bay are viable options. Identifying and
mitigating other land-based sources of pollution will also
be of the utmost importance. Restoring the herbivorous
fish population and the critically important macroalgae
grazing sea urchin population (Woodley 1999; Woodley
et al. 1999) will also be a vital part of the restoration
process required to bring this valuable ecosystem back
into balance (see Chapter 2).

Negril

Recent water quality research off Negril (LaPointe 1999),
using radioisotope techniques, shows that the reefs are,
on average, above the nitrogen threshold for macroalgal
blooms. The nitrogen was high year round on both deep
and shallow reefs, whereas phosphorus concentrations
significantly increased in rivers, streams and groundwaters
within the watershed and throughout the entire Negril
Marine Park. The nitrogen concentration is always high
in the Park because it is consistently being transported
and discharged through groundwater into the marine en-
vironment. Salinity data from Sands Club showed that
fresh water from groundwater discharges is affecting reefs
several kilometres from shore. Video surveys show that
macroalgal blooms on deep and shallow reefs had distinct
compositions. Halimeda, a calcareous algae, dominated
deep reefs off Green Island and Little Bay, compared to
shallow reefs that were dominated by fleshy macroalgae,
such as Sargassum, Dictyota, Cladophora, and Chaeto-
morphia. Rainfall and nutrient data indicated that the
massive blooms of Chaetomorpha on the shallow reefs
of Orange Bay were initiated by phosphorus enrichment,
apparently linked to “soak aways” (cesspits) on the adja-
cent watershed, as well as possibly other sources such as
fertilizers. The radioisotope monitoring data revealed that
the nitrogen ratio in macroalgae at Davis Cove, North
Negril, Long Bay and Little Bay were linked to sugar-
cane fertilizers, in comparison to macroalgae in South
Negril and to a lesser extent Ironshore, where they were



Integrated Coastal Zone Management in the Tropical Americas and the Role of Decision Support Models 7

found to be associated with sewage nitrogen. The water-
shed monitoring data illustrated how different land uses
enrich the rivers and streams in the area. In the low salin-
ity areas where there are fresh water inputs, there were
higher levels of nitrogen and phosphorus. All data con-
sistently showed that salinity was inversely correlated with
nitrogen and phosphorus, showing the importance of en-
richment to nutrient delivery on downstream reefs. Both
phosphorus and nitrogen concentrations on the Davis Cove
sub-watershed were significantly higher around cane-
fields, showing the nutrient enrichment associated with
fertilizers on canefields in the Davis River that flows out
to the reef. In the South Negril River sub-watershed, the
high phosphorus concentrations in the estuarine portion
of this study area are linked to the considerable sewage
inputs from “soak away” pits, squatter communities with-
out sanitary conveniences, inadequately treated sewage
outfalls, and livestock on the river bank.

The Monitoring of Coral Reefs

Information for accurately evaluating the condition of the
world’s reefs is critical for effective management. In many
cases, however, this knowledge is lacking. Many coun-
tries with coral reef ecosystems need training and capac-
ity building to apply scientific management principles.
Non-governmental organizations (NGOs) have played
and will continue to play a significant role in coral reef
ecosystem conservation. As most countries have not in-
corporated integrated coastal zone management (ICZM),
economic and environmental decision-making has not
been fully integrated for the protection and sustainable
use of coral reef ecosystems. However, global and regional
coral reef programs have developed (Table 1.1).

A project which is specifically designed to provide
centralized access to information from these and other
coral reef programs is ReefBase: the International Da-
tabase on Coral Reefs (McManus and Ablan 1997). This
project of the International Center for Living Aquatic
Resources Management (ICLARM) seeks to gather a
broad range of information about the status of the world’s
reefs from papers, reports and inputs from monitoring
projects. The project includes an activity of the World
Conservation Monitoring Center (WCMC) to digitize
maps of coral reefs and to make them available through
the database. The ReefBase project serves as a medium
of information exchange for scientists, particularly those
in developing countries with limited library facilities,
and as a conduit of useful information to coastal plan-
ners and managers.

The Land-Ocean Interactions in the Coastal Zone
(LOICZ) project of the International Geosphere-Biosphere
Programme (IGBP) is looking at the role of coastal pro-
cesses in global climate change. The crucial role of CO,
and other gases in the calcification process of reef-build-
ing corals is of critical importance with the increasing CO,
levels associated with global warming. They stress the
need to better understand coral reef systems, with various
scales and perspectives, especially with respect to survival,
adaptation and acclimatization (Buddemeier 1999). They
also stress the need to better understand human impacts
on reef functions, the responses of reefs to changes in sea
level, and the interactions between coral reefs and other
ecosystems. In particular, more needs to be known about
interactions with adjacent land masses, such as through
the hydrological cycle. LOICZ is also concerned that ris-
ing sea levels would have very serious consequences for
many nations situated on low coral reef archipelagos, such
as the Republic of the Maldives.

Table 1.1. Relevant partnerships involved with global or regional coral reef programs
(source: derived from a database maintained by Anthony J. Hooten of the World Bank)

Partnership or activity Region or country

Specific activities

Resources (million US$)  Status

Coral Bleaching and India, Kenya,

Program will focus

1.1 over three years Approved

Mortality in the Madagascar, on the ecological and (Sida/ SAREC) (first meeting
Central and Western Maldives, socio-economic effects January 1999)
Indian Ocean Mozambique, of coral mortality in

Seychelles, Sri coastal areas of eight

Lanka, and Tanzania participating countries
Coral Bleaching and Same as above Same as above 0.35 Approved
Mortality in the Central (World Bank/ (first meeting
and Western Indian Ocean Netherlands) January 1999)

Table 1.1 continued overleaf
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Table 1.1.

continued

Partnership or activity

Region or country

Specific activities

Resources (million US$)  Status

World Bank/ GEF
Indian Ocean
Commission/
France - WIO Coral
Reef Monitoring

Meso-American
Barrier Reef
Initiative (MBRI)

International Coral
Reef Initiative
(ICRI)/ Global
Coral Reef
Monitoring
Network (GCRMN)

International Coral
Reef Action
Network (ICRAN)

COREMAP Indonesia
(supported by the
World Bank, ADB,
and USAID)

Information related to
the Caribbean Program
for Adaptation to
Climate Change
(CPACCQ) -

World Bank/ OAS

Reefs At Risk - World
Resources Institute
(in collaboration with
ICLARM, WCMC,
and UNEP)

ReefBase

Edited Monograph
on Coral Reef
Economics

Comoros,
Madagascar,
Mauritius,
Reunion, and
Seychelles

Belize, Guatemala,
Honduras, and
Mexico

World-wide, based
upon six regional
nodes and the
ICRI Secretariat

World-wide (total
of eight regions)

Indonesia

Caribbean basin
(three pilot
countries -
Bahamas, Belize,
and Jamaica)

World-wide

World-wide

World-wide

Establishment of a
long-term coral reef
monitoring program
for the IOC countries

Regional program to
jointly manage and
protect the world’s

second largest barrier reef

A global effort to increase

capacity of regions and
countries to monitor and
manage coral reefs and
associated ecosystems
through ICZM and other
vehicles, with over 80
participating countries

A global effort to reverse

the trend of coral reef
degradation by initiating
priority protective action
in constituent countries,

including model protected

areas and coral reef
management systems

Establishment of
management structures
in Indonesia, including

1.0 for
medium-sized
GEF project

16.25

Unknown
(some support
from US State
Department,
Australia, and
France)

1.15 start-up
(United Nations
Fund; four year
action phase TBD)

33.1 phase one;
total of 263.1
over 15 years

improved monitoring efforts

Pilot to establish a
Caribbean monitoring

program to measure effects

of climate change and
anthropogenic impacts

Map-based indicator
of threats to the
world’s coral reefs

Serves as a global
database for coral reef
related information,
including the GCRMN

Text of coral reef
economics with global
case histories

0.406

Unknown
(supported by
WRI and ICLARM)

Unknown
(supported by
ICLARM)

Unknown
(supported by
Sida/ SAREC)

Under preparation
(endorsement
letter from all
countries)

Under preparation
(began 1998)

Secretariat
transferred to
France for

1998 to 2000;

five of six regional
nodes identified
for the GCRMN

Anticipated early
1999, pending
proposal acceptance
before the United
Nations Fund

Supported by the
World Bank, ADB,
USAID, and
Indonesia

Underway (workshop
held in 1998;
monitoring to be
established in 1999)

Global phase
completed; beginning
regional assessments,
starting with the
Philippines

Active

Under development
(estimated completion
late 1999)
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Diagnostic Biological Monitoring—
Essential to Manage Coral Reef Ecosystems

Coral reef monitoring programs have become ubiquitous
over the course of the past two decades (Eakin e al. 1997,
Risk 1992), ranging from monitoring by individual re-
search scientists to that conducted by large institutions
like the Australian Institute of Marine Science, the CARI-
COMP (Caribbean Coastal Marine Productivity) network
or world-wide efforts such as the Global Coral Reef Moni-
toring Network. The scope of reef monitoring has re-
cently expanded even further with the introduction of
monitoring programs specifically designed for volunteer
sport divers, such as the ReefBase Aquanaut and Reef
Check programs (Hodgson 1997; McManus et al. 1997).
While these “state of the art” efforts have been very suc-
cessful at what they were designed to do (i.e., document
change in coral reef ecosystems), they are, for the most
part, not capable of predicting what is causing the changes.
Because of the non-diagnostic nature of most coral
reef monitoring programs, policy-makers and government
officials are not well equipped to communicate to the pub-
lic or politicians the causes of coral reef resource decline
or the appropriate solution for remediation. To protect
coral reef resources, we should track the biological con-
dition of these ecosystems in a manner similar to the way
we track local and national economies or diagnose per-
sonal health—using calibrated indicators. Indicators that
integrate the influence of all forms of degradation caused
by human actions can thus guide diagnostic, curative,
restorative and preventive management actions.

Importance of Bioindicators in
Coral Reef Ecosystem Assessment

Indicator organisms have a long history of use for detect-
ing qualities about an environment that are otherwise dif-
ficult to perceive, from the well-known “canary in the coal
mine” to the highly successful “Musselwatch” program
in North American bays (Soule 1988). Freshwater and
marine organisms have been used extensively as bioindi-
cators since the 1970s (Phillips 1980).

The use of bioindicators has been justified in marine
pollution monitoring programs for at least three reasons
(Maher and Norris 1990):

1. They assess only those pollutants which are bioavail-
able, ostensibly those which are most important;

2. They can reveal biological effects at contaminant levels
below current chemical analytical detection limits (ei-
ther due to chronic, low level pollution or short-term
pulses); and,

3. They can help assess synergistic or additive antagonistic
relationships among pollutants, an important consid-

eration given the typical multiple pollution impacts
impinging on most reefs in the developing world
(Ginsburg 1994).

The aim of any coral reef ecosystem assessment pro-
gram is to distinguish relevant biological signals from
noise caused by natural spatial and temporal variations.
In choosing biological indicators, one should focus on
attributes that are sensitive to the underlying condition of
interest (e.g., human influences) but insensitive to extra-
neous conditions. Faced with the dizzying number of
variables, disturbances, endpoints, and processes, marine
managers and researchers have periodically failed to
choose those attributes that give the clearest signals of
human impact. The world’s coral reef ecosystems have
declined as a result.

Status of Coral Reef Ecosystem Bioindicators

Jameson et al. (1998) review the status of coral reef eco-
system bioindicators. With few notable exceptions, the
majority of these bioassays have not yet been fully devel-
oped into usable monitoring protocols. In these respects,
coral reef bioindicators lag far behind freshwater and tem-
perate marine biomonitoring programs, many of which
have undergone extensive calibration and have been de-
veloped into multi-metric indices of “biotic integrity” with
well-defined interpretative frameworks (e.g., Davis and
Simon 1995; Karr 1991; Karr and Chu 1999; Karr et al.
1986; Kerans and Karr 1994; Lang et al. 1989; Lenat 1988;
Rosenberg and Resh 1993; Wilson and Jeffrey 1994).
Many of these indices result in the calculation of a simple
numerical “score” for a particular site, which can then be
compared over time or with other sites. Such rankings
have an intuitive appeal to resource managers and users,
and can be an effective means of galvanizing political
willpower towards pollution prevention and conservation
activities.

Developing Biological Criteria for
Coral Reef Ecosystem Assessment

Biological criteria are narrative expressions or numerical
values that describe the “biological integrity” of aquatic
communities inhabitating waters of a given designated
aquatic life use (USEPA 1990a). Biological integrity is
the condition of the aquatic community inhabiting unim-
paired or minimally impaired water bodies of a specified
habitat as measured by community structure and func-
tion (USEPA 1990b).

The first step towards effective biological monitoring
and assessment is to realize that the goal is to measure
and evaluate the consequences of human actions on bio-
logical systems. The relevant measurement endpoint for
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biological monitoring is biological condition. Detecting
change in that endpoint, comparing the change with a min-
imally disturbed baseline condition, identifying the causes
of the change, and communicating these findings to policy-
makers and citizens are the tasks of biological monitor-
ing programs. Understanding and communicating those
consequences to all members of the human community is
perhaps the greatest challenge of modern ecology (Karr
and Chu 1999).

The use of multiple measures, or metrics, to develop
biocriteria is a systematic process involving discrete steps
(Jameson et al. 1998). The United States Environmental
Protection Agency recognizes the need and benefits of a
biological criteria program for coral reef ecosystem as-
sessment and is in the process of exploring the feasibility
of developing a program for coral reef ecosystems under
United States jurisdiction (Jameson ef al. 1998, 1999).

The Need for Integrated
Coastal Zone Management

As stated in the introduction to this chapter, many ma-
rine ecosystems in the tropics are deteriorating under
heavy pressure from human and economic activities.
About 10% of the world’s reefs have already been de-
graded beyond recognition, while another 60% are likely
to disappear in the next 10 to 40 years; the 30% that do
not appear to be undergoing negative effects are those
in remote areas, essentially removed from the influences
of man. Lack of harmonized legislation between the
tropical islands (such as regional sand mining legisla-
tion), lack of appropriate policies (such as existing sub-
sidies for gasoline to artisanal fishers), lack of adequate
protection mechanisms (such as designated marine pro-
tected areas), lack of appropriate zoning (such as desig-
nated fishery priority areas), and lack of infrastructure
to support tourism (such as sewage and solid waste man-
agement) have all caused marine resource deterioration,
threatening the natural and cultural fabric of these vul-
nerable small island developing states.

International tourism has been an important economic
element in the post-war period to the Caribbean. These
countries primarily draw on outstanding marine ecosys-
tems attracting the “sun-sea-sand” clientele and the
ecotourist, who is also attracted by cultural/ethno-histori-
cal phenomena such as pre-Colombian archaeological
sites, colonial architecture, and contemporary handicraft
industries. Both types of tourists require distinct pack-
ages and infrastructure, and both types have led to resource
and cultural deterioration, coining the phrase “tourism
destroys tourism”.

Rehabilitation and management of conservation areas,
revitalization of the tourism industry, and empowerment
of local governments and communities to manage and
benefit from the sustainable use of natural resources, are
now high priorities for the Caribbean countries as dem-
onstrated by important policy and institutional reforms
already completed or underway. Montego Bay, Jamaica,
provides an excellent example. Responsibility for man-
agement of the marine park has recently been transferred
from the Jamaican government to an NGO—the Montego
Bay Marine Park Trust (the Trust). The Trust has an ex-
plicit policy of promoting community participation in
management and the sharing of the benefits.

Over a period of several years, the people of Montego
Bay have felt the repercussions of poor planning:

* Serious resource depletion problems increasing pollu-
tion of the inshore, coastal and ocean environment;

* Loss or damage to productive coastal ecosystems, in-
creasing losses of life and property from coastal haz-
ards and disasters; and,

* Conflicts of interests among user groups.

They began to share a common vision, including a
desire to increase the economic benefits flowing from
the use of coastal zone resources and the exploration of
economic opportunities associated with new forms of
development in the coastal zone. Solutions included im-
plementing a more participatory approach to planning in-
volving NGOs and community-based groups, developing
institutional mechanisms for cross-sectoral cooperation,
and the enforcement of and compliance with integrated
policies, including the use of positive reinforcement and
incentives (see Chapters 2 and 11). There are examples
to which the Trust can turn that demonstrate the elements
of a successful ICZM strategy. Box 1.2 describes a case
study that provided rapid results in the United States.

The World Bank and Integrated
Coastal Zone Management

There is a growing interest, particularly among private
sector hotel associations and environmental NGOs, in
adopting ICZM as a means of maintaining a balance be-
tween economic growth and the protection of valuable
ecosystems. ICZM guides jointly the activities of two or
more sectors in the planning, development and im-
plementation of projects, instead of treating individual
sectors separately (e.g., sewage pollution and industrial
waste management). The World Bank has recently issued
guidelines for the use of ICZM (World Bank 1993a, 1996;
guidelines have also been developed for integrated water
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resources management for the environmental impact
assessment of projects that might affect coastal eco-
systems).

The definition of the coastal zone used for small is-
lands usually includes the island as a whole—that is, in-
cluding all watersheds that drain into the coastal zone.
Also, from an ecological perspective, the zone in which
freshwater and saltwater mix (i.e., estuaries, mangroves
or lagoons) is usually very valuable. These gradient zones
often have a very high level of biodiversity and produc-
tivity. There are also many physical linkages between
coastal and freshwater resources:

» Watershed management influences run-off and erosion,

which affects water quality in the coastal zone (e.g.,
non-point source pollution);

* Groundwater exploitation in alluvial coastal plains that
lowers the groundwater table often increases saline seep-
age and infiltration;

* Wastewater management (e.g., treatment plants, ocean

outfalls) directly influences water quality in the coastal
Zone;

» Coastal wetlands, such as mangroves and lagoons, are
dependant on both the water resources and coastal zone
management; and,

* For coastal tourism, the management of the coastal zone
and the water resources are often intricately linked.
Immediate government priority must be placed on the
development and implementation of ICZM strategies to
effectively manage the coral reef ecosystems of the world.
These strategies should address human activities in the
coastal watershed and marine environment and involve
combinations of:
* Public education (including education in the use of
traditional forms of reef tenure and management, edu-

cation on sustainable use practices, and education to
stabilize population growth);

* Community development;

¢ Economic incentives;

* Legal and institutional restructuring;

* Well managed marine protected areas;

» Regulation and enforcement of reef resource exploitation;

* Management of tourism and recreational activities (e.g.,
education programs, installation of mooring buoys);

* Management of land-based activities and coastal devel-
opment (e.g., using environmental impact assessments,
wise siting of facilities); and,

* Coral reef ecosystem monitoring, mapping, and data-
base creation and restoration.

Combining these management techniques is critical
for success. If used alone, these techniques tend to be

ineffective over the long-term. They must be strongly
supported at scales ranging from the village to the nation,
and often at the regional scale as well. They must be ori-
ented towards the long-term sustainability of reef re-
sources, and designed to be adaptive to different cultures
and governments, as well as changing situations, without
compromising effectiveness.

A world-wide system of marine protected areas should
be established to encompass at least 20% of all reefs
(Jameson et al. 1995; PDT 1990). This should include
widely dispersed small reserves involving up to a few
tens of square kilometres, and several strategically located
large reserves at the scale of hundreds or thousands of
square kilometres. Ideally, these protected areas should
form part of wider coastal zone planning initiatives en-
compassing the reef systems of entire countries and inte-
grating the needs of local peoples, commercial fisheries,
tourism, terrestrial construction and agriculture develop-
ment, and nature conservation.

Capacity Building

A concerted effort must be made to enhance the capaci-
ties of countries, particularly developing countries with
coral reefs, to conduct scientific research and to design
and implement informed, effective integrated management
systems. This implies not only the transfer of informa-
tion, but more importantly, the exchange of experiential
learning among developing countries.

Improved Scientific Understanding of
Coral Reef Ecosystems

Efforts must be enhanced to survey the coral reefs of the world
to provide information on their ecological and management
status. Scientific management information is needed for:

* Understanding the relationship of natural to anthropo-
genic impacts;

* Conducting damage assessments;

* Understanding coral recruitment, and the maintenance
and renewal of reefs;

» Understanding current patterns to determine the distri-
bution of reefs and the fate of pollutants; and,

* Developing an improved scientific concept of what
constitutes a healthy reef so it will be possible to gage
changes on impacted ecosystems.

So that the health of coral reef ecosystems can be
monitored in a systematic manner, the Intergovernmental
Oceanographic Commission (IOC) Global Coral Reef
Monitoring Network, which will provide valuable data to
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the larger Global Ocean Observing System, should be
maintained and improved (Jameson et al. 1995). In addi-
tion, new efforts to develop diagnostic coral reef moni-
toring techniques (Jameson et al. 1998, 1999) should be
supported. This information will not only help local au-
thorities monitor the health of their coral reef ecosystems
and improve management capabilities, it will also provide
a perspective on the conditions of coral reef ecosystems
and the effects of climate change world-wide.

The coral reef ecosystems of the world represent an
important resource, both in terms of global biological di-
versity and with respect to the well-being of the people
who live near and depend upon them. Many coral reefs are
at risk and better management is required. The future ac-
tions of managers, scientists, national bodies, local com-
munities and international programs will be critical in
determining whether or not these natural treasures are saved.

The Role of Decision Support Models

The Need For Modeling—Integrated Coastal Zone
Management Decision Support

Throughout the world, both in developed and developing
nations, we face complex coastal zone management chal-
lenges associated with our attempt to achieve economic
growth without destroying the ecological systems that
support human existence. As previously outlined, coral
reef ecosystems are valuable for many reasons. They
provide thousands of people with food, tourism revenue,
coastal protection, and potential new medications for the
treatment of diseases—despite being among the least
monitored and protected natural habitats in the world.

Coastal zone management decisions often require the
integration of numerous parameters, frequently more than
the human mind can handle effectively. In the manage-
ment of tropical coral reef ecosystems, some of these
parameters include the location of industrial and tourist
facilities, water quality issues such as nutrient concen-
trations and sedimentation, fishing pressure, and socio-
economic concerns.

To assist the three small island developing states of
the Maldives, Curagao and Jamaica (i.e., Montego Bay)
in effective coral reef management, the World Bank re-
cently created models using multivariate statistical pro-
cedures that show the result of ICZM decisions when a
variety of parameters interact together (see subsequent
chapters). Costs are incorporated into the models to help
decision-makers choose least-cost solutions, without mak-
ing costly mistakes that are, in many cases, irrevocable.

Capacity Building with the Models—
Helping Stakeholders

The integrated socio-economic and ecological model,
framed with a user-friendly computer interface will ben-
efit stakeholders by:

* Assisting the communication between the various stake-
holder groups;

* Facilitating the planning process required for success-
ful ICZM;

* Providing a powerful tool to managers and stakeholders
for demonstrating the need for coastal zone management
and the impacts of status quo management on valuable
coral reef resources and the local economy; and,

* Identifying appropriate policy and institutional reforms
for improving the capture of resource values associ-
ated with coral reefs in developing countries, and clari-
fying the potential operational role of the World Bank
and other development assistance agencies in helping
to effect these reforms.

The Dissemination Strategy

The dissemination strategy for this work focuses on
in-country workshops and seminars for user groups and
stakeholders, government agencies, and private and non-
governmental organizations involved in ICZM. In ad-
dition, it includes activities to foster cooperation among
countries on coordinated environmental policies, strat-
egies, and action plans in the coastal zone, and provides
a consultation mechanism for formulating, strengthen-
ing, harmonizing, and enforcing environmental laws and
regulations.

Ten Commandments for ICZM

In order to further guide the effective and successful imple-
mentation of an ICZM strategy, the following “ten
commandments” are suggested:

1. Identify problems and causes. It is tempting to blame
what is visible for all the problems (e.g., garbage and
eroded beaches) and difficult to identify the actual
causes of serious problems, which are usually mul-
tiple in number and difficult to uncover. The identi-
fication of the root causes of problems and solutions
is required to ultimately prevent or reduce problems.
A cleanup alone is not sufficient to prevent re-
occurrence. Controlling problems at the source is
the most efficient and effective means to reduce cost
and improve quality (Scanlan 1988).
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Strive for continuous improvement. However, know
that the environmental quality improvement journey
is not without setbacks. Stay focused on the goal
with continuous effort and eliminate the sources of
the problems that affect the reaching of your goal. A
fast repair strategy is required to achieve minimum
performance standards, and a root cause prevention
strategy is required to achieve excellence. Continu-
ous improvement requires continuous discovery, con-
tinuous development, and continuous maintenance.
Measures of results (samples) are required to pro-
vide data for control and improvement. Invent awards
with criteria that can be used to check progress, pro-
vide feedback for improvement, and recognize ex-
cellence (Scanlan 1988).

Gradualism and realism. National or regional poli-
cies can be implemented gradually by pilot projects
or experimental programs. The establishment of
plausible and enforceable norms, standards, and
guidelines is an important starting point. Start mod-
est. Do not try to implement policies and instruments
beyond the institutional means available.

Institutional integration. Intragovernmental and inter-
governmental integration must be pursued to over-
come barriers and to merge institutional strengths.
Government economic agencies must be included, as
well as parliamentary representation.

Leadership. The environmental management sector
must lead the decision-making process by identify-
ing stakeholders, barriers, and channels to consen-
sus building.

Participation. Public participation is a key issue.
Participation by stakeholders must be planned and

based on information building and sharing. Avoid
stalemate issues that might paralyze the process.
Equity issues must be properly identified, evaluated
and addressed.

Market reliance. The growing reliance on markets
must be incorporated into environmental policy and
incentive structures to influence behavioral changes.
Avoid high transaction and collection costs. Do not
outpace implementation and acceptance of market
adjustments.

Seek out business partners and recognize them. Work
with the decision-makers first as those controlling
the resources must be informed and supportive of
ICZM efforts. Tackle the more simple jobs first—a
visible improvement will build constituencies.

Recognize, motivate, and promote excellence and good
behavior. This is more effective than handing out fines,
and more constructive. More people working on a
solution results in more solutions (Scanlan 1988).

10. Minimize government, and maximize voluntary man-

agement and partnerships. Governments rely too
heavily on laws, regulations and punishment. Citi-
zens must be involved to help set goals for excel-
lence for our society. They are the customers for
government services. The governance process, as
well as key operational processes, in business or gov-
ernment, has to be continuously improved to meet
changing marketplace situations and new stakeholder
requirements. Government does not regulate itself
well and is often the worst offender. Government
should not require subsidies for things citizens do
not want and should fund things that support our
objectives (Scanlan 1988).
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Box 1.1. Environmental monitoring data as a basis for management decisions:
The Montego Bay case study.

Bernward Hay
Louis Berger International Inc., Needham, MA, USA

Among the goals of any integrated coastal zone management program is to protect coastal resources, or improve
them if degraded, while at the same time balance the various uses of the stakeholders of the coastal zone. A key
element towards achieving this goal is a solid understanding of the environmental conditions of the coastal
resources within the management district and factors that affect the state of these resources now and in the
future. Some of the most significant resources are the biological ecosystem and water quality. Factors that affect
the state of these resources include contaminated water sources entering the coastal zone (i.e., rivers, stormwater,
sewage pipes and outfalls, groundwater seepage), circulation patterns, land use, urban growth, and many others.

The specific biological resources and the factors influencing their state vary for each coastal management
district. Prior to the development of every integrated management plan, existing environmental information
needs to be collected and synthesized. Data gaps should be identified and an approach should be developed to fill
these gaps. In many cases, the appropriate approach may consist of an environmental monitoring plan. Monitoring
essentially provides for the collection of data at regular time intervals, but should also allow for the collection of
data during extreme events. Regular data collection intervals are important as coastal systems may vary daily,
monthly, seasonally, or annually. Extreme events such as hurricanes, major rainstorms, or drought periods may be
crucial as well, as certain coastal resources are only impacted during such events.

The Montego Bay Environmental Monitoring Program (USAID 1996) is an example of an environmental
baseline study that has already benefited coastal zone management decision-making. At the same time, lessons
learned in Montego Bay apply to many other places in the developing tropics.

Overview of the Montego Bay Coastal Environment

Montego Bay is the second largest city of Jamaica and the largest port city for cruise ships in Jamaica (Figure 1.1).
Tourism is a vital industry for the economy of the country (see Chapter 5). The city has grown rapidly in the last
30 years when much of the now developed urban areas still consisted of sugarcane fields (Figure 1.2). In addition,
a large part of the valuable mangrove forest has since been filled and converted to mainly industrial and commer-
cial property.

The coastal environment of Montego Bay includes two main waterbodies—Montego Bay, which consists of a
deep natural harbor and engineered port basin,and the Bogue Lagoon, a shallow lagoon with a fringing coral reef
and mangrove forest. Both waterbodies are part of the Montego Bay Marine Park.

The major river entering into Montego Bay is the Montego River, draining a comparatively large watershed.
Land use in the watershed consists of urban and rural developments, agriculture (mainly sugarcane and planta-
tions), and woodlands. The discharge in the river varies greatly between dry and rainstorm conditions, an impor-
tant factor to be considered for monitoring and the development of management plans. For example, the sus-
pended sediment load in the bay three days after hurricane Gilbert in 1989 (Figure 1.3) was significantly larger
than the load from runoff after a regular rainfall (Figure 1.1). River runoff affecting coastal resources in the bay
consists largely of eroded soil from the watershed and stormwater runoff from urban areas. Some of the sus-
pended sediment is deposited on the reefs along the outer fringes of the bay, resulting in the smothering of reef
organisms. In addition, release of nutrients during decomposition of organic matter contained in the sediment
may be utilized by macroalgae, resulting in overgrown reefs.

In addition to the river, the bay receives domestic wastewater effluent from an old treatment plant, as well as
from non-point source discharges into gullies and small channels that drain into the bay. These discharges have
been a large source of bacteria and nutrients entering into the bay.

In contrast, discharges to Bogue Lagoon consist only of stormwater runoff from the immediate area of the
lagoon and inflow from a groundwater spring.
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Project Components

Currently, the wastewater treatment system of the city is being greatly expanded to meet the needs of the
growing population and tourism industry. The main components of the new system are nine waste stabilization
ponds constructed adjacent to the upland side of the mangrove forest surrounding Bogue Lagoon (Figure 1.4). As
part of the final design phase for the new treatment system, Louis Berger International Inc. was hired by the U.S.
Agency for International Development (USAID) to monitor the existing conditions in the coastal zone and to
assess the impacts of the new treatment system on the coastal environment.

The five-year program included regular water quality sampling of coastal waters, rivers and gullies,and ground-
water (Figure 1.4), biological surveys of the mangrove system, waste source determinations, and hydrodynamic
surveys. Present and future water quality conditions and contaminant loads were modeled. In addition, a circu-
lation model was developed to simulate the movement of contaminants in the coastal zone. The monitoring
program was part of a larger infrastructure improvement program in Jamaica (Northern Jamaica Development
Project), carried out for the Planning Institute of Jamaica and the National Water Commission (USAID 1996).

Bogue Lagoon

In the original design, the wastewater effluent from the new treatment system was to be discharged into Bogue
Lagoon. However, the monitoring results clearly demonstrated that the lagoon is already experiencing some
environmental stress at the present time due to slow circulation and, thus, a slow water exchange rate with the
ocean. Slow circulation is caused by the shallow reef that spans the entire entrance to the lagoon. The lagoon is
nutrient enriched, in part because nutrients in the sediment are recycled back into the water column several
times before they are transported out to sea. On the other hand, the concentrations of fecal bacteria in the
lagoon waters are very low, making the lagoon suitable for water contact recreation.

Discharging effluent from the new wastewater treatment ponds into the lagoon would have increased the
nutrient concentrations in the lagoon by 200% to 1,300% by the year 2015, greatly reducing the diversity and
abundance of aquatic species. Possible adverse effects could also have been floating macroalgal mats, occasional
fish kills, and odor development. Further, increased bacteria loading from the effluent would have rendered the
lagoon unsuitable for water contact recreation. Aside from serious ecological impacts, the tourism industry
would have suffered.

Montego Bay

In the bay of Montego Bay, the water exchange rate with the open ocean is roughly an order of magnitude more
rapid than in Bogue Lagoon. Thus, nutrients and bacteria from land sources are transported comparatively rapidly
to the open ocean rather than staying in the bay. Further, the main coastal resources are limited to the outer bay,
including fringing reefs and three beaches on the northern side.

Environmental monitoring and modeling indicated that the nutrient loads in the bay would increase from the
new wastewater treatment system by only 5% to 15% by the year 2015. Bacteria concentrations would sharply
decrease, possibly to levels that would allow contact recreation in the outer bay during dry weather. However,
the data also showed that during rainstorms, the runoff from the Montego River watershed would continue to
discharge elevated concentrations of bacteria and nutrients into the bay. Management of the coastal resources in
Montego Bay needs to take source reduction in this watershed into consideration for future management activi-
ties.

Main Project Recommendations

Given the existing conditions in the coastal zone of Montego Bay, our monitoring team recommended changing
the targeted effluent receiving body from the lagoon to the bay. In addition, we recommended lining the wastewa-
ter treatment ponds with an impermeable layer to prevent seepage of nutrient-rich wastewater through the
ground into the lagoon. These recommendations prevented serious environmental problems for the coastal
waters in Bogue Lagoon, and averted negative economic consequences for the tourism industry. For example, a
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multi-million dollar condominium development along a small part of the lagoon is currently under construction.
The lagoon has further potential for ecotourism activities, thus providing income for sustaining local businesses
and potentially for financing the marine park. Also, the cruise ship port is immediately adjacent to the lagoon.
Property values would have been considerably lower, ecotourism would not be possible, and the first impression
of Jamaica by tourists arriving in the cruise ship port would have suffered if the lagoon was overgrown with algal
mats and experiencing occasional massive fish kills and odors.

At the same time, the impacts to Montego Bay are considered minor given the limited natural resources in
the bay, the circulation pattern in the bay which tends to transport land runoff straight out to sea,and the fact that
there are other, in part natural, factors that will limit the development of pristine coral reefs within the bay proper,
such as large stormwater discharge events that carry large amounts of silt, nutrients and bacteria from the
Montego River watershed.

The recommendations from our study were adopted by the National Water Commission of Jamaica prior to
construction of the new wastewater treatment system. Construction is expected to be completed by the sum-
mer of 1999.

Long-Term Benefits

Long-term, the extensive environmental database generated for the coastal waters in the area will serve as the
basis for other coastal zone management decisions in the future. Such decisions will include, for example, issues
related to the rapid growth of the city, the expansion of the industrial zone and associated handling of discharges,
stormwater management, coastal zoning for appropriate uses, and the management of the marine park.

The project in Montego Bay demonstrated that understanding of the environment and its response to human
induced changes of influencing factors should be one of the first steps in the process towards balanced coastal
zone management decisions. Such understanding is frequently also important for the “ground-truthing” of eco-
nomic benefit models and necessary in the development of integrated ecological economic models.




17

Integrated Coastal Zone Management in the Tropical Americas and the Role of Decision Support Models

(0661 ‘6 Toquardog uo 200sIg-o[epuAiyl S [ Aq uaye) ydeigojoyd) 1rodoarg o3auop st ydeigojoyd oy
Jo orpprur oy ur ernsuruad oy, ‘punoidyoeq Ay} ur st Aeg 039JUOIN JO A1) QY[ “[[BFUTEI JOI[IED IO)JB UOISOII [I0S WO PIALIIP JUSWIPS
papuadsns Jo sISISU0D IOATY 03UOIN Bia Aeg 0Fojuol Suujue swnjd umoiq jysrens Y] 1s910J daoiduew Yy} 0} Juadelpe uoode|
on3og Jo Jy3SLI 9y} 01 UONINISUOD JOPUN A[JUALIND SI WIsAs puod uonezifiqels Asem ay ], ‘yderSojoyd oy Jo anuao oy ut st (Apoqiajem
o) Aeg o3ojuojy punoi3aloy oy ur st uooJeT ondog Iseayliou oy) 0} Suroo] ‘Aeg 03JUOA JO U0z [BISe0d ay) Jo ydeidojoyq

“I'1 2an31g




Integrated Coastal Zone Management of Coral Reefs: Decision Support Modeling

18

(0961 ¥T 1990100
U0 009s1g-9[epuUAL ‘S’ Aq udye) ydeidojoyd) 10A11 oyp Jo SuruojySrens Jurmp 3sed POAOW IdJe[ SeM [INOW Y], ‘Aeg 039JUOJA JO IOUIOD
UWIQUINOS AU} Ul PAJLIO] SeM JOATY OSIUOIAl JO YINOW Y, "UOHBAIND dULOILINS SeM BIIR OU) Ul ISN puB| 9Y) JO JSO]A "PIOdUU0D pue
PI[[1J 19JB[ QI9M JBY) SPUR[SI QAOISUBW [BIOAIS JO PISISUOD SN} JBY) I 110doa1,] 03)UOoN “1sam ) 03 Suroo] ‘0Fe s1eak ¢ uoode]ondog 7' Ingiy




19

Integrated Coastal Zone Management in the Tropical Americas and the Role of Decision Support Models

(8861 ‘ST 1oquiandog
U0 200SIg-9[epUAT "S"[ £q uayel ydeidojoyd) 109130 o[NI] pamoys uooge[ Jouul 3y ‘uoogeT an3og 19Ino oy} pue 110daa1] 039U WO
popuadsnsar os[e sem judwIpas -own[d IOARY 0F9IUOIN ) £q A[Suons pajoajje aq 03 zeadde jou soop 110d oy Jo uiseq Ay, ‘Aeg 039UOIN
OJUI SJUSWIPAS papuadsns JO MO[Jul 931e] © UI POI[NSAI QUBOLLINY JY ], “ISEIYIIOU Y} 0 FUDOO[ 4Iq[1D) QUBOLLINY J9) . SABD 991} BAIE 100[01q *€°] 9In31q




Integrated Coastal Zone Management of Coral Reefs: Decision Support Modeling

=
Z

LEGEND ke
% REEF i y
2 wancrove J L
H)
WATER DEPTH
CONTOUR = G
wa23 i )
e REGULAR WaT I‘.\ ;
SAMPLING LG 4 |
wcl': b - 1
- ., ity =
&y g City of
GRAPHIC SCALE & Monleso Rayv
{ ™ HWETERS | 4 =4 )
2m o 104 o0 1] [5=1) [ 1] =i 10
o —____ CR— :
Pl ee] ‘1- l'i 'i".ﬂ'clz
ftg
s 2 R OUTER BAY
% = H WOiE
® 1 Y
i o i
%= ‘.1" arth Bullr
> i N
A wais i
* H ath Gudir
' 5
i w012
: Uwo
.-" .
NONp, 1,..--""
S T :
o~ —Ezixting
o o . | Teamimant Plaomi
& ok, |
it e wo13)
T e 'ﬁ'ﬂl.'-‘ . 3 1owagis wol4

"lern miver
i 4 INNER BAY

.

4
- PORT
R
s 7
7 r,/ & ﬁ:éj.- ; il of Weste
o -\.}'::.‘ J  Slamlizatien Pend
8 Gl i

“fue Lesgoon

QUTER LAGOON .
Reading

Figure 1.4. Bathymetry of the coastal zone and overview map of the station locations of the envi-
ronmental monitoring program (USAID 1996). Shown also is the location of the new
waste stabilization pond system adjacent to the mangrove forest of Bogue Lagoon. The
thicker dashed lines within Montego Bay and Bogue Lagoon represent the boundaries
of subareas in these waterbodies that were used for water quality modeling (i.e., inner

bay, outer bay, port, inner lagoon, and outer lagoon).
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Box 1.2. A successful ICZM case study achieving rapid results.
The Dolphins Are Back: A Successful Quality Model for Healing the Environment (Scanlan 1988)

By the end of the 1980s, the once beautiful and treasured New Jersey shoreline had become one of the most
polluted coasts in the United States. Communities felt the frustration of a record high number of beach closures
and disappearing wildlife. In one dramatic example, over 1,000 bottlenose dolphins washed ashore along the
Atlantic coast from Florida to New Jersey. As the situation worsened, the challenging job of finding a solution was
eventually taken up by an innovative partnership representing business, government and private citizens.

At the direction of Phillip Scanlan, who brought along his talent and Baldrige Award-winning experience as
quality vice-president at AT&T, the group borrowed a successful tactic businesses had been using for years—they
applied a total quality approach to clean up the shore and achieved a culture of continuous improvement.

Scanlan (1988) outlines two compelling stories simultaneously—his experience implementing the industry-
renowned quality methodology at AT&T, as well as the struggles and ultimate success of applying this same quality
approach to cleaning up the New Jersey shore. The book highlights the importance of recognizing the potential
strength in relationships among business, government, and citizens. In a quality environment, these partnerships
have the ability to tackle any seemingly complex and impossible task.




Chapter 2

Local Needs and Interventions for Management of
Coral Reefs in the Developing Tropical Americas—
The Montego Bay Marine Park Case Study

Stephen C Jameson

Coral Seas Inc. — Integrated Coastal Zone Management, The Plains, VA, USA

Jill Williams

Montego Bay Marine Park Trust, Montego Bay, Jamaica

The coral reefs, mangroves, seagrass beds, and other eco-
systems of coastal zones in the developing tropical Ameri-
cas are a source of diverse, unique, and useful economic
and ecological goods and services. These ecosystems
serve as the backbone of local and regional economies,
providing services such as filtering organic waste and
mitigating coastal erosion, potentially yielding medicines
and compounds for biomedical research, and forming an
irreplaceable source of biodiversity, educational and sci-
entific knowledge, and aesthetic pleasure.

Montego Bay (Figure 2.1) is one of the Caribbean’s
leading tourist centers (Taylor 1993) and, largely as a re-
sult of this, has one of the most threatened near-shore coral
reef ecosystems in the region (Hughs 1994, Jameson et
al. 1995). Natural and anthropogenic forces over many
years have combined to inflict a deadly blow (Figure 2.2).
Water pollution, in the form of nutrient enrichment from
municipal raw sewage discharges, household waste, asso-
ciated leaching, and sedimentation, has been especially
devastating to the near-shore coral reef ecosystem (Hitch-
man 1997; Jameson 1997; LaPointe ef al. 1997; see also
Chapter 1). Oil pollution and runoff of agricultural fertil-
izers and pesticides continually add to the problems. Once
luxuriant near-shore coral reefs are now smothered by
macrophytic algae and struggling for survival (Sullivan
and Chiappone 1994; Williams and Polunin 1999).

In Montego Bay, significant changes in land use and
hydrology have been occurring for the past 500 years.
Several events in the coastal ecosystem most likely had
the largest impacts on marine communities:

* The development of the Freeport and Seawind Island
resort area by the filling in of mangrove forests and
islands in 1967 and the reclamation of the entire water-
front area in the 1970s;

» The change in drainage patterns and nutrient loading
of coastal rivers and estuaries associated with a grow-
ing human population and inadequate infrastructure;

* The bulkheading of coastlines, loss of coastal vegeta-
tion, and changes in the quality of storm-water runoff;
and,

* Natural impacts such as Hurricane Allen in 1980, Hur-
ricane Gilbert in 1988 and the sea urchin Diadema
antillarum die-off in 1983-84.

The high relief spur and groove area of the fore-reef
illustrates the dramatic nature of these impacts. Here,
once luxuriant coral communities are now dominated by
frondose brown algae—algae cover is over 70% of the
reef surface, coral cover is less than 15% of the reef sur-
face, coral rubble is abundant and colonized by algae,
sponges consist of boring and encrusting species, and octo-
corals are rare or absent (Sullivan and Chiappone 1994).

Montego Bay Marine Park (the Park; Figure 2.3) is a
mosaic of marine communities that includes seagrass
beds, mangrove islands, beaches, and some of Jamaica’s
best coral reefs. The land is joined to the ocean through
rivers, wetlands, and coastal watersheds. Jamaicans have
benefited in the past from this ecosystem through the pro-
vision of fishes, conch and lobster. Montego Bay can be
recalled as a scenic coastline with beautiful beaches, near-
shore reefs, freshwater wetlands, and mangrove islands.
The Park is the focal point of the economic and social
health of Montego Bay and its environs.

Two watersheds drain into the Park—the Great River
and the Montego River. These carry the inland pollutants
to the Park waters. Coastal mangroves, other wetland ar-
eas, and seagrass beds that provide breeding, feeding and
nursery grounds for fish and shrimp, are being destroyed.
Harbors and near-shore water bodies are becoming more
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polluted from raw sewage discharges. Coral smothering
algal cover has increased from about 36% in 1992 to about
84% in 1997, confirming eutrophication (Sullivan and
Chiappone 1994; Williams and Polunin 1999). Impacts
from wind blown dust and illegal sand removal are caus-
ing loss of aesthetic value and failure in the rehabilitation
of coastal areas. The Montego Bay Marine Park Trust,
charged with conserving this valuable national resource,
is now faced with a long-term and expensive restoration
project.

Originally under government jurisdiction, a bold ex-
periment was undertaken when the Park was transferred
to non-government organization (NGO) management (pri-
vate) in 1996. A group of concerned citizens who had
earlier formed the Montego Bay Marine Park Trust in
1992, obtained responsibility from the Government of
Jamaica (public) to manage the Park under the authority
of the Natural Resources Conservation Authority (NRCA).

In the early 1970s, local dive shop operators noticed
the deterioration in the coastal marine environment and
started lobbying the Ministry of Tourism for establish-
ment of a marine protected area. In July, 1974, a 59ha
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protected area off Cornwall Beach was created by the
Government of Jamaica under the Beach Control Act and
the management responsibility given to the Jamaica Tour-
ist Board. The area was called the Cornwall Beach Ma-
rine Park. The boundaries were never marked, although
the marker buoys had been purchased, and the regula-
tions were never enforced although five wardens had been
appointed. Similar to the Ocho Rios Marine Park that
was created in 1966, the Cornwall Beach Marine Park
was only a “paper park”.

In 1986, the Minister of Tourism formed the Marine
Park Action Committee to act as a catalyst for the devel-
opment of marine parks in Jamaica. The committee initi-
ated the preparation of a project proposal for the develop-
ment of the Montego Bay Marine Park. The study was
incorporated by the Government of Jamaica and the
United States Agency for International Development
(USAID) into the proposal for the establishment of a Ja-
maica National Parks System, which was implemented
as the Protected Areas Resource Conservation (PARC)

|]:[| Diving/ Fishing Zone
[ Diving/ No Fishing Zone

E Multi-Use Zone

Caribbean Sea

Multi-Use Channel

[III] No Fishing Zone

project in August 1989, with funding from the Govern-
ment of Jamaica and USAID, and technical assistance
from The Nature Conservancy (TNC) and the Jamaica
Conservation and Development Trust.

In August, 1989, the Montego Bay Marine Park be-
came a reality. The steering committee evolved into the
Local Advisory Committee (LAC), which was responsible
for the hiring of the first members of staff and offices
being established at Cornwall Beach. Further legislation
was put in place under the Natural Resources Conserva-
tion Authority Act, Natural Resources (Montego Bay
Marine Park) Order, 1991, for the governance of the Park.
Initially, the Project Management Unit (PMU) for the
PARC project was based at the Natural Resources Con-
servation Authority (NRCA) before moving to the Plan-
ning Institute of Jamaica. Under an agreement between
the United States and the Government of Jamaica, a “debt
for nature swap” created the capital for the Jamaica Na-
tional Park Trust Fund to provide perpetual funding for
the two national parks, the Montego Bay Marine Park
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Figure 2.3.

The Montego Bay Marine Park and the new zoning plan.
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and the terrestrial Blue and John Crow Mountain National
Park. Park staff reported to the government and the man-
ager met regularly with the LAC. A group of members of
the LAC went on to incorporate the Montego Bay Marine
Park Trust as a membership organization for Friends of
the Park in 1992.

The PMU managed the park until April, 1996, when
funding under the PARC project came to an end and re-
sponsibility for the Marine Park reverted to the NRCA.
On September 20, 1996, the NRCA delegated manage-
ment for the Park to the Montego Bay Marine Park Trust
(MBMPT) under an innovative co-management policy
adopted for Jamaica’s National Parks and Protected Area
System.

The Montego Bay Marine Park’s purpose is embod-
ied in its mission statement: “To conserve, restore and
manage marine coastal resources in Montego Bay for the
maximum sustainable benefit of traditional users, the com-
munity, the nation, and the enjoyment of all mankind, by
providing effective programs for public education, tech-
nical support, monitoring and interpretive enforcement”.
The MBMPT embarked on a management program for
increased effectiveness. A five year management plan
for the expansion of the ongoing science, education and
enforcement program and a business plan which outlined
costs for equipment and personnel requirements were
prepared. This nation-wide experiment in public-private
management of national marine and terrestrial parks is
starting to show signs of fruit in Montego Bay.

The purpose of this chapter is to:

1. Characterize local needs for coral reef ecosystem
management in the developing tropical Americas by
using the Montego Bay Marine Park as a case study
example. Local needs for management are identified
and addressed through ReefFix, a specially designed
watershed management and coral reef restoration pro-
gram designed to implement the International Coral
Reef Initiative (ICRI) Framework for Action in the
Tropical Americas. ReefFix is also the implementa-
tion phase of the COral reef COasts in MOntego Bay
(COCOMO) integrated coastal zone management de-
cision support modeling program (Huber and Jameson
1999; Chapter 10).

2. Outline ongoing Park interventions to address local
needs for management, as well as interventions in-
volving public-private partnerships to prevent and
manage water pollution in this valuable coral reef eco-
system.

3. Elucidate some of the social and poverty related is-
sues that make coral reef ecosystem management and
water quality improvement extremely challenging in
Montego Bay.

Local Needs for Management Using
ReefFix to Implement ICRI and COCOMO

Jamaica is a key player in the International Coral Reef
Initiative (ICRI). They were one of the original eight
founding countries of ICRI and Montego Bay hosted the
ICRI Tropical Americas Regional Workshop where man-
agement, capacity building, and research and monitoring
priorities were outlined for implementing ICRI in the
region (Woodley 1995).

Continuing their leadership role, Jamaica—via the
Montego Bay Marine Park—is setting the example for
ICRI implementation in the tropical Americas through
the new ICZM coral reef restoration, watershed manage-
ment and capacity building demonstration project called
ReefFix. ReefFix is also the implementation phase of
the World Bank coral reef ecosystem decision support
modeling project for Montego Bay, the results of which
are reported elsewhere in this publication (specifically,
see Chapters 9 and 10).

Rationale

The International Coral Reef Initiative State of the Reefs
report (Jameson et al. 1995) concludes that the coral
reef ecosystems at greatest risk around the world are in
South and Southeast Asia, East Africa, and the tropical
Americas (see Chapter 1). The Caribbean Sea contains
some of the world’s most productive and biologically rich
marine environments, including the world’s second larg-
est barrier reef—the Belize Barrier Reef. Unfortunately,
reefs and other coastal environments throughout the re-
gion are under increasing assault. Pollution from sewage
wastes and fertilizers, coastal erosion, overfishing, and
unmanaged coastal development are contributing to
coastal decline. Recognizing the magnitude of these
threats and the need for counter measures, the Interna-
tional Maritime Organization declared the Caribbean a
“particularly sensitive area” (Jameson et al. 1995).

The goal of ReefFix is to design and implement a
least cost ICZM coral reef ecosystem restoration and
watershed management project and then transfer the in-
formation and technology to 20 other tropical American
countries facing similar challenges. At present, no coun-
try (or any of the over 100 marine protected areas) in the
tropical Americas is taking an integrated model-driven
approach to watershed management for coral reef protec-
tion and management.

Unlike most marine projects that strive to do research
in areas with good environmental conditions, ReefFix will
take a more management related approach. It will work
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in an area that suffers from many, if not all, of the water-
shed and marine ailments of Tropical American countries
—an area that desperately needs ICZM and restoration—
Montego Bay, Jamaica.

Major Components

The two integrated components of ReefFix promote the

restoration, conservation and sustainable use of biodiver-

sity in the region and promote the sustainable use of coral
reefs, watersheds and international waters. Specifically,
these include:

1. AnICZM Coral Reef Restoration and Watershed Man-
agement Demonstration component that will restore a
coral reef ecosystem and manage a watershed at
Montego Bay, Jamaica.

2. AnICZM Capacity Building component that will trans-
fer the information and technology from the demon-
stration component to 20 countries (as identified in an
ICRI report; see Woodley 1995) throughout the tropi-
cal Americas with coral reef eutrophication and sedi-
mentation problems. These countries potentially in-
clude the Bahamas, Barbados, Brazil, Cayman Islands,
Colombia, Costa Rica, Cuba, Curagao, Dominica,
Dominican Republic, Ecuador, Grenada, Guadeloupe,
Haiti, Martinique, Nicaragua, Panama, St. Lucia,
Trinidad and Tobago, and Venezuela.

The ICZM Coral Reef Restoration and Watershed
Management Demonstration component is the operational
aspect of ReefFix. In this component, ReefFix will use
and develop cost-effective techniques that can be repli-
cated throughout the tropical Americas. These include:

* Marine protected area management;

* Management of land-based activities and coastal
development;

» Resource assessment, monitoring, restoration, and
database creation;

* Environmental impact assessment;

* Community development;

* Tourism and recreation management;

« Economic incentives;

» Regulation and enforcement;

» Legal and institutional restructuring; and,
* Public education and outreach.

Combining these management approaches is critical
for success. If used alone, these approaches tend to be
ineffective over the long-term. They must be strongly
supported at scales ranging from the village to nation, and
often at the regional scale as well. They must be oriented
towards long-term sustainability of coastal resources and
designed to be adaptive to different cultures and govern-

ments, as well as changing situations, without compro-
mising effectiveness.

The ICZM Capacity Building component will focus
on regional capacity building and will draw on the suc-
cesses of the Montego Bay Marine Park Coral Reef Res-
toration and Watershed Management Demonstration
project. Capacity building includes establishing and
strengthening human resource and institutional capabili-
ties for integrated coastal resources management, science,
training and education. A concerted effort must be made
to enhance the capacities of countries responsible for valu-
able coastal resources to conduct science-based research
and to design and implement informed, effective inte-
grated management systems. This implies not only the
transfer of information, but more importantly, the ex-
change of experiential learning among countries of the
region. ReefFix will design and implement a program to
build expertise in coral reef management and integrated
coastal resources management. Presently, the shortage of
trained personnel on many islands in the region requires
the sharing of limited expertise through networking. The
project will draw on the talents and experience of other
regional institutions and facilities in the design and imple-
mentation of its capacity building program.

ReefFix will also encourage the private sector’s role
in ICZM by seriously engaging them in the management
of coral reefs and related coastal ecosystems by demon-
strating to them, via workshops, educational material,
media products and technical assistance, the benefits of:

 Using appropriate technologies;
* Developing a trained and educated workforce; and,

+ Using innovative approaches to improve environmen-
tal operating standards.

Objectives and Qutcomes

ReefFix will meet its goals by accomplishing the follow-
ing objectives:

1. Develop a generic least cost ICZM decision support
model template that can be custom tailored for any
coral reef ecosystem in the tropical Americas;

2. Develop aleast cost ICZM coral reef decision support
model for the Montego Bay Marine Park (COCOMO;
Chapter 10);

3. Develop and implement a Montego Bay Watershed
Management Action Plan that will, over time, improve
water quality for the coral reef ecosystem (reduce
eutrophication and sedimentation), improve water
quality for human users (reduce fecal coliform), and
increase coral cover and decrease algal cover on the
Park’s reefs;
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4. Develop and implement a Montego Bay Marine Park
Fisheries Management Action Plan, including eco-
tourism alternative income programs for retrained fish-
ers in Montego Bay that will, over time, increase fish
abundance, improve economic conditions for fishers,
and help make Montego Bay Marine Park financially
self-sustaining; and,

5. Implement a Tropical Americas Demonstration Action
Plan that will improve ICZM capacity for restoring
coral reef ecosystems in 20 tropical American coun-
tries as a result of the demonstration program that
includes a ReefFix coral reef watershed restoration
handbook, a video, and workshop materials.

Links to National Priorities

On the national level, ReefFix is directly linked to pri-
ority programs of Jamaica’s Natural Resources Conser-
vation Authority (NRCA) to manage watersheds and to
establish and restore marine protected areas under the
management of local NGOs. As outlined above, the
NRCA delegated authority to manage the Montego Bay
Marine Park to the Montego Bay Marine Park Trust.
ReefFix also meets many of the objectives outlined in
the Montego Bay Marine Park Management Plan (Tables
2.1 to 2.6).

On the regional level, ReefFix is linked to the Regional
International Coral Reef Initiative (ICRI), the UNEP Glo-
bal Program of Action for the Protection of the Marine
Environment from Land-Based Activities, and the IOC
Global Coral Reef Monitoring Network (see Chapter 1).
ReefFix addresses the specific needs identified in a sur-
vey of the 25 tropical American countries participating in
the 1995 ICRI Regional Workshop (Woodley 1995).
These include a need for ICZM planning approaches (i.e.,
restoration, mitigation of specific impacts, and determi-
nation of carrying capacities), capacity building in coastal
and marine resource management, and increased research
and monitoring capabilities. Workshop participants also
identified a series of initial steps required to provide a
basis for increased regional collaboration, including ini-
tiatives to strengthen management capabilities in special
area management planning, education and environmen-
tal awareness programs, and increased capacity at regional
marine institutions.

Stakeholders Involved

In the ReefFix demonstration phase, stakeholders include
Montego Bay businesses, community groups, NGOs, resi-
dents, educational institutions, and national and local
government agencies (i.e., Montego Bay Marine Park,

Natural Resources Conservation Authority, Water Re-
sources Authority, National Water Commission, Montego
Bay Sewage Treatment Plant, Ministry of Agriculture’s
Fisheries Division, Jamaica Tourist Board, Montego Bay
Resort Board, Tourism Product Development Company,
Jamaica Hotel and Tourism Association, Greater Mon-
tego Bay Redevelopment Company, St. James Parish
Council, and United States Agency for International De-
velopment). In the capacity building phase, stakeholders
include the 20 countries where workshops are held, and
will be similar to those listed for the demonstration phase
but with a local and national focus specific to the country
involved.

Interventions

To address local needs for management, the Montego Bay
Marine Park Trust is implementing a variety of low cost
and effective programs that can be called “soft interven-
tions”. These soft interventions focus primarily on edu-
cation, enforcement, public relations activities, research
and monitoring, and volunteer programs (Tables 2.1 to
2.5). In addition, the Park, in partnership with various
public entities, is implementing a variety of programs to
mitigate water pollution impacts to the coral reef eco-
system (Table 2.6).

Education Strategies and Activities

One of the primary mandates of the Montego Bay Marine
Park is to provide the public with information about envi-
ronmental issues that surround and affect the Park. The
diverse habitats and resources and the setting of the Park
offer unique educational opportunities for the interpreta-
tion of tropical marine environments for Jamaicans and
visitors alike. Educational strategies fall into two distinct
categories—community participation and product devel-
opment (Table 2.1). The community participation program
encompasses all projects that involve direct interaction
with the public by Park officials, including training work-
shops, exhibit production, special events, environment
watch clubs, and fishing trap mesh exchange programs.
The product development strategies include production
of displays, signs, and printed materials, as well as media
programs.

Montego Bay Marine Park

Education Goals and Objectives

The Montego Bay Marine Park, as an integral part of the
Jamaican National Park System, reflects a unique and
important aspect of Jamaica’s natural heritage. Hence,
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Table 2.3.  Public relations interventions for the Montego Bay Marine Park—agencies, organizations,
and staff identified for implementing strategies and activities (MBMP = Montego Bay

Marine Park).
Agencies and
organizations MBMP staff
Research &
Administration Education Volunteer ~ monitoring  Enforcement Director

Interventions MBMP Media coordinator coordinator  coordinator coordinator  coordinator
Park identity
New park logo ° O
New uniforms ° [ [ ) o O
Membership
Begin membership @) [ [ ©) ©) @) @)
Newsletter

Produce quarterly newsletter (see Table 2.1)

Mailing list database ° o o O
Media
Newspaper articles (see Table 2.1)
Press releases ° ° O O ©) O
Radio program ° [ O
Television program ° [ O
Staff levels
Hire staff O
Public service announcements (see Table 2.1)

® lead

O assist
it is of the utmost importance to educate the public To achieve the goals defined above, the following

concerning the natural treasures at risk to ensure that this ~ objectives should be met:
heritage is preserved for future generations. These goals  + Increase community cooperation and participation in

respond to the specific environmental education needs of the management of the Park;
the Montego Bay community and include: + Increase understanding of and voluntary compliance
* Promoting the awareness of and support for the Mon- with regulatory requirements of the Park (e.g., zoning
tego Bay Marine Park; regulations);
* Encouraging and promoting a sense of stewardship re- » Develop, support, and maintain cooperative educational
garding the marine environment; programs with the community (e.g., turtle watches with
+ Facilitating environmental education opportunities for hotels; tours with boat operators);
all segments of society; * Provide the public with information gained through
« Promoting a clear awareness of the economic, biologi- research within and about the Park and relevant re-
sources;

cal, recreational, educational, and cultural values of the
marine ecosystem, as well as the interdependence of  * Increase public awareness about the cumulative en-
these factors upon one another; and, vironmental impacts degrading the Park and provide

+ Providing income generating training opportunities for relevant solutions to the problems addressed;

individuals displaced by the enforcement of Park regu-  Provide opportunities for individuals to become “stew-
lations. ards of the environment”;
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Table 2.4b. Research and monitoring interventions for the Montego Bay Marine Park — staff identified
for implementing strategies and activities (MBMP = Montego Bay Marine Park; QA/QC = quality
assurance/quality control).

MBMP staff
Research and
Education monitoring Volunteer
Interventions coordinator coordinator coordinator Secretary Director
RESEARCH MANAGEMENT
Park database
Assess user needs ° @)
Implementation plan ° )
Disseminate findings
Information exchange O ® O
Sponsor conferences O [ O O
Journal publication @) ° @)
Advisory committee
Establish committee ® O O
MONITORING STRATEGIES
Water quality monitoring
Historical assessment [ O
Circulation studies ° O
Water quality standards L o
Inter-park laboratory L] O
Runoff practices O ° O
Monitoring implementation plan ® O
Select organization L] O
QA/QC authority and protocols o ©)
Implement monitoring ° )
Indicators
Develop and evaluate indicators ® (@)
Ecological monitoring
Hire coordinator [
Ecological information system ® O
Status and trends assessment L] O
Fisheries ecological monitoring ° O
Sampling protocol L] @)
QA/QC protocol ® O
Index of park health () e)
Volunteer program ° O ©)
Socio-economic monitoring
Fishing gear survey ° O
License program ° O
Control area monitoring
Develop baseline data ° O
Monitor control area ° )
FISHERIES IMPACTS
Aquaculture alternatives
Assess, develop, and promote alternatives (] @)

Artificial reefs
Assess impacts ) le)
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Table 2.4b. continued

MBMP staff
Research and
Education monitoring Volunteer

Interventions coordinator coordinator coordinator Secretary Director
ENVIRONMENTAL ASSESSMENT
Habitat restoration
Program of restoration research ® O
Carrying capacity
Assess impacts L O
Leachate transport
Research on leachate transport ] O
Global change
Research on global change ] O
PREDICTIVE STRATEGIES
Predictive models
Predictive modeling workshop o O
Water quality impact research
Water quality impact research o o
STAFFING STRATEGIES
Staffing levels
Hire staff O °

® Jead

O  assist

* Provide and support multi-disciplinary environmental
education experiences;

* Provide information at high profile locations;
* Provide and support training opportunities for resource

users (e.g., training programs to retrain displaced
fishers);

* Provide informative educational programs to school
systems;

* Provide sequential exposure to environmental edu-
cation, allowing for the construction and understand-
ing of an ecosystem approach over time (e.g., weekly
media articles);

* Provide educational information at technical and sci-
entific meetings; and,

* Provide environmental education opportunities for
adults and those not attending school.
Existing Education Programs

The following programs are currently being operated by
the Montego Bay Marine Park:

» Promoting and supporting environmental education in
schools. The Park currently works closely with five

area high schools and conducts trips and presentations
for other schools whenever possible, including the Uni-
versity of the West Indies at Mona. Past programs have
dealt with rural schools and teacher training. The Edu-
cation Coordinator also facilitates the organization of
poster contests in Montego Bay schools during special
events such as Earth Day.

Presenting information to user groups and community
members. The Education Coordinator currently gives
presentations on request to various community and
school groups. The Park also organizes boat trips and
writes weekly articles and press releases for local news-
papers (i.e., the Western Mirror and the Jamaica Ob-
server) and other periodicals.

Conducting educational tours. Currently, the Educa-
tion Coordinator provides at least one tour per month
to schools or other groups. Tours include site visits
and descriptions of coral reef ecology and mangrove
ecology. A tour guide is currently being trained so that
four trips per month can be arranged.

Maintaining displays at local and national events. The
Park currently maintains a presence at most regional
and some national events.
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Table 2.5.  Volunteer interventions for the Montego Bay Marine Park.

Strategy Activity Description

Boating Boat access Assist in public access survey
Habitat restoration Serve as “buddy divers” and underwater assistants
Derelict vessels Assist in a survey of abandoned and derelict vessels
Mooring buoy and reef marking Assist with mooring buoy and reef marking projects
Visitor registration Serve as registrars for the Park
Damage assessment Assist the damage assessment team

Fishing Artificial reefs Assist in reef construction, data collection and monitoring
Gear removal Assist in gear removal, particularly “ghost traps”

(abandoned or lost fish traps)

Gear and method impacts Assist with research on low-impact fishing gear

Recreation Recreation survey Assist in implementing the recreation survey

Research and monitoring Water quality monitoring
Ecological monitoring

Education and outreach  Printed materials
Audio-visual materials

Signs, displays, and exhibits

Provide monitoring assistance

Assist in the monitoring program

Assist Park staff in developing and

distributing printed materials

Assist in developing the audio-video library and

audio and video products

Assist in developing and installing Park signs, displays,
and exhibits

Training, workshops, and school programs ~ Assist in training, workshops, and school programs

Public service announcements

Promotional
Public forum

Special events

General support Office support
Computer support
Marine and dock maintenance

Fund-raising

Assist in developing public service announcements,
particularly local press releases

Assist in developing promotional materials

Assist in preparing for public meetings, volunteer
speakers bureau, and bay watch hotline

Assist at trade shows and special events

Inter-organizational volunteer coordination

Group leaders
Boat captains
Special project

* Organizing environmental events. The Education Co-
ordinator currently organizes activities and displays for
events, including park related expositions, mangrove
replanting projects and beach clean-ups.

o Summer children's programs. The Park staff has tradi-
tionally organized a summer camp for kindergarten and
primary school age children. The program has prima-
rily focused on making crafts from reused materials.
The traditional camp did not take place in 1997, but
swimming and snorkel lessons were provided to mem-
bers of environment watch clubs.

* Quarterly newsletter. The Education Coordinator is
currently producing a quarterly newsletter and seeking
funding for production.

* Internet website. A webpage is currently on-line and is
updated periodically. The newsletter is in the process
of being posted on the site.

o Writing articles for publication in newspapers and
magazines. The Education Coordinator currently pub-
lishes weekly articles in local and national papers.
Specific user groups are also being targeted, as articles
are also being sent to international scuba magazines
such as Skin Diver.

Enforcement Strategies and Activities

The enforcement program of the Park is an essential
component of resource protection (Table 2.2). Adequate
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Table 2.6.  Public-private partnerships in water pollution prevention and management in Montego Bay,
Jamaica (MBMP = Montego Bay Marine Park; NWC = National Water Commission; NRCA = Natural Re-
sources Conservation Authority; JDFCG = Jamaica Defence Forces-Coast Guard; UWA = Underground Water
Authority; SJPC = St. James Parish Council).

Public-private Pesticides Sediments Nutrient Program

partnership and oil enrichment status

CORAL modeling Provides least Provides least Model operational

(World Bank/MBMP) cost solutions cost solutions early 1999

ReefFix restoration Watershed Watershed Watershed ReefFix proposal

program (World management management management submitted for GEF

Bank/MBMP) component component component approval

Sewage treatment Ideas for design of Periodic interactions

and eftluent disposal new plant and disposal during new plant

(NWC/MBMP) methods submitted construction

Artificial wetlands Critical for removing Critical for removing  Under consideration

program sediments from sediments from by NWC and NRCA

(NRCA/MBMP) sewage effluent sewage effluent

Water quality Oil spills (park Ships and hotels Ongoing

enforcement rangers, coast (park rangers, coast

(NRCA/NWC/ guard and marine guard and marine

JDFCG/MBMP) police operations) police operations)

Mangrove River bank and Aids in removal of Ongoing, with school

reseeding program shore stabilization/ nutrients from participation

(NRCA/MBMP) sediment filtration polluted runoff

Green certification Hotels must meet Under development

(NRCA/Hotels/ sewage treatment and

MBMP) disposal standards

Hydrology Examines effects Clarifies role of Historical hydrological

assessment (NRCA/ of structural inflows from land- assessment requires

NWC/MBMP) modifications based sources funding

Circulation studies
(NRCA/NWC/MBMP)

Water quality standards
(NRCA/MBMP)

Inter-park laboratory
(NRCA/NWC/MBMP)

Storm water runoff
practices (UWA/
SJPC/MBMP)

Water quality
monitoring program
(NRCA/NWC/MBMP)

Indicator species
program (NRCA/
NWC/MBMP)

Estimates long-term
and episodic transport

Pesticide and oil
standards created

Processes
monitoring samples

Collection locations
and education
programs

Relevant parameters
monitored

Indicators require
calibration and
statistical framework

Estimates long-term
and episodic transport

Sediment loading
standards created

Processes
monitoring samples

Street sweeping and
litter control
programs

Relevant parameters
monitored

Indicators require
calibration and
statistical framework

Estimates long-term
and episodic transport

Nitrogen and
phosphorous standards
and biocriteria created

Processes
monitoring samples

Ordinances aimed at
controlling application
on public and

private landscapes

Relevant parameters
monitored

Indicators require
calibration and
statistical framework

Requires funding

Under development

Requires funding

Ongoing (requires
funding to expand
reach and intensity)

Plan requires development
and funds required for
implementation

Requires funding;
indicators incorporated
into biocriteria program
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financial support, effective supervision and a supportive
judicial system, combined with proper ranger recruitment,
training and equipment, form the basis of a professional
enforcement operation. The goal of Park enforcement is
to prevent negative resource impacts through full com-
pliance with the Natural Resources (Marine Parks) Regu-
lations, 1992, under the Natural Resources Conservation
Authority Act, as well as relevant sections of regulations
under other government acts (i.e., the Fisheries Act, the
Tourist Board Act, the Wildlife Protection Act). A new
zoning plan for the Park also helps achieve enforcement
goals and objectives (Figure 2.3).

Successful enforcement relies on frequent land and
water patrols, along with routine vessel inspections. Park
rangers ensure that users are familiar with regulations.
An interpretive style of enforcement seeks voluntary com-
pliance, primarily through education (e.g., rangers speak
with users and distribute brochures in the field). This
allows rangers to make direct, informative contact with
the Park users while conducting routine enforcement ac-
tivities. In addition, rangers are called upon to give pre-
sentations both on site and within the community.

In Montego Bay, the success of enforcement efforts
also depends on how well the enforcement bodies are co-
ordinated. Because of limited resources, current enforce-
ment assets must be targeted and used in an efficient and
directed effort to be effective. Agreements among NGOs
and government organizations in the Park service, Coast
Guard, Fisheries Division, and Wildlife Division are be-
ing established to ensure a cooperative and integrated
enforcement operation. In addition, local residents and
frequent Park users are assisting by detecting and report-
ing violations.

Montego Bay Marine Park

Enforcement Goal and Objectives

The goal of enforcement in the Park is to protect the re-
sources by achieving full compliance with all applicable
laws. Effective enforcement of these laws, which seek
protection of the natural, cultural, and historical resources
within the Park, is required. The principal objectives
associated with Park enforcement include:

* Increasing the public’s understanding of why it is im-
portant to comply with Park regulations;

* Achieving voluntary compliance with applicable laws;
and,

* Promoting public stewardship of the marine resources
through interpretive enforcement efforts.

The mechanisms for accomplishing these goals include
the following.

1. Inter-agency agreements and cooperative strategies to:

+ Strengthen the existing enforcement efforts with other
agencies;
» Develop partnerships with other enforcement agencies

in order to provide a strong enforcement presence in
the Park;

* Maintain an active relationship internally among Park
staff members and with other enforcement agencies to
identify areas of mutual concern and develop coopera-
tive responses to enforcement issues;

» Explore cooperative relationships with foreign govern-
ments;

* Enter, if necessary, into memoranda of understanding
(MOUs), cooperative enforcement agreements, and joint
operation plans with other enforcement agencies as
appropriate;

 Facilitate communication among agencies to avoid
duplication of efforts;

* Promote cooperation, standardization of gear, and co-
ordination of limited resources such as vessels, radios,
radio frequencies and training; and,

* Promote training and deputation among enforcement
agencies.

2. Community involvement strategies to:

* Encourage public involvement through site specific
interpretive patrols by volunteer groups;

¢ Involve Jamaican Defence Forces-Coast Guard, Marine
Police, resort patrols, charter boats, Fisheries Division,
fishing organizations and game wardens in promoting
compliance with Park regulations;

* Maintain an active relationship with citizen groups in-
terested in compliance with Park regulations;

* Conduct community outreach programs to encourage
compliance with Park regulation and citizen involve-
ment in reporting violations; and,

+ Establish a volunteer ranger program and train and en-
gage the volunteer services in enforcement.

3. Education strategies to:

* Emphasize education as a tool to achieve compliance
with legislation;

* Promote voluntary compliance and stewardship by the
general public through specific outreach programs re-
garding enforcement of Park regulations;

* Train user groups about regulations and procedures for
reporting violations (e.g., witness statements forms);
and,

+ Identify major user groups and develop and disseminate
educational material through semi-annual meetings and
workshops.
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4. Operational strategies to:

* Maintain an investigative capability to ensure quick
response to purposeful unlawful acts;

* Develop and maintain the capability to effectively
respond to violations of the Park regulations and to
emergencies;

* Establish an enforcement advisory committee consist-
ing of relevant law enforcement organizations; and,

* Develop enforcement operation plans that identify spe-
cific enforcement strategies and priorities, and outline
the best means of achieving them.

Public Relations Strategies and Activities

Community involvement and support are the centerpiece
of the Montego Bay Marine Park’s success. Historically,
the Park has had tremendous support from certain aspects
of the Montego Bay community. The Public Relations
Action Plan seeks to strengthen support in traditional sec-
tors and expand into sectors where Park support has tra-
ditionally been weak. The Public Relations Action Plan
will focus on Park identity issues, membership strategies,
newsletter distribution and media campaigns (Table 2.3).

Montego Bay Marine Park

Public Relations Goals and Objectives

The Montego Bay Marine Park seeks to maximize com-
munity support for the Park and other areas of valuable
natural heritage by sensitizing the community to various
aspects of efforts to preserve the environment. The goals
are designed to maximize awareness of the Park and its
regulations and community involvement in the Park.
Goals include:

* Creating a strong identity for the Park and its staff;

+ Establishing a membership program; and,

* Increasing community participation, awareness, and
support for Park programs.

The Park will meet the above goals by accomplishing
the following objectives:

* Providing the staff with uniforms;

+ Creating a new Park logo;

* Establishing a passive membership;

* Maintaining a quarterly newsletter; and,
+ Establishing media campaigns.

Existing Public Relations Programs
The following programs are currently being operated by
the Montego Bay Marine Park:

* New staff uniforms. Marine Park staff was recently
outfitted with new uniforms designed to enhance the
image of and respect for the Park.

* Membership. A passive membership campaign has
been organized and will begin with the distribution of
the first newsletter.

» Newspaper articles and press releases. Currently, the
Education Coordinator submits weekly newspaper
articles and press releases to regional and national news-
papers.

Research and Monitoring Strategies and Activities

Research and monitoring are critical to achieving the
Park’s primary goal of resource protection. The Park’s
ecosystem is diverse and complex, and many of its pro-
cesses and their interrelationships are not well known.
Also, while many resource impacts are obvious and se-
vere, they are often not documented or quantified. The
causes of impacts may be even less clear or completely
unknown. The purpose of research and monitoring is to
establish a baseline of information on the resource and
the various components of the ecosystem and how they
interact. In this way, research and monitoring can ensure
the effective implementation of management strategies
using the best available scientific information.

Research and monitoring activities must focus on
fundamental processes and specific management driven
topics (Tables 2.4a and 2.4b). Information generated from
such activities will be used to:

* Provide a means to evaluate the effectiveness of the
Park;

* Provide a means to distinguish between the effects of
human activities and natural variability;

» Develop hypotheses concerning causal relationships
which can then be investigated;

» Evaluate management actions; and,

 Verify and validate quantitative predictive models used
to evaluate and select management actions.

Research and monitoring efforts in the Park must be
focused on priority issues, and various symposia and
reports (i.e., coral reef modeling workshops and rapid
ecological assessments; see Sullivan and Chiappone 1994;
Chapter 13) have helped to define those issues. Park
management will work to improve and enhance the
funding, focus and quality of research and monitoring,
as well as the free exchange and discussion of research
and monitoring information. It will influence research
and monitoring by establishing priorities, encouraging
open communications among researchers and managers,
and allowing Park staff to work closely with researchers
to accomplish mutual goals.

Both research and monitoring activities are included
in this discussion of local needs for management because
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they employ similar methods, are often conducted by the
same people and agencies, and must be linked to one
another. Research is goal orientated with well-defined,
testable hypotheses, and is of finite duration. Monitoring
involves systematic long-term data collection and analy-
sis to measure the state of the resource and detect changes
over time. Detecting such changes can prompt manage-
ment decisions, can be used to evaluate the success of
management strategies, or to focus research on determin-
ing the reason for the change.

Montego Bay Marine Park
Research and Monitoring Goals and Objectives

The primary goal of a research and monitoring program
is to provide the knowledge necessary to make informed
decisions to protect the biological diversity and natural
ecosystem processes within the Park. Park goals include:

* Identification of priority areas for research;
+ Establishment of an ecological monitoring program;

* Development of standards based on biological mon-
itoring or assessment to ensure the protection and res-
toration of water quality, coral reefs and other marine
resources;

* Establishment of a comprehensive water quality moni-
toring program to determine the sources of pollution
and evaluate the results of pollution reduction efforts;

 Evaluation of progress in achieving water quality stan-
dards and protecting and restoring the Park’s coral reefs
and living marine resources;

» Establishment of strong communication and coopera-
tion between the scientific community and resource
managers;

¢ Coordination of research efforts to achieve the most
beneficial results; and,

* Promotion of public awareness and resource steward-
ship.

To achieve these goals, the following objectives must
be accomplished:

* The Park program’s role in research and monitoring
efforts must be well-defined;

» The Park and regional ecosystem must be understood
and managed in a holistic manner;

* Managers, educators, and researchers must commu-
nicate effectively regarding issues and the results of
studies;

» Data and other information should be shared among
researchers and managers and should be easily acces-
sible;

» Multi-agency research efforts should be coordinated for
the greatest efficiency, including the definition of com-
mon priorities;

» Research funding should be sufficient, predictable and
competitive;

» Research permitting should be coordinated among agen-
cies;

* Management goals and objectives should be based on
sound science; and,

+ Sites protected from disturbance must be designed for
sustained ecological research.

Existing Research and Monitoring Programs

Much research has been done in the Montego Bay Marine
Park. Research is conducted by many groups, including
local and federal agencies, public and private universities,
private research foundations, environmental organizations,
and independent researchers. While productive, research
efforts are driven by diverse goals, vary in available re-
sources and quality, and do not effectively share results.
Leading research groups include The Nature Conservancy
(rapid ecological assessment; Sullivan and Chiappone
1994), the United Kingdom Department for International
Development (benthic and fish survey; Williams and
Polunin 1999), the NRCA in conjunction with the Park
(assessment of the Park’s impacts on local fishers;
Nicholson 1994), Harvard and Radcliff College (benthic
survey and water nutrient analysis; Hitchman 1997), and
the World Bank, along with various consulting firms, uni-
versities, and government organizations (see other con-
tributions to this publication).

A number of monitoring activities are occurring in or
near the Park. Specifically, these include Montego Bay
water quality monitoring (National Water Commission
and Louis Berger International Inc.), fisheries catch and
effort data collection (Fisheries Division), and visual sur-
veys of fish populations (Montego Bay Marine Park).

Volunteer Strategies and Activities

Volunteer activities and programs are decisive to the
success of the Montego Bay Marine Park (Table 2.5).
Available to implement a variety of strategy components,
volunteers are seen as a valuable human resource. In ad-
dition to supporting management activities in the Park,
the volunteer program will also coordinate assistance in
other Park operations, mainly in the areas of enforcement,
education and research.

The volunteer program is the focal point for deter-
mining the timing, source, type and degree of volunteer
assistance provided for each Park strategy. The program
is used to develop an organized method for providing
volunteer assistance to the various public and private in-
stitutions involved in implementing strategies within the
Park. Accordingly, volunteer efforts are planned and
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deliberate actions designed to accomplish specific man-
agement objectives. Each volunteer receives a handbook
that provides information regarding his or her role while
assisting the Park. The handbook includes all relevant
documentation for monitoring the volunteer program’s
impact on attaining the Park’s overall management plan
objectives.

The success of the volunteer program is dependent on
the involvement of the local and national community and
the diversity of that involvement. Volunteers are recruited
for the program and encouraged to participate in continu-
ing recruiting efforts. Diversity among volunteers will
be encouraged and emphasized in the recruiting efforts.
This is to ensure that volunteers will be available to assist
in the various programs where special technical skills are
required. For example, volunteers that are certified divers
may be asked to be “buddy divers”, boat owners may be
asked to help implement certain on-water activities, and
volunteers with a science background may be asked to
assist with the research and monitoring programs.

Montego Bay Marine Park
Volunteer Program Goals and Objectives

The Park’s volunteer program goal is to provide a mecha-
nism for involving the community in a variety of Park
activities. Specific objectives include:

* Support efforts to improve public education and aware-
ness about the Park;

* Provide information to Park managers to allow them to
make more informed decisions; and,

* Develop a strategy to target the recruitment of volun-
teers.

The Park volunteer program strategy to target the
recruitment of volunteers proposes approaches to gen-
erate interest in the program; explore sources to recruit
from community groups, churches, neighborhood asso-
ciations, and other volunteer groups and government
agencies; encourage schools to start nature clubs from
which volunteers may be recruited; and explore ways to
appeal to potential volunteers with a diversity of inter-
ests and skills. The strategy will provide the new volun-
teers training, incentives and recognition. In doing so,
the Park hopes to help keep volunteers involved and in-
terested by providing them with a sense of stewardship
and responsibility.

Existing Volunteer Programs

The Park has a history of using volunteers to assist with
activities ranging from beach clean-ups and mangrove tree
planting sessions, to maintenance tasks and public edu-
cation programs. Volunteers currently help with office

support, vessel and vehicle maintenance, underwater
clean-up efforts, data entry and data base development,
festival and special booth interpretive activities, mooring
buoy installation and maintenance, and a variety of other
Park projects. In addition, they act as visiting group lead-
ers, boat captains and on-water interpreters. Based on the
success of these existing programs, it is expected that
volunteers will be an integral part of the Montego Bay
Marine Park success.

The Park’s volunteer coordinator is currently work-
ing with Park management to establish a framework for
implementing education and outreach, research and mon-
itoring, and other management strategies with a volun-
teer component. Volunteers are also visiting business
and other sites in Montego Bay to determine their inter-
est in displaying Park materials, interviewing businesses
about their knowledge of the Park program, and develop-
ing a list of questions commonly asked about the Park.
Existing volunteer programs that contribute to Park man-
agement but are not specific Park programs include boat
and marina surveys and the monitoring of corals, rocky
intertidal areas, sponges, algae, mangroves and water
quality.

In addition to these activities, the volunteer program
is currently being developed further. It is a cooperative
effort between the Park and the local dive community
using their expertise to develop a more comprehensive
training program that will lead to improvements in en-
vironmental monitoring techniques. Programs currently
being considered would focus on fish identification, arti-
ficial reef monitoring and reef clean-ups.

Public-Private Partnerships for
Water Pollution Prevention and Management

The Montego Bay Marine Park Trust, in partnership with
various public entities, is in the process of implementing
a variety of low cost and effective programs (“soft inter-
ventions”) to mitigate water pollution impacts to the coral
reef ecosystem (Table 2.6). These interventions form the
basis of a comprehensive water quality management pro-
gram for the Park.

Caught in the Poverty Cycle

Implementing the necessary management measures to
ensure a healthy coral reef ecosystem will not be quick
or easy. In about five years, 60% of the population in
Jamaica will reside in urban areas, such as Montego Bay,
and a third will be located in squatter communities not
served by adequate household waste disposal (Huber and



Local Needs and Interventions for Management of Coral Reefs in the Developing Tropical Americas 43

Jameson 1998c). Only 25% of the country’s households
are connected to sewer systems, and even where such
connections exist, wastewater treatment is inadequate
(Huber and Jameson 1998c). The lack of a comprehen-
sive waste management policy and clear lines of govern-
ment responsibility delay implementation of effective
waste management.

Taking all factors together, tourism is the largest eco-
nomic engine in Jamaica today. In 1992, Jamaica received
US$1,009.1 million in foreign exchange earnings (Johnson
1998). Government direct revenues from tourism for 1992
were US$89.87 million against expenditures of US$58.57
million. Tourism depends on the quality of the natural
environment and, at the same time, can support protection
of the environment. However, in Montego Bay, tourism
impacts itself, local residents and water quality (Taylor
1993). The tourism industry makes many demands on the
marine environment such as pressure on the beaches, use
of precious resources for craft items, use of wetlands and
outfalls in the sea for waste disposal, removal of seagrass
for swimming beaches and blocking of visual and public
access to the coast. Other negative environmental exter-
nalities, which have all been slowly working together to
reduce the charm and quality of Montego Bay as a tourist
destination, include upland sources of pollutants and soils
washing down into coastal ecosystems from squatter
settlements originating from increased tourist-based em-
ployment; overpumping and contamination of aquifers and
aquifer recharge areas; disappearing beaches due to en-
croachment of structures and groynes; foreclosed public
access and recreational opportunities in the coastal zone;
threatened artisanal and small scale commercial fisheries
from over harvesting; and degraded marine ecosystems.
The result is reduced water quality, beach erosion, flood-
ing and coral reef die back that threaten the sustainability
of the tourist industry—an industry which is the most
important foreign exchange earner in Jamaica.

While Montego Bay has the potential to create vast
wealth and has had a measurable degree of success to date,
little of this wealth has filtered down to the residents.
All-inclusive hotels generate the largest amount of rev-
enue but their impact on the economy is smaller per dollar
of revenue than other accommodation subsectors (OAS
1994). For 1997 in Jamaica, Johnson (1998) estimates
that the all-inclusive hotels attracted about 40% of all stop-
over visitors and captured about 60% of the total accom-
modation revenues. Unfortunately, only about 23% of this
revenue stays in Jamaica (Johnson 1998). The trend to-
wards the all-inclusive concept is increasing. Guests are
discouraged from leaving the all-inclusive hotel property
because of harassment and crime. Over recent years, this

has led to poor earnings by local restaurants, sidewalk
vendors and shops. The non-all-inclusive accommoda-
tions import less and employ more people per dollar of
revenue than the all-inclusives (OAS 1994). For the en-
tire tourism industry in 1997, the percentage of revenue
remaining in Jamaica is about 43% (Johnson 1998).

The hotel industry should be a sector where linkages
between economic development and environmental pro-
tection can enhance the well-being of the local commu-
nity and maintain options for present and future gen-
erations. Unfortunately this is not the case and living
conditions in Montego Bay are eroding. Over one third
of Jamaicans live below the poverty line and many sur-
vive on remittances from 4.8 million Jamaicans living
abroad. Women’s unemployment rate was more than
twice as high as men’s but this has changed. Female
unemployment is still higher but decreasing faster, and
more young men are unemployed. People flock to the
tourist centers for jobs. However, upon arrival, they find
there is no affordable housing provided at these loca-
tions and, therefore, squatter communities are expanding.
Visitor harassment is increasing as more people move
without jobs from the countryside to tourism centers. The
adult and juvenile crime rate is high and illegal spear fish-
ing (mainly for subsistence) has helped to remove all
breeding size fish from snorkel depth waters in the Park.
Funding from the Government of Jamaica is totally in-
adequate to restore marine life. Gustavson (1998; Chap-
ter 5) estimates that the net present value of local uses of
the marine Park is US$489 (US$420 million for tourism,
US$4.75 million for fisheries, and US$65 million for
waterfront land storm protection) but government only
contributed US$52,000 in 1997 (and less in 1998) to the
marine Park budget. Government funds are scarce when
56% of GNP goes to pay off IMF and other foreign
debts incurred as a consequence of the 1973 OPEC crisis.
Therefore, unless the tourism sector becomes more pro-
active and puts money into the environment, the Montego
Bay Marine Park Trust will have to go overseas or di-
rectly to the 1.2 million annual visitors for assistance.
Population growth, without providing adequate housing
and water, waste management, roads, schools and other
services, is resulting in a vicious cycle of poverty related
environmental degradation. It is likely that human im-
pacts will continue to prolong the recovery period of coral
reef communities.

In recent months, the economic environment has wors-
ened. Inflation is down and interest rates are falling but
bankruptcies and emigration are rising. Banks are repos-
sessing small hotels and other businesses. Two of the
five independent dive shops closed recently.
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Breaking the Cycle

Early Park management was by central government and
the style was classical based on the following model:
science knows best, science informs regulations, regula-
tions will be imposed, education will teach the children.
In a society with low levels of education, high unemploy-
ment and little discipline, the result has been low aware-
ness, low compliance, and public ignorance, apathy and
criticism. The Park was seen as a discrete scientific and/
or regulatory body that people did not understand and to
which people did not pay much attention, with the excep-
tion that they expected the marine park to stop fishing
activities and clean up others’ wastes. Staff were becom-
ing demoralized and defensive. In terms of economics,
what rent was being captured was going to the private
sector or the public purse and, while everyone claimed to
be supportive, the support was moral rather than finan-
cial. The Park depended on government for funds but
the environment was always low on the list of national
priorities that had more pressing needs such as education,
poverty, unemployment and child welfare.

The Montego Bay Marine Park Trust had been dele-
gated management responsibility just over a year before
the timing of the rapid socio-economic assessment of pri-
mary user groups (Bunce and Gustavson 1998a; Chapter
11), which was most helpful in informing a new manage-
ment plan, guiding policy and shifting management style.
The Park recognized the limitations of this assessment
but, although “rapid” and subject to debate and further
validation, provided useful feedback from users. What
we learned from this study fell into two main categories—
how the user groups felt about the Park, and the value of
the Park to them.

Awareness among some user groups was lower than
the Park had previously recognized and reflected a need
for more information, not just in the formal school sys-
tem, but also to user groups and the general public. Opin-
ions varied along a spectrum ranging from unaware to
apathetic to confrontational. The fishers were defensive
towards Park enforcement personnel. The Park responded
by becoming less authoritarian and listening more to their
problems and concerns about being singled out as the
main problem when land-based pollutants are not being
addressed. Park management is now offering practical
assistance in addressing their particular issues and needs
and assisting them with advocacy. Water sports opera-
tors were supportive of Park objectives but critical of
enforcement efforts. They wanted to become more in-
volved in monitoring and wanted mooring buoys installed.
Tourism players were generally supportive but critical of
enforcement efforts to date. They also wanted more

information for staff and guests who were largely igno-
rant of Park regulations.

Five guiding principles emerged (Bunce and Gustav-
son 1998a; Bunce et al. 1999; Chapter 11) which were
implemented effectively in the following ways.

1. Increasing user awareness:

* Expanding “education” to “community relations”;
* Holding workshop with fishers to discuss issues;
» Appointing fishers liaison officers;

» Attending fishers’ meetings;

* Developing assistance for fishing improvement and
alternatives;

* Maintaining hotel representation on management board;
» Presenting to hoteliers, staff and guests;

* Involving water sports operators in mooring buoy in-
stallation and maintenance;

* Holding a photo exhibition and competition;

» Turning the Park office into a resource centre, making
it more interesting, inviting and entertaining;

* Revamping web page to be more entertaining;
* Involving divers in reef monitoring and fish counts; and,
* Training user groups to educate tourists.

2. Promotion of conservation benefits:
* Starting an aggressive outreach program;

* Developing public relations literature to promote ben-
efits from the Park;

» Using economic values in presentations;
* Promoting operators of approved uses;

* Starting annual awards program;

» Advocating responsible fishing methods;
* Identifying opportunities for eco-tourism;

* Promoting financial savings from changing behavior;
and,

» Using computer program to demonstrate cause-effect
of coral conservation in Montego Bay (COCOMO,; see
Chapter 10).

3. Increasing user involvement:

« Listening to user issues to get support;

» Holding discussions and regular meetings with user
groups;

* Increasing involvement with clean-ups and other
projects; and,

* Changing “enforcement” to “compliance”.

4. Promotion of the “community resource” concept:

* Changing language in materials (e.g., be a sea fan;
national treasure and community resource; Mo Bay,
My Bay; Wet, Wild and Wonderful);

Creating brochures, bumper stickers and posters;

» Encouraging civic pride and sense of ownership;
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» Forging linkages (e.g., farmers and fishers; hotels and
schools);

* Involving the Chamber of Commerce and other groups
in projects; and,

* Participating in more community events.

5. Improving inter-sectoral coordination:

* Starting network with enforcement agencies;

« Sitting on local government committees;

* Becoming agents for the Fisheries Division;

» Bringing different groups together;

* Influencing government ministers;

* Getting hotels to assist fishers;

* Bringing fishers into water sports and tourism;

* Holding regular meetings with tourism and develop-
ment agencies to address land-based issues; and,

* Bringing private and public sectors together.

The data from the economic assessment (Gustavson
1998; Chapter 5) gave management a good picture of the
financial value of the Park to the primary user groups,
which was useful in designing implementation of a user
fee system to be promulgated by government. The im-
pressive figures added drama to public presentations in
showing the importance of the Park. These figures are
also useful to justify budget requirements to government,
which made an impression even though national budget
constraints prohibited adequate assistance. The data also
suggested areas with potential for generating revenue
through the other user groups as opposed to fees on direct
use, such as hotels, beach fees and mooring buoy fees.

Attitude Adjustment

Management realized that a major attitude adjustment was
necessary. If problems are human made, solutions must
be as well. If solutions require change in behavior, then
the motivations that govern behavior must be understood.
Behavior is basically driven by the two opposing forces
of reward and punishment. Traditionally, punishment has
been used with less and less success. It is time to try
incentives. Maslow defined an ascending hierarchy of
universal needs that drive the human spirit, but one must
start at the bottom and work up. So while universal, people
(whether as individuals or in groups as nations) will be at
different stages depending on their education and eco-
nomic situation. Therefore, it is necessary to observe,
assess and listen to what makes user groups “tick” before
making recommendations, as well as to consider the con-
flicting perceptions and needs of different groups. Advo-
cacy and negotiation between groups becomes important
to success. The attitude adjustment had to start on the
part of management itself.

Management style is now based on a multi-disciplin-
ary team approach. Science recommends management
interventions and monitors results. Regulations must be
justifiable and promoted to all concerned to achieve com-
pliance rather than enforcement. Education goes “on the
road” and takes the message to the primary user groups,
community at large and the general public. Regular in-
teraction with user groups was strengthened on issues such
as the system of permits, to collect fees and data to in-
form carrying capacity assessment. Outreach efforts show
the Park as a repository of useful information for the com-
munity, act as a conduit for information from abroad,
central government and local government agencies, and
provide feedback from the community. The Park must
promote the importance of a healthy environment using
all available tools such as the internet, mass media and
community associations to improve public awareness and
change behavior. In terms of economics, we can now
demonstrate that the marine environment supports the
economy with figures to “prove it”. We can show that
the Park is of primary importance to the economic health
and welfare of the entire community, and can change the
perception that Park management is a hindrance to devel-
opment and oppressive to fishers. Now we can begin the
real work to involve all sectors in understanding, taking
ownership responsibility and moving away from the “trag-
edy of the commons” towards equitable use of resources.
Only then will we have sustainable resource management
and begin to attack the cycle of poverty.

We’re All on the Same Team

The local communities are the principle force behind the
need for reef conservation, standing to benefit consider-
ably by protection, but also being the principle cause of
reef loss. Notwithstanding these threats, the natural areas
in Montego Bay remain in sufficient condition that, if prop-
erly managed and rehabilitated, they will provide substan-
tial opportunities for economic growth, poverty alleviation
and the maintenance of globally important biodiversity.

However, given the economic trade-offs and local
awareness of environmental issues, coral reef ecosystem
preservation and associated water quality is presently seen
as a luxury. Until public relations and education efforts
take root and informed government policies and programs
dealing with pollution and poverty issues are enacted, coral
reef managers will continue to be caught in a downward
spiral of poverty that will defeat them. In any case, re-
source managers must demonstrate short-term economic
benefits from conservation. Long-term payoffs mean
nothing in an economy where subsistence is of primary
concern.
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Chapter 3

Cost-Effectiveness Analysis of
Coral Reef Management and Protection:

A Case Study of Curacao

Frank Rijsberman and Susie Westmacott
Resource Analysis, Delft, The Netherlands

Curagao lies in the southern part of the Caribbean Sea
(Figure 3.1). It is one of the five islands making up the
Netherlands Antilles, the others being Bonaire, St.
Eustatius, St. Maarten and Saba. The total island area is
444km?, with a length of 70km and a width varying from
Skm to 14km. The capital of the island, Willemstad, is
positioned in the center of the island around the Schottegat
(Figure 3.1). This forms one of the largest natural harbors
in the Caribbean Sea and is the center of the industrial
zone of Curagao. The main developments, both for hous-
ing and resorts, are currently along the central southern
coastline. Oostpunt is the largest privately owned sec-
tion of land on Curacao and, as a result, is currently un-
developed. Westpunt has been gradually developing since
the construction of a road that improved its accessibility;
however, it still remains relatively undeveloped. The ex-
posed north shore is also relatively undeveloped; this is
the site of the Brievengat industrial zone and the airport,
located at Hato.

Most of the coral reefs of Curagao are in very good
condition compared to many of the reefs in the Caribbean,
although a stretch around the capital, Willemstad, has been
seriously impacted by human activities. While Curacao
is still mostly dependent on its oil refinery, tourism is grow-
ing rapidly as a source of income. There are many planned
tourism development projects, and the potential for the
sector appears good, at least if the current quality of the
coral reefs can be maintained. How can reef deteriora-
tion, which has occurred in many other places around the
Caribbean, be prevented? Should certain areas be set
aside? What will it take to rehabilitate the reefs in the
Willemstad area, if that is at all possible? In 1995-96, a
research project was carried out to develop an approach
to answer these and similar questions.

Reef Research and Management

The Curagao reefs have been well studied over the last
25 years in projects organized by or through the
CARMABI Foundation in Curagao (e.g., Bak and
Nieuwland 1995). Most of the research that has taken
place has been very specialized. It has focused on many
aspects of marine biology, but rarely on the functioning
of the reef as a whole. This is not as surprising as it may
seem because coral reefs are extremely complex systems
made up of hundreds of species of marine life that in-
teract with each other in numerous ways. Where many
biologists have worked for long periods to understand
single species fisheries such as salmon, herring or ancho-
vies without having completely succeeded, it is not that
strange that coral reef biologists do not yet even have a
generally accepted definition of coral reef health. Coral
reef research often focuses on the response of a single
species to a well defined disturbance under relatively care-
fully controlled conditions (e.g., Meesters et al. 1992;
Veghel 1994).

From a perspective of coastal zone management, how-
ever, the relevant questions relate to the response of the
reef system as a whole to a complex set of disturbances.
Will the planned tourist developments and the associated
wastewater discharges and artificial beaches have a sig-
nificant impact on the coral reef? A coral reef biologist
might answer this question by saying that the reefs are
already under stress and that no new development should
take place. A developer might answer this question by
saying that the reefs of Curacgao are still in relatively good
condition and that the economy of Curacao needs the
employment generated by tourism. In fact, the opposite
argument is also used—because the reef is already
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degraded in certain locations, how can more development
in those locations possibly harm the reef significantly?
Both sides are likely to be partly right, but the more subtle
answer to the question of how much development is sus-
tainable requires: i) much more insight into the function-
ing of the reef as a whole; and, ii) a consensus among
people involved concerning the quality of the reef that is
desired or, in other words, the impacts to the reef that are
socially acceptable.

Objective and Approach

The objective of the research project reported here is to
develop an approach that will do two things, namely:

* Bring together the available knowledge in marine biol-
ogy, economics and engineering to determine whether
human use of the coastal zone will significantly affect
the health of the coral reef system and what the most
cost-effective manner is to prevent impacts on coral reef
health; and,

* Provide a means to engage the various stakeholders in
adiscussion to determine what sustainable development
of the coastal zone means for them and, therefore, what
levels of reef health are socially desirable.

Brievengat

Curacao, showing its location within the Caribbean.

The Coral-Curagao Decision Support System

The approach chosen to achieve these objectives has been
to develop a computer-based decision support system,
referred to as Coral-Curagao (see also Chapter 4 and the
companion CD-ROM). The two main innovative elements
in the approach are: i) the interactive, computer-based
approach to decision support for integrated coastal zone
management (ICZM); and, ii) the ecological response
model for coral reef health based on fuzzy logic.

The decision support system aspect of Coral-Curagao
has the following characteristics:

« It utilizes a graphics-based user interface that makes it
easy for decision-makers or stakeholders to use;

* It utilizes a case study-based (i.e., location specific)
approach, which has the advantage of demonstration
through realistic examples rather than abstract theory;

* It guides users through a generic approach to ICZM
that structures the development, analysis and evalua-
tion of coastal zone management strategies;

« Itis interactive (i.e., it allows user input with respect to
setting of objectives and criteria, definition of scenarios,
selection of measures and strategies, and evaluation of
impact); and,
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It demonstrates inter-sectoral linkages and facilitates
communication among stakeholder groups.

The fuzzy logic based response model for coral reef
health has the following characteristics:

* The model is an expert system, based on fuzzy logic,
that does not attempt to describe the behavior of the
system deterministically (i.e., through equations that
describe the behavior of the reef as a function of a set
of driving variables and parameters), but simply uses a
“black box” approach to describe reef behavior;

» The model encapsulates and synthesizes expert knowl-
edge into a large number of decision rules that are sub-
sequently used to “predict” reef behavior;

* The model brings together a large amount of varied
experience and expertise, gained from many different
sources, and applies it to the problem at hand; and,

* The response model for Curagao links the concentra-
tions of nutrients (i.e., nitrogen and phosphorus) and
sediment over the reef to future values for coral reef
health (defined by coral cover and relative species di-
versity) under various reef conditions (i.e., current reef
health, available substrate and maximum colony size).

The development of the fuzzy logic model was origi-
nally based on the parallel model developed for Jamaica
(Ridgley and Dollar 1996; Chapter 8). Subsequent revi-
sions of both models show differences in the development
due to the different local situations. The case study for
the Maldives takes a more focused look at physical dam-
age (Meesters and Westmacott 1996; Chapter 4).

Development of Scenarios and
Environmental Strategies

The first use of Coral-Curacao is to analyze the impact of
alternative development scenarios for Curagao on coral
reef health, as well as on a number of other economic,
environmental and social criteria. The second use is to
determine the cost-effectiveness of alternative environ-
mental and institutional measures to prevent impacts on
coral reef health.

The development scenarios can be defined by the user
through a combination of overall island-wide assumptions
regarding expected economic growth, population growth,
growth in expected tourist arrivals in Curagao (the de-
mand for tourism), and the discount rate (to determine
the present value of future costs and benefits). In addi-
tion, the user can provide detailed assumptions on the pre-
ferred location of newly constructed or expanded hotels,
apartments and residential developments, and new harbor
developments.

Three example development scenarios are reported
in this chapter. They illustrate the types of analyses that

can be carried out with this model. Actual use of the
model will require the identification of the scenarios and
strategies in cooperation with the various coastal zone
managers in Curagao. The first scenario (the reference
scenario) focuses on the current situation with little new
investment, population growth as in the past, and a
stagnating economy. Development is centered near
Willemstad. The second scenario (the growth scenario)
assumes 3% annual growth in the economy, particularly
through the tourism sector. Two variations are made in
this scenario: 1) “growth-west”, where a significant por-
tion of residential and tourism development has been
planned west of Willemstad and the east has been left
largely undeveloped; and, ii) “growth-east”, where growth
concentrates more on the area cast of Willemstad with at
least one major hotel in Oostpunt. For each of these
three scenarios, the impacts on the reefs have been ana-
lyzed and example environmental strategies have been
developed to see how impacts could be prevented and at
what cost.

It is intended that through further development and
training with the model, it can be used in the development
of coastal zone management plans. This will involve the
coastal zone decision-makers to identify potential sce-
narios and formulate the environmental strategies. It will
also involve a degree of cooperation and interaction be-
tween the different stakeholder groups, leading to the
eventual formulation of alternative coastal zone man-
agement plans. Further information regarding the devel-
opment of the Coral-Curagao model can be found in
Meesters (1995), Meesters et al. (1996a), Rijsberman et
al. (1995a), Westmacott et al. (1995), and Rijsberman
and Westmacott (1996).

Description of Coral-Curacao

The approach adopted in the Coral-Curagao model is based
on cost-effectiveness analysis of coral reef health in an
ICZM framework. The main components of the decision
support system are a user interface, economic activity
model, water quality model, and ecological response
model (Figure 3.2). The user provides inputs concerning
economic development scenarios and environmental man-
agement strategies through the user interface. The eco-
nomic activity model translates these assumptions and
choices into pollutant loadings along the coast and keeps
track of a number of economic parameters (i.e., GDP per
capita, employment, and environmental costs and invest-
ments). The base year for Coral-Curagao is 1995 and
projections are made over 10 years to 2005.
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Figure 3.2.  Structure of the Coral-Curagao

decision support system.

The water quality model determines the water quality
that corresponds with the pollutant loadings for six sec-
tions along the southern coast of Curacao (Figure 3.3).
Water quality is defined in terms of concentrations of E.
coli and in terms of nutrient (i.e., nitrogen and phospho-
rus) concentrations. Sediment impacts on the reefs are
based on the locations and material of the artificial
beaches, as well as the suspended material discharged by
the land-based activities. The ecological response model

Figure 3.3.

then determines the resulting reef health (i.e., cover and
diversity) for the six coastal sections. The outputs of the
economic activity, water quality and ecological response
models are shown to the user through tables and graphs
in the user interface, along with several criteria that the
user is asked to evaluate through user input (i.e., social
acceptability and financial feasibility of the scenarios and
strategies).

Cost-Effectiveness Analysis

In theory, if all benefits provided by coral reefs could be
determined quantitatively and if all costs of protecting
coral reefs from pollution or overuse could be enumer-
ated, then one could determine the “optimal” level of
investment in coral reef protection and management.
Determination of the social and economic benefits pro-
vided by coral reef ecosystems is the subject of subse-
quent chapters. Although significant progress has been
made in benefit valuation, it remains notoriously difficult,
particularly for complex systems such as coral reefs.

The next best alternative would be to determine what
level of coral reef health is socially desirable (a proce-
dure similar to determining water quality standards, for
instance) and then to analyze what the least expensive, or
most cost-effective, manner is to provide the desired level
of reef health. This is referred to as cost-effectiveness
analysis.

—»Z

Brievengat

Coastal section divisions of Curacao utilized in the model.
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In the version of Coral-Curagao presented here, no at-
tempts are made to quantify the benefits of having a healthy
reef. The basis for decision-making with Coral-Curagao
is, therefore, a form of cost-effectiveness analysis. An
associated problem is then how to determine the level of
socially desirable reef health. The socially desirable level
of reef health has to be decided by the stakeholders. How-
ever, a model such as Coral-Curagao can facilitate the
discussion among stakeholders concerning these issues.
For reference purposes, what is required to maintain the
current level of reef health can be analyzed. Whether this
is either necessary, or sufficient, remains a question that
has to be answered by, in this case, the people of Curagao.

The ICZM Framework for Analysis

The main structure of the coastal zone management analy-
sis in Coral-Curacao follows the structure of a generic
framework for analysis that has been developed over the
last 10 to 15 years (Bower et al. 1994; Resource Analysis
and Delft Hydraulics 1993; Rijsberman and Koudstaal
1989; Westmacott 1995). Practical applications of this
approach to coastal zone management issues are given
by, for instance, Baarse and Rijsberman (1986, 1987) and
Ridgley and Rijsberman (1992). Following this frame-
work, the main steps in an ICZM analysis within Coral-
Curagao are as follows:

¢ Problem identification;

* Definition of objectives and criteria as yardsticks to
measure fulfillment of objectives;

* Definition of scenarios for uncertain, exogenous devel-
opments;

» Definition of management strategies in terms of their
component measures;

* Analysis of the impacts of the strategies in terms of the
criteria; and,

» Evaluation and selection of the most desirable strategy.

The Decision Support System User Interface

The decision support system developed for Curagao has
a user interface of the type developed in 1993 for the
coastal zone management training tools COSMO and
CORONA (Resource Analysis and CZM Centre 1994;
Rijsberman ef al. 1995b). It has been shown in a series
of workshops and seminars that this type of interface is
easily accessible for specialists from various disciplines
as well as policy-makers, including those with minimal
or no computer experience or scientific background. The
interface attempts to bridge the communication gap be-
tween policy-makers and coastal zone specialists. The

interface is based mostly on graphic information to pro-
vide users with a quick overview with minimal text. The
structure of the interface’s main menu guides the user
through the steps of the ICZM framework for analysis, as
outlined above, and thereby structures the user’s thinking
about the problems at hand.

A major characteristic of the interface is that it is truly
interactive. Many recent multimedia tools are called in-
teractive but allow the user no more interaction than the
order in which the screens are observed. Coral-Curagao
allows the user, as do similar decision support system tools
in the “COSMO family”, to input his or her own assump-
tions or preferences about scenarios and strategies, and
examine the consequences. The development scenarios
input screens in Coral-Curagao provide the user with the
opportunity to define a likely, or desirable, development
path for the economy, with particular focus on develop-
ment of the coastal zone. The user can provide detailed
definitions of hotel, apartment, residential, artificial beach
and harbor development projects in pre-defined locations
along the coast.

The Economic Activity Model

The main purpose of the economic activity model is to
determine the pollutant loadings resulting from as-
sumptions about economic development combined with
environmental strategies, as well as the costs of the envi-
ronmental measures taken to reduce those pollutant load-
ings. The economic activities distinguished in Coral-
Curagao are tourism, harbors and shipping, manufactur-
ing, fisheries, services and “other” (i.e., the rest of GDP),
the oil refinery, and residences. Tourism, harbors and ship-
ping, and fisheries are considered to be the coastal zone
related activities, in the sense that they depend directly
on the coastal zone. Manufacturing, the oil refinery, and
residences are considered separately from the rest of the
economy because of their potential impact on the coastal
zone through discharges of pollutants. There is no agri-
culture to speak of in Curacgao with significant influences
on the coastal zone.

Pollutant loadings are based on sectoral outputs multi-
plied by an emission factor per unit of output (in mone-
tary terms) for all sectors except the oil refinery, residences
and tourism. The base loadings produced by the economic
activities can be reduced through end-of-pipe treatment.
This yields the final loadings that are discharged. For
residences, the loadings are based on emission factors per
capita. For tourism, the loadings are based on the number
of tourist nights. For the oil refinery, the loadings are based
on emission factors multiplied by output in cubic metres
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of oil produced. The steps in the economic activity model
are described in the following sections.

Step 1—Activity Levels

The total GDP in 2005 (in constant 1995 dollars), except
for the tourism sector, is determined by an overall assump-
tion of the annual economic growth (scenario variable).
The sectoral output of tourism is determined by the low-
est of: 1) projected tourism demand (scenario variable);
and, ii) hotel capacity, as influenced by hotel construc-
tion projects. The size of the population in 2005 is based
on an assumption for annual population growth (scenario
variable).

Step 2—Sectoral Shares and Spatial Distribution

The sectoral share of the GDP (except tourism) can be
modified by the user through assuming that several in-
vestment projects (in harbors and manufacturing) take
place. The overall growth rate is not affected by these
investments; it is in fact assumed that the investments are
shifts within an overall investment portfolio. The addi-
tional increase in the sectoral GDP due to the investment
project is calculated as an assumed return on investment.
The GDP of the other sectors (harbors, manufacturing,
services and “other”) are reduced by the same total amount,
distributed proportional to their 1995 share of GDP. The
investment projects, therefore, do not affect overall out-
put, GDP or GDP per capita, but they can affect pollutant
loadings because of the difference in emission coefficients
per sector. Construction of housing and hotels is speci-
fied by the user and spatially distributed over six sections
along the coast. The location of other sectoral activities
(harbors, refinery, manufacturing, services and “other”),
and consequent location of the discharges, is fixed in the
model based on their current location. In short, the over-
all GDP and sectoral shares are determined by assump-
tions on overall economic growth and tourism demand
together with assumptions on investment projects in har-
bors, manufacturing, hotel construction, residence con-
struction, and artificial beach construction. Through the
spatial distribution of, particularly, housing and hotels,
the user specifies land use scenarios for the island. Such
scenarios can determine development and conservation
areas on the island (e.g., following ideas as presented in
an approved island-wide development plan). The impact
of such development choices on the reef is shown with
the help of Coral-Curagao.

The Coral-Curagao user can actually define construc-
tion projects (houses, hotels, apartments, artificial beaches)
in more detail than the six sections used for the water
quality and coral reef computations. In the interface, the

actual sites and locations (approximately 20 in total) along
the coast are based on projects proposed by developers.
This has the advantage of providing a better fit to the land
use planning discussions and the public debate about proj-
ects that focus on specific hotel projects on specific beach
or bay sites. This is intended to increase the acceptance
and use of the decision support system for Curagao.

Step 3—Base Pollutant Loadings

The activity levels (sectoral GDP shares and number of
houses in 2005) multiplied by the emission factors gen-
erate base pollutant loadings. For each of the sectors,
emission coefficients have been defined for nitrates (N),
phosphates (P) and sediment (total suspended solids or
TSS; see Rijsberman and Westmacott 1996).

Step 4—Final Pollutant Loadings
(Wastewater Treatment)

In Coral-Curacao, the user specifies wastewater treatment
options for residential and tourism sector discharges. The
following options are available:

* No treatment. The base load is discharged directly
into the near-shore (septic tanks are assumed to play a
marginal role).

* On-site treatment for hotels and apartments. The treated
final load is discharged into the near-shore (if there is
an outfall to move the discharge off the beach, it is as-
sumed not to take the discharge beyond the reef area).

» Sewage system connected to an ocean outfall. This is
assumed to bring the discharge beyond the reef area.

» Sewage system connected to a sewage treatment plant.
There is subsequent discharge on the near-shore (no
outfall or a short, near-shore outfall).

» Sewage system connected to a sewage treatment plant
with outfall. There is subsequent discharge through an
ocean outfall beyond the reef.

» Sewage system for transport to a neighboring section.
Wastewater is removed completely from this section
and subsequent discharge depends on treatment level
and outfall construction in the neighboring section.

For the refinery, manufacturing, harbors and shipping,
and services and “other” sectors, the user specifies base
load reduction percentages directly. It is left undefined
whether these reductions are the result of improved pro-
cesses (i.e., reduced discharge coefficients) or end-of-pipe
treatment. Only rough estimates of costs are available
for these measures (see Step 6 below). Pollutant loadings
(sediment discharge) from artificial beaches can be re-
duced by the use of coarser, more expensive types of cal-
careous sand. Sediment from artificial beaches is dealt
with directly in the water quality model.
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Step 5—Other Environmental Management Measures

The model also keeps track of assumptions on several
other environmental management options (i.e., environ-
mental awareness raising programs, establishment of a
marine park, and increased inter-sectoral coordination).
These are not assumed to modify loadings directly, but to
increase the social acceptability and financial feasibility
of the other environmental investments.

Step 6—Environmental Costs

The model calculates the cost of environmental manage-
ment strategies. The major component of this is waste-
water treatment. The costs of treatment consist of the
investment costs of:

* On-site treatment systems for hotels and apartments;
* Construction of sewage systems;

* Construction of treatment plants; and,

* Construction of outfalls.

All investment costs are assumed to occur in year one
and are not discounted. Annual costs of maintenance
and operation are discounted (with a user-specified dis-
count rate) to year one and added to the investment costs
to obtain total costs. Other costs taken into account are:

» Additional cost of using calcareous sand for artificial
beaches (3,500 NAF m™ yr! additional investment costs
and 500 NAF m™! yr' additional maintenance costs);

* Cost of establishment and operation of a marine park
(user defined);

* Cost of environmental awareness programs (user de-
fined);

* Cost of reducing discharges from manufacturing (esti-
mate); and,

* Cost of reducing discharges from the refinery (estimate).

The costs of the environmental management strategies
are used for the analysis of cost-effectiveness of coral reef
protection measures, where the effectiveness of a strategy
is measured as the difference in reef health (either cover
or diversity) as determined by the ecological response
model.

Step 7—Other Indicators

The model also tracks several other parameters that are
not used for the cost-effectiveness analysis. These do,
however, provide the user with information about the
economy under the given assumptions for economic
growth, sectoral investments, and environmental man-
agement strategies. These parameters relate mainly to
GDP, GDP per capita, GDP of coastal activities, total
employment, and employment in coastal activities, as well

as the financial and political feasibility of strategies (the
latter two being user defined).

The Water Quality Model

A simple water quality model has been formulated to deter-
mine water quality (i.e., concentrations of nitrates and
phosphates) in six sections along the coast (Figure 3.3).
The model is driven by the average east to west current
parallel to the coastline and takes into account the effects
of tidal mixing (diffusion) perpendicular to the coastline,
as well as decay of the pollutant materials within each of
the six sections. This type of simple model is a relatively
good approximation for a straight coastline with high
lateral velocities compared to the tidal velocities. As this
is the case for Curagao, this type of model was used to
provide approximate indications of water quality under
average conditions in the six sections. Precise water qual-
ity determination for specified times and locations are not
possible with this type of model, but, bearing in mind the
level of accuracy of the ecological response model, this is
not considered to be a major drawback.

For accurate estimates of water quality along beaches,
the model that has been used is not very appropriate and
could be improved. Estimates of sediment concentrations
(in terms of low, medium and high, as required by the
ecological response model) have been based on the loca-
tion and composition (in terms of grain size) of artificial
beaches. The water quality model is valid for the areas of
reef flat. This is the part of the reef that is taken into
account in the Coral-Curagao model (see next section).
If the model were to consider the reef slope then other
aspects, such as the influence of mixing with ocean cur-
rents, would need to be considered.

The Coral Reef Ecological Response Model

An important component of the Coral-Curagao modeling
framework is an ecological response model to predict the
impact of economic development on reef health. Reef
health, defined as coral cover and relative species diver-
sity, is used as the main indicator of the status of the ma-
rine ecosystem (i.e., the model outputs). The ecological
response model has been designed to predict the impacts
of the most significant pollutants on the reef flat. The
reef flat has been selected because the majority of research
and available information is based on this zone of the reef.
This may result in a different level of impact than if the
reef slope was also considered. The reef flat may be the
first area to be affected from land-based pollution and
storms, for example. The reef slope is the area most
visited by recreational divers and potentially providing
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shelter and food for fish. However, on the grounds of
data and knowledge availability, only the reef flat is in-
cluded in this model.

The most significant pollutants in Curagao have been
identified as nutrient enrichment from the discharge of
wastewater of land-based activities (i.e., sewage and in-
dustrial wastewater, and increased sediment concentra-
tions that result from artificial beaches). There are other
influences on reef health (e.g., consequences of anchor-
ing, fishing or direct diver related impacts), but these have
been evaluated to be relatively small in the current Curagao
context compared to the influence of nutrients and sedi-
ment. The main reef characteristics that influence how
the inputs of nutrients and sediment affect reef health that
have been accounted for in the model are: 1) available
substratum; ii) maximum colony size; 1iii) coral cover;
and, iv) diversity. The methodology for the ecological
response model has been developed by Ridgley and Dol-
lar (1996) and has been modified and tested for Curagao
conditions. The Curagao ecological response model has
been developed as part of this project and is described in
detail in Meesters (1995) and Meesters et al. (1996a, 1998).

The Curagao reef response model determines coral
cover and diversity for an imaginary situation 10 years
after the impact levels have changed. The inputs are sus-
pended particulate matter, soluble reactive phosphorus,
dissolved inorganic nitrogen, maximum colony surface
area, available substratum and, again, coral cover and di-
versity (species number). Each variable was divided into
three triangular fuzzy sets reflecting low, medium and high
values. Boundary values for the sets were based on field-
work carried out for the project and on the literature
(Meesters 1995). For each of the 2,187 possible input
combinations, decision rules were formulated. Informa-
tion on current reef conditions in Curagao is provided in
Table 3.1.

Case Studies for Curacao

We now examine how the Coral-Curagao decision sup-
port system can be used in the analysis of alternatives for
coral reef management under different economic devel-
opment scenarios. As stated previously, formulation of
scenarios and strategies for both the economic develop-
ment and the environmental protection measures should
eventually be done in conjunction with the stakeholders
in the region. Cooperation with the stakeholders on the
island will enable a number of constraints and criteria to
be identified that are likely to enter into decisions on reef
management. The cases formulated in this chapter should
be seen as examples of the how the Coral-Curagao deci-
sion support system can potentially be used. The reader
is encouraged to explore the model through use of the
CD-ROM included with this publication.

Development Scenarios

As previously described, the following example economic
development scenarios have been pre-defined in Coral-
Curagao: 1) a reference scenario; and, ii) two growth sce-
narios, growth-west and growth-east. These scenarios are
summarized in Table 3.2. These development scenarios
are examples to demonstrate the use of Coral-Curagao;
they are not necessarily balanced development proposals
for Curagao.

Reference Scenario

In the reference scenario, no major investments are as-
sumed to take place and most trends are, in essence, con-
tinued as observed in recent years. This means that the
overall economic growth rate is near zero. There is some
growth in the tourism sector (3% growth in demand per
year) but this is balanced by some decline in other sectors.

Table 3.1.  Curagao reef conditions in 1995. The range of values shown is the values occurring in the
sub-sections within the six main sections.
Available Maximum
Cover Diversity substratum colony size
Section (%) (% of species present) (%) (102 m?)
1 (Oostpunt to Cornelisbaai) 14 to 23 33to 61 40 to 50 77to 316
2 (Cornelisbaai to Punda) 8 t0 20 14 t0 26 10 to 50 42 to 69
3 (Schottegat to St. Michael) 1to 16 1to 55 1to 40 8to 75
4 (Bullenbaai) 11to 14 41 to 65 20 to 30 53to0 89
5 (Rif St. Marie to St. Martha) 12to 16 26 to 100 20 to 40 89 to 143
6 (Jeremi to Playa Kalki) 15t023 17t0 98 40 275 to 455
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Table 3.2.  Development scenarios pre-defined in Coral-Curagao.
Variables Units Reference scenario Growth-west Growth-east
Economic growth Ylyr 0 3 3
Population growth %lyr 1.2 1 1
Growth in tourism demand Yolyr 3 8 8
Discount rate Ylyr 6 6 6
Residential development # of houses current pattern 600 from Westpunt 600 in
to St. Martha Bay Spaanse Water
and Jan Thiel
Hotels and apartments # of rooms 600 in Piscadera 2,000 from Westpunt 2,000 from Oostpunt
and Cornelisbay to Rif St. Marie to Marie Pompoen
Artificial beaches none Rif St. Marie Oostpunt
Marie Pompoen Cornelisbay
Marie Pompoen
Elyse Hotel
Harbor projects none Caracas Bay none
and Schottegat
Refinery output growth Yolyr -1 -2 0
Manufacturing growth Ylyr 0 0 2

Population growth continues at about 1.2%/yr and, there-
fore, per capita income declines somewhat. Construction
of new houses is assumed to continue in the present pat-
tern without major shifts. The new tourist development
projects (some 600 rooms) are assumed to be located
around Piscadera Bay and the area just west of Seaquarium
(referred to as Cornelisbay in Coral-Curagao). No new
artificial beaches would be constructed. There are no new
harbor improvement or development projects.

Growth-West Scenario

In the growth-west scenario, an overall economic growth
of 3%/yr is assumed to take place, with vigorous growth
in the tourism sector (8% growth in demand per year).
Population growth declines to 1%/yr. The scenario places
emphasis on development of the western part of the island
for tourism and residences, and expansion and improve-
ment of harbor facilities in Caracas Bay and Schottegat.
The refinery output is assumed to decline somewhat, while
manufacturing stabilizes. Emphasis in development of
the western part of the island to relieve congestion around
Willemstad, as well as develop its tourism potential, im-
plies that some 600 new houses are assumed to be con-
structed (following existing development plans) in the area
from Westpunt to St. Martha Bay. Some 1,200 tourist
rooms would be developed in the same area, from West-

punt to Rif St. Marie. The existing beaches would be
supplemented by one artificial beach at Rif St. Marie. A
second artificial beach would be constructed at Marie
Pompoen. The harbor project consists of the proposed
reception facilities in Caracas Bay. Oostpunt would, in
essence, be preserved as a natural area in this scenario.

Growth-East Scenario

Growth east of Willemstad, with the same overall growth
characteristics of the economy as for the growth-west sce-
nario, places more emphasis on the eastern, rather than
the western, part of the island. Residential development
would be assumed to take place in the Spaanse Water
and Jan Thiel areas. Tourist developments would em-
phasize at least one major hotel in the Oostpunt area (200
rooms) and other proposed projects between Oostpunt
and Punda. In this scenario, four artificial beaches have
been proposed for construction at Oostpunt, Cornelisbay,
Marie Pompoen, and the Elysee Hotel. There would be
no harbor development projects, relatively stable refin-
ery output, and some growth in manufacturing.

Environmental and Other Impacts

The impacts of the development scenarios on both the
economy and on the reefs are summarized in Table 3.3.
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Table 3.3.  Impacts of development scenarios without environmental strategies (GDP=gross domestic
product; N=nitrogen; P=phosphorus; SPM=suspended particulate matter).

Criteria Units Reference scenario Growth-west Growth-east
GDP per capita NAF/yr 13,000 17,300 17,300
Employment number of jobs 58,000 77,000 78,000
GDP share of coastal activities % 21 22 21
GDP tourism million NAF 324 450 450
GDP fisheries million NAF 10 13 13
GDP harbor and shipping million NAF 115 176 154
Total N load kg/day 2,100 2,200 2,200
Total P load kg/day 790 840 870
Total SPM load kg/day 17,800 17,700 18,900
Average coral reef diversity % 32 32 32
Average coral reef cover % 9 9 9
Problem beaches (bad water quality) number 13 14 0

In essence, even though the development locations of the
hotels, apartments and houses are quite drastically differ-
ent, the overall impact of the three development scenarios
on reef health is similar. There are differences within
each of the coastal sections, but these are not drastic. The
characterization of the situation remains that the eastern
and western sections are relatively pristine and that the
middle sections are heavily impacted. This impact re-
flects the effect of the industrial zone around the
Schottegat. There is a significant difference in the water
quality along the beaches. The western part of the island
has a series of attractive beaches. The growth-east sce-
nario maintains relatively good water quality conditions
in the western part, at least at the first order accuracy of
the simple water quality model used here. When there is
some development in the western part, all these beaches
become potential problem areas if there are no sanitation
measures taken. The overall loadings of pollutants are
determined more by the population growth rate than by
tourism development (at least at the relatively modest tour-
ism growth rates investigated here).

Environmental Strategies

A series of environmental measures are now investigated
and subsequently combined into strategies to explore the
potential improvement in coral reef health (i.e., cover and
diversity) and the costs involved. These strategies are

analyzed under each of the economic scenarios described
previously.

The environmental protection options available to the
user have been described above. The user can define these
options for different locations, corresponding to the vari-
ous settlements along the southern coast. The user is able
to define any combination of measures and save these for
the analysis. In addition, measures can be defined for the
industrial area surrounding Schottegat Harbor.

To begin the analysis, the measures have been inves-
tigated on an individual basis. These are then combined
into strategies or groups of measures all aiming to be
complimentary in the achievement of an improved reef
condition. Analyzing the individual measures allows the
user to make an assessment as to the individual effec-
tiveness. This will help in the formulation of effective
combinations, rather than random combinations. Like
the economic development options, the measures defined
here are to be used to illustrate how the model works and
explore its limits. They are not carefully formulated en-
vironmental management plans that have been decided
upon by a group of decision-makers. Table 3.4 describes
the environmental protection strategies that have been
defined and used in the analysis. Three combinations of
municipal waste disposal, industrial pollution control, and
beach maintenance have been combined together to ex-
plore the effect of integrating measures and to examine
the cumulative effect that these have on reef health.
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Table 3.4.  Descriptions of the environmental protection measures and strategies.

Code Description

10H 100% treatment of hotel waste through onsite treatment.

10W6 100% connection of houses and hotels to sewage system; treatment with 60% reduction through five
wastewater treatment plants.

10W9 100% connection of houses and hotels to sewage system; treatment with 90% reduction through five
wastewater treatment plants.

10W9/10H 100% connection of houses to sewage system; treatment with 90% reduction through five wastewater
treatment plants; 100% treatment of hotel waste through onsite treatment.

5W9 50% connection of houses and hotels to sewage system; treatment with 90% reduction through five
wastewater treatment plants.

5W9/5H 50% connection of houses and hotels to sewage system; treatment with 90% reduction through five
wastewater treatment plants; remaining 50% hotel waste treated through onsite treatment.

B Maintenance of the artificial beaches with heavier calcarious sand reducing the transport from the shore onto
the reef flat.

M9 90% reduction of manufacturing waste through onsite treatment.

04 100% houses and hotels connected to the sewage system where disposal is through four outfalls.

09 100% houses and hotels connected to the sewage system where disposal is through nine outfalls.

R Reduction of refinery eftluent.

R/S4/M9 Maximum reduction of industrial pollution through reduction of refinery effluent; 40% reduction of pollution
from ships through improved reception facilities and 90% reduction in manufacturing waste through onsite
treatment.

S4 40% reduction of waste from ships through improved reception facilities.

Stratl 50% connection of houses and hotels to sewage system; treatment with 90% reduction through five
wastewater treatment plants; remaining 50% hotel waste treated through onsite treatment; reduction of
refinery effluent; 40% reduction of pollution from ships through improved reception facilities and connection
of manufacturing waste to sewage system.

Strat2 100% connection of houses to sewage system; treatment with 90% reduction through five wastewater
treatment plants; 100% treatment of hotel waste through onsite treatment; reduction of refinery effluent; 90%
reduction in manufacturing waste through onsite treatment.

Strat3 100% connection of houses, hotels and manufacturing waste to the sewage system and disposal through four
outfalls; reduction of refinery effluent; 40% reduction of pollution from ships through improved reception
facilities and beach maintenance.

Analysis of the Results The current reef health was found to decline in all of

Tables 3.5 to 3.7 show the results of the environmental
protection measures and strategies under the three eco-
nomic development scenarios. The main indicators of
the effectiveness of these measures and strategies are costs
(investment, operation and maintenance) and the result-
ing coral cover and diversity. In addition, the number of
problem beaches is also examined. This is an indication
of the number of beaches likely to be threatened by fecal
pollution.

scenarios in a similar manner. The average for coral cover
drops from 15% in the current situation (1995) to 9%,
while the average for diversity drops from 55% to 32%.
The major impact zone begins at the population center of
Punda and moves westwards across the Schottegat en-
trance, extending up to Santa Marta Baai. This pattern is
similar for both coral cover and diversity. The growth-
east and growth-west scenarios follow similar patterns.
This is due to the relatively small growth of population
centers in the east and west. Compared to the pollution



60 Integrated Coastal Zone Management of Coral Reefs: Decision Support Modeling

produced from the industrial zone and Willemstad, this
appears to have a relatively small influence.

The eastern end of the island remains impact free in
the reference situation and, for coral cover, the current
situation is seen to improve by approximately 5%. This
follows a pattern of steady coral growth without competi-
tion from algae and other competitors for space. How-
ever, the coral diversity declines slightly. This shows that
the current diversity is not sustainable with the other reef
conditions and eventually the reef will head towards an
equilibrium with a lower diversity. This would represent
a more developed reef than seen at present. The zone of
greatest impact appears to spread along the coast from
close to Schottegat westwards. This represents the effect
of the westward current carrying pollutants from the in-
dustrial and heavily populated zone. This effect does not
appear to reach Westpunt itself, having been sufficiently
diluted along the coast.

These strongly declining conditions can be altered by
the environmental protection measures and strategies im-
plemented and shown in Tables 3.5 to 3.7. Each of these
measures and strategies has a different reduction on the
land-based loadings and, therefore, on reef health. The
costs of the measures and strategies vary quite consid-
erably. The major investments are linked to wastewater
treatment and disposal that involves the construction of a

complete sewage system. Septic tanks are not included
in the model and these have, in the past, been widely used
in Curagao. In the more developed areas, they become
increasingly less suitable; however, in the more sparsely
populated areas, they may remain a feasible option. The
model may need to take into account the seepage of the
effluent into the groundwater table and, eventually, also
into the near-shore waters. It is possible that seepage may
be partly responsible for changes in the nutrient levels
over the reefs. However, there has been limited research
into this as yet.

The largest improvements in reef health can be ob-
tained by a combination of measures addressing the vari-
ous sources of pollutants. Disposing of sewage through
four outfalls along the coast effectively removes the im-
pact of sewage pollution from the reef. The average coral
cover resulting from this measure is 11% and the result-
ing diversity is 38%. This does show an improvement
from the reference conditions, with the major areas of
improvement being the western sections. Coral cover
does improve around Punda by 8% and in the far western
sections by 7% to 12%. Diversity gradually improves from
Bullenbaai to the west, where increases are seen between
5% and as much as 40%. Little change is seen around
the Willemstad area. This is likely due to the remaining
influence of the industrial pollution.

Table 3.5.  Environmental protection options under the reference scenario.

Investment Operation and Coral Number of

cost management Coral cover diversity problem

Strategy code (million NAF) (million NAF) (%) (% of maximum) beaches
10H 2.4 0.1 9 32 13
10W6 240 2.2 10 37 0
10W9 270 2.3 11 38 0
10W9/10H 270 2.4 11 38 0
SW9 130 1.1 10 36 0
SW9/5H 130 1.2 10 36 0
B 0 0.12 9 32 13
M9 0.41 0.01 9 32 13
04 220 2.1 11 38
09 220 2.5 11 38
R 47 34 10 36 13
R/S4/M9 52 3.8 10 36 13
S4 53 0.43 9 32 13
Stratl 190 5 14 47
Strat2 310 5.8 14 50
Strat3 270 6 15 51
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Table 3.6.  Environmental protection options under the growth-east scenario.

Investment Operation and Coral Number of

cost management Coral cover diversity problem
Strategy code (million NAF) (million NAF) (%) (% of maximum) beaches
10H 34 0.15 9 32 0
10W6 240 22 9 34 0
10W9 270 2.3 10 37 0
10W9/10H 270 24 10 37 0
5W9 130 1.2 9 34 0
5W9/5H 140 1.2 9 34 0
B 3.0 0.16 9 34 0
M9 0.54 0.01 9 32 0
04 220 2.0 11 37 0
09 220 2.5 11 37 0
R 47 3.7 10 35 0
R/S4/M9 53 43 10 35 0
S4 5.3 0.58 9 32 0
Stratl 190 5.6 13 44 0
Strat2 320 6.2 14 49 0
Strat3 270 6.5 14 50 0

Table 3.7.  Environmental protection options under the growth-west scenario.

Investment Operation and Coral Number of

cost management Coral cover diversity problem
Strategy code (million NAF) (million NAF) (%) (% of maximum) beaches
10H 3.1 0.13 9 32 14
10W6 240 23 10 35 0
10W9 270 24 11 37 0
10W9/10H 260 2.5 11 37 0
5W9 130 1.3 9 35 0
SW9/5H 130 1.3 10 35 0
B 1.6 0.14 9 32 14
M9 0.54 0.01 9 32 14
04 210 1.9 11 38 0
09 220 2.5 11 38 0
R 47 3.0 10 35 14
R/S4/M9 53 3.6 10 36 14
S4 53 0.58 9 32 14
Stratl 190 5 13 45
Strat2 310 5.5 14 50

Strat3 270 5.6 15 51 0
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As with the implementation of sewage disposal
through outfalls, the reef improves in the western sections
after a reduction in pollution from the refinery by 70%.
Increase in coral cover ranges from 7% to 10% and in-
creases in diversity range from 8% to 24%. Little im-
provement is actually seen around Schottegat. This is
due to the continuing influence of sewage pollution around
those sections.

These results clearly show the impact different envi-
ronmental protection measures potentially have on the reef
system and show that, with careful management and plan-
ning, development of the island does not need to lead to
the gradual decline in the coral reef conditions as has been
seen over the past 20 years (Bak and Nieuwland 1995).
However, implementing the maximum environmental
protection strategy may not be a feasible option in finan-
cial terms. The following sections examine the costs of
the measures and their associated cost-effectiveness.

Cost-Effectiveness Analysis

A core feature of the Coral-Curagao decision support
system is the cost-effectiveness analysis, which allows
for the comparison of sets of environmental protection

million NAF per % increase in coral cover
300

measures and strategies in terms of the cost per unit gain
in reef health. The unit of reef health is either the percent
change in coral cover or diversity. Each comparison of
environmental measures is carried out under the same
economic scenario so that the different measures are di-
rectly comparable. As aresult, a separate analysis should
be carried out for each scenario defined. Figure 3.4 shows
the cost-effectiveness of individual measures under the
reference scenario using coral cover as the indicator of
reef health. Figure 3.5 uses the same reference situation
but analyzes the cost-effectiveness of strategies (i.e., com-
binations of measures).

Beach maintenance, the reduction of sewage pollu-
tion through on-site treatment of hotel waste, and the
reduction of waste from manufacturing have no signifi-
cant effect on the health status of the reef averaged for
the south coast as a whole. They have, therefore, been
left out of the cost-effectiveness analysis as their cost per
unit of reef health will be infinite. On a local scale, these
measures may have a significant effect, making the rela-
tively small investments cost-effective. Reducing the
waste from the refinery appears to be one of the more
cost-effective measures. However, the cost data for the
refinery should be treated as preliminary as there was

250
200
150
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50
0
refinery waste 4 outfalls 100% house and 100% house and
reduction hotel waste reduced hotel waste reduced
by 90% by 60%
Figure 3.4. Cost-effectiveness of individual measures under the reference scenario using coral cover as

the indicator of coral reef health.
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100% house and 4 outfalls; refinery 100% house waste maximum industrial
hotel waste reduced and ship reduction;  reduced by 90%; wastewater treatment
by 90%; maximum beach maintenance  hotels with on-site
industrial wastewater treatment; industrial
treatment wastewater treatment
Figure 3.5. Cost-effectiveness of strategies or combinations of measures under the reference scenario

using coral cover as the indicator of coral reef health.

very little data available. The least cost-effective mea-
sures are the implementation of sewage systems and
wastewater treatment plants. These are expensive; how-
ever, they are important for public health reasons as well
as reef health.

Combining the measures into strategies creates more
cost-effective options. All the combinations shown cre-
ate a cost-effectiveness of 15 million NAF/% change in
reef health (for both cover and diversity) compared to 30
to 60 for coral diversity and 100 to 250 for coral cover.
This illustrates the need to address more than one source
of pollution simultaneously.

A similar analysis is carried out for the both the growth-
east and growth-west scenarios. Figure 3.6 shows the
cost-effectiveness of individual measures for the growth-
east scenario using coral cover as the indicator of reef
health. Further results are reported in Rijsberman and
Westmacott (1996). Again, the improved beach mainte-
nance, reduction of waste from ships, and manufacturing
has little effect at the scale of the southern coastline and
are, therefore, not included in the analysis. The patterns

seen in the cost-effectiveness of individual measures are
similar to those seen under the reference scenario, with
the construction of sewage systems and wastewater treat-
ment plants being the least cost-effective options.

There are no real significant differences between the
scenarios, partly due to the similarity in the change seen
to reef health and the general nature of the cost model—
specifically, the fact that the model averages over the
coastline will mask significant local changes. Further
developments of the model may want to focus on smaller
sections of the coast. An interesting feature is the increase
in the cost-effectiveness of all the strategies. The cost-
effectiveness of individual measures rarely falls below
100 million NAF/% increase in coral cover, whereas the
strategies are generally considerably more cost-effective.
This shows that the improvement of the reef is limited by
more than one pollutant and undertaking one measure
alone may be restricted in its effectiveness if other im-
pacts remain in place. Significant improvements to cost-
effectiveness come through addressing combinations of
measures.
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reduction hotel waste reduced hotel waste reduced
by 90% by 60%
Figure 3.6. Cost-effectiveness of individual measures under the growth-east scenario using coral cover
as the indicator of coral reef health.
Conclusions (NGOs), representatives of the tourism and diving indus-

A decision support tool has been developed that can be
used for:

* Communication among stakeholder groups concerning
desirable development directions and environmental
strategies for the coastal zone in Curagao;

* Analysis of the impacts, through the discharge of waste-
water and sediment, of planned developments in the
coastal zone on coral reef health, thereby integrating
sectoral land use, tourism and nature conservation plan-
ning in one framework; and,

* Analysis of the cost-effectiveness of environmental
measures and strategies in maintaining coral reef health.

The main innovations of Coral-Curagao are its user-
friendly but structured interface and its coral reef response
model. The developers are of the opinion that the tool
has shown to have potential for use, but that the real proof
of whether this is an appropriate tool for management of
coral reefs and the coastal zone of Curacao will have to
be demonstrated through an application. The tool has
been developed in cooperation with government repre-
sentatives, environmental non-government organizations

tries, and the management of the Curagao Underwater
Park. Most of these stakeholders have indicated a keen
interest in the possibilities of using the tool in a “real life”
management application.

Model Results

The model shows through the three scenarios developed
that there is likely to be a very significant coral reef de-
cline over the next 10 years. This is in line with the trend
seen during the past 20 years reported by Bak and
Nieuwland (1995). The model also shows that, with the
implementation of environmental protection strategies,
this trend can be halted and, in some cases, reversed with
recovery to a state of coral reef health better than the
current.

Improving the status of the reefs of Curagao can be
done through combinations of comprehensive sewage
treatment and disposal methods, as well as reductions in
refinery pollution. Measures such as environmentally
friendly beach maintenance and the reduction of waste
from manufacturing and shipping are not effective at the
scale examined. The model can, however, be used to
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identify the areas where the reef conditions are poorest.
Implementation of these measures on a smaller scale could
well be effective.

The cost-effectiveness analysis allows a ranking of
the measures, assisting the user in the formulation and re-
formulation of strategies. The costs of the strategies are,
however, high. To reach an average coral cover of 14%
and diversity of 50%, the initial investment is 310 million
NAF and the yearly operation and maintenance costs are
6 million NAF. With a total GDP for Curagao of 1,620
million NAF in 2005 under this scenario, the investment
would amount to 20% of GDP. Since a careful optimiza-
tion of environmental strategies has not taken place, these
estimates may be on the high side.

The fact that a tool is now available with which a
quantitative assessment can be made of the impact of
development scenarios on coral reef health is a signifi-
cant step forward. Experience in Curagao showed clearly,
however, that for the tool to be accepted as a reliable in-
dication of sustainability, time and effort will be required
to introduce its use. Users need to become both familiar
with the possibilities and the limitations of the model and
gain an understanding into the formulation of the model.
As well, they need to become familiar with the multi-
criteria approach used in the model.

Limitations of the Model

Although the issues included in the model have been se-
lected through interviews and meetings with the various
stakeholders in the regions, there are certain issues that
could not be taken into account. Solid waste disposal, for
example, is currently an issue. This will be an important
factor, for aesthetic reasons as well as environmental rea-
sons, when considering coastal zone management plans.
Sediment and nutrients were considered the major pollut-
ants and impacts on the reef in the current model.

The impact of implementing a marine park is difficult
to assess in terms of the reduction of pollutants. It may be
that the user would like to set standards of water quality
that the marine park would monitor and enforce. By
altering the focus of the model, it could be possible to
calculate the cost of achieving these levels.

Fishing pressure and the effect on the reef that the
extraction of certain fish species (e.g., algae grazers) may
have is also not included. This is an issue that has been
successfully included in the revised model for Jamaica
(Ridgley and Dollar 1996; Chapter 8). The inclusion of
oil pollution should also be considered.

It will be necessary to improve the database for the
simulation results, as well as the detail with which both

the economic development scenarios and the environ-
mental strategies are defined. The data used in the model
has been collected from a series of project reports. Little
of the data was collected through fieldwork and, as a re-
sult, may have had to be adapted. In some areas, data
was not available or hard to obtain. Subsequent updates
of the model should attempt to improve this aspect. Once
the model begins to be used by the various groups and
departments as is intended, more data may be identified
and produced that can be directly inserted into the model.

Further Model Developments

The modeling results reported in this chapter were com-
pleted in 1996. Since that time, Coral-Curacao has been
expanded, revised and used. A valuation study of ben-
efits due to changes in reef health was incorporated. The
model has also been demonstrated to the different stake-
holder groups. For example, it was used as the basis for a
university evening course for professionals, in which most
of the relevant Curacao coastal managers participated.
Subsequently, the model was installed at the offices of
most of the coastal managers. Various talks were also
given at schools and for environmental NGOs to explain
the project and the tool. The most recent version of Coral-
Curacao is described in Chapter 10 and a companion CD-
ROM is included with this publication.

The overall conclusion to be drawn from the experi-
ence to date is that the model is quite helpful as a teach-
ing, training and awareness raising tool, but too compli-
cated and cumbersome to be used for quick reference
during the day-to-day work of the coastal managers. As
stated previously, the model was developed with suffi-
cient realism to represent “real life” problems, but the
day-to-day questions of the coastal managers appear to
be slight variations, requiring changes to be made in the
model.
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