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Figure 1
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Marcos Clowes (dive assistant), Phil Broadhurst (cameraman /
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(fisheries social study) and Duncan Hume (marine habitat mapping).
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Figure 2

Map of the Western Caribbean region showing the location of the Corn
Islands on the Atlantic coastal shelf of Nicaragua.
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Figure 1

Alvaro Segura, a fish Biologist from Costa Rica who assisted the coral
reef surveys, in front of the BICU facilities in Great Corn Island.
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Figure 2

Ivette Wilson, one of two students from BICU who were trained, on her
way out to survey the reefs off Great Corn Island.
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Figure 3

Ulrika holding a lecture on the marine environment in the Corn Island
Baptist school.
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Figure 4

Workshop at Great Corn Island discussing the preliminary results and
future aspects of environmental management and community
involvement.
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CHAPTER 1, SECTION A: FISHERIES SOCIAL STUDY

Social structures and perceptions of artisanal fishers on the Corn
Implications for co-management

Islands:

Figure 1

Historical trends in catches of spiny lobster (Panulirus argus) on the
Atlantic coast of Nicaragua [1]. Catches are shown in 1000 Ibs. lobster
tail, and displays catches from the artisanal and industrial sectors
separately as well as the total catches. A notable decline in catches can
be observed.

26

Figure 2

Historical trends in Catch Per Unit Effort (CPUE) of the industrial lobster
fishery on the Nicaraguan Atlantic coast [1]. The graph shows a
declining trend from after the Sandinista period (1979 to 1989) up to
2002 of both industrial diving and trapping boats. CPUE is measured in
Ibs. of lobster tails caught per day of operation.
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Figure 3

The variable plot resulting from a PCA analysis of socio-cultural and
functional characteristics that define groupings in the fisher community
of Corn Islands, Nicaragua.
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Figure 4

Sample plots resulting from the PCA (Principle Component Analysis),
showing the spread of individuals within the fisher community of Corn
Islands according to their functional and socio-cultural characteristics.
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Table 1

Questionnaire describing functional and socio-cultural characteristics,
as well as perceptions of fisheries resources and management directed
towards fishers on Corn Islands, Nicaragua.
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CHAPTER 1, SECTION B: FISHERIES SPATIAL STUDY

A spatial and economic analysis of the artisanal fisheries of the Corn
Islands

The Corn Islands, showing the 24 zones used to gain a rapid

Figure 1 impression of fishing areas 35

Figure 2 Percentage use of broad zones around the Corn Islands by different 37
9 types of fishers from the two Islands

Figure 3 Estimate of trap density per 5x5 minute grid as a result of fishing by 33
9 12 Little Corn Island and 14 Great Corn island trap fishers

Figure 4 Lobster diver effort intensity by 7 Great Corn Island divers 38
. Relative distribution of red and white lobsters on the lobster fishing

Figure 5 39

grounds around the Corn Islands

Actual catches and fitted regressions of daily lobster catch against
Figure 6 expenditure on fuel by 3 Corn Island divers between July and 39
December 2002

“Maximum”, “Minimum” and “Normal” distances of fishing grounds
Figure 7 from home quoted by Corn Island lobster trap fishermen for the past 40
35 years.

a) Hypothetical functions of cost with distance for a lobster trap
Figure 8 fisherman. b) Aggregate function of total costs with distance and net 41
revenue given a asymptotically increasing catch with distance

Distribution of sample of fishers by home island, ethnic group and

Table 1 fishing gear

38

Regression relationships found between daily expenditure on fuel and

weight of catch for three Corn Island 40

Table 2

Improvements on gross and net revenue as a result of spending an
Table 3 extra C$100 on fuel by lobster divers as predicted by the regressions 40
shown in Table 2

CHAPTER 2: SECTION A: MARINE HABITAT MAPPING

Mapping the Marine Habitats of Nicaragua’s Corn Islands using a RoxAnn
Acoustic Ground Discrimination System and Landsat TM Imagery

. A diagram describing the acoustic variables recorded by a RoxAnn 46
Figure 1 . 2 .
acoustic ground discrimination system
. A diagram describing the acoustic footprint created by a single beam 48
Figure 2
echosounder

An illustration of the image processing steps required to produce the
Figure 3 unsupervised  classifications of Corn Island from Landsat Imagery 52
and RoxAnn AGDS data

Charts representing the E1 (roughness) and E2 (hardness) indicies for
Figure 4 each of the habitat signatures used in the supervised classification of >4
the RoxAnn AGDS data

An illustration of the image processing and editing steps involved in
Figure 5 the production of the final supervised classification for Great Corn o6
Island
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Equation 1 Calculation used to remove spurious position spikes o1

Table 1 Regional classification scheme developed using Belizean survey data 49
by Mumby and Harbourne (1999)
The adapted classification scheme used in this study and examples of 49
Table 2 : . - .
the six classes obtained during ground truth sampling
A summary of uses, threats and management recommendations for
Table 3 the Corn Islands marine habitats derived from a combination of 50

reviewed scientific literature and a rapid assessment of local
perceptions

CHAPTER 2: SECTION B: MARINE HABITAT MAPS

Map 1 Landsat Image of the Corn Islands overlaid with the 12m depth 61
contour.
The position of the track points from the Acoustic Ground
Map 2 Discrimination System Survey overlaid on the habitat map polygons 62
for each of the islands.
Map 3 Location of the training sites on Great Corn used in the supervised 63
P classification of the Satellite and RoxAnn AGDS data.
Map 4 Location of the training sites on Little Corn used in the supervised 64
P classification of the Satellite and RoxAnn AGDS data.
Map 5 Final Supervised Classification of Great Corn Island 65
Map 6 Final Supervised Classification of Little Corn Island 66
Map 7 Bathymetry of Great Corn Island 67
Map 8 Bathymetry of Little Corn Island 68
Map 9 Supervised Classification of Great Corn Island overlaid on a wireframe 69
P model of the islands bathymetry.
Map 10 Supervised Classification of Little Corn Island overlaid on a wireframe 70
P model of the islands bathymetry.

CHAPTER 2: SECTION C: COASTAL AND MARINE HABITAT ASSESSMENTS

A rapid assessment of the coral reef community structure and health of the
Corn Islands using the AGRRA protocol

Figure 1 Location of the 14 AGGRA survey sites 73
. A diver surveys an AGRRA benthic transect on a shallow reef at Little 74
Figure 2
Corn Island.

Thematic map of the Corn Islands with two sets of pie charts: A -
shows percent cover of live coral, algae, bare rock and other biological
Figure 3 classes (e.g. sponges, gorgonians and Milleporids); B - shows relative 75
percent abundance of the three types of algae (crustose coralline,
calcareous and fleshy macroalgae) at each of the surveyed sites.

Size-frequency distributions for maximum diameter and maximum 76

Figure 4
g height measurements of all coral colonies surveyed at each site [x-axis
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= size class (cm); y-axis = frequency].

A colony of Montastraea franksii exhibits partial mortality caused by

Figure 5 the boring sponge Cliona langae. 7
Figure 6 Mean percent ‘recent’ and ‘old’ partial mortality per coral colony at 77
g each site showing 95 % confidence intervals.
Figure 7 A colony of Montastraea faveolata affected by white plague. 78
An area of reef where many coral colonies have been overgrown by
Figure 8 macroalgae at Little Corn Island. Several branches of the Acropora 78
cervicornis colony were affected near the base
. Mean density of scleractinian coral recruits per 25 cm? quadrat at each 79
Figure 9 . - . -
site showing 95 % confidence intervals.
. . . . . o
Figure 10 Meap maximum reef relief in centimetres at each site showing 95 % 79
confidence
Figure 11 Fleshy macroalgae dominates the benthos on a reef at Little Corn 79
Island.
. Stypopodium zonale, an abundant fleshy brown macroalgae on the 79
Figure 12
reefs of the Corn Islands
Fiqure 13 Mean canopy length of calcareous and fleshy macroalgae per quadrat 80
9 in centimetres at each site showing 95 % confidence intervals.
Figure 14 Mean density of adult and juvenile Diadema antillarum per 10m? belt 80
9 transect at each site showing 95 % confidence intervals.
Fiqure 15 A typical ‘deep’ (10-15 m) coral reef site at Great Corn Island 80
9 exhibiting the characteristic heterogeneity of these habitats.
A degraded habitat on the outer reef at Little Corn Island exhibiting
Fiqure 16 low cover and biodiversity of coral, high colony mortality, severe 81
9 macroalgal overgrowth and low abundance and biodiversity of reef
fish.
Fiqure 17 A relatively healthy habitat on the 'deep' (10-15 m) outer reef at Great 81
9 Corn Island exhibiting high cover and biodiversity of coral.
. A relatively healthy stand of Acropora palmata at Little Corn Island. 81
Figure 18 . ; . .
This once dominant species was very rare at most sites.
. Young Acropora palmata colonies on a reef at Little Corn Island 82
Figure 19 - . N
showing that recruitment has been occurring in the past few years.
ASSESSMENT OF THE CORN ISLANDS’ CORAL REEFS
Image 1 A frlljglng reef on little Corn Island dominated by Acropora palmata 83
colonies.
The predicted distribution of Coral Reefs around Great Corn Island and
Figure 1 Little Corn Island based on Landsat TM Satellite and RoxAnn AGDS 83
(acoustic) remote sensing surveys.
ASSESSMENT OF THE CORN ISLANDS’ ALGAL HABITATS
Images
9 Examples of algal habitats. 89
1&2
. . Predicted distribution of algal habitats around the Corn Islands based
Figure 1: 89

on supervised classifications of Landsat TM and RoxAnn AGDS imagery
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ASSESSMENT OF THE CORN ISLANDS’ SEAFAN HABITATS

Image 1 Example of rubble, algae and seafan habitat. 90
Predicted distribution of rubble, algae and seafan habitats around the

Figure 1 Corn Islands based on supervised classifications of Landsat TM and 90
RoxAnn AGDS imagery

ASSESSMENT OF THE CORN ISLANDS’ SAND HABITATS

Figure 1 Example of sand habitat. 93
The predicted distribution of Sand Habitats around Great Corn Island and

Figure 1 Little Corn Island based on Landsat TM Satellite and RoxAnn AGDS 93
(acoustic) remote sensing surveys.

ASSESSMENT OF THE CORN ISLANDS’ SEAGRASS HABITATS

Image 1 Example of seagrass habitat. 95
Figure 1 Predicted distribution of seagrass habitats around the Corn Islands based 95
9 on supervised classifications of Landsat TM and RoxAnn AGDS imagery
ASSESSMENT OF THE CORN ISLANDS’ WETLAND HABITATS
Image 1 A typical wetland on Great Corn Island 97
Figure 1 Spatial Distribution of the islands wetlands [3] 97

CHAPTER 3: SECTION A: WETLAND WATER QUALITY

The Use of Water Quality Data and Public Perception Study as an
Integrated Approach to Coastal Pollution Management

Figure 1 ?gzaoa'cg;%;ny Island Wetland Water Quality Monitoring Sites and Island 107
Figure 2 Perceived conditions of wetland compared to 10 years ago 105
Figure 3 Perceived localisation of pollution on and around Corn Island 105
Figure 4 Causes of pollution as perceived by the Population of Corn Island 106
Figure 5 Programs aimed at reducing pollution 106
Table 1 Nitrate and Phosphate Concentrations recorded at Monitoring Sites 103
Table 2 \?VzrglwaenzZysical, chemical and environmental characteristics of sampled 104
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CHAPTER 3: SECTION B: CORAL REEF SEDIMENT IMPACTS

Sedimentation quality change and the presence of indicator species: A
study across a seaward sedimentation gradient from the Pearl Cays to the
Corn Islands

Map showing positioning of study sites, and arrows showing the north-
Figure 1 south flow of the turbid boundary current created by the Rio Grande 110
de Matagalpa, and the influence of the outflow from Pearl Lagoon.

A) Cumulative frequency of benthic categories detected per frame with
varying point counts per frame (5 to 25 points). B) Average
cumulative species frequency for the coral abundance and diversity
analysis.

Figure 2 110

Sediment quantity and quality showing total sediment rates
Figure 3 (mg.cm®.d!) with 95% confidence interval and quantity of organic, 111
calcium carbonate and non-carbonate fractions.

Multidimensional scaling ordination showing changes in benthic
Figure 4 community composition for Baboon Cay, Little Askil Cay, Seal Cay and 112
Little Corn Island.

Mean benthic community composition at the 4 study sites showing

percentage cover (%) for each of the major benthic categories. 113

Figure 5

Multidimensional scaling ordination showing changes in Coral and

gorgonian frequency abundance for the 4 sites. 113

Figure 6

Porites astreoides colour morph index with standard deviation.
Figure 7 Showing a decrease in ratio of brown to green colonies along a 114
gradient of decreasing terrestrial influence.

Sediment quality. Showing relative percentage proportions of organic,

Table 1 . . .
calcium carbonate and non-carbonate sediment constituents.

112

SIMPER analysis showing the percentage dissimilarity in benthic group
Table 2 composition and the three main benthic components which together 112
contributed 45-65% of between site dissimilarity.

SIMPER analysis for coral and gorgonian species abundance showing
Table 3 the percentage dissimilarity and which three main species contributed 114
to approximately 60% of between site dissimilarity.

Sedimentation rates for traps 50cm above bottom substrate for

Table 4 . .
previous studies.

115
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EXECUTIVE SUMMARY
1. OVERVIEW

This report presents the results and findings of the reefmap project, a multidisciplinary study
focussing on coastal environmental issues in the Corn Islands, Nicaragua. The reefmap project was
initiated by a team from the Tropical Coastal Management programme at the University of Newcastle
upon Tyne, UK. The aim of the project was to gather information to support local government and
national agencies in their efforts to promote sustainable management of natural resources and the
environment in the Corn Islands, Nicaragua. The project was funded through grants from several
different institutions, both international and Nicaraguan, and the generous contributions from
enterprises and private persons in The Corn Islands and in the UK.

The field work period of the project was carried out in May and June 2003 with the support and
collaboration of the Municipal Government of Corn Islands, the Ministry of Natural Resources and
Environment (MARENA), the National Fisheries Administration (AdPesca), the Bluefields Indian
Caribbean University (BICU), the University of the Autonomous Regions of the Caribbean Coast of
Nicaragua (URACCAN), the Movement for the Defence and Dignity of Corn Islands, and Dr Bob
Foster Smith from Envision Mapping, based at the University of Newcastle upon Tyne. The project
was focused around six studies:

» Fisheries social structures and perceptions study: conducting interview surveys with
artisanal fishers to examine perceptions towards management interventions, and social factors
influencing the potential for co-management.

» Fisheries spatial and economic study: conducting interview surveys to analyse the spatial
distribution and microeconomics of the artisanal fisheries.

» Marine habitat mapping: using RoxAnn acoustic survey and satellite image analysis to create
maps of the marine habitats surrounding the Corn Islands.

» Coral reef surveys: applying the Atlantic Gulf Rapid Reef Assessment (AGRRA) protocol for
surveying reef species and health.

» Water quality survey: taking water samples for chemical analysis from wetlands and
conducting an interview survey of local perceptions of pollution and water quality on Great Corn
Island.

» Marine sedimentation study: taking sediment samples along a gradient from the main land to
Pearl Cays to Corn Islands, and comparing these samples with results from coral reef composition
video surveys along the same gradient.

A training element was integrated into the project, with staff and students from the universities
URACCAN and BICU, as well as members from the Movement for the Defence and Dignity of Corn
Islands, learning scientific fieldwork methodologies through participation. The project aimed to
involve the local community and had meetings with representatives of local civil society
organisations, held lectures in schools and discussed the preliminary results of the project at a
workshop and a public meeting.

2. FINDINGS AND CONCLUSIONS
2.1. FISHERIES SOCIAL STRUCTURES AND PERCEPTIONS STUDY

A majority of the artisanal fishers feel that foreign-owned industrial boats are to blame for the
decline in the fisheries. The main part of the fishers think that it is the responsibility of the national
government to ensure that lobster stocks recovery, while half of the fishers see themselves as
responsible. The fisher community is grouped mainly by fishing technique and ethnicity. The
community as a whole was found to be more or less homogenous in its perceptions of the
management of the fisheries but for a few exceptions. Those who fish with traps are generally more
positive to a proposed closed area (probably because they not fish in the proposed area), are more
inclined to see diving as one of the reasons for the decline of lobster catches, and would like a ban
on diving. The general consensus and positive attitudes towards existing and proposed management
interventions shows a good potential for co-management, but the issue of diving and its linkage to
conflicts between different ethnic groups in the community, could pose an obstacle to collaboration.
A lack of organisation and leadership in the fisher community presents a barrier towards fisher
participation in management, but successful management initiatives in Little Corn Island may
provide a role model.
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2.2. FISHERIES SPATIAL AND ECONOMIC STUDY

Artisanal fisheries extend over 50 km off corn Islands to the north. Lobster fishing is more intensive
north and west of the islands. Trap fishing effort was highly aggregated while diving had a regular
dispersion. This may have been due to the scale at which it was examined. Daily lobster catches by
individual divers increased significantly with fuel expenditure (p<0.05) at a rate that would more
than compensate for increased fuel expenditure while maximum catches stated by trap fishers also
showed a positive relationship with distance from the islands (p = 0.002). Fishers may not perceive
these positive trends in catch rate with distance due to considerable variability in catches. They may
also take account of other costs of travelling further, which constrain the size of their resource
space.

2.3. MARINE HABITAT MAPPING

The marine habitat maps of Corn Islands were produced by using a combination of RoxAnn Acoustic
Discrimination System data and Landsat TM imagery analysis. They can be found on pages 60-70 in
this report. The resulting maps still require an accuracy assessment before they are used for
management purposes but they represent a considerable step towards supporting well planned
management of the islands inshore marine resources. They will allow decision makers to take
informed decisions, identify important and vulnerable habitats, and to develop policies and plans to
protect and conserve these areas. They may be used as a basemap for a geographic information
system, as an educational resource and may be used to support funding bids to develop a well
designed and long-term research programme for the islands marine and coastal resources. In
addition to the habitat maps themselves, extensive literature reviews were combined with a local
[perceptions] assessment of the value and threats to each habitat class in the maps. These habitat
assessments provided a framework for habitat specific policy and research recommendations, which
will hopefully support a strategic and targeted approach to coastal management on the islands.

2.4. CORAL REEF SURVEYS

Variability in reef condition between sites was high according to a number of structurally or
functionally important benthic indicators, such as coral size-frequency distributions, percent
mortality and presence of disease. Shallow exposed sites appear to have undergone a community
phase shift as a result of the loss of the major reef-building coral Acropora palmata. Whereas deeper
sites on the outer reefs of Great Corn Island seem to be suffering from a combination of white
plague disease and macroalgal overgrowth possibly as a result of decreased herbivory. However, a
long-term monitoring programme incorporating temporally explicit data in addition to spatially
explicit data would be required to reveal the presence of human influences on the reefs such as
nutrient pollution. The information provided by the present study provides a snapshot of reef health
at selected sites around the Corn Islands and may prove useful as baseline data upon which to build
a monitoring programme following the same methodology. The study also represents one of the first
quantitative investigation of reef health to be conducted in Nicaragua and the data will be included
in the AGRRA (http://www.coral.noaa.gov/agra/) regional database for the wider Caribbean region.

2.5. WETLAND WATER QUALITY STUDY

Water samples from of Great Corn Island shows that wetlands located on the western side of Great
Corn Island presented a lesser water quality. The perceptions survey revealed that a majority of
respondents thought that the condition of the wetlands had worsened over the last ten years. North
End and Loma were the areas perceived as having undergone the most negative change. The most
frequently mentioned causes of pollution were garbage, sewage and dead animals. The western side
of the island was perceived as the most affected by pollution in regard to near-shore waters,
especially the area around Brig Bay. Hydrocarbons and garbage were perceived as the major causes
of pollution in coastal waters. Overpopulation and lack of water treatment on the western side of the
island was suggested to make it more exposed to pollution. The condition of the island’s wetlands
was ranked highly as a reason for preoccupation. The most effective ways of reducing pollution was
perceived to be a better waste water treatment, while stricter laws came second. The community-
based pollution perceptions study proved to be a cost-effective way of supporting the definition of
priorities for management interventions.

2.6. MARINE SEDIMENTATION STUDY

The site most affected by terrigenous sedimentation was found to be the most diverse. This inshore
site showed sedimentation quality to be largely related to terrigenous influence, with offshore sites
influenced mainly by reef sediment. Strong correlations were found between abundance of
sedimentation-tolerant species of scleractinian coral and the terrigenous acid insoluble non-
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calcareous sediment fractions. Similarly, there was a significant decrease in the ratio of Porites
astreoides brown to green colour morphs along the decreasing gradient of terrestrial influence. From
a management perspective, a more complete approach to sedimentation studies is required, based
on sedimentation quality, timing and quantity.

3. MANAGEMENT RECOMMENDATIONS IN BRIEF
3.1. FISHERIES

» There is a serious need for further investigation of the ecology and life cycle of the Nicaraguan
spiny lobster populations. Studies should integrate local fisher knowledge.

» Fishing effort could be monitored by installation of satellite vessel monitoring systems (VMS) on
all industrial boats.

» Frequent and random controls of catches at the artisanal landing sites could make it more
difficult for the fishers to trade in small and spawning lobster. In order to minimise the market for
small and spawning lobster, authorities should form a partnership with restaurants and hotels on the
islands and other parts of the country.

» A centralised scheme for getting traps out of the water for the closed season should be
organised, possibly renting an industrial boat for the job to fetch all artisanal traps.

» Research should be conducted in collaboration with the fishers on the effect of traps and diving
on substrate.

» A potential ban on diving would require a large-scale participative study into the effects of such
an intervention on the livelihoods of the divers and their families and should be implemented on a
longer time-scale with a gradual phase-out.

» Comparative studies should be undertaken examining the efficiency of different fishing
techniques and determining the impact of improved navigational techniques on the pressure on and
range of fishing areas, with results feeding in fisheries models. Based on these studies, guidelines
should be set up for trap design.

» A forum for dialogue and cooperation between fishers, fisheries companies and authorities
should be set up to discuss more effective implementation and enforcement of regulations. This
should be facilitated by a task force working for the organisation of the fishers and fisher
participation in management. A participatory research process should be initiated on the islands to
support the task force with information to assist conflict management.

» The planning of a potential MPA should involve a full-scale assessment programme looking into
socio-economic, legal and ecological aspects of the implementation of the MPA. It should strive to
involve all affected stakeholders in research, planning, decision-making, implementation, and
monitoring and evaluation.

3.2. ECOSYSTEMS RESEARCH AND MONITORING NEEDS

» In order to prevent an ecological coral reef-algal phase shift, a monitoring system should be put
in place to monitor and manage levels of inshore exploitation of fish, and coastal pollution should be
monitored and controlled.

» Costal pollution input could be reduced through waste management planning and through
guidance on appropriate technologies, for example affordable and small scale waste treatment for
pit latrines or centralised waste treatment. Communities should be educated about the how to
dispose of different wastes in a way that minimises the environmental impact. Private waste reuse
and recycling and management enterprises should be encouraged.

» The application of tools such as sensitivity mapping, development planning and environmental
impact assessment should prevent development encroachment that threatens the ecological
integrity of critical coastal ecosystems. All new larger developments should be required to provide a
comprehensive review of how they will deal with waste disposal and provide developers with
guidance on waste management and soil conservation practices.

» A long term participatory waste and pollution monitoring system should be set up.
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RESUMEN EJECUTIVO
1. DESCRIPCION GENERAL

Este informe presenta los resultados del proyecto reefmap, un estudio multidisciplinario que
orientado a los asuntos ambientales costeras en Corn Islands (las Islas del Maiz), Nicaragua. El
proyecto reefmap fue iniciado por un equipo del programa de Manejo de Manejo de Costas
Tropicales de la Universidad de Newcastle upon Tyne, Reino Unido. El propédsito del proyecto era
recopilar informacién cientifico para apoyar al gobierno local y a las agencias nacionales en sus
esfuerzos de promover el manejo sostenible de los recursos naturales y el ambiente en las islas del
maiz, Nicaragua. El proyecto fue financiado con concesiones de varias diversas instituciones
internacionales y nicaragienses, y con las contribuciones generosas de empresas y personas
privadas en Corn Islands y en el Reino Unido.

El periodo del trabajo en campo del proyecto fue realizado en mayo y junio de 2003 con la ayuda y
la colaboracion del Gobierno Municipal de Corn Islands, el Ministerio del Ambiente y los Recursos
Naturales (MARENA), la Administracidon Pesquero (AdPesca), la Universidad Indigena y Caribena de
Bluefields (BICU), la Universidad de las Regiones Auténomas de la Costa Caribe de Nicaragua
(URACCAN), el Movimiento para la Defensa y Dignidad de Corn Islands, y el Dr. Bob Foster Smith de
Envision Mapping, basado en la Universidad de Newcastle upon Tyne. El proyecto fue estructurado
alrededor de seis estudios:

» Estructuras sociales y las opiniones en la comunidad pesquero: conduciendo encuestas
con los pescadores artesanales para examinar sus opiniones hacia las intervenciones manéjales, y
los factores sociales que influencian la potencial para el co-manejo.

» Estudio econdmico/espacial de la pesca: conduciendo encuestas con los pescadores de Corn
Islands para analizar la distribucion espacial y el micro-economia de la pesca artesanal.

» Mapeo de los habitats marinos: analizando datos acusticas RoxAnn e imagenes del satélite
para crear mapas de los habitats marinos que rodean Corn Islands.

» Evaluacion de los arrecifes coralinos: aplicacion del protocolo de Evaluacion Rapido de los
Arrecifes Coralinos del Golfo Atlantico (AGRRA) para examinar las especies y la salud de los arrecifes
coralinos de Corn Islands.

» Calidad del agua de los suampos: analizando quimicamente muestras de agua de los
suampos, y conduciendo una encuesta sobre las opiniones locales de la contaminacion y la calidad
del agua en la isla grande de Corn Islands.

» Sedimentacion marina: tomando muestras de sedimento a lo largo de un gradiente de la costa
hasta Pearl Cays y Corn Islands, comparando estas muestras con resultados de investigaciones de
video sobre la composicion de los arrecifes coralinos a lo largo del mismo gradiente.

Un elemento de entrenamiento fue integrado en el proyecto, personal y estudiantes de las
universidades URACCAN y BICU, asi como miembros del Movimiento para la Defensa y Dignidad de
Corn Islands, fueron capacitados en metodologias cientificas del campo. El proyecto pretendia
implicar a la comunidad local y tenia reuniones con representantes de organizaciones civiles locales,
llevdé a cabo conferencias en escuelas, y organizdé un taller y una reunidon publica para discutir los
resultados preliminares del proyecto.

2. RESULTADOS Y CONCLUSIONES
2.1. ESTRUCTURAS SOCIALES Y OPINIONES EN LA COMUNIDAD PESQUERO

Una mayoria de los pescadores artesanales piensan que los barcos industriales de propiedad
extranjero tienen la culpa principal por el decaimiento pesquero. La gran parte de los pesqueros
piensan que es la responsabilidad del gobierno nacional de asegurar recuperacion de la langosta,
mientras que la mitad de los pescadores se considera como responsables ellos mismos. La
comunidad pesquero es agrupada principalmente segln técnica y pertenencia étnica. La comunidad
en su totalidad se encontr6 mas o menos homogénea en relacién con sus opiniones sobre el manejo
pesquero con algunas excepciones. Los que pescan con nasas son generalmente mas positivos a un
area cerrada propuesta (probablemente porque no pescan en el area propuesta), estdn mas
inclinados a ver el buceo como una de las razones por el decaimiento en las capturas de langosta, y
quisieran una prohibicion del buceo. El consenso general y las actitudes positivas hacia
intervenciones de manejo existentes y propuestos, demuestra un buen potencial para el co-manejo,
pero el asunto del buceo y su acoplamiento a conflictos entre diversos grupos étnicos en la
comunidad, podria plantear un obstaculo por la colaboracién. Una carencia de la organizacién y de la
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direccién en la comunidad del pescador presenta una barrera hacia la participacion del pescador en
la gerencia, pero las iniciativas acertadas de la gerencia en la pequefa isla del maiz pueden
proporcionar un modelo del papel.

2.2. ESTUDIO ECONOMICO/ESPACIAL DE LA PESCA

La pesca artesanal se extiende hasta mas que 50 kildmetros al norte de Corn Islands. La pesca de
langosta es mas intensiva al norte y al oeste de las islas. El esfuerzo de pesca con nansas fue
altamente agregado, mientras el buceo tenia una dispersion regular. Esto pudo haber sido debido a
la escala en la cual fue examinada. Las capturas diarios de langosta de los buzos individuales crece
significativamente con el gasto del combustible (p<0.05), en una tasa que mas que compensaria el
gasto creciente del combustible, mientras que las capturas maximas indicados por los pescadores de
nasas también demostraron una relacion positiva con la distancia de las islas (p = 0.002). Puede ser
que los pescadores no percibieren estas tendencias positivas en tasa de captura con la distancia
debido a la variabilidad considerable en capturas. Ademas, los pescadores podrian tomar cuenta de
otros costos de viajar mas lejos, que limitan el tamano de su espacio de recurso.

2.3. MAPEO DE LOS HABITATS MARINOS

Los mapas de los habitats marinos fueron producidos usando una combinacion de datos del RoxAnn,
un sistema de discriminacion acustica, y de datos de las imagenes de Landsat TM. Se encuentran en
las paginas 60-70 de este informe. Los mapas que todavia requieren un evaluacion de exactitud
antes de que se utilicen para los propdsitos del manejo pero representan un paso considerable para
apoyar al manejo bien planificado de los recursos marinas costeros de las islas. Permitiran a los
politicos de tomar decisiones informadas, identificar los habitats importantes y vulnerables, y
desarrollar politicas y planes para proteger y para conservar estas areas. Pueden ser utilizados como
mapa de base para un sistema de informacién geografico (SIG), como recurso educativo, y pueden
ser utilizados para apoyar solicitudes de financiamiento para desarrollar un programa de
investigacion bien disefiado y de largo plazo para las islas marinas y los recursos costeros.
Adicionalmente, las revisiones extensas de la literatura fueron combinadas con un encuestas locales
[de percepciones] sobre el valor de y las amenazas a cada habitat clasificado en los mapas. Estas
evaluaciones de los habitats proporcionaron un marco para recomendaciones de manejo y de
investigacion especificas, que esperanzadamente apoyaran a un método estratégico y apuntado en
el manejo costera en las islas.

2.4. EVALUACION DE LOS ARRECIFES CORALLINOS

La variabilidad en la condicién del arrecife entre los sitios era alta segun algunas de indicadores
bénticos estructuralmente o funcionalmente importantes, tales como las distribuciones coralinas de
tamano-frecuencia, el por ciento mortalidad y la presencia de enfermedad. Los sitios expuestos poco
profundos aparecen haber experimentado un desplazamiento de fase en la comunidad como
resultado de la pérdida del coral principal de construccion de arrecife, el Acropora palmata. Mientras
que los sitios mas profundos en los arrecifes exteriores de Great Corn Island se parecen sufrir de
una combinacién de la enfermedad la plaga blanca y del crecimiento excesivo de macroalgas
posiblemente como resultado de herbivoria disminuida. Sin embargo, un programa de supervision a
largo plazo que incorpora datos temporalmente explicitos, ademas que datos espaciales explicitos
seria requerido para revelar la presencia de influencias humanas a los arrecifes tales como
contaminacion de nutrientes. La informacion proporcionada por el estudio actual proporciona una
foto instantaneo de la salud de los arrecifes en puntos determinados alrededor de Corn Islands y
puede ser (til como un base sobre lo cual se podria construir un programa de monitoreo siguiendo
la misma metodologia de evaluacion. El estudio representa uno de las primeras investigaciones
cuantitativas de la salud de los arrecifes coralinos en Nicaragua y los datos seran incluidos en la
base de datos regional de AGRRA (http://www.coral.noaa.gov/agra/) para la region del Caribe.

2.5. CALIDAD DE AGUA DE LOS SUAMPOS

Muestras de agua de Great Corn Island demuestran que los suampos situados en el oeste
presentaron una calidad peor de agua. La encuesta de percepciones revelaba que una mayoria de
respondedores pensaron que la condicion de los suampos se habia empeorado durante los diez afios
pasados. North End y Loma eran las areas percibidas como siendo experimentado el cambio mas
negativo. Las causas posibles de contaminacién mencionadas lo mas frecuentemente eran basura,
aguas residuales y animales muertos. El parte occidental de la Isla se percibia como lo mas afectado
de contaminacion en vista de aguas marinos cerca la costa, especialmente el area alrededor de Brig
Bay. Hidrocarburos y la basura eran percibidos como las causas principales de la contaminacion en
aguas costeras. La superpoblacion y la carencia del tratamiento de aguas en el lado occidental de la
Isla fueron sugeridas como razones de la exposicion mayor la contaminacién. La condicién de los
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suampos de la isla se ponia en un rango alto como una razén de preocupacion. Las maneras mas
eficaces de reducir la contaminacion fueron percibidas para ser un tratamiento mejor de aguas
residuales, mientras que la legislacion mas estricta se ponia en segundo lugar. La encuesta de
percepciones basado en la comunidad de la contaminacidén se demostraba ser una manera rentable
e efectivo de apoyar en la definicion de prioridades para los intervenciones de manejo.

2.6. SEDIMENTACION MARINA

El sitio lo mas afectado por la sedimentacién terrigena fue encontrado de ser lo mas diverso. Este
sitio costero demostro la calidad de sedimentacion que se relacionara en gran parte con la influencia
terrigena, mientras los sitios mas afuera de la costa eran influenciados principalmente por
sedimento de arrecifes. Fuertes correlaciones fueron encontradas entre la abundancia de especies
del coral scleractinia que son tolerantes al sedimentacion y las fracciones de sedimentos terrigenas
non-calcareo insolubles acidas. Similarmente, habia una disminucidn significativa del fraccion de
morfos del color bronceo sobre los verdes de Porites asteroides a lo largo de un gradiente de
influencia terrestre disminuyendo. De una perspectiva de manejo, un acercamiento mas completo a
estudios de sedimentacién se requiere, basado en calidad de la sedimentacion, la sincronizacion
temporal y la cantidad.

3. RECOMENDACIONES PARA EL MANEJO EN BREVE
3.1. LA PESCA

» Hay una necesidad seria de la investigacion adicional de la ecologia y del ciclo de vida de las
poblaciones nicaraglienses de langosta. Los estudios deben integrar el conocimiento local de los
pescadores.

> Se puede supervisar el esfuerzo pesquero por la instalaciéon de los sistemas de supervision de
satélites (VMS) en todos los barcos industriales.

» Controles frecuentes y al azar de capturas en los acopios artesanales podian hacerlo mas dificil
para que los pescadores negocien en langosta pequefia y con huevos. Para reducir al minimo el
mercado para la langosta pequefia y con huevos, las autoridades deben formar una coordinarse con
los restaurantes y los hoteles en las islas y en otras partes del pais.

» Se debe organizar un esquema centralizado para conseguir nasas del mar para la veda,
posiblemente alquilando un barco industrial para traer todas las trampas del artisanal.

» Se debe conducir la investigacion en colaboracion con los pescadores sobre el efecto de nasas y
el buceo sobre el substrato.

» Una interdiccion potencial del buceo requeriria un estudio participativo en grande escala sobre
los efectos de tal intervencidn a los sustentos de los buzos y sus familias y se debe poner en
ejecucién en un escala de tiempo mas largo con un eliminacién gradual.

» Se deben iniciar estudios comparativos examinando la eficacia de diversas técnicas de la pesca y
determinando el impacto de técnicas de navegacion mejoradas en el esfuerzo pesquero en y la
gama de las zonas pesqueras, usando los resultados en los modelos de la ecologia pesquero. Basado
en estos estudios, se debe instalar reglamentos para el disefio de nasas.

> Se debe iniciar un proyecto de investigacién para evaluar los efectos a gran escala de la pesca
de peces en los ecosistemas costeros, y se debe instalar un sistema para el monitoreo capturas y el
esfuerzo pesquero cambiando de peces.

> Se debe instalar un foro para el didlogo y la cooperacion entre los pescadores, las compafias y
las industrias pesqueras, y las autoridades para discutir una puesta en practica y una aplicacion mas
eficaz de los regulaciones. Se debe facilitar esto por un grupo de acciéon que trabajaria con la
organizacion de los pescadores y la participacion de los pescadores en manejo. Se debe iniciar un
proceso de investigacion participativo en las islas para apoyar el grupo de accién con la informacién
para asistir al manejo de los conflictos potenciales.

» El planeamiento de un area protegida marina (APM) potencial debe implicar un programa de
evaluacion completa que investiga los aspectos socioeconémicos, legales y ecoldgicos de la puesta
en practica del APM. Debe implicar a todos los actores afectados del APM en la investigacion, el
planeamiento, la toma de decisidn, la puesta en practica, y la supervision y la evaluacién del APM.
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3.2. INVESTIGACION Y MONITOREO DE ECOSISTEMAS

» Para prevenir un desplazamiento de fase ecoldogico de arrecife hacia algas, un sistema de
supervision debe ser puesto en lugar para el monitoreo y el manejo de los niveles de la explotacion
costera de pescados, y la contaminacién costera debe ser monitoreado y controlada.

» Se podia reducir la contaminacion costal con un planeamiento de manejo de desechos y con
apoyo de tecnologias apropiadas, por ejemplo tratamiento de pequefia escala barato o el
tratamiento centralizado. Las comunidades deben ser capacitadas sobre como disponer de diversas
basuras de una manera que reduzca al minimo las consecuencias para el medio ambiente. Empresas
privadas de la reutilizacion y del reciclaje deben ser apoyadas.

» El uso de herramientas tales como el mapeo de sensibilidad, el planeamiento de desarrollo y la
evaluacion de impactos al medio ambiente debe prevenir la usurpacion del desarrollo que amenaza
la integridad ecoldgica de ecosistemas costeros sensibles. Todos los proyectos de desarrollo grandes
se deben requerir una revisiones comprensivas de cémo se ocuparan de la disposicion de desechos y
se debe proveer a los reveladores la direccién practicas de la conservacién del suelo y el manejo de
desechos.

> Se debe establecer una sistema participativo de monitoreo de basura y contaminacion a largo
plazo.
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INTRODUCTION
1. THE REEFMAP PROJECT

The Reefmap Project was initiated by Duncan Hume in the summer of 2002 after a brief visit to the
Corn Islands and subsequent conversations with an American ecologist Joseph Ryan. Joe has worked
extensively on the Atlantic coast of Nicaragua, previously working with British expeditions to survey
Great Corn's coral reefs and now works in Nicaragua advising the government on marine and coastal
management issues. The initial project idea was to map the islands coral reefs (hence the name
reefmap) this initial idea developed as a result of inspiration and contacts provided through the MSc
course in Tropical Coastal Management at the University of Newcastle. Together, a group of six
students on the program (Fig. 1) felt that their individual end-of-year dissertations could be
integrated to provide a suite of information for a chosen coastal area in the developing tropics. To
develop a more holistic and integrated project overview it was decided that each student project
would focus upon a different issue in the
coastal zone of the study area in close
collaboration with local partners. With the
help of a professional photographer and
cameraman, the team aimed to work with
host country organisations in collecting
data, which supported existing coastal
management efforts. In addition the
outcomes were to be used to create
multimedia educational resources, which
are to be used both in the UK and in the
host country. The development of such an
initiative required considerable efforts
from the project team to ensure that the
required funding was raised, the essential
host-country collaboration was organised
and the necessary logistical arrangements
were finalized before departing for
Nicaragua. With the generous

) - - Figure 1 - The UK-based part of the project team:
contributions of the sponsors and aid of | (jockwise from the far right: Randolph Velterop

the project patrons a total of over (sedimentation study), Clare Drakeford (dive leader), Tim
£20,000 was raised to support the work | Daw (fisheries spatial study), Marie-Caroline Badjeck
in this report and the associated CD ROM (wetland water quality study), Marcos Clowes (dive
and some huge contributions of time and assistant), Phil Broadhurst (cameraman), Alex Hunt (coral
effort from within N|Caragua and the UK SUrVeys), Ulrika Gunnartz (ﬁsheries social Study) and

ensured the completion of the projects | Duncan Hume (marine habitat mapping).

aims.

2. THE PROJECT SITE

The chosen location for the Reefmap Project was a pair of small inhabited islands on the vast
Caribbean coastal shelf of Nicaragua known as the Corn Islands or Las Islas de Maiz (Fig. 2).

The islands are volcanic in origin and are situated 68 km from the mainland. The larger of the two
islands, Great Corn Island, has a population of over 7000 and is just 5km long from the North to the
South, covering an area of 10.3km?. Little Corn Island is located 15 km to the northeast of Great
Corn Island and is just one half the size with around a quarter of the population. The islands are
characterized by a wide variety of ecosystems with the presence of wetlands and numerous species
of mangroves as well as coral reefs on the northern shore. The climate is humid tropical with an
average monthly rainfall of 50 mm, and the highest rainfall (150-300mm) occurring between July
and December. The mean annual temperature is 27°C (10°C seasonal range), with prevailing winds
from the northeast.

An ethnic mix of Creole, Mestizo and Miskitu (an indigenous people originating from the Northern
part of the Nicaraguan Caribbean coast) populates the islands, and Creole English, Spanish and
Miskitu are spoken, while Spanish is the official language of Nicaragua and dominates as the written
language. Until 1988, the main source of income for the islanders was light processing of coconuts
and seafood, lobster in particular. However, in 1988 Hurricane Joan struck a devastating blow to the
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islands, destroying the majority of the coconut trees and thereby this industry. The fishing industry
has since become the main source of income, and over 40% (in terms of value) of Nicaragua’s total
seafood exports are now landed and processed in Corn Islands. In light of a recent dramatic
decrease in the lobster stocks, the municipal and central government are now actively promoting
tourism in the region in order to diversify the island economy and reduce its reliance on the
fisheries. With an annual population growth estimated at 3.9% and significant seasonal population
movements, the development of tourism will inevitably bring additional pressure on the islands’
natural environment.

Figure 2: Map of the Western Caribbean region showing the location of the Corn Islands on the
Atlantic coastal shelf of Nicaragua.

Population growth has already led to increased urbanization on the island, particularly in the Brig
Bay area on the western side of the island, where 65% of the population is located. The increased
competition for natural resources and land has lead to conflicts between different groups in the
community, and has created polarisation between long term resident inhabitants and migrant
fishermen. Both reefs and mangrove swamps are being threatened by this development; near shore
corals are feared to be in decline due to subterranean discharges of sewage contaminated
groundwater originating from the island, and mangroves are being used as dumpsites for domestic
waste, as well as being threatened by tourism development and construction. Add to this the threat
of increasing storm frequency and intensity and sea level rise as a result of global climate change
and there are a wide range of issues that warranted further investigation on the Corn Islands.

The reefmap project was divided into three parts (each chapter of the report covers one aspect):
1. Surveys of the Islands’ Fishery (the most important economic activity),

2. Mapping and Surveying of the islands coastal habitats (the most important resources) and

3. Surveys of Environmental Quality (to identify some of the most significant threats)

The project also aimed to produce information in a format useful for management and education. To
this end all of the projects data has been incorporated into a database and the spatial information
has been included as GIS layers. These data sources are included on the accompanying CD ROM
along with a professionally produced documentary outlining the projects aims and successes.
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CONTRIBUTORS AND ACKNOWLEDGEMENTS
1. IMPORTANCE OF LOCAL INVOLVEMENT

The success of projects like Reefmap Nicaragua is highly dependant upon the level of community
involvement. Without community support, even the most rigorously devised coastal management
strategy has the potential to fail, and since our goal is to aid the production of an effective plan for
the Corn Islands it was essential that the local community was involved from the very beginning.

To ensure local participation, contacts with governmental, non-governmental and academic
institutions were made at an early stage. Response was overwhelmingly positive and project plans
were developed in close dialogue with the Nicaraguan Ministry of Environment (MARENA), the
National Fisheries Administration (AdPesca) the Bluefields Indian and Caribbean University (BICU),
The University of the Autonomous Atlantic Region of Nicaragua (URACCAN), the Municipality of Corn
Islands and local NGOs. Beginning the fieldwork period, interaction with the local community was
fostered by living with community members and sharing their lifestyle. Individuals and some local
businesses also contributed with in-kind donations and support to the project. The output of this
wide variety of host country involvement resulted in an array of activities and outputs.

2. COLLABORATION WITH THE CENTRAL GOVERNMENT

Contact with the Ministry of Environment (MARENA) was established early on in the project and
support was sought and obtained from Liza Gonzales, Director of the Biodiversity & Protected Areas
department. MARENA has shown a great interest in the results of the Reefmap studies, hoping to
use them in future natural resource management plans in the region.

The National Fisheries Administration (ADPESCA) gave substantial support to the project by
providing background informat