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PREFACE

The Blue Growth Initiative (BGI) is an FAO flagship initiative that aims to support the
development of more productive, responsible and sustainable fisheries and aquaculture

sectors that create decent employment, build social capital by improving the governance

and management of aquatic ecosystems, conserve biodiversity and habitats, and empower
communities. Pilot projects are being implemented in Africa, Asia and Latin America (Cabo Verde,
Seychelles, Kenya, Madagascar, the Philippines and Santa Lucia) following the FAO ecosystem
approach to aquaculture.

The BGI pilot project in Kenya has been supporting the development of aquaculture within the
integrated water resources management and integrated coastal zone management frameworks.
One of the goals of the project is to foster investment in mariculture.

The expansion and long-term sustainability of mariculture in Kenya — where there is
considerable potential for development — requires good spatial planning and management,
starting with the appropriate zoning and selection of sites, followed by the adoption of good
area management practices. Spatial planning will help determine where and how to best develop
aquaculture enterprises that are socially inclusive, equitable and environmentally responsible, and
that provide opportunities for sustainable and profitable aquafarming and decent work, as well
as from the additional economic activities that support it.

This aquaculture atlas for Kenya is the outcome of the application of spatial planning tools to
support the development of environmentally sustainable and socio-economically responsible
mariculture. The atlas provides invaluable information to help guide the Government of Kenya
and others in formulating a systematic plan for the expansion of aquaculture by allocating zones
for certain culture systems and species, and to facilitate decision-making for investors when
selecting locations for their farms. Finally, it can also help in the creation of integrated coastal
zone development plans, and help anticipate and address the impact of sea level rise on the
intertidal and supratidal locations required for marine aquaculture.

\

Manuel Barange
Director, Fisheries and Aquaculture
Policy and Resources Division (FIA)

Gabriel Rugalema
FAO Representative in Kenya



Summary

The potential for the continued development of mariculture in Kenya is immense. However,
its expansion and long-term sustainability require proper planning, which starts from appropriate
zoning and with the selection of the right sites, followed by the adoption of good management
practices. Appropriate zoning will determine how and where to develop aquaculture enterprises
that are socially inclusive, equitable and environmentally responsible, and which provide
opportunities for sustainable and profitable aquafarming in addition to the economic activities
that grow around it.

The main objective of this Atlas is to identify appropriate mariculture zones and sites that take
into account the aforementioned objectives. This Atlas includes comprehensive information

on various key themes, as well as providing users with maps and satellite images showing the
areas that have been selected in accordance with reliable information on the main site-selection
criteria in Kenya. It should be noted that decisions over siting are often complex and require the
interpretation of data and specific ground surveys.

In general, this Atlas will assist investors or governments who wish to establish marine cage
aquaculture projects along the Kenyan coastline. The provision of geo-referenced information on
some of the main criteria will guide them in the selection of the most appropriate areas, while
enabling a reduction of conflicts with other coastal users and minimizing environmental impacts.

Saunders, J., Menezes, A., Aguilar-Manjarrez, J. & Matere, J. 2017. Atlas of Aquaculture Potential in Coastal
Kenya. FAO Project "Support to the implementation of mariculture in Kenya within an ecosystem approach &
Blue Growth Initiative in Support for Food and Nutrition Security, Poverty Alleviation & Healthy Oceans”. FAO
and Kenyan Ministry of Agriculture, Livestock and Fisheries. Rome, Italy.



INTRODUCTION

Aquaculture, is a growing industry that currently supplies
approximately 50 percent of the world’s global fish market. This
growth trend will certainly continue, with an anticipated global
increase in production of 30 million tons required by 2050 in
order to provide fish products to a growing global population.
Despite competing needs, the marine environment offers an
available resource and space for expansion.

Kenya has a coastline of some 640 km, which expands to
around 850 km when all of the bays and inlets are measured.
There are also large expanses of brackish water suitable for
mariculture on the Tana River and Athi River deltas, river water
and other small water bodies that can be harnessed for coastal
aquaculture. Kenya is expected to expand its mariculture
activities, and these zonal maps and atlas have been developed
on this assumption. The methodology used to determine both
the potential areas for mariculture and the existing fisheries-
related activities has been used on other coastlines such as the
Saudi Red Sea and is generally applicable to most coastlines.

The expansion and long-term sustainability of mariculture

in Kenya will depend on the development and adoption of

best management practices, which essentially includes the
identification and selection of suitable sites on which to locate
fish farms. Locating these sites is the objective of this atlas. Any
aquaculture project includes, among its early primary tasks, the
selection of the most suitable site for the farming business. Any
error in the mariculture site's selection or location evaluation
can strongly influence the site’s profitability, impacting on
running costs and production capacity. Effects would also

be noticed on fish mortality, health and welfare which,

when combined, would make any longer-term fish farming
unsustainable.

Prior to a site being selected and operations begun, the
selection of suitable zones for deploying the physical
infrastructure necessary to grow fish in cages requires a
number of environmental, socio-economic and governance
considerations. This atlas includes comprehensive information
on various key themes, and provides users with maps and
satellite images showing where areas have been selected based

on reliable information, using the main site-selection criteria
within Kenya. It should be noted that decisions over siting are
often complex and require interpretation of data and specific
ground surveys. For example, a site with good water flow will
enable the removal of waste and the replacement of oxygen

in the cages; however, the site is likely to remain unsuitable

if it is too shallow or in an area that is too exposed to rough
conditions. Conversely, a deep water site is useful, but not if
the water flow is very weak. The areas selected in this atlas
should therefore serve as background information for a more
detailed site-selection process. Exact identification of potential
cage sites should be undertaken following a dedicated survey
and then a proper siting performed according to the investor’s
production plans, target species and the technology to be
adopted — particularly with larger commercial farming.

In general this is an atlas to support good site selection
spatially, with the provision of geo-referenced information on
some of the main criteria, which may allow for a reduction

of conflicts with other coastal users. For the government

or investors who wish to establish marine cage aquaculture
projects along the Kenyan coastline, this atlas will assist in the
selection of the most appropriate areas.

It is currently the responsibility of the Ministry of Agriculture
and Fisheries to manage and develop aquaculture activities
within Kenya. A previous study (Report May 2015) — prepared
by the Ministry of Land, Housing and Urban Development,
Physical Planning Department and the Kenya Marine Fisheries
Research Institute (KMFRI), State Department of Fisheries —
entitled, "GIS for Aquaculture Suitability Mapping for the Coast
of Kenya" aimed at identifying the nature and suitability of sites
for aquaculture, including socio-economic factors. The study
recognized the huge potential for mariculture particularly in
exiting Salinas (salt-works) and tidal floods to produce fish
(milkfish and rabbit fish), mud crabs, seaweeds, Artemia and
finfish. Kenya first introduced seaweed culture, albeit in a
commercially unsuccessful trial, in 2004 and then again in 2009
with the support of an EU-COI project, with the first container
load shipped in 2011.

Although this study focussed on aquaculture and mariculture,
the output from the spatial analysis was conducted on a very

broad scale and very little zoning for mariculture was produced.

FAO identified that further capacity building was needed within
Kenya, including: the installation of Quantum Geographic
Information System (QGIS) software, a free and open-source

desktop geographic information system (GIS) application

that provides data viewing, editing, and analysis; continued
research to identify potential aquaculture sites; and training.

It was also suggested that inventories of existing aquaculture
activities should be carried out and spatial data be employed to
empower the Ministry of Agriculture with adequate information
on the sector’s overall developmental potential. This enables
the Ministry and stakeholders in the counties to properly
quantify and prioritize the support to be channelled to relevant
governmental institutions. Having now been established, the
GIS software and database provide the means for even further
analysis of spatial information in order to help identify suitable
sites for development as more data is collected.

Methodologies using GIS were selected to provide a consistent
and robust approach to the capture, interpretation, storage
and analysis of the data. This included the use of existing data
from KMFRI and others, in addition to the capturing of new
coastal and terrestrial data —particularly that relating to the
Kenyan coastline and to mariculture. All spatial datasets are
stored in the GIS and could be used where appropriate as part
of the analysis for site selection, inventories, carrying capacity
and the identification of potential areas for development.
Some additional important datasets have been captured from
the interpretation of high-resolution satellite imagery such as
existing earthen ponds for milkfish and shrimp, salt-works, tidal
flats and other features.

As part of the study this atlas has been produced, identifying
the location of potential sites for cage aquaculture and
showing potential areas of environmental and social conflicts.
This provides guidance for the Ministry of Agriculture and
Fisheries and other stakeholders to: (i) assist current and future
investment in mariculture; (ii) advise where to issue licenses if
required; (iii) advise where to carry out further, more detailed
investigations such as site surveys, carrying capacity analyses
or environmental impact assessments (EIA); and (iv) advise on
any other studies required before establishing the cage farms
or developing tidal flats. This atlas is also expected to be of
practical use to the scientific and educational communities,
policy and decision-makers, as well as to commercial enterprise.



THE KENYAN COASTLINE

The coastline of Kenya is situated between 4°50" south
latitude and 1°40" south latitude and 39°10" east longitude and
41°40' east longitude. It is approximately 640 km in length and
over 50 000 km? of the Kenyan marine area. (Figure 1)
FIGURE 1
Kenya, showing its coastline and international boundaries
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SITE-SELECTION CRITERIA IMPORTANT FOR
MARICULTURE

The site identification and selection aspects for coastal

and marine aquaculture (mariculture) mapping used

satellite imagery, combined with other available mapped
information (such as coastal habitats, rivers, navigation
routes; infrastructure, including aquaculture zones such as
Beach Management Unit (BMU); and coastal features such as

bathymetry/water depths and topography) using GIS to perform
a spatial analysis of the acquired dataset/layers to determine
potential aquaculture areas.

Species should be mainly those with proven culture
technologies and with established national or international
markets. Some environmental concerns can be overcome by
selecting native species depending on the region of interest,
the species already cultured, or those undergoing trials. The
identification of potential areas for aquaculture should be based
on criteria that would be favourable for grow-out of these species.
For instance, it is well-known that temperature affects the feeding,
growth and metabolism of fish and shellfish; water temperature is
thus a common area selection criterion for all species.

Also essential is a broad assessment of areas where it
is technologically feasible to place appropriate culture
installations. For example, sea cages for fish grow-out and
longlines for mussel grow-out are the prevalent culture
structures in current mariculture practice. Both sea cages
and longlines are tethered to the sea floor, and thus the key
assumption is that both sea cages and longlines will, for the
time being and until technology develops, be located close
to coastlines because of the technical and cost limitations
related to the depth of tethering. For land-based systems,
especially ponds for the growth of relatively cheaper species,
costs become an issue, so ready access to a suitable freshwater
source is needed on relatively flat land whose soil structure
means ponds do not need to be lined.

The selection of suitable sites is generally influenced by:

= environmental (chemi-physical) parameters affecting the
suitability of the site for fish production;

= potential environmental impacts;

= infrastructure for servicing considerations; and

= the need to safeguard the interests of other users of
coastal waters.

Other, more specific factors also need to be taken into
account when determining the acceptability of mariculture
development proposals. These include:

= distance to other fish farms;

= proximity to nature conservation interests, including
marine parks, corals and turtle nesting beaches;

= methods of operation (e.g. waste discharge, feeding,
disease treatment, etc.);

= planning context (local plans, or coastal zone
designations) including existing aquaculture zones or
area management plans;

= potential impacts on the landscape and visual seascape;

= availability of any land access and necessary
infrastructure;

= impact and proximity to areas of coastal security, plus
various other activities or restrictions;

s effects on recreation and tourism; and

= impact on navigation and other fishery interests.

GENERAL CRITERIA FOR MARINE FISH PRODUCTION

The broader general criteria to be considered when selecting
potential sites suitable for cage aquaculture include:

BOUNDARIES
Territorial waters (or a territorial sea): These are defined by
the 1982 United Nations Convention on the Law of the Sea as a
coastal marine belt extending at most 12 nautical miles (22 km;
14 miles) from the coastline (usually the mean low-water mark)
of a coastal state. The territorial sea is regarded as the sovereign
territory of the state.

As the marine area along the Kenyan coastline is a relatively
deep water body, the areas with suitable water depth for cages
are all inshore, within territorial waters.

Exclusive Economic Zone (EEZ): Under the 1982 United
Nations Convention on the law of the sea, an Exclusive
Economic Zone (EEZ) is defined as a sea zone over which a
state has special rights over the exploration and use of marine
resources. It stretches from the seaward edge of the state’s
territorial sea out to 200 nautical miles (370.4 km).

CONSERVATION AREAS

Protected areas: There are six protected marine areas along
the coast, designated by the Kenya Wildlife Services. There
are a number of other, additional, environmentally-sensitive
areas that have been identified for important bird life.
Caution is required when developing aquaculture in these
environmentally-sensitive areas. Although all the protected
areas have been considered in this atlas — and potential sites
within them excluded - it would be possible to reconsider
certain sites in the future, if for some reason the designated
areas became available. To reduce any kind of threats to
protected areas, a minimum distance of 1 km from these sites
should be maintained.

Sensitive habitats and species: Sites of particular value for
nature conservation should be protected; this is especially
true for Marine Protected Areas, conservation areas, areas that



FIGURE 2
Mangroves are environmentally-sensitive areas and require protection

Photo credit: © Tafiqul Islam (FAO Kenya)

have important bird populations, wetlands of importance as
waterfowl habitats, and nesting beaches for turtles.

Mangroves: Mangroves provide natural protection to the
coastlines, as well as providing breeding, nursery and feeding
grounds for wild fish, which is important for stocking smaller
farms with natural stock. Shrimp or milkfish pond construction
should not destroy mangrove areas and so ponds should be
located at least 500 m away from natural mangrove areas.
Mangroves are easily visible from high resolution satellite
imagery (50 cm from QuickBird or WorldView imagery) and
represented as polygons. A buffer zone of 500 m was applied to
the mangrove classification.

Coral reefs: Often called "rainforests of the sea”, coral reefs
form some of the most diverse ecosystems on Earth. They
deliver ecosystem services to tourism, fisheries and shoreline
protection. If fish cages are located too close to corals, the
suspended solids that are produced can settle and smother
the coral. The protection of corals is essential from an
environmental viewpoint, and large amounts of tourism revenue
in Kenya comes from people wishing to visit the corals and
marine parks. It is therefore recommended that the distance
between the edge of the farm area and the coral reef crest be
greater than 500 m. Coral areas have, together with the buffer,
been excluded from being allocated as a potential mariculture
locations.

FIGURE 3
Corals are environmentally-sensitive areas and require protection
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ENVIRONMENTAL
Bathymetry (water depth): Water depth is one of the most
important criteria used for the siting of mariculture, particularly
marine cages. Suitable depths:
= allow for dispersion of particulate matter;
= facilitate good water exchange in combination with
suitable currents;
= facilitate the use of deeper nets where water quality and
temperature are more stable and there is a reduced water
movement during storms.

Generally, in waters more than 25 m deep, cages should be
placed in areas that offer maximum security from poaching and
the least exposure to waves, and have the least environmental
impact. Moorings placed in waters deeper than 80 m are
difficult to inspect and maintain by divers.

For the Kenyan coastline the suitable water depth for cages
has currently been established as between 20 m and 80 m,
depending upon the type of cages being considered.

Bathymetry data were sourced from the General Bathymetric
Chart of the Oceans (GEBCO), the most authoritative, publicly-
available bathymetry data set for the world’s oceans at 10 metre
intervals. It was also possible to compare these with satellite
imagery, which provided a more detailed spatial resolution to
identify and avoid shallow areas.

FIGURE 4
Bathymetry contours showing depth in metres

Photo credit: © Justin Saunders

Sea surface temperature: The temperature range of the water
must be suitable for the species being cultured. Therefore, sea-
water temperature data must be considered when selecting
species. Temperature has a direct influence on fish metabolism
and consequently on oxygen consumption, fish activity,
ammonia and carbon dioxide production. Water temperature
can be measured from satellite imagery. The temperatures of
the Indian Ocean along the Kenyan coastline are consistently
high throughout the year, ranging from 23 °C in July to 27 °C in
March: this is acceptable for many of the potential and proposed
species such as milkfish, red drum, and European sea bass
(already introduced in Mauritius). Temperatures within this range
mean there are no constraints to considering site selection along
the whole coastline.

Chlorophyll-a concentrations: Chlorophyll-a concentrations
can also be measured from satellite imagery and are an
important indicator in evaluating nutrition status, water
quality and the extent of organic pollution, providing useful
information for monitoring harmful algal blooms. Kenya
experiences lower chlorophyll levels of 0.5-0.85 mg/m? in
comparison to the western African coastline. (Figure 5)



FIGURE 5
Calculated annual average (example year 2009) of chlorophyll-a

concentration (mg/m?) extracted from satellite data (SeaWIFS) for the Indian

Ocean and the Eastern Atlantic Ocean. It clearly shows how oligotrophic the
waters of the Western Indian Ocean are in comparison to other adjacent waters

that border the African continent (Arabian Sea, Mediterranean Sea and the
Atlantic Ocean). Data downloaded from NASA (National Aeronautics and Space
Administration) — GIOVANNI Ocean Colour Radiometry online visualization and

analysis — Global monthly products
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Water salinity: During the southeast monsoon the shifting of
ocean currents brings highly saline Pacific Ocean water into the
South Equatorial Current, while during the northeast monsoon
the South Equatorial Current draws water of low salinity from
the Malay Archipelago. These changes in turn result in changes
in salinity in the East African Coastal Current waters. A further
influence on salinity is the incidence of rainfall, especially

the heavy rains of March to May, when the most significant
discharges from all the major river systems — as well as all the
minor, seasonal ones — occur. As is to be expected, offshore
waters are mainly influenced by the oceanic currents; surface
water salinities in Kenyan coastal waters vary from a minimum
of 34.5 ppt to a maximum of 35.4 ppt.

Due to the low tolerance of some species to high levels of
salinity, water salinity is important for the selection of some
temperate species that might be cultured.

Wave climate: Of all the possible problems in marine cage
culture, wave action is of primary concern. Wave climate is
important as it influences the choice of both the design and
strength of materials (for cages, nets and moorings) as well as
influencing a farm’s operational aspects.
Four factors influence the formation of waves:
= wind speed
= distance of open water that the wind has blown over
(called the fetch)
= width of area affected by fetch
= length of time that the wind has blown over a given area.
= All of these factors work together to determine the size
of wind waves. The greater each of the variables, the
larger the waves will be.

Site exposure: Shelter from the strongest prevailing wind and/or
wave direction is important. Much of the Kenyan coast is exposed
to both wind and waves, but there are many areas where cages
could be located that would be protected by coral reefs.

Wind conditions. Weather conditions on the Kenyan coastline
alter significantly between the winter and summer months.
The winds determine the onset of Kenya's two rainy seasons,
with the hot northeast monsoon or kaskazi blowing dry air in
from the Persian Gulf from November to March/April, and the
warm, moist kusi monsoon blowing in from the southeast from
April/May to October. The sea conditions vary throughout the
year, with the most reliable months for good water clarity and
turbidity falling between October and March, and especially
January and February. Heavy rains bring run-off into the rivers
so it is not advisable to locate mariculture activities where large
rivers carrying sediment enter the ocean. Prevailing winds tend
to come from the north in December and from the southeast in
June. (Figure 6)

FIGURE 6

Winter and summer prevailing wind conditions for the Kenya coastline
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Source: https://earth.nullschool.net/



Tides: For inland brackish water areas where the tidal range
is adequate, experience in Kenya has shown that earth ponds

the Fisheries Department. For 1986 the various standard mean
heights were determined as follows:

constructed to impound spring tide water are the most Mean higher high water 3.15m
suitable structures for mariculture. This can be done with little Mean lower low water 0.65 m
difficulty in areas where the land is more or less flat or has a Mean lower high water 2.78 m
slight slope, and the nature of the soil is satisfactory. On the Mean higher low water 0.80 m

other hand, the construction of earth ponds and the use of
manually constructed channels depending on the use of tidal
water harnesses gravitational force, in the form of tides for the
water supply.

Tidal characteristics in relation to land elevation at the
proposed farm site should be determined. Places where
tidal fluctuation is moderate, between 2 and 3 metres, are
most suitable for farms using tidal flow to fill the ponds. If
tidal fluctuations are larger than 4 m the place is unsuitable
because very high and expensive dikes will have to be
constructed to prevent flooding during high tide. Also it
would be difficult to hold water during the low tide, as water
loss and seepage, crab holes etc. would be greater as a result
of the high pressure of the high water column. Areas with a
narrow tidal range of 1 metre or less are also unsuitable, as it
would be difficult to fill the pond properly, without recourse
to artificial pumping. The use of pumps is advised in areas
where the tide is less than 2 m or greater than 3 m.

Before siting farms, actual measurements of tides should
be made by consulting Tide tables, especially reviewing the
maximum and minimum fluctuations over the year, so as to
determine the high and low tide benchmarks. The highest tides
during past floods and storms, as well as wave action during
normal tides, storms and floods should also be known, perhaps
by making enquiries with local residents, if no other information
is accessible.

Tides are important for mariculture activities on Kenya's
coastline. Tidal fluctuation is semi-diurnal with two highs and
two lows during each 24-hour period. The tidal reference
station for Kenyan waters is Kilindini Harbour at Mombasa.
According to the tide tables for East African ports prepared
by the Kenya Ports Authority, the ebb and flood times occur
40 minutes later than the reference station at Lamu and five
minutes later at Malindi. All heights are based on the datum of

The average high tide is 2.96 m and the average low tide
0.71 m. Again, there should only be slight variations in these
figures from year to year.

Tidal currents can be extremely strong, particularly along
breaks in the reef or narrow passages, and provide a good
exchange of water, which is ideal for mariculture practices.

Current speed: Good water exchange through the cage nets
is essential for the replenishment of oxygen and the removal
of waste metabolites; however, strong currents can deform the
cage shape, reducing net volume. Current velocities in coastal
marine areas typically range from 0 ms™ to 0.25 ms™* at some
sites during strong winds or tides (Beveridge, 2004). Offshore,
currents vary seasonally and tend to be dependent on the
prevailing wind strength.

There are four oceanic currents affecting the Kenyan coast.
These are the South Equatorial Current, the East African
Coastal Current, the Equatorial Counter Current and the Somali
Current. The westward-moving South Equatorial Current
divides into two branches once it reaches the African coast at
Cape Delgado. It generates the Mozambique Current which
flows southwards, and the East African Coastal Current which
flows north-eastwards, parallel to the coast. The East African
Coastal Current flows northwards all the year round at least
as far as Malindi. During the southeast monsoon it continues
beyond Malindi northwards, joins with the Somali Current and
continues right to the Horn of Africa. During the northeast
monsoon (November to March) however, the northward extent
of the East African Coastal Current is more restricted. At this
time it meets and joins the southward-flowing Somali Current
(which changes direction under the influence of the monsoon)
with this convergence taking place anywhere between Malindi
and north of Lamu, depending on the strength of the monsoon
in any particular year. The two streams then turn eastward and

0.0 m/s

FIGURE 7

Winter and summer prevailing currents conditions for the Kenya coastline

June 2017 currents
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the largest-scale admiralty charts for Port Kilindini. flow offshore as the Equatorial Counter current. Figure 7 shows
For example the highest tide for 1986 occurs on 25 April at the general trend of currents during winter and summer.

4.02 m and the lowest on 3 November at 0.02 m below the W 1.0 m/s ?m/s

datum. This gives the 1985 range as 4.04 m. There should only

be very slight variation in the annual range from year to year.

Indeed the annual range is always taken to be equal to 4.0 m by

December 2016 currents

Source: https://earth.nullschool.net/



Rivers: Although rivers do not flow intensely throughout the
year, there are occasions during the rainy season when there
can be high levels of freshwater passing through. This can:
= cause changes in water temperature and water turbidity;
= cause changes in salinity with stratification of the water
column;
= bring drifting objects down the river into the water body
and then into the nets (trees, timbers, large manmade
floating objects).
Therefore, to prevent any restrictions caused by river flow,
fish cages should be located at least 500 m from river outlets.

Coastal land characteristics: In Kenya there are no regulations
(except local planning) that would be imposed by the national
coast-guard about what can be developed in close proximity
to the shoreline. Access is generally available and is being
managed by Beach Management Units along the coast.

Coastal topography: topography of land suitable for
aquaculture: low-lying deltaic, coastal and hilly areas with a
suitable slope facilitate water supply, drainage and low cost

of construction; importance of ground elevation in relation to
tidal ranges for locating coastal pond farms, ground elevations
suitable for marine farms at different tidal ranges; topography
of sea bed sites suitable for sublittoral enclosures and sea bed
cages; stability of shore and banks.

SOCIO-ECONOMIC

Infrastructure: Aquaculture requires basic infrastructure for the
construction of facilities, the operation, servicing and marketing
of the product:

Roads: There must be all-weather roads nearby so that
operational supplies, personnel and fish production can be
delivered and transported from the site.

Electricity: There should be an electrical supply close to the
site for water pumps, office air conditioning, ice-making etc.
(particularly at nurseries and fish landing sites).

Jetties: For cage culture sites there should be a jetty with
sufficient water depth for boats with feed and fish to load
safely, especially during strong wind conditions. There are many
existing fish landing sites along the Kenyan coast that may be
suitable to accommodate mariculture needs.

RISK FACTORS
Climate change: Consideration of anticipated, future climate
change is becoming increasingly important for the selection of
suitable mariculture sites.
= Sea-level rise: the Intergovernmental Panel on Climate
Change’s (IPCC) Fourth Assessment Report (AR4)
predicted that by 2100, global warming will lead to a sea
level rise of 180 mm to 590 mm. However more recent
research finds that sea level rise by 2100 is likely to be
at least twice as great as that presented by IPCC AR4.
Significant sea level rise will make low-level coastal areas
more prone to flooding and onshore shrimp farms should
be located in areas at least 2 metres above present sea
level.
= Increasing temperatures: Climate change models are
predicting an increase in mean sea-water temperatures of
between 1.0 oC and 1.4 oC by 2050.

Industrial plants and oil spill: Industrial plants discharge
waste, alter the quality of the water and can prove fatal for
plant, animal and human life. Given that this may cause serious
problems for fish culture, it is recommended that a buffer zone
of at least 1 km should be established from such plants.

A dataset of industrial locations was not provided but
previous studies and fieldwork have identified industrial areas
where oil spills have been a problem recently and in the past.

GENERAL POTENTIAL CONFLICTS WITH OTHER USERS

BOUNDARIES

Country boundaries: Aquaculture registrations are generally
conferred by counties or municipalities that have jurisdiction
over their own water bodies. Farms that are located across
county or municipality boundaries may therefore cause conflict,
and should be located wholly within one administrative area.

National border areas: National border areas are usually
sensitive security locations, aquaculture should therefore be
located away from these areas. In Kenya, current issues with
Somalia restrict the northern part of the coast.

Distance from shore: There are a number of technical and
operational considerations to be taken into account with
respect to the maximum distance that cages can be located
farther offshore.
= Operational extent. Offshore cages need to be serviced
on a daily basis to bring food to the fish, undertake

feeding and husbandry activities, change nets and take
harvested fish back to shore. If the cages are located

too far offshore, more than 10 km away, and there is no
permanent offshore platform located at sea, boat journey
times can cause operational and logistical difficulties that
should be carefully assessed and evaluated.

s Offshore (out of sight). Cages can cause visual conflicts
(affecting seascape) if they are placed in front of an
urban area, tourist facilities or weekend and holiday
homes. Potential conflict is minimized if they are placed
out of sight of the shore.

Maps are provided with dotted lines indicating distances of
5 km and 10 km from the coastline.
As part of the locating of suitable sites/zones for potential
offshore cage farms, two categories were produced by dividing
the areas into those between 500 m (to avoid potential near-
shore conflicts) and 5 km (Category A), and between 5 km to
10 km (Category B). Areas further out would not only be more
costly to service but could also be subject to harsher conditions
as potentially more exposed sites.

FIGURE 8
Boats servicing fish farms often travel large distances with feed and
maintenance materials. Reducing this distance and time has the benefit of
reducing operating costs

Photo credit: © Arron Anon



CONSERVATION AREAS

Fish nursery or spawning grounds: Mangroves, coral reef,
and underwater seagrass meadows are areas proven to

be relevant for fish stock reproduction and/or are used as
nursery and spawning grounds by local species. Cages should
be not located near these areas as they may interfere with
wild fish behaviour or, in the case of significant escapes of
predator species, become a threat to juvenile populations. It is
recommended that the cage farms be located in such a way as
to avoid its establishment on spawning and nursery grounds.

Turtle beaches: Marine fish farming sites may cause
disturbance to turtle nesting through excessive light, noise
and boat usage. Furthermore, the construction, use and
maintenance of shore bases built to support finfish farms may
disturb turtles and lead to the deterioration of their habitat
through physical damage to nesting beaches. A buffer zone of
1 km is suggested. Several beaches along the Kenyan coast are
turtle nesting sites that need to be protected, such as Watamu
Beach, illustrated below in Figure 9.

FIGURE 9
Sea turtle returns to the Indian Ocean at Watamu Beach after nesting

Photo credit: © Michael Thomas

Areas of archaeological interest: Kenya is endowed with a
rich pre-historic fossil heritage dating back over 100 million
years, to the dinosaur age. The sites within the coast of Kenya
which have been instrumental in archaeological studies over
the years include Mtwapa, Manda and Gede. These areas must
be avoided, as ruins or other findings can be damaged by
underwater moorings or by land-based construction.

AQUACULTURE

Aquaculture farms: Waste feed and faeces from fish farms can
collect on the seabed under fish cages. This increase in organic
matter has an impact on this benthic environment, affecting the
nature and chemistry of sediments, and can reduce the diversity
of animals living there. Water quality can also be affected
locally, which could cause problems for farms sharing the same
water supply. In addition there is a risk of disease transfer from
one farm to another if farms are not sufficiently separated.

Other fish cage farms: At least 3 km from any existing finfish
cage site, or in accordance with a local area plan or coastal
zone management plan.

Existing shrimp/fish farm and hatchery water inlets: There
should be a buffer between fish cage areas and water intakes
for shrimp farms, or fish or shrimp hatcheries. (Suggested
buffer zone: 3 km).

Information on the locations of other aquaculture and
mariculture farms is available on the maps to facilitate the
user'’s site-selection process.

The geographic locations of aquaculture sites have been
made available by the Ministry of Agriculture, with some
verified using satellite images and/or direct field verification.

FISHING

Traditional fishing areas: Conflicts with the fishery sector

can arise mainly in competition for access to traditional

fishing grounds. Areas traditionally exploited by local fishing
communities should be not used for cage aquaculture.
However, limiting the access in these areas to fishers will
generate conflict between the fishery sector and farmers. Where
conflict may arise it is advisable for the two sectors to come
to a zonation agreement. As part of the atlas compilation the
existing fisheries areas are demarcated on the maps, and even
reveal the conflicts within them by indicating encroachment on
marine parks and existing coral reefs.

Port areas or sea infrastructures: Mooring inside a port or
near the outer harbour entrance should be avoided. This is to
enable the safe manoeuvring of ships and boats approaching
or exiting the port. Port authorities will indicate the buffer zone
to be respected according to the type of ship/boat traffic using
the harbour.

Fish landing sites: Existing fish landing sites provide ideal
locations for potential aquaculture as these sites already
have established jetties and can often be expanded more
economically than developing new facilities.

Geographic coordinates of fish landing sites were made
available by the KMFRI.



Photo credit: Mangrove sensitization taking place in Kilifi County. © Tafiqul Islam (FAO Kenya)



SHIPPING

Vessel anchorage areas: These areas are often located in the
vicinity of harbounrs, straits or industrial areas. They are used
as standby anchorage for managing the flow of marine traffic
and for vessels waiting to anchor. They are usually indicated on
marine charts and cannot be occupied by aquaculture cages.

A buffer zone of 500 m from anchorage areas is therefore
recommended.

Ports and dockyards: There could be conflicts between port or
dockyards and offshore cages due to the navigation routes for
boats entering or exiting the area. A buffer zone of at least 500
m is therefore recommended.

Navigation routes: Large vessels (oil tankers, cruise ships,
cargo ships etc.) passing through marked navigation routes
can disturb fish production by virtue of the waves they create,
in addition to underwater engine and propeller noise, etc.
Therefore, for safety and production reasons, fish cage licences
should be located an appropriate distance from navigation
routes (1 km).
FIGURE 10
Navigation routes, such as this image showing

Mombasa (March 2016) traffic, can now be found online at
websites such as www.marinetraffic.com

Source: http://www.marinetraffic.com

A navigation route dataset was developed using maps of
traffic density (in this case March 2016) for the Kenyan coast
available online (www.marinetraffic.com). Ship traffic density
maps were digitized into the GIS and buffered by 1 km. Most of
the activity was located around Mombasa and it gave a good
indication as to which areas to avoid, particularly when locating
potential cage sites to the south of the port.

Coast-guard stations: Coast-guard stations which are
located near to jetties servicing the aquaculture industry are
ideal for safety reasons. Kenya has no coast-guards but it is
recommended that this service be established.

TOURISM

Areas of interest for tourism: Tourism is highly developed
along the Kenyan coastline, and tourist areas have been
developed along certain sections of the coast, interactions with
aquaculture can generate conflicts and objections against both
land- and water-based farm facilities. Farm siting must take into
consideration tourist needs and they should be located at a
distance of at least 3 km from tourist hotels and beaches.

Recreational boating and diving: Areas that are important for
recreational boating (such as yachting or fishing) or important
dive sites (wrecks or corals) should be avoided. These areas
might need to be officially designated. In Nairobi, people enjoy
boat rides, a popular pastime, on the artificial lake in Uhuru Park.

MILITARY

Areas of military importance: There could be zones of military
importance, such as navigation routes or firing ranges in marine
areas, where cage aquaculture activity cannot be developed. A
buffer zone of 5 km is recommended.

INDUSTRIAL

Waste dumping areas and underwater coastal pipe outlets:
These points must be avoided and mariculture sites must be
located at a distance of at least 1 km. This layer of information
was not available as part of the atlas analysis.

Areas with underwater cables or conduits: These areas must
be avoided and no moorings or cages should be deployed here
(a suggested distance of 200 m is recommended).

Urban areas: In coastal urban housing areas there can be conflict
between the residents and aquaculture, particularly because of
visual aspects (the seascape). Therefore it is recommended that
there is a buffer of 3 km between urban areas and fish cages.
Planned zonation of urban areas should include mariculture
developments as part of the planning process.

Industrial, agricultural and domestic effluent outlets:
Sources of water pollution can cause problems for fish survival
and growth. Because sources of fish farm effluents can be a
biosecurity risk for the fish in the cages, the cage license areas
should be located at an appropriate distance from effluent
outlets (suggested buffer zone of 500 m).



GENERAL CRITERIA USED IN THE ATLAS FOR ZONING MARICULTURE AND FIGURE 11

THE SELECTION OF POTENTIAL AREAS SUITABLE FOR CAGE AQUACULTURE Tana River county aquaculture ponds, predominantly Tilapia and Catfish species
The major criteria used to identify the most promising areas for mariculture development were F - vivar enlinty 4 ;ﬁﬁhﬂgﬂ"ﬂ*
determined mostly by the importance/relevance and availability of the data within Kenya. The o United Hations

project was fortunate that, by using recent satellite imagery and obtaining other existing GIS data -
mostly from KMFRI - GIS-based functions (such as buffering, intersecting and other spatial queries) MAPCF KENYA
could readily be used to determine suitable potential sites for aquaculture as well as locating
existing sites and features already involved, or which might impact upon future mariculture. It
should be noted that having established this mariculture atlas the next steps for site selection
would be to carry out a detailed site survey of the general areas indicated in the atlas.

The project was endowed with numerous datasets to carry out spatial analyses of habitat,
environment, physical and socio-economic features, as well as conflicts to be avoided when zoning
or looking for potential sites for mariculture. Previous surveys of existing mariculture activities were
also incorporated into the atlas and became part of the analysis.

Below is a list of the general criteria used for zoning and the selection of potential areas suitable
for cage aquaculture. Descriptions of each are provided in the previous sections.

Conservation areas

Protected areas LEGEND
Sensitive habitats and species @  ESPmapped fish pands (480 pands)
Mangroves m Centre
Corals r~ Poads Ehifii
vzl bowndary )

Environmental O sub-countyboussdary
Bathymetry Galole
Rivers FISH SPECIES Kby
P i ¢‘ ﬁ‘ E - ‘ .

oIIutlfm ‘ . Thela Cathch lﬁ MG |
Industrial plants and oil spills L}

L]

As well as looking for potential aquaculture sites, a number of field studies were carried out by Wh”"’*’“”“
the FAO GIS team to locate existing ponds that have been developed in the six counties. These \—|\ 3
sites were identified and mapped during a field exercise. These ponds are generally run by the .- f oy -__,_'
User groups and are often small-scale ponds that are on-shore and managed by the communities. § Garer oy
Some of this information was collected during field visits to the areas while other sites were 4 GARSEN WES! T ) e

to existing mangroves was observed at many sites using the satellite imagery; this presents some
environmental concerns, as it potentially becomes a environmental conflict zone.

An example of a county is shown in Figure 11, revealing the extent of small ponds that are being
run by the user groups within the communities.

digitized from the available satellite imagery. It was observed that these are in close proximity to vk W
the shore where ponding is likely and also near to other ponds such as salt-works. Close proximity ' (=

Uraasd dals : 1o Sealnnde
8 3 s 2 (e | eedback:Nesiedy

Disclaimer : The houndares and rames shoam da not impty offisl endorusmend by FAD

Source: FAO Kenya IT
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Coastline biological ranking was carried out to indicate
areas of high sensitivity in terms of biological ranking. Areas
containing mangroves and coral reefs were identified as very
high-ranking, while areas of urban population or bare rock
were categorized as low sensitivity. This ranking gives a good
indication of where environmental and biological conflicts
could affect fisheries activities.

A number of key features were considered as part of
the selection process. Good proximity to fishing piers and
fish landing sites benefits any potential new areas for
development because the infrastructure is already built.
Locating potential sites away from hotels and tourism is
necessary. A number of key reasons and selection criteria
are described below, particularly related to existing physical,
biological and social features that are already in place and
therefore must be considered.

As part of the exercise of locating suitable sites/zones
for potential offshore cage farms, two categories were
identified: areas that were less than 5 km from the coastline
(Category A) and areas between 5 km to 10 km (Category B).

Areas in Category B would not only be more costly to service

because of the transportation of food, but could also be
subject to harsher climatic conditions as they are likely to be
more exposed.

The atlas has been presented as a series of 46 maps in
total generated at a scale of 1:120 000. It features a series

of 23 maps on the left-hand side, including satellite imagery

of existing aquaculture, biological zoning and showing
potential areas suitable for cage farming, along with a
series of 23 GIS maps on the right-hand side showing the
criteria collected (inventory of related resources) and data
used as part of the overall zoning process.

The legend items are shown in Figure 12.

FIGURE 12

Legend for the Atlas showing features used as part of the site-selection process
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RESULTS FIGURE 13
Map Index

Methodology used for the identification of potential marine
aquaculture sites

A methodology was adopted so as to provide a consistent and
robust approach for the capture, interpretation, storage and
analysis of spatial data. This included the capturing of new
coastal and terrestrial data along the Kenyan coastline and
at an appropriate scale to carry out the site-selection study.
All spatial datasets were stored at the FAO office in Nairobi
and can now be used as part of site selection and for the
identification of potential areas for development. Many of the
datasets presented in this atlas were made available from Kenya
Marine Fisheries Research Institute (KMFRI), while others were
captured from publicly-available satellite imagery.

The following statistics were calculated for potential cage
farm areas according to their distance ranges:

Type Hectares km?

Category A 25 322 25322

Category B 107 338 10 733.8

A

County Hectares

Kilifi 11 412

Kwale 4 872

Mombasa 579

Lamu 7 237

Tana River 1222

25 322

B

County Hectares

Kilifi 29 134

Kwale 4 757

Mombasa 0 0

Lamu 38 036 3 803.6

Tana River 35411 35411
INDEX MAP

This atlas consists of 23 map sheets generated at a scale of
1:120 000 if printed at A3 size.

Photo credit: © Justin Saunders



Legend Atlas

Boundaries

— == Territorial waters
5km from coastline

Conservation areas

Existing fishing grounds
Salt works

o+2-1 Sand mud

[ Tidal flats

Coastline Biological Ranking
== \/ery high

w=m High

s Medium

w— | oW

Aquaculture

@ Kilifi ponds
® Mombasa ponds

‘.2 Ponds from satellite imagery

:+1:1 Category A potential cage sites
1222 Category B potential cage sites
User groups

= Kwale user group

E2| Mombasa user group

= Kilifi user group

= Tana river user group
Fishing

+ Fish landing sites

Towns

Copyright FAO, Government of Kenya, 2017
Atlas production by Justin Saunders

41°30'E

Mariculture Zoning Map - Lamu - KENYA

760000
A 7.5
[ e— e——
Scale 1:120,000




1°50'S

Scale 1:120,000

Mariculture Zoning Map - Lamu - KENYA

41°30'E 41°40'E
770000 780000 790000 800000
I
o
o
o
o
o
[o0]
(o))
wn
o
@ =
%
o
o
o
=
[oe]
(o))
,_.
\:
g ®
'l [ ]
_______ I.
e
.
:. o
.o [ ) r=
f
L]
-410 -420 =~
-430 -440 @ S
- -450 @ =]
J.: :-ICT'
-490
':': o
e g 58
'... . .
S o2 s [
) o /
o : (] r
o =
3 Y
Cx YA [ o il i w m L SR
B s [«
"940 g5 L, (9, B 5‘?' & 5
- o g% © A I
- D o 4 ©
Bt g ok g ’ b
:’ '7’; [ QA / S
“‘%‘ o "E’l — ¢ u
ab D—Hj[r /
g / 4
] & A o
A 8 2B |
SO§ & N oiolol'y 790 %.-_“0_'(_\ ’ 45
o F & TR 8 -
N : TN & E_gzﬁs s
9% L9000 LS O E
L P FEIRLN R & g /
i R ———— i S
770000 780000 790000 800000
41°30’E 41°40'E
0 2.5 5 75 10 km Projection NAME: Arc 1960
CODE: 4210
| e— e—

Scale 1:120,000

NAME: UTM zone 37S

CODE: 16137

AREA OF USE: World - S hemisphere - 36°E to 42°E Open
CONVERSION METHOD: Transverse Mercator

CRS TYPE: Geographic 2D
DATUM: Arc 1960 Open

0000086

0000186

0000¢86

S,0SoT

Map 1 of 23

Legend Atlas

Boundaries

=== Territorial waters

— Coastline

=== 5km from coastline
Bathymetry 10m contours

County

Kilifi

g Kwale

v Lamu
Mombasa
Tana river

Conservation areas
* Turtle nesting sites

% Turtle conservation groups
Mangroves
Mangroves 500m buffer zone

ssss Coral reefs

Coral 500m buffer zone

KWS marine parks

I KWS marine parks 500m buffer

Important bird areas

Prawn trawling areas

| Existing fishing grounds

Salt works

'2-:- Sand mud

() Tidal flats

Aquaculture

Fishing
# Fish landing sites
Urban/industrial

& Hotels
© Towns
mooo il exploration blocks

Transportation

Navigation routes
====== Roads

COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

UoM: Metres

Copyright FAO, Government of Kenya, 2017



Legend Atlas

Boundaries

— == Territorial waters
5km from coastline
Conservation areas
_ Existing fishing grounds
Salt works
Sand mud
[ Tidal flats
Coastline Biological Ranking
== \/ery high
=== High
s Medium
m— | oW
Aquaculture

@ Kilifi ponds
® Mombasa ponds
i_"71 Ponds from satellite imagery

.. Category A potential cage sites
resi:2 Category B potential cage sites

User groups

= Kwale user group

B2l Mombasa user group
= Kilifi user group

= Tana river user group
Fishing

+ Fish landing sites

= Towns

Copyright FAO, Government of Kenya, 2017
Atlas production by Justin Saunders

JO0000

40°50'E

Mariculture Zoning Map - Lamu - KENYA

Scale 1:120,000




0’S

Scale

&+
*
P

1:120,000

Mariculture Zoning Map - Lamu - KENYA

Map 2 of 23

.

=
ot

‘‘‘‘‘‘

Lemu

()

Kiangwe

Legend Atlas

Boundaries

—-- Territorial waters
— Coastline
=== 5km from coastline
Bathymetry 10m contours
County
Kilifi
Kwale
4 Lamu
L Mombasa
) Tana river
' Conservation areas

* Turtle nesting sites

Y Turtle conservation groups
Mangroves
Mangroves 500m buffer zone
meos Coral reefs
Coral 500m buffer zone
KWS marine parks
. KWS marine parks 500m buffer
Important bird areas
Prawn trawling areas
Existing fishing grounds
7] Salt works
-+ Sand mud
Tidal flats

Aquaculture

Category A potential cage sites
2222 Category B potential cage sites

Fishing
# Fish landing sites
Urban/industrial

#, Hotels
©  Towns
m=00 Qil exploration blocks

7.5

' Transportation N

10 km

Projection
NAME: UTM zone 37S

NAME: Arc 1960
CODE: 4210

Navigation routes
== Roads

CRS TYPE: Geographic 2D

Al

S

Scale 1:120,000

CODE: 16137
AREA OF USE: World - S hemisphere - 36°E to 42°E Open
CONVERSION METHOD: Transverse Mercator

DATUM: Arc 1960 Open
COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

UoM: Metres .
Copyright FAO, Government of Kenya, 2017



Mariculture Zoning Map - Lamu - KENYA

41°10'E
J

Legend Atlas

Boundaries

— == Territorial waters
5km from coastline

Conservation areas
Existing fishing grounds
Salt works

Sand mud
[ Tidal flats

Coastline Biological Ranking
== \/ery high

w=m High

s Medium

w— | oW

Aquaculture

@ Kilifi ponds
® Mombasa ponds

‘.2 Ponds from satellite imagery

:+1:1 Category A potential cage sites
1322 Category B potential cage sites
User groups
= Kwale user group
B2l Mombasa user group
= Kilifi user group _ ._ P
® Tana river user group : 3 Nyambogi ‘%{,K.ihs.ingitini
Fishing o S g
+ Fish landing sites -
= Towns

Copyright FAO, Government of Kenya, 2017 Scale 1:120,000
Atlas production by Justin Saunders




Scale 1:120,000

Mariculture Zoning Map - Lamu - KENYA

41°10’E 41°20’E
730000 740000 750000 760000
] ;
0 %
=
y
B 3
g D :0 ’_a
in ﬂL B B 3
— ] % wn
8 ']
[m} bt
] | {
5 - :
o % :
2 3 A
5 kN 1
0 ‘n‘ "
8 S
1]
®
1]
]
0
u]
0
]
]
]
d
[]
]
]
o 0 ¥o)
o a N
o 0 O
o o o
o o
N | 5| o
(o)) 5] o
=]
|
a
(5]
o
%]
LB
Ll
L]
L]
o [Xo)
o N
o [09]
o o
(o8] o
~N o
no o
% k
o n

N Eéia';gRasin_i E )

~RAKizingitini

=[] e el s 1

730000

740000
41°10'E

0 2.5 5 7.5 10 km
]
Scale 1:120,000

750000

Projection

NAME: UTM zone 37S

CODE: 16137

AREA OF USE: World - S hemisphere - 36°E to 42°E Open
CONVERSION METHOD: Transverse Mercator

760000
41°20'E

NAME: Arc 1960

CODE: 4210

CRS TYPE: Geographic 2D
DATUM: Arc 1960 Open

Map 3 of 23

Legend Atlas

Boundaries

—-- Territorial waters
— Coastline
=== 5km from coastline
Bathymetry 10m contours
County
Kilifi
Kwale
Lamu
Mombasa
Tana river

Conservation areas
* Turtle nesting sites

Y Turtle conservation groups
Mangroves
Mangroves 500m buffer zone

suss Coral reefs

Coral 500m buffer zone

. KWS marine parks

I KWS marine parks 500m buffer
Important bird areas
Prawn trawling areas

| Existing fishing grounds

Salt works

-2+ Sand mud

(] Tidal flats

Aquaculture

=i+ Category A potential cage sites
« Category B potential cage sites
Fishing

# Fish landing sites
Urban/industrial

é& Hotels
© Towns
mooe Qil exploration blocks

Transportation

Navigation routes
- Roads

COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

UoM: Metres

Copyright FAO, Government of Kenya, 2017



Mariculture Zoning Map - Lamu - KENYA

41°30'E

|
Vo b

c'Ru bu

;.
;Simambaya_, £

v

Legend Atlas &
Boundaries
— == Territorial waters

5km from coastline

Conservation areas
Existing fishing grounds
Salt works

o+2-1 Sand mud

[ Tidal flats

Coastline Biological Ranking

== \/ery high

=== High

s Medium

m— | oW

Aquaculture

@ Kilifi ponds
® Mombasa ponds

'~ ""i Ponds from satellite imagery

:11:% Category A potential cage sites
resi:2 Category B potential cage sites
User groups

= Kwale user group

E2| Mombasa user group

= Kilifi user group

! Tana river user group
Fishing

+ Fish landing sites

Towns

Copyright FAO, Government of Kenya, 2017 Scale 1:120,000
Atlas production by Justin Saunders




1°50'S

9790000

9780000

2°0’S

Scale 1:120,000 Mariculture Zoning Map - Lamu - KENYA

]

41°20'E
760000 770000

DDDDDDDQ;/DD

41°30'E
780000

790000

Map 4 of 23

%z

Legend Atlas

o 'Y',J'

=

,
0L0

Chandani

65

63, o3
63,

\ 6‘]0

G,

)10
\
A

0000

. | Boundaries

& | === Territorial waters
— Coastline
=== 5km from coastline
Bathymetry 10m contours
County
Kilifi
Kwale
Lamu
Mombasa
Tana river

Conservation areas
* Turtle nesting sites

% Turtle conservation groups
& Mangroves
Mangroves 500m buffer zone
) [ mmms Coral reefs
S Coral 500m buffer zone
: KWS marine parks
/7 I KWS marine parks 500m buffer
R4 Important bird areas
. Prawn trawling areas

7 2 | Existing fishing grounds

AQ =
whoooog

&

760000 770000
41°20'E

0 2.5 5 7.5 10 km
. —  coe—
Scale 1:120,000

10000000D00000N0000000000000000000000000004]
Ot
’ o ,XXE’Q :\q’

F/
O
D
OIS

3 (N}

g

% AY
~

1159

JDDD%DDDDDDD;{L&DDDDDD\

-1290

000086

[

.
g
A9 L
A0 0000000000000E0U0
N
S
AT

1240 S
124 o

0SET

o
& 3
N v

\1360

1300 7335

-1340

780000
41°30'E

Projection

NAME: UTM zone 37S

CODE: 16137

AREA OF USE: World - S hemisphere - 36°E to 42°E Open
CONVERSION METHOD: Transverse Mercator

CRS TYPE: Geographic 2D

Fishing

| Salt works
Sand mud

< | 2] Tidal flats
Aquaculture

Category A potential cage sites
Category B potential cage sites

# Fish landing sites
Urban/industrial

é& Hotels
© Towns
mooo il exploration blocks

90000 Transportation

NAME: Arc 1960 Navigation routes
CODE: 4210 === Roads

DATUM: Arc 1960 Open
COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude
UoM: Metres

Copyright FAO, Government of Kenya, 2017




Legend Atlas

Boundaries
— == Territorial waters
5km from coastline
Conservation areas
Existing fishing grounds
Salt works
Sand mud
[ Tidal flats
Coastline Biological Ranking
== \/ery high
=== High
s Medium
m— | oW
Aquaculture

@ Kilifi ponds
® Mombasa ponds

‘.2 Ponds from satellite imagery

::1:1 Category A potential cage sites
1322 Category B potential cage sites
User groups
= Kwale user group
B2l Mombasa user group
= Kilifi user group
= Tana river user group
Fishing

+ Fish landing sites

= Towns

Copyright FAO, Government of Kenya, 2017
Atlas production by Justin Saunders

40°50'E

710000

Mariculture Zoning Map - Lamu - KENYA

Scale 1:120,000

g

-
bl
-

\

4

'y

i




9780000

2°0’S

9770000

2°10'S

9760000

Scale 1:120,000

40°50’E

11111

Mariculture Zoning Map - Lamu - KENYA

710000

41°0'E

720000

730000

&

.
¥
i

A
3

40°50'E

0 2.5 5 7.5

0000846

1
S.00C

0000446

S.01o¢

710000

10 km
| e—  ee—
Scale 1:120,000

720000

41°0'E
Projection

NAME: UTM zone 37S

CODE: 16137

AREA OF USE: World - S hemisphere - 36°E to 42°E Open
CONVERSION METHOD: Transverse Mercator

0000946

730000

NAME: Arc 1960

CODE: 4210

CRS TYPE: Geographic 2D
DATUM: Arc 1960 Open

Map 5 of 23

Legend Atlas

Boundaries

—-- Territorial waters
— Coastline
=== 5km from coastline
Bathymetry 10m contours
County
Kilifi
Kwale
Lamu
Mombasa
Tana river

Conservation areas
* Turtle nesting sites

% Turtle conservation groups

Mangroves
Mangroves 500m buffer zone

mmms Coral reefs

Coral 500m buffer zone

KWS marine parks

I KWS marine parks 500m buffer
Important bird areas
Prawn trawling areas

| Existing fishing grounds

Salt works

-2+ Sand mud

(] Tidal flats

Aquaculture

- Category A potential cage sites
« Category B potential cage sites

Fishing

# Fish landing sites
Urban/industrial

& Hotels
© Towns
mooo il exploration blocks

Transportation

12-2< Navigation routes
~—== Roads

COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

UoM: Metres

Copyright FAO, Government of Kenya, 2017




Legend Atlas

Boundaries

— == Territorial waters
5km from coastline

Conservation areas

Existing fishing grounds
Salt works
Sand mud

[ Tidal flats

Coastline Biological Ranking
== \/ery high

w=m High

s Medium

w— | oW

Aquaculture

@ Kilifi ponds
® Mombasa ponds

- -

'...1 Ponds from satellite imagery

.. Category A potential cage sites

rses2: Category B potential cage sites
User groups

= Kwale user group

B2l Mombasa user group

= Kilifi user group

! Tana river user group

Fishing

+ Fish landing sites
Towns

Copyright FAO, Government of Kenya, 2017
Atlas production by Justin Saunders

41°10'E

Mariculture Zoning Map - Lamu - KENYA

Scale 1:120,000




2°0'S

2°10'S

9760000

9780000

9770000

Scale 1:120,000

41°10’E
740000

Mariculture Zoning Map - Lamu - KENYA

750000

i o o s o i

41°20'E
760000

770000

/

= s » AQ -
LR U LR B LI TTO00000000000000000004 DDI'_’.._IDDDEq
. [

.E!DDEIDDEIDDDDDDDDDDDDDDDDDDDDDDDDDDDDE 0obod)

] o

'._"v?g
Oy

550
550

%

‘6_70
\5)5

'690
\710
.;20

68,
700
\730

_750

\740
760

740000
41°10'E

750000

2.5 5 7.5 10 km Projection

95
“L;rG

960

.;_?G
450
470

(]
520
540
560
580

4 C
/7

4

/

4

/

U
ol

R 4020

920
570

50(‘10

1010 —Ag- "\Qq'{?

‘]

A

4050
408V

X\'{‘\'\\

760000
41°20'E

NAME: Arc 1960
CODE: 4210

770000

0000846

S.,00C

0000446

Map 6 of 23

Legend Atlas

Boundaries

— == Territorial waters
— Coastline
=== 5km from coastline
Bathymetry 10m contours
County
Kilifi
Kwale
Lamu
Mombasa
Tana river

Conservation areas
* Turtle nesting sites

% Turtle conservation groups
Mangroves
Mangroves 500m buffer zone

mmms Coral reefs

Coral 500m buffer zone

KWS marine parks

I KWS marine parks 500m buffer
Important bird areas
Prawn trawling areas

| Existing fishing grounds

Salt works

'>-:- Sand mud

() Tidal flats

Aquaculture

=i+ Category A potential cage sites
« Category B potential cage sites
Fishing

#  Fish landing sites
Urban/industrial

&, Hotels

©  Towns
mooo Qil exploration blocks

Transportation

Navigation routes
- Roads

NAME: UTM zone 37S CRS TYPE: Geographic 2D

CODE: 16137
AREA OF USE: World - S hemisphere - 36°E to 42°E Open
CONVERSION METHOD: Transverse Mercator

DATUM: Arc 1960 Open
COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude
UoM: Metres

Scale 1:120,000

Copyright FAO, Government of Kenya, 2017



40°40'E

Legend Atlas

9750000

Boundaries

— == Territorial waters
5km from coastline
Conservation areas
Existing fishing grounds
Salt works
Sand mud
[ Tidal flats
Coastline Biological Ranking
== \/ery high
=== High
s Medium
m— | oW
Aquaculture

@ Kilifi ponds
#® Mombasa ponds
i.""3 Ponds from satellite imagery

.. Category A potential cage sites
1ssi22 Category B potential cage sites

User groups

= Kwale user group

B2l Mombasa user group
= Kilifi user group

= Tana river user group
Fishing

+ Fish landing sites

= Towns

Copyright FAO, Government of Kenya, 2017
Atlas production by Justin Saunders

Mariculture Zoning Map - Lamu - KENYA

40°50'E

atondonl

‘ A
C . i
e

J'"'?ﬂ Eon wel #
¥ g

ke
- I.(‘r

40°50'E

Scale 1:120,000

710000

710000




g

2°20

9750000

9740000

9730000

Scale

1:120,000

40°40’E

690000

Mariculture Zoning Map - Lamu - KENYA

40°50'E
700000

5=

-
» B
s

;;;;;;

S

s,
ey

T

4
DoDooooEa

v,
DOO0000C00000000000000053aamnn)
:

o

*

»,

e -*,-f‘
-
.

il
¥l
o

Vit

X
P L T e

“
;“‘

"+

-

*

e

5

40°40'E

EEREERMEERAKLAEREN RN TN A AR AR

fffff

710000

udis =N,

lIll_l'llllnu:n.uulnll-lqun’u.nll

—

1 _—

»

~

S

\""—--——-""

0000000HEnNNoNDEoNNDNNNONEOnEgEE)

690000

2.5

Scale 1:120,000

700000
40°50'E

Projection

NAME: UTM zone 37S

CODE: 16137

AREA OF USE: World - S hemisphere - 36°E to 42°E Open
CONVERSION METHOD: Transverse Mercator

710000

NAME: Arc 1960

CODE: 4210

CRS TYPE: Geographic 2D
DATUM: Arc 1960 Open

0000SZ6

S.0¢oC

0000¥Z6

0000£46

Map 7 of 23

Legend Atlas

Boundaries

—-- Territorial waters
— Coastline
=== 5km from coastline
Bathymetry 10m contours
County
Kilifi
Kwale
Lamu
Mombasa
Tana river

Conservation areas
* Turtle nesting sites

Y Turtle conservation groups
Mangroves
Mangroves 500m buffer zone

suun Coral reefs

Coral 500m buffer zone

KWS marine parks

I KWS marine parks 500m buffer
Important bird areas
Prawn trawling areas

| Existing fishing grounds

.| Salt works

[+ Sand mud

(] Tidal flats

Aquaculture

Fishing
« Fish landing sites
Urban/industrial

é& Hotels
© Towns
om0 Qil exploration blocks

Transportation

Navigation routes
-~ Roads

COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

UoM: Metres

Copyright FAO, Government of Kenya, 2017




Mariculture Zoning Map - Lamu - KENYA

Legend Atlas _
Boundaries
— == Territorial waters
5km from coastline
Conservation areas

Existing fishing grounds
Salt works
Sand mud
[ Tidal flats
Coastline Biological Ranking
== \/ery high
=== High
s Medium
m— | oW
Aquaculture

@ Kilifi ponds
#® Mombasa ponds

' .2 Ponds from satellite imagery

:+1:1 Category A potential cage sites
1322 Category B potential cage sites
User groups
= Kwale user group
B2l Mombasa user group
= Kilifi user group
= Tana river user group
Fishing

=+ Fish landing sites

Towns

Copyright FAO, Government of Kenya, 2017 Scale 1:120,000
Atlas production by Justin Saunders




9740000

9730000

9750000

Scale 1:120,000

720000 730000

A0

Mariculture Zoning Map - Lamu - KENYA

41°10'E
740000

750000

0000SZ6

0000¥Z6

0000£46

O
0
1]
0O
]
o
1]
F
a | Ve
- Mk
- ’ /'/
g ' o
: L7
g i
a8 LT
B -
a .~
0 o
og | N
I e — |
] 1
720000 730000 740000 750000
41°0'E 41°10’E
0 2.5 5 75 10 km Projection NAME: Arc 1960

[ — s—
Scale 1:120,000

NAME: UTM zone 37S

CODE: 16137

AREA OF USE: World - S hemisphere - 36°E to 42°E Open
CONVERSION METHOD: Transverse Mercator

CODE: 4210
CRS TYPE: Geographic 2D
DATUM: Arc 1960 Open

Map 8 of 23

Legend Atlas

Boundaries

=== Territorial waters
— Coastline
=== 5km from coastline
Bathymetry 10m contours
County
Kilifi
Kwale
Lamu
Mombasa
Tana river

Conservation areas
* Turtle nesting sites

% Turtle conservation groups
Mangroves
Mangroves 500m buffer zone
mmms Coral reefs
Coral 500m buffer zone
7 KWS marine parks
I KWS marine parks 500m buffer
Important bird areas
Prawn trawling areas
Existing fishing grounds
Salt works
[ Sand mud
(] Tidal flats
Aquaculture

- Category A potential cage sites
« Category B potential cage sites
Fishing

#  Fish landing sites
Urban/industrial

& Hotels
© Towns
mo00- QOil exploration blocks

Transportation N

“‘ \.
w E

Navigation routes y;
== Roads S

COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

UoM: Metres

Copyright FAO, Government of Kenya, 2017




Mariculture Zoning Map - Tana River - KENYA

40°20'E

650000

Llailon ,
© °Sam|karo

; Nd (Chamwanamuma
Legend Atlas ~ | ® ! ¥
_ Anasa °Sh|r|ktsho

Boundaries Ve

— == Territorial waters
5km from coastline

Conservation areas

Existing fishing grounds
Salt works
Sand mud

[ Tidal flats

Coastline Biological Ranking
== \/ery high

=== High

s Medium

m— | oW

Aquaculture

@ Kilifi ponds
® Mombasa ponds

‘.2 Ponds from satellite imagery

9710000

111 Category A potential cage sites
rses2: Category B potential cage sites

User groups

= Kwale user group

B2l Mombasa user group

= Kilifi user group

= Tana river user group

Fishing

+ Fish landing sites 650000
= Towns

Copyright FAQ, Government of Kenya, 2017 Scale 1:120,000
Atlas production by Justin Saunders




9730000

9720000

9710000

Scale 1:120,000

CODE: 16137
AREA OF USE: World - S hemisphere - 36°E to 42°E Open
CONVERSION METHOD: Transverse Mercator

Scale 1:120,000 Mariculture Zoning Map - Tana River - KENYA Map 9 of 23
630000 640000 650000
SR “ | | I . | Legend Atlas
: r Rl - o et L o §
7 FRR R GO | Dat | = | Boundaries
E A | — == Territorial waters
A B | — Coastline
%] : | === 5km from coastline
e E | I Bathymetry 10m contours
----- R A ! Kilifi
’ Yok = . Kwale
- LaF o B Y Tl 1 ") =t
T fehamwanamumal , 2 Lamu
il : o st | asar Mombasa
| 5 | [Anasa) SWEE e, Tana river
i ; i B @ : - i R ]
: | e DR L 3 Conservation areas
4 0 &
i @ I I P L] (s N * Turtle nesting sites
= i 3
ﬁ Tana River . = | % Turtle conservation groups
g | Mangroves
L Mangroves 500m buffer zone
0 =am= Coral reefs
” | Coral 500m buffer zone
:Q. KWS marine parks
@)
= KWS marine parks 500m buffer
0
. Important bird areas
D Prawn trawling areas
I Existing fishing grounds
. [7] Salt works
......... :I -2+ Sand mud
Bt R 5 2 | Tidal flats
e g | e - | Aquaculture
by u 1@% . fazes Category A potential cage sites
' =B ' esee Category B potential cage sites
g Fishing
Kilifi | § | «  Fish landing sites
i | Urban/industrial
e gy E, | : & Hotels
.................... sﬁ'ﬁ i ©  Towns
| A e . s=oo Qil exploration blocks
= ——— e b sossee—E. = e_, e m )
630000 640000 650000 Transportation
0 2.5 5 75 10 km Projection NAME: Arc 1960 Navigation routes WE
CODE: 4210 | e Roads q
[ s | NAME: UTM zone 375 CRS THPE: Geographic 2D

DATUM: Arc 1960 Open
COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

UoM: Metres .
Copyright FAO, Government of Kenya, 2017



ol(idha nga
Legend Atlas

Boundaries

— == Territorial waters
5km from coastline

Conservation areas

' Existing fishing grounds
Salt works

=2+ Sand mud
[ Tidal flats

Coastline Biological Ranking
== \/ery high

=== High

s Medium

m— | oW

Aquaculture

@ Kilifi ponds
® Mombasa ponds

‘.2 Ponds from satellite imagery

111 Category A potential cage sites
rsss2: Category B potential cage sites
User groups

= Kwale user group

B2l Mombasa user group

= Kilifi user group

= Tana river user group
Fishing

+ Fish landing sites

= Towns

Copyright FAO, Government of Kenya, 2017
Atlas production by Justin Saunders

40°30°E

40°30"E

Mariculture Zoning Map - Tana River - KENYA

Scale 1:120,000

40°40'E

40°40'E




2°30'S

2°40'S

Scale 1:120,000

660000

40°30'E

Mariculture Zoning Map - Tana River - KENYA

670000

40°40°E
680000 690000

9730000

na River
| .4'"”

o

o

o

o

oN "y

N .

(o))

o

o

o

o

N

(o))

| | e S B e ! I m
660000 670000 680000 690000
40°30'E 40°40°E
2.5 5 75 10 km Projection NAME: Arc 1960
CODE: 4210
| ee—  — géglg: ?gln\; 7zone 375 CRS TYPE: Geographic 2D
Scale 1:120,000 ; DATUM: Arc 1960 Open

0000246

0000746

0000€46

S.0E€0C

S.0bol

Map 10 of 23

Legend Atlas

Boundaries

=== Territorial waters
— Coastline
=== 5km from coastline
Bathymetry 10m contours
County
Kilifi
Kwale
Lamu
Mombasa
Tana river

Conservation areas
* Turtle nesting sites

% Turtle conservation groups
Mangroves
Mangroves 500m buffer zone

mmms Coral reefs

Coral 500m buffer zone

KWS marine parks

I KWS marine parks 500m buffer
Important bird areas
Prawn trawling areas

| Existing fishing grounds

.| Salt works

1> Sand mud

(] Tidal flats

Aquaculture

Fishing
# Fish landing sites
Urban/industrial

é& Hotels
©  Towns
oooe Qil exploration blocks

Transportation

Navigation routes
- Roads

AREA OF USE: World - S hemisphere - 36°E to 42°E Open  COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

CONVERSION METHOD: Transverse Mercator UoM: Metres

Copyright FAO, Government of Kenya, 2017




Legend Atlas

Boundaries
— == Territorial waters
5km from coastline
Conservation areas
Existing fishing grounds
Salt works
Sand mud
[ Tidal flats
Coastline Biological Ranking
== \/ery high
=== High
s Medium
m— | oW
Aquaculture

@ Kilifi ponds
® Mombasa ponds

‘.2 Ponds from satellite imagery

111 Category A potential cage sites
rses2: Category B potential cage sites
User groups

= Kwale user group

B2l Mombasa user group

= Kilifi user group

= Tana river user group
Fishing

=+ Fish landing sites

= Towns

Copyright FAO, Government of Kenya, 2017
Atlas production by Justin Saunders

690000

Mariculture Zoning Map - Tana River - KENYA

40°50'E

s 75
[ — e
Scale 1:120,000

10000




Scale 1:120,000

Mariculture Zoning Map - Tana River - KENYA

40°40'E 40°50'E
690000 700000 710000 720000
o ::o' ;
o -120 N
It o ot
8 (] o
~ o
e o
 Ene River
[ ]
%) 3 N
- L]
2 : 2
~ . W
[ ]
[ ]
e
140 R
...
':‘
-140 P T
o i} 80 :.: [G)
o a % N
o ] or N
Q o : =
~ o S
o)) E o
m
(o
(&
[
i | =
(] [
O
[
=
_____ 0 P
0 \
O
=
7 o
g &
(@
g
=]
=
8 -’
E _,‘ E‘pDD -]
g g g
E 0/ g
5 P 0
= - ]
5 /QQ D
o 5] P 3 g )
g 2 e : S
2 O L = 3
> 8 ’." 0 8
a8
B ]
g 'f' ]
= P B
] - i
g E g
0%e%e” % '/ S
0:0:1' :{”0 (] ‘/ B
ete 8 P 0
o2 2] * O
" « %’ s S
o | 0 5 a K
| O ” 8 T o
4 E / a z
=] L (7]
: 5 .
= . 111
” g
129 g # _5]
— I
:— — | B
690000 700000 710000 720000
40°40'E 40°50’E
0 2.5 5 75 10 km Projection NAME: Arc 1960

[ e— s
Scale 1:120,000

NAME: UTM zone 37S

CODE: 16137

AREA OF USE: World - S hemisphere - 36°E to 42°E Open
CONVERSION METHOD: Transverse Mercator

CODE: 4210
CRS TYPE: Geographic 2D
DATUM: Arc 1960 Open

Map 11 of 23

Legend Atlas

Boundaries

— == Territorial waters
— Coastline
=== S5km from coastline
Bathymetry 10m contours
County
Kilifi
Kwale
Lamu
Mombasa
Tana river

Conservation areas
* Turtle nesting sites

% Turtle conservation groups
Mangroves
Mangroves 500m buffer zone

mmms Coral reefs

Coral 500m buffer zone

KWS marine parks

I KWS marine parks 500m buffer
Important bird areas
Prawn trawling areas

| Existing fishing grounds

Salt works

-+ Sand mud

(] Tidal flats

Aquaculture

Fishing
# Fish landing sites
Urban/industrial

&, Hotels

©  Towns
mm05 Qil exploration blocks

Transportation

Navigation routes
- Roads

COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

UoM: Metres

Copyright FAO, Government of Kenya, 2017



Mariculture Zoning Map - Kilifi - KENYA

4 - 40°20'E

650000

9700000

Fod
UReE IBwana

Legend Atlas i - ' #

_. l.' ';‘7} ]

/
1
%

Boundaries

— == Territorial waters
5km from coastline yr

Conservation areas : o s ¢
| Existing fishing grounds ) ‘ Ry »
Salt works 8 . »

Sand mud
[ Tidal flats

Coastline Biological Ranking
== \/ery high

=== High

s Medium

m— | oW

Aquaculture

@ Kilifi ponds
#® Mombasa ponds

' .2 Ponds from satellite imagery

Te

:+1:1 Category A potential cage sites
12522 Category B potential cage sites
User groups

9680000

= Kwale user group

B2l Mombasa user group
= Kilifi user group

= Tana river user group
Fishing

+ Fish landing sites

= Towns

oFundisa

620000

Copyright FAG, Government of Kenya, 2017 Scale 1:120,000

Atlas production by Justin Saunders




9700000

9690000

9680000

Scale 1:120,000 Mariculture Zoning Map - Kilifi - KENYA Map 12 of 23

620000 630000 640000 650000

' Legend Atlas

/ Boundaries

/ —-- Territorial waters

— Coastline

?”' i [/v === 5km from coastline
w / Bathymetry 10m contours
g /| County

Kilifi

Kwale

Lamu

Mombasa

Tana river

Conservation areas

Calmiu|mie apEno

00R000R00R}O000R000N00N000
0000046

mjc:]_n_—'_
~ \

R

i) | [S{m=im] [sfw] [=[«]

* Turtle nesting sites

% Turtle conservation groups
Mangroves
Mangroves 500m buffer zone

ssms Coral reefs
Coral 500m buffer zone

7 KWS marine parks

I KWS marine parks 500m buffer
Important bird areas
Prawn trawling areas
Existing fishing grounds

7] Salt works

- Sand mud
[ Tidal flats

Aquaculture

IBEOO00ERCO0000mmO!

=

0000696

Kilifi

OemO0O0DcEE

0
IDORO000O000aBOaI000000000000000000O0O000000000c:

-20
w0 000000 vw:

im] | [Eimim] | |&] |==«E] ]«

':=2¢ Category A potential cage sites

2=t= Category B potential cage sites
Fishing

«  Fish landing sites
Urban/industrial

@& Hotels
v © Towns
. mooo Qil exploration blocks

620000 630000 640000 650000 Transportation
N\

. . i
0 2.5 5 75 10 km Projection NAME: Arc 1960 Navigation routes QT "
CODE: 4210 ] s Roads S

I00B000Dwe00m00l

FRnonnoopn

0000896

— e (— — — '\

[0 |

= ’ yi * WRobinson Island @
Hhsils |
Rl

*

[

—
\\

s

\
\
\

Eil:lE!,UCﬁIDI_'.'IL'[iJ:.l'.]l.'!l'.'}.'.._r!__ll.JI_ 70 o s e e i

OWORECIDEL

|

[ e—— sees— NAME: UTM zone 375 CRS TYPE: Geographic 2D
Scale 1:120,000 CODE: 16137 ‘ DATUM: Arc 1960 Open
o AREA OF USE: World - S hemisphere - 36°E to 42°E Open  COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

CONVERSION METHOD: Transverse Mercator UoM: Metres
Copyright FAO, Government of Kenya, 2017



Legend Atlas

Boundaries

— == Territorial waters
5km from coastline

Conservation areas
_ Existing fishing grounds

[ Tidal flats
Coastline Biological Ranking
= \/ery high
s High
s Medium
m— | oW
Aquaculture
@ Kilifi ponds
#® Mombasa ponds

' .2 Ponds from satellite imagery

:+1:1 Category A potential cage sites
1322 Category B potential cage sites
User groups

= Kwale user group

B2l Mombasa user group

= Kilifi user group

= Tana river user group
Fishing

+ Fish landing sites

= Towns

Copyright FAO, Government of Kenya, 2017
Atlas production by Justin Saunders

Mariculture Zoning Map - Kilifi - KENYA

40°30°E

Scale 1:120,000




9700000

9690000

9680000

Scale 1:120,000

660000

Mariculture Zoning Map - Kilifi - KENYA

670000

Map 13 of 23

680000

Legend Atlas

Boundaries

=== Territorial waters
—— Coastline

eeocoowL

=== 5km from coastline

Bathymetry 10m contours
County

Kilifi

Kwale

Lamu

Mombasa

Tana river

Conservation areas

0000046

* Turtle nesting sites

% Turtle conservation groups

Mangroves
Mangroves 500m buffer zone

0000696

mams Coral reefs
Coral 500m buffer zone
KWS marine parks
I KWS marine parks 500m buffer
. Important bird areas
. Prawn trawling areas
/ Existing fishing grounds
7 7] salt works
. -2+ Sand mud
/7 (] Tidal flats
. Aquaculture

e Category A potential cage sites
::22s Category B potential cage sites

660000

0 2.5

5

Scale 1:120,000

670000

7.5 10 km Projection

NAME: UTM zone 37S

CODE: 16137

AREA OF USE: World - S hemisphere - 36°E to 42°E Open
CONVERSION METHOD: Transverse Mercator

0000896

Fishing
# Fish landing sites
Urban/industrial

|

| i, Hotels
i © Towns

mooo Qil exploration blocks

Transportation

Navigation routes W &
Roads S

680000

NAME: Arc 1960
CODE: 4210
CRS TYPE: Geographic 2D

DATUM: Arc 1960 Open
COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

UoM: Metres .
Copyright FAO, Government of Kenya, 2017



Mariculture Zoning Map - Kilifi - KENYA

40°0'E 40°10'E

6530000

0000496

S.0eE

Legend Atlas

Boundaries

— == Territorial waters
5km from coastline

Conservation areas
- Existing fishing grounds
Salt works

221 Sand mud D -H . . ' ; : ( CheshaielCran i
D Tidal flats : : ‘ ® | . Gheshaleﬁsh landing[site!

Coastline Biological Ranking | = : 'y i :d-,
wm Viery high : S B '

s Medium
s | QW

Aquaculture

@ Kilifi ponds
#® Mombasa ponds

‘.2 Ponds from satellite imagery

¢ ‘Marikebuni

111 Category A potential cage sites

1sss2¢ Category B potential cage sites

User groups

= Kwale user group

B2l Mombasa user group

= Kilifi user group

= Tana river user group

Fishing

« Fish landing sites e T s 40°10
= Towns 2.3

Copyright FAQ, Government of Kenya, 2017 Scale 1:120,000
Atlas production by Justin Saunders




Scale 1:120,000 Mariculture Zoning Map - Kilifi - KENYA Map 14 of 23

40°0’E 40°10’E
610000 620000 630000 640000

1
I =
A PR ; ] et . ——
N ; : ; \N—— T~ Legend Atlas
R ¢ ) P o -
5 : g undlsa 0 ~ ]
v 0 : . Boundaries
AT & ,« / S u
N @ T o { g === Territorial waters
Vi g 5 g — Coastline
[ { g 3 3 -
; 4 = : = == = 5km from coastline
o # & % =
# o Ci "4 B =
0 8 / : Bathymetry 10m contours
N . Ll e ] = Rasi/Slicon : g | UY
s U { : ; - 0 S Kilifi
.CJ\ "" ‘-" ‘-_:’a i-' ‘&.-" !_:3*‘4 .: :‘r '0-,5' ‘. ; o KWaIe
O— = ZIDE”J{. 3] sic) !.;). i o e 1DEC|EJI_|_1_'._I_.Il.;:‘L_:‘z';.U{FDI_ CoEe \LIL‘II’IHI’P“ZIL:II_]DDCIE]EZJ .'»" :f A :;E E s :‘g Lamu
™ % ...‘ 4 \‘ :_: L » 3 H E I
4., ."1“"’»--*';?“' 3 _:. E :' ;: ’._.» E Mombasa
e N : : ; & )
/B ; £ 0 Tana river
v S T 0 PN g . Conservation areas
1arafa P A 5 H % g =
A Mererenas i i i Ne. B 7 4 3 . .
£ i i %, O 0 /4 * Turtle nesting sites
et .E :’ -': “'q" il : ..'¢: t"h“"x = 4 .
d % ! \ f /{ o % Turtle conservation groups
e il :" = 'q= 1 *’.-h ' 5 ’? - °
i ; B i gl B r- s Mangroves
; ; g B ; T =
i * Y 1 i : // 3 . Mangroves 500m buffer zone
: A AR % B T Ly M Y
i Kilifi {f “fEwuls N / o . mums Coral reefs
¥ ¥ y § 0 Free e LY :’. 'o" :- ] i
g g i 7 o . Coral 500m buffer zone
0 . R ol i g o . .
S 1 o !_=J T 1 i 15 5. 1 5 s . o i 1|_.u_“|ruu|_, sim mm i silm [l :r*ﬁeiru i o o e ar (T i r':ﬂf. © & KWS marine DEII'I(S
) 5 |:| ,:: 't : an '-.;" [ / —’j ‘. ., o ”
3 7 - R : - S | B8 KWS marine parks 500m buffer
& s £ : i S .
{ - P S Marlkebum b Important bird areas
5 AT "wﬂ Prawn trawling areas
*, V. e ] S X Existing fishing grounds
g ; } oy K Salt works
El ‘-‘" i ‘t" ‘u .‘- 2».' '.
‘4. ; 8 4‘. el & n m
‘,""u 4 2 et 2 7 Englebay Beach Hotel Sa d mud
78 AT < i (] Tidal flats
A ; J | O 5 Drui
P i T Aquaculture
=7 { .=.= Category A potential cage sites
, - : .zs: Category B potential cage sites
g . wan Fishing
. B ; ; S . o
. Y I A Ieiees #  Fish landing sites
Vo e S ",
g 2 A el £ feseseaes - i
- i Y T T A e T SHBBBEL Urban/industrial
MmN = = s i~ - . : (N 0% s Y e
8 S S B i ! LS Lossssstaeats
: 7 T T, o 8 ] e T pinig 4, Hotels
! m Ss3agt e Aobeess, SRR o Patataltatet,
T % ey 1% £ ONK beanesasess s © Towns
¢ O ¥ & bR | # K :'“t: S S B . .
. T Peal® Ta fya st [+ M ) . o
{8 W % 4 5 %k S 328 === Qil exploration blocks
610000 620000 630000 640000 Transportatlon
40°0’E 40°10’E e L
) o s o e Projection ESEIE: Q\Ei 01960 Nav:jgatlon routes
T - Roads
| e— ee— NAME: UTM zone 375 CRS TYPE: Geographic 2D

Scale 1:120,000 CODE: 16137 . DATUM: Arc 1960 Open
o AREA OF USE: World - S hemisphere - 36°E to 42°E Open  COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

CONVERSION METHOD: Transverse Mercator UoM: Metres
Copyright FAO, Government of Kenya, 2017



Mariculture Zoning Map - Kilifi - KENYA

40°20'E . = 40°30'E

Legend Atlas

Boundaries
— == Territorial waters
5km from coastline
Conservation areas
_ Existing fishing grounds
Salt works
Sand mud
[ Tidal flats
Coastline Biological Ranking
== \/ery high
=== High
s Medium
m— | oW
Aquaculture

@ Kilifi ponds
® Mombasa ponds

‘.2 Ponds from satellite imagery

i:1:% Category A potential cage sites
12322 Category B potential cage sites
User groups
= Kwale user group
B2l Mombasa user group
= Kilifi user group
= Tana river user group
Fishing

=+ Fish landing sites

Towns

Copyright FAO, Government of Kenya, 2017 Scale 1:120,000
Atlas production by Justin Saunders




9670000

9660000

10’S
9650000

Scale 1:120,000 Mariculture Zoning Map - Kilifi - KENYA

640000 650000 660000

670000

=]

-
E I~
\
B N\
\
X ,
i <, 4
0 \- /
—i . 4
= i x4
- ": /
#
O /
= (4
- 4
0 /7
O 1 o
| -
E 7/
o . (4
0 . /7
E: s
g
&
0
i
{1,
[
o
1 o | o

640000 650000 660000
0 2.5 5 7.5 10 km Projection
I Teee———————] NAME: UTM zone 375
CODE: 16137
Scale 1:120,000 AREA OF USE: World - S hemisphere - 36°E to 42°E Open

CONVERSION METHOD: Transverse Mercator

NAME: Arc 1960

CODE: 4210

CRS TYPE: Geographic 2D
DATUM: Arc 1960 Open

670000

0000426

0000926

0000S°6

Map 15 of 23

Legend Atlas

Boundaries

=== Territorial waters
— Coastline
=== 5km from coastline
Bathymetry 10m contours
County
Kilifi
Kwale
Lamu
Mombasa
Tana river

Conservation areas
* Turtle nesting sites

Y Turtle conservation groups
Mangroves
Mangroves 500m buffer zone

mems Coral reefs
Coral 500m buffer zone

i KWS marine parks

I KWS marine parks 500m buffer
Important bird areas
Prawn trawling areas
Existing fishing grounds

7] Salt works

-+ Sand mud

(] Tidal flats

Aquaculture

Category A potential cage sites
Category B potential cage sites

Fishing

# Fish landing sites

Urban/industrial

¥, Hotels

© Towns
m=0e Qil exploration blocks
Transportation N
“:" Navigation routes W /\'
=== Roads 5

COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

UoM: Metres

Copyright FAO, Government of Kenya, 2017




Legend Atlas

Boundaries
— == Territorial waters
5km from coastline
Conservation areas
Existing fishing grounds
Salt works
Sand mud
[ Tidal flats
Coastline Biological Ranking
== \/ery high
=== High
s Medium
m— | oW
Aquaculture

@ Kilifi ponds
#® Mombasa ponds

' .2 Ponds from satellite imagery

:+1:1 Category A potential cage sites
rsss2: Category B potential cage sites
User groups
= Kwale user group
B2l Mombasa user group
= Kilifi user group
= Tana river user group
Fishing

+ Fish landing sites

= Towns

Copyright FAO, Government of Kenya, 2017
Atlas production by Justin Saunders

‘3
A , d

Scale 1:120,000




9620000

Scale 1:120,000

40°0'E
610000

Mariculture Zoning Map - Kilifi - KENYA

Map 16 of 23
40°10’E
620000 630000
1
J —
= M it * Legend Atlas
o ' G e L]
et T m * (]
,1‘-"’"“ \a,_. SRR 5 o :':" -
i _ o 8 o Boundaries
i ) im R : o
== A 1 S | et - : —-= Territorial waters
g S —— Coastline
“‘? ; b ,_..1;:“'""*"1‘__ :’ { Bl ‘*.\‘ q“ﬁ_ i‘u\ F sy = o 1 ~ e .
At e Y S| S 4 O % - O o : Malindi'Fishing Club === 5km from coastline
! e, oo Y il
} g 0 W\ M'J'kenda Bathymetry 10m contours
% i sy,
b VAN = Y Sllversands Beach|Cotta . County
5 4+ 5 0 i :
i 5§ : 3 i :
4 § % al X ; : ilifi
i = ) 4 Imﬂ}an | Kilifi
4 -3 7 %) Kwale
t.‘ ." _"-;__,,_,EL.,-.*.. . 5 ’_'_.__l_“,.;t"":,f " ::%':“':
e T : ¥ il Lamu
1 o'* 5 =] h“-“ E 5
8 ¥ o L AR, § ~ i 2 Mombasa
2 M i —= =k - e S :
o |k S i i B T r 3 Tana river
il | S . i 8 \ 7 { 4 °
A 77N i Kilifi =i Y Conservation areas
% S A e, i
: o E, 77 3 * Turtle nesting sites
1 s =S L e gl A
: o o ! J L irsmmrmar it ,
i a o ; % Turtle conservation groups
3 \Vd B e |
Y, e P y . Mangroves
A ﬂ.%ﬁé@" Mangroves 500m buffer zone
) & 3 uf s
LY T et = : . mmms Coral reefs
" \ i o}
% Bl st Coral 500m buffer zone
“', H ] H ’ "
e | . - KWS marine parks
Y @ : H "
¥y g : . | B8 KWS marine parks 500m buffer
—~ S H 3 1 :o o q
S Y jﬁ ¥ ol T 3 Important bird areas
o ¥ = » w .
/i 5;. e ‘ Prawn trawling areas
S \1 f S | bed CI Existi f- h d
§ Watanju § Xisting fisning grounds
# S | L | Salt works
2 Sand mud
(] Tidal flats
i:.‘;-“‘.
£
i

Aquaculture

:=2: Category A potential cage sites

2222 Category B potential cage sites
Fishing

# Fish landing sites

Urban/industrial
: @& Hotels
1
610000
40°0’E

620000
0 2.5

©  Towns
5

630000
40°10’E
7.5 10 km Projection
| e—— ee—

Scale 1:120,000

mooo il exploration blocks

Transportation
NAME: Arc 1960
CODE: 4210
NAME: UTM zone 37S
CODE: 16137

Navigation routes
e R
CRS TYPE: Geographic 2D oads
DATUM: Arc 1960 Open
AREA OF USE: World - S hemisphere - 36°E to 42°E Open
CONVERSION METHOD: Transverse Mercator

COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude
UoM: Metres

0000296

Copyright FAO, Government of Kenya, 2017



Legend Atlas

Boundaries
— == Territorial waters
5km from coastline
Conservation areas
Existing fishing grounds
Salt works
Sand mud
[ Tidal flats
Coastline Biological Ranking
== \/ery high
=== High
s Medium
m— | oW
Aquaculture

@ Kilifi ponds
® Mombasa ponds

‘.2 Ponds from satellite imagery

111 Category A potential cage sites
rsss2: Category B potential cage sites
User groups

= Kwale user group

B2l Mombasa user group

= Kilifi user group

= Tana river user group
Fishing

+ Fish landing sites

= Towns

Copyright FAO, Government of Kenya, 2017
Atlas production by Justin Saunders

9610000

Mariculture Zoning Ma

39°50E

- [ '..'-_-‘,QK_i_hﬂ

Scale 1:120,000

p - Kilifi - KENYA

Katana!NgalaWep. o0o
e Sheelhamisi




Map 17 of 23

Mangroves 500m buffer zone

- Category A potential cage sites
+ Category B potential cage sites

Copyright FAO, Government of Kenya, 2017

.
L
LV
>
0 2 2
> > o = n
3 2 e s 8 0
v S M v c AP I e 8
e = £ = B2 5 = = = © © O @ el Q
(] wn (75} © = [4e) o (@)] ) - +
L 5 83 ® o 2 3 2o 2¢c B 5 § 5 3
S S g7 e £ & v V5= E o B =2 9 £
— o 2 (=) pros} n n nwn £ € 2= n Q C ofud
d = = L v c = c
& D T ULETD cpS 3§ S Y08 SEcEEE LTy & £ 3 c =
— (73] o (40] © - o u ——
[=e) = > Q C & O [1+] c —= )
= T £ 2 @ S 9O O Mg € o & = c Qo
= O 5 & a = = t - o= © 0w oun O
=] o > Vv S P U O o = = o = = AL — = = 2 2 X 0 O
= un I _ = +) = T
€ S ESEE E£TEEQRL B T g CCLLSZ2=E5 3 DT L2232k
O X © = © s ® S5 3 L X T 2 0 o =
%MTC5B..W,KKLM_IH_I_IM CCKKIPE%ST.M ..m_.raH_IonNR
Q@ O ! - = o g . T o B2 < , 8 B !
. (@) * * 5] - .--. ..... I .. * @ g e 1
- 0 | ) O — L] - SENCORCION 'S = S i
'S 4
9620000 9610000 9600000
1 |
1 < — .
g
0
I}
0
g
g
]
0
g
]
o
o
5] 8
2 o
: g
ad o (w1}
g &
oo My Bite BN 3 —“q0
IOONEEENgannEEEDENannEEE00gLE D EOO0EDE [ 0000000000000000000000000000000000000 Eau
1] <t a
w a o
5 _ 0 5 mmm
3 ~< - ;  H 2289
o . 8 % 200
e A 1 > o e
= ~ g z
© = # // _,.__ O
< *a ~ g
>= o
= 3 0
7 wE, 0
V4 2 0
! & 0
- S g2 e e i s sanse -
= vy -
—_— =
A4 g
a
(g0 m v
M J_U._l < m
+ o
a8 -
2 i O £ B
= g = o
c o N o =
i
- e
)
- o o
S Shae el 00 0w 0 F 000§ 7 1y 00 R MRt B L g
= 3 S E
S ) ) e
O =
e 4
/ ;
b ¥
5 .r.-...uu_ S . =
-«ao = n-a-._r_. -. m ‘.. g i ..:ou :.as:. r. N
o 1 : A . oy, VR v SO A ~
A 1 he o e, e
% “ i% f o s B
" i . ST Fod o --.:......na 5 —
. i 4 R T By
..oo & -u 1 .—..\ .4.?. i B
“. : A A [
: i i § 5 ; 4
i i i kY " : W o
! H——_ e 7
! ! Pl R
s S S :
w bt N A ¢ w
R - i % % H R
A “~ =i ] B
3 - Sl P S ; _ @ in
A R R L g P S ..!...-wu- v v-\ H
.t.l_: : K Q A ....:..- ...... -a.d. | oN
% | e, .. bnm & i S \ i
.-‘ m s o i..v..x.. T 5 X T ©
I .. | : Bt ( ) T i, P f="ce== I
Q S :T:.:-:..:.-..:.-::..-:-: m .-.u-..:...e : B ' km_ym% -
a | aR s e aka s Frand Ny iy, it ] L o))
n : e T -u...‘.x.n.. b b o -8 .Wt . n
e -, O i Ty Tt 1 AT o
i i ¢ .mn.
ey % 2 » .4. ;!
# s e x . I |
N TEweEy ~ * & » 5 t
] ot N E y e L CI
: FON ¢ R, e
; j ; WSE D o
4 ol Y 3 # \lw i =l O
o : . o REd s \ﬁ. Q
3 W q 0 G
m p i S = R ; £
W . N . =k [ o b ¥,
-~ ™ " A L . 2% (1 f el e
o e, -‘. i % = e h ..».__ . -.«
~ 3 y L 8 N N {
i % " N (IRt ** s .._W o L Y i b
.. T : i R % ] e T ¥ 2
— : { % 4 ) el /
| .‘. ... ! . : 5
. S iy ey o HY B om Y L o ., & teen,
@ DDDUDDDDDUDD_:D_UUDH_ED_LEV._EFrt_u._mmn_u_j_ IHEEOgOReo __J_um%_DDDDD ._r__.._.DGD_L.r__..__|_EDDr__-;,.m_..xr_r__|__|mDmD_u_u_n_._._-__r__s__|_._|._D.H_D_w_r\_h_.uww_n_DDGmDDDDEmWHEDHDDDHWEGH_DD.-
3 R e e
wn i i

T
0000296 0000196 0000096

S.0bo€

COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

DATUM: Arc 1960 Open
UoM: Metres

AREA OF USE: World - S hemisphere - 36°E to 42°E Open

CONVERSION METHOD: Transverse Mercator

CODE: 16137

Scale 1:120,000



Legend Atlas

Boundaries
— == Territorial waters
5km from coastline
Conservation areas
Existing fishing grounds
Salt works
Sand mud
[ Tidal flats
Coastline Biological Ranking
== \/ery high
=== High
s Medium
m— | oW
Aquaculture

@ Kilifi ponds
® Mombasa ponds

‘.2 Ponds from satellite imagery

111 Category A potential cage sites
rses2: Category B potential cage sites
User groups

= Kwale user group

B2l Mombasa user group

= Kilifi user group

= Tana river user group
Fishing

+ Fish landing sites

= Towns

Copyright FAO, Government of Kenya, 2017
Atlas production by Justin Saunders

Mariculture Zoning Map - Kilifi - KENYA

39°50'E

AELEN e[ Kitangani

£
RO

Scale 1:120,000

o s
g

600000

10 km

40°0°E




Map 18 of 23

Mariculture Zoning Map - Kilifi - KENYA

40°0’E

610000

39°50’E

600000

Bathymetry 10m contours

County

== Skm from coastline
Kilifi
Kwale

Legend Atlas
Boundaries

=== Territorial waters
—— Coastline

Lamu

Mombasa

Tana river
Conservation areas

* Turtle nesting sites

% Turtle conservation groups

Mangroves

Mangroves 500m buffer zone

mmmm Coral reefs

Coral 500m buffer zone

# KWS marine parks
I KWS marine parks 500m buffer

Existing fishing grounds

Salt works
Sand mud

Prawn trawling areas
() Tidal flats

Important bird areas
+ Category B potential cage sites

- Category A potential cage sites

#  Fish landing sites
Urban/industrial

Aquaculture

Towns
Transportation

®

[%2]
Q
L
=
e
=
Q
)
©
=)
>
©
=

(%)
©
%
o

=
=
wm

9590000

°50
9580000 95700

NAME: UTM zone 37S

CODE: 16137
AREA OF USE: World - S hemisphere - 36°E to 42°E Open

CRS TYPE: Geographic 2D
DATUM: Arc 1960 Open

Copyright FAO, Government of Kenya, 2017

COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

UoM: Metres

CONVERSION METHOD: Transverse Mercator

590000

120,000

580000

Scale 1

18]
o
5}
Q
o<
o
o
o
i
O
o
O
| (o)}
~—i o
o
[
< <+
ww
0
<O
20
1
— |
O S iy g — 'lEvEl’
| /
|
_ o
| o
o
o [
o
© (=]
.m
-
X
o
—
wn
W~
o
N
5 5
4 (o))
s by )
, J.w.‘:;..m E 3 e
A s T Yo ; g .
o i —— S SOV Sl Pl ST Lt e I e . nw
NS ¥ | S ey 4 ¢ <) A=
¥ e Y § S A » i @, =
na & = S o !
7 i L ., =nath, b i e s . O
T, A e {4 TSy SHES g v
s 1N oo taa T g e ’._..r = o
= = - G i -y ) " et
Fragestizale, 4 £ T - X N ik - TR ¥ o
Pl e . o e ¥ K} R T = o
¥ - » g o
X V.
: n
) . Tedy n
LS = . 5 i
SR g - ey ; ..F.E..a. R Py J
- o *, ¥ s, g LR o
y t ; ey 75
& k % % / iy 7 o f R A
. B + . P L) . s X
. - . i b . ! T o
Y X AT 3 | L ‘ r ¥ B e, M,
5 up # ‘Q«J. ' N e %, gl T Free, o ; ; Ty
.9 N & 6, v X, ., 0 i el § & ... o
Pt % . Xl 0 *, ) (e o eeeaa, A X i
) ) # e ; e U= s e I : ¥
et (e N " il T — # .‘. bl = 7 K
T = Y v, 4 — . ; s ¥ o
> i o LY P SR ot -~ B~ S 5
¥ AL " L N X . vt 3
F &+ ¢ 5 1 T, v i y
¥ # N H % k! % 5 5 7 1
J . - . . Tag ¥ ol
x ) " = N
£l 5, y : o : L ; g
% v, ) - k. r B e T . d
1, . o g % . .» e N | 2
il & e N ¥ i b 4 ay s ;'
A . e 4 o 3 " i
- | ey - . -
& " i » b & iy s ) - ¥
v v . % +¥ T, P . & +*
@ T " k3 v o TS .:f. + Ay, -
P i N S R #
: e, Y 5 - Y
== = . &
ODEO0ODDE0000ONO0CISEIOmDOO0DO ] *3im| i B | T Tl =Y T e i T ot 14
T i L s s . Yl e I i = a = s I — -
: X I O o o o o 2 o o e e e 90 Y . s 8 g
A o 5 % - -, L ] [ =
e * - * e ﬁ ‘-llhllli - gy
bﬁ.t.' 00 X L3 s ’ '(! ‘O‘ ‘!
"y & - * o - - * -
Xy - 'y 4 & ATIEE *y e &
Fraa Y % R o4 e ¥
L . il . & * ~
Y X * 2 : ) §
ey, % : % e % Ey
e . ¥ % 3 % Rt
Ty * » . " b L 3
e Y . % X e e
g - e »
e s A 3 . W L o o
aw Tan Il e Sl ¥ Tt # Q
4 e ) i RS
‘ i - ¥ . 3 = =
o ] g : =}
3 X & 3
W \ P = B
. tau % g . F o~
.oo. [ 2 X -
. i
" / g . 2
.,
; : 'y

0000656 0000856 0000.56
S.0toE Sof

Scale 1:120,000



Legend Atlas

Boundaries

— == Territorial waters
5km from coastline
Conservation areas
' Existing fishing grounds
Salt works
12+i-f Sand mud
[ Tidal flats
Coastline Biological Ranking
== \/ery high
=== High
s Medium
m— | oW
Aquaculture

@ Kilifi ponds
® Mombasa ponds
i_""1 Ponds from satellite imagery

'+% Category A potential cage sites
rs2222 Category B potential cage sites

User groups

= Kwale user group

B2l Mombasa user group
= Kilifi user group

= Tana river user group
Fishing

+ Fish landing sites

= Towns

Copyright FAO, Government of Kenya, 2017
Atlas production by Justin Saunders

Mariculture Zoning Map - Kwale - KENYA

39°40'E

560000 570000

. JMazeras, §

-

' whrere Town

: * mﬂ"%’ <A
<A <t { Mombasa _ Nyah

“nrﬂs(qm ' L] Msaooig
iy ‘o‘-

[Mkungun| W e
Cargp i ; .

4 <A ¢
Q A Mwangala _. ‘*:'\d m‘mm
I da & 4 - Migingo L|k0n|

butalMazingiral (foﬁservators
P St o Wangan mm

4 A ' ' Shelly,

G’ J ; } Pungu
v s i
Ci-. :

Ngomen e g@m

[MwagandizoRee
<

. bR

-
-

4

Scale 1:120,000

: Beach
<



Map 19 of 23

Mariculture Zoning Map - Kwale - KENYA

120,000
560000

Scale 1

39°50'E

39°40'E

590000

580000

570000

o o &
[«}] = - D
c = ;)
« n o el
el o N v v
3 o 5 ) = 2 e
9o o L c = 9 O O "
o O Ke) N ©c © 5 s © O
2 0 g o s s 0wy oo P9 5 B o "
0w = o = 2 £ O X ¥ 5 5O c c = -
el = £ = X2 5 o = = © O O o e [
[ n o ] v © o 5 m. m. o o 2D 2 +
a £ %< 55 3 z28pp¢g 8 SE 553
Q c £ o VU Q= < S oamm =
=] = ©° 2 0 & & waw EESETESG <o g 3 8 g
< 9 TLET 285 8 5§ YL9W3SEEEEEL8LS ~> T 5 ® S
= = £ O & © .2 € O po¢y9 L 25 2 = I.m.ﬂ.
= = = P L -0 E E L [ E = = o O T & uw un g ©
b -] A m = = = v 5 2o U o = _ c £t =2 ha-— o O L = 9 X o L
E SEfcs ecE5E5 £ EZZTTULBRE=B83 225858 2%
Q X ®© S S Q Q X © = i = u 0O o
%..un___mCSB KMMEMTTMMCCKKMPES%TM %@..NF.MH_mOnNR
L} . XX
Q O ! S ¥ ¥ 8 - E L T B T gk .ramm
- | | o B - g e =) = :
4°10'S
5540000
EE
u‘.f00.ﬂ‘l-¢.| e w
= /nu
— wn
- o
M (o))
M o
..... .
' AR E R E R ENEENRE}N o
......................... Sl il L L 1S o
= o
wn N
O
.
Qo
2 g
©
o6
m ..
<3y
i Gyt
. 2. z0&
£ & Z00
LF) x
a 5 : S
— P > o - a
= .wm . o g
L& O ¥y TEKC =
s g N _BE 2 _ _
-t - ma .... o =
ool OERER R RO B
L8 -- I ] S (0 ..m ..m
onaftonoohesesnteenpiean S REFS BB ~
S J-.m,.. Umé ., N %_ = il
e S &. _ B8 o B
4.uw......ag v =4 = = = o
L oL i 3} .
7 SR 7 o s S} ©
AT,y =] rmu o Ot T 5
¥ S, At T i=}
= * Eif . = nw =
& 8 £ 28 S
n,_.f o1 A e L o e, S m ..—/D
ol g 2 8
e
c..qvn = m
&@ [ m
N . B o]
& 2 t g
U i ]
O, v ..
18] m...qv E~
O o5 g =
m m 5 a =
o { = -w
> 8233 ¢
ok = A B JE
AE - e -, = gt}
5 Sl :
= == x-M_dpA bOR
e e A P L
™A ' o
) S . . T
1§ Ve . g
S . ™
} R
. X =
b4 =
e n TEae m [Vp)
¥ m ~N
e
s o
on o
[ o
g Q
i w0
L7
L ) .m
i h. k Mene ¥ > i
w . m M h. w y.,_.. 3 o 4 m *a, J.MV%WG
m m -ﬂ ¥ \u‘w- f&r rm_._g .f\ .u._.q b
;W. g & L ﬁ.,*....m_ \n
_n P N/ 1% S
_u *a i M 5 i.-t.l-l._unnﬂv.. ._.un-.uu-n#..::; S > (e
m mm :WN“.A.&; m ¥ -i”. w ) 4% = T Ty %«Nﬂ’ i
Raw S * o p = *
AT Neie e & i o ol *
B p) AT VA Nl
o i 4.2 S = b N
_rh_ r o LA / 1] m \s\ 5 e
; b e o &
< 74 i L= ;
S $ ° 7 3
o Ayt s W ..i.-..-.!.-n.!...wmA %
ha:l-\ e S s sl g P, %
& \ok...w. .n.w .....w W
. { v o) i/ H
¢ iy o '
ﬂo.c.a aq......h .\.- s\o
e -Jqq.- W = o 1
L m. ; §
i Y ) A i
s Vi g\...»a:,, r -
g e el m-.- sc\. . i ¥ o
+ y e Y ﬂ 2
‘li.‘&.l.!‘lt.l o i" i b $m
AT %&Oﬂtav !....#v e s (\‘ 3
..u...u..ﬁ.nﬁ. a, .u!._.-.. -
1 . ey
' El
00009S6 0000SS6 0ESE

COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

DATUM: Arc 1960 Open
UoM: Metres

AREA OF USE: World - S hemisphere - 36°E to 42°E Open

CONVERSION METHOD: Transverse Mercator

CODE: 16137

Scale 1:120,000

Copyright FAO, Government of Kenya, 2017



Mariculture Zoning Map - Kwale - KENYA

39°40'E

Legend Atlas

Boundaries

—-= Territorial waters L
5km from coastline | _ l’
Conservation areas ¢ o R Vvickambs l
Existing fishing grounds # _ : ;
Salt works — é
/
o/

Sand mud Jkundaz

[ Tidal flats - iy e :.

. I

Coastline Biological Ranking
== \/ery high

w=m High

s Medium

m— | oW

Aquaculture

@ Kilifi ponds
® Mombasa ponds

' __.2 Ponds from satellite imagery

.11 Category A potential cage sites
1222 Category B potential cage sites
User groups
= Kwale user group
B2l Mombasa user group
= Kilifi user group
= Tana river user group
Fishing

+ Fish landing sites

= Towns

Copyright FAO, Government of Kenya, 2017 Scale 1:120,000
Atlas production by Justin Saunders




Map 20 of 23

Mariculture Zoning Map - Kwale - KENYA

39°40'E

580000

570000

560000

Copyright FAO, Government of Kenya, 2017

UoM: Metres

CONVERSION METHOD: Transverse Mercator

39°30°E

120,000

Scale 1

H 0n v
@ g &2
I (%) (@] L ©oo
el Q N L @
= ] [ ) = (%] w.. m
S o hey c = ° O O
c o = o S nh n & —_ = Y
v O - 8 N b gas 3 8 © S
¥ o 1] s - v o o P B B o
£ £ E = 7 8 S5 €F55S° o g9 L .. 2 =
4 £ 89 R 8 & Zd88pgeg S 39 = §S 3
S c < 1 V VE=EC S o= =
< 9 E2ET 2% 8 5228388585285 22 T© B s 8 3
= — = c.Z M S O O O [T = — © E & a
= 2 c o o = v c = & O O S & v nw ©
T = 25 & X L 52 V U 5 o= — c £ = = oo 8 = v X 0 oY
C 8Cfcs cTESE g Et55EEss2se28 S5 285
QO X @®© = Q O X ~— el = @]
ml_...MECSBWKKBMEMWWMMCCKKMWE%%TM ﬁw%..NF.MH_mOMNR 3
4 1 =] = i~ o 0 § =
S8il1 3 SxxBiNEN | [0E0Z= ¢ S4cf )¢
-
4910°S 4°20'S 3
9540000 2, 9530000 9520000 2
S —m 5
- b o0opOOSOOOS O o ® 0000000 Q00COOCOROOSES OO ..
- X -. .I.-. [ N IIO h 90000 .... o000 0 O ./,'/.v. L %
x 8 00000 o o =
'. &
.. C
» D
.. &
. I
II d
. 2
.I m
1] g m
o SOH
s Co
% 3 8o
tn (o)) [ T
t — m (L) 9 _AM
e PNL<=
ta <<t a .. m
. iyl ae
. o n E
X S 28888
o
.‘ 8
. n c
- (0]
[ o
.I o
. w
‘D °2
- <
to m
.“ _n-v_l_
- O
o™
X »
A 2
L .@
. m
Q
=
—/.r_ [72]
F L =
(o) o™ m
& v 2
[ o .o
0 Mtk
- L] LY -m WMFU—I
S 220
: <
m SOouw
a 380%
o
o
o
A EE R R N N ] O
: B
5 3
T o
i
i}
i
i :
m ~
L ]
He S
wxaa...xvd - ,w i wn ..u
e, o 00 PR —
=43 A=) . Q
. qm g e : S
i y R
s §6 =
~. 88§ /B
b Fo M
Q.twfr._...r« x\ £ % = m
7 . : .,..Au R 2
i Led % B, s, . J&p..J & L =
g 574 b O N L W 4 i SO S
1 i .m i mv@”l t .,::_.,../ P e O 2
mi 4 qa* ev/«f ™ *e, t;.«
. e.ﬂ. 1 _-o) —— Q&wu T, 6.41 % tlv‘ .
Tl ; o %, N i { o
7§ 4 = Yy N S Y
_m.. m 5 K .OA..VQ oJf ﬁb- < e N y
H i ", i ooo.oﬂn.:..u._ S ; P
#, H 8 ﬁ. ! 2 v
meJm n..«xo: _.-._. .qu_ MV £ xm u-vq
- o - A e i
¥, AN N m ; o, ] L A
v o ", ! . * Avo i Wi o w
1h " %o o F ™, ¥ ! S
% Nw /f Aw.Aw\ i LTS mJ
¥ ¥ g 2, ¥ B ™M
P s o N Av@ )
u.v_ﬂdi. ﬂftr ; _u_ ﬁ.; AVAV _-yv
lf % b Dl N
3 i N Amv@_“ #
H % 4 N y £
m. A.“ wni ..# ‘pteﬁ f%s. -.qm R
m,, %.-.t-i - .\w\ m 0@% M
s i N rd W AR & g B g
L W A ¢ | £ K & ;
Peaat e, m Faay 4 Mo o % s % D, b3
1
1
0000tS6 0000ES6 0000¢Ss
S.0Tob Si0Cot



Mariculture Zoning Map - Kwale - KENYA

Kisima Chanded

Legend Atlas " ' : . Msambweni = Msambweni

Boundaries

— == Territorial waters
5km from coastline

Conservation areas
Existing fishing grounds
Salt works

Sand mud
[ Tidal flats

Coastline Biological Ranking
= \/ery high

=== High

s Medium

w— | oW

Aquaculture

@ Kilifi ponds
® Mombasa ponds
i_""1 Ponds from satellite imagery

MWEmbenl

.. Category A potential cage sites
resi:2 Category B potential cage sites

User groups

= Kwale user group

B2l Mombasa user group
= Kilifi user group

= Tana river user group
Fishing

+ Fish landing sites

Towns

Copyright FAO, Government of Kenya, 2017 Scale 1:120,000
Atlas production by Justin Saunders




Map 21 of 23

Mariculture Zoning Map - Kwale - KENYA

:120,000

Scale 1

39°40'E

39°30'E

570000

560000

550000

S.0bot

H n n
2 € 2 &
o @ 8 = i
= 3 = 4 E ==
S o L c = O O
c (7,) (=)} 5 @] S w v —_ = i,
S S S n 8 © © © O
g o ® g S o~ L vy o0 = S
%) = o 8 o = O X X & & c c e = 0
o = €& = = 5 e = = © © O O o [ e) Q
7)) [} %o G 9 ®© o 5885 o S8 £ = c = 5
o g 89 e 2 ¢ B BT SEE g 2 o 2 S o 8
e = o L 0 B 9 g wuwm EC S 2 ¢ <o g 3 BB c
I 2fEst 28 c ScoBREEES28ERE §5 EEB L.SEE
$ T 58ER.ESESS 9 §E 555552 ¢€¢C S8 0 R E G EB3=9235
— j a— — [
WMTCSBWKKEMEMTTMMCCKKIP SFE %%..NF.MHTOnNR
] 1 I e reu
e O ' _ w o * * “ - L q 20, ”.“-“ -—b .. P & ‘ ® __W_ m m m
- @ | | O o 5 i - SECORCONN '™ 2 L ;
4°30'S 4°40'S
9510000 9500000 9490000
“ “l
e e
S, @ @
/‘
e
> ® %R
/'
A S 17}
e, 0 &
A el 33 11 IS o &
[m)
N
2
<
[=%
[\
uwg 8
(i)} Y
T Ho O
o 2N
™M < a
ugh
[7)]
288
o
o
o
o
~N
un
[72]
~
(32}
(%}
c
§ 2
£ B
9
m s
a =
S
=
o
i
e
o
o
O
un
o
N~
18]
Won
o
- o
o
(o))
o™
b 3
i A -4
w ! ﬁ%m = N
u m-.. m ..|ncsa|-n-aolqo,
o e
i i ek
: Sé
ﬂi toi‘atlo o -h\n‘r - /
£33 \\ - o
o
e o
o o
J =
_.a-. L
-
: .
5 .a~ﬁ.n-t-wkﬂ‘»..:_. t'..\
I e _
Nt 4 Y
AVQAV %V .fm. a\aui.-. L e
O@&.\ {
- «%VAV (M.-l-rec..«.f
s -.Iv. Ath@ v.-«,f
s, G.HU
iﬂ Q L4 . "
v Y f - o e v
/ OQO i b 7 m. 8 g
m. @Q@ m a.v-nu..«oc.}. Imu“...uh« »&.\q 1 e e Mo.n. P | b
A %, | - . o S othen s
e ..«rv« .GNVQ ¥ g / " ».Aanot-ir 3 m =
il o Q. § % T i B - | ]
I
0000156 00000S6 00006t6

Copyright FAO, Government of Kenya, 2017

DATUM: Arc 1960 Open
COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

UoM: Metres

AREA OF USE: World - S hemisphere - 36°E to 42°E Open

CONVERSION METHOD: Transverse Mercator

CODE: 16137

Scale 1:120,000



Legend Atlas

Boundaries
— == Territorial waters
5km from coastline
Conservation areas
Existing fishing grounds
Salt works
Sand mud
[ Tidal flats
Coastline Biological Ranking
== \/ery high
=== High
s Medium
m— | oW
Aquaculture

@ Kilifi ponds
® Mombasa ponds

‘.2 Ponds from satellite imagery

:+1:1 Category A potential cage sites
1322 Category B potential cage sites
User groups
= Kwale user group
B2l Mombasa user group
= Kilifi user group
= Tana river user group
Fishing

+ Fish landing sites

Towns

Copyright FAO, Government of Kenya, 2017
Atlas production by Justin Saunders

20000

Mariculture Zoning Map - Kwale - KENYA

Scale 1:120,000

o

Batig'y

Kibuyuni

Kijiweni]
ibuyun e~ e oo
f}i@éhlmonl

°Wasini

- Wasini]
(Nyumajyalmaji
5. e

(1
{
|

Kiwambale

' P
<

¥

(walkwale]
QW

50005
P




9480000

9490000

9500000

Scale 1:120,000

39°10’E
520000

530000

=
o hS
# e -
e
-
P

';v et
s

39°20'E
540000

Mariculture Zoning Map - Kwale - KENYA

550000

A%
e
e

5

P
= Bt 2 S

ey

b s

520000

530000

, enl aglim_i?tu &

* Mombasa

Map 22 of 23

Legend Atlas

Boundaries

—-- Territorial waters

— Coastline

=== 5km from coastline
Bathymetry 10m contours
County

Kilifi

Kwale

Lamu

00000S6

Tana river

Conservation areas
* Turtle nesting sites

Y Turtle conservation groups

-

{Nyuma'ya'maji ="y

Bogoa

39°20'E

540000

0 2.5

5

Scale 1:120,000

7.5

10 km

Projection

NAME: UTM zone 37S
CODE: 16137

AREA OF USE: World - S hemisphere - 36°E to 42°E Open
CONVERSION METHOD: Transverse Mercator

NAME: Arc 1960
CODE: 4210

CRS TYPE: Geographic 2D

DATUM: Arc 1960 Open

COORDINATE SYSTEM: Ellipsoidal 2D CS. Axes: Latitude, Longitude

UoM: Metres

550000

Mangroves
Mangroves 500m buffer zone
smms Coral reefs

Coral 500m buffer zone
KWS marine parks

I KWS marine parks 500m buffer
Important bird areas
Prawn trawling areas
| Existing fishing grounds
.| Salt works

-2+ Sand mud

(] Tidal flats
Aquaculture

00006t6

S.0bst

000086
3
@
Q
o}
<
>
-
o
@
>
=
=
0
&
Q
®
[92)
2
7]

Fishing

# Fish landing sites
Urban/industrial

¥, Hotels

©  Towns
moom - Qil exploration blocks
Transportation

1:-2 Navigation routes
~—== Roads

Copyright FAO, Government of Kenya, 2017



Legend Atlas

Boundaries

— == Territorial waters
5km from coastline

Conservation areas

Existing fishing grounds
Salt works

-+ Sand mud
[ Tidal flats

Coastline Biological Ranking
== \/ery high

w=m High

s Medium

w— | oW

Aquaculture

@ Kilifi ponds
® Mombasa ponds

- -

'...1 Ponds from satellite imagery

.. Category A potential cage sites

rses2: Category B potential cage sites
User groups

= Kwale user group

E2| Mombasa user group

= Kilifi user group

! Tana river user group

Fishing

+ Fish landing sites
Towns

Copyright FAO, Government of Kenya, 2017
Atlas production by Justin Saunders

Mariculture Zoning Map - Kwale - KENYA

Scale 1:120,000




Map 23 of 23

Mariculture Zoning Map - Kwale - KENYA

Scale 1:120,000

39°20'E

39°10E

550000

540000

530000

520000

5 o 0
Q &= = ...m
0 5 2 " %
£ = N £ 55
> =) — (7))
e o 8 2 o o S8
= = o c
= 7)) o 5 o n 8 s =
c () . 0 n o 9o = P v}
= Q Y o ¥ ¥ b = c c ) - 0
n o = e [ @)
L £ £ = 5 8 § £€FFES8CO g9 SR 2
@ & 8BS " 53 8 288ppg 28 © 5 & o
] = S = C £ o n v U g = o B o 2
> S L 0 B 9 v wvwwnw ELEET 2O Q <o c = e
< 9 225¢ %%ﬂmeW%OMWaﬂgmmmu alife S T £ S
w = = LN = o o O [ = ©
= O 5 & 3 (O] o - VO U 55 = t c £ 2 - = o O L8 = v a9 2]
E 8E%cf <cg2Est £ 2200088238 8895 gsd 898
eHGOKBYHWwoa%UuaaOOWerX%%MC S8 nw £ 0o 3 w © O
QUTCSBm.KK MTnTTMMCCKKIPE T.ula. F.MHT c =2 g
e 2|1 3 S ¥ ¥ g il I BHIEEEFEERE EEEEHE,
- a | [ ] &S () 5 i - > = I R -
-
oS 4
9480000 E
8
: ﬂ.1|§.QQGD‘°°DtaD""UOOBU.wun L N N 0
J.JR,IOI.GO“QD"QOOI.' m
.ﬁ.. L A
3 8
o
o
", M..rh.mvn.#‘. 00000 OGOOOONOONOS ..\..vm&om —......1.. [ ] ow m m
B e h=]
o o
2n..
Lo
'.\...‘.....W.' $ mrmum
= ...,.../........1‘........./........././.. J000 00 = MJ w Y
ﬂuw o ¥ w.‘.. ”..--.QQQQQN-Q -...Jb :m ° % w bex 2
MW/.(,no,.- 75, ® ® wOX =2 —w
m.. .oA.-. v2 mmmmm
um o : A4P..m
& . EEWWR
il e Z0unEO
g 2 88580
e
: T g ; oooo -
e (= © i
o | o % ©
= N " o &
= - LS Y i ) I
= o m by
.. {7 5 wE h 32!
e = ue ﬁ
t I ,M, m 3 )
I Car = = £
- - M : =] b
. = 2? m
O wn =
_ 2 =
= gz
a5 2 2
..\.ﬂnu-w £ m./_.._.m
2, weo =09
5 2P 59u
_ o TR,
NELE
o NCM
. €
] X
- o
i
g
A.,..\,v,. W L
¢ = : )
& g ~N
o m A‘% L0 o
ﬂ.u/.@ ..-oo m
oS bt il o
S0 I~
& @ =
£ — i
& 8 N E
& - A",
- S
B %)
B
D. o~
5]
o
g
5|
o
i
5 °
..... o
o} o
o
o
o
lllllllll o
f 18]
o
5
(o))
™M

00004t6

00008t6

S.0Sot

UoM: Metres

CONVERSION METHOD: Transverse Mercator

Copyright FAO, Government of Kenya, 2017






The potential for the continued development of mariculture in Kenya is immense. However, its expansion and long-term
sustainability require proper planning, which starts from appropriate zoning and with the selection of the right sites, followed by
the adoption of good management practices. Appropriate zoning will determine how and where to develop aquaculture
enterprises that are socially inclusive, equitable and environmentally responsible, and which provide opportunities for sustainable
and profitable aquafarming in addition to the economic activities that grow around it.

The main objective of this Atlas is to identify appropriate mariculture zones and sites that take into account the aforementioned
objectives. This Atlas includes comprehensive information on various key themes, as well as providing users with maps and
satellite images showing the areas that have been selected in accordance with reliable information on the main site-selection
criteria in Kenya. It should be noted that decisions over siting are often complex and require the interpretation of data and specific
ground surveys.

In general, this Atlas will assist investors or governments who wish to establish marine cage aquaculture projects along the Kenyan
coastline. The provision of geo-referenced information on some of the main criteria will guide them in the selection of the most
appropriate areas, while enabling a reduction of conflicts with other coastal users and minimizing environmental impacts.
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