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RAS AS SAWADI AREA

Main environmental characteristics:

Urban and agricultural area

Accessibility to the coast:

Excellent

Aquaculture potential:

Cage farming:

Refer to page 193

Fish farming:
Freshwater fish farming may be integrated into the agriculture irrigation
schemes. Given the limited volume of freshwater available tilapia
would be appropriate, being a resistant species. Hydroponics can be
envisaged using freshwater fish farming allowing for high yields of
quality vegetables and would not interfere with existing agriculture.
Several freshwater fish farms can be integrated into the agricultural area.

RAS would also provide further business possibilities.
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AS SUWAYQ AREA LEGEND

Main environmental characteristics:

T Vit mouth

Agricultural and urban area [ Hathymetnic contour
Coasting
hlmin rodd
Accessibility to the coast: Arca study lim
e inhabied area
Excellent Agricidtung

Fresh waler fish farming polential rone

Aquaculture potential:

Cage farming:

Refer to page 193

Fish farming:

Freshwater fish farming may be integrated into the agriculture irrigation
View of a fishing boat at As Suwayq

schemes. Given the limited volume of freshwater available tilapia
would be appropriate, being a resistant species. Hydroponics can be
envisaged using freshwater fish farming allowing for high yields of
quality vegetables and would not interfere with existing agriculture.

Several freshwater fish farms can be integrated into the agricultural

area. RAS may offer exceptional opportunities for marine, brackish and

View of a Palm grove

freshwater fish production.

View of the beach near As Suwayq
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AL KHABURAH AREA

Main environmental characteristics:

Agricultural area

Accessibility to the coast:

Excellent

Aquaculture potential:

Cage farming:

Refer to page 193

Fish farming:
Freshwater fish farming may be integrated into the agriculture irrigation
schemes. Given the limited volume of freshwater available tilapia
would be appropriate, being a resistant species. Hydroponics can be
envisaged using freshwater fish farming allowing for high yields of
quality vegetables and would not interfere with existing agriculture.
Several freshwater fish farms can be integrated into the agricultural area.
The infrastructure is well developed with the presence of a processing
plant and an ice factory in Saham. A freshwater fish hatchery may be

considered for this area.
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SOHAR AREA LEGEND

Main environmental characteristics:
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Cage farming:

Refer to page 193

Fish farming:

Freshwater fish farming may be integrated into the agriculture irrigation
schemes. Given the limited volume of freshwater available tilapia
would be appropriate, being a resistant species. Hydroponics can be

envisaged using freshwater fish farming allowing for high yields of

quality vegetables and would not interfere with existing agriculture.
Several freshwater fish farms can be integrated into the agricultural area.
The infrastructure is well developed with the presence of a processing
plant and an ice factory in Sohar. RAS options are also available

throughout the region.

View of fishing boat and fishing nets on the beach
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SHINAS AREA

Main environmental characteristics:

Urban and agricultural area

Accessibility to the coast:

Excellent

Aquaculture potential:

Cage farming:

Refer to page 193

Land based:

Fish farming: Freshwater fish farming may be integrated into the
agriculture irrigation schemes. Given the limited volume of freshwater
available tilapia would be appropriate, being a resistant species.
Hydroponics can be envisaged using freshwater fish farming allowing
for high yields of quality vegetables and would not interfere with
existing agriculture. Several freshwater fish farms can be integrated into
the agricultural area.

Shrimp farming: Coastal sabkha was identified in the south of Shinas and
by the Emirati border. The flat and clayey soil may be suitable for setting
up shrimp farms however the proximity of the land to the wadi mouth and

agricultural activities indicates need for further site evaluations.
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REGION VII:
MUSANDAM

Region Vllis located in the Musandam Govenorate. This particular
area is characterized by:

« A predominance of very high cliffs.

Low population density.

The continental shelf is narrow with a steep slope.

Presence of HABs.

The region of Musandam is not subjected to the influence of

the monsoon. Temperatures are lower in the winter along the
coast. In this region the amplitude of SST is important with 10 °C
between winter and summer, respectively 22 °C in February and

32 °Cin May. Salinity is steady at 37-38 psu throughout the year.

Creek at Musandam

Exploration of Musandam area View of port of Al Hablayn
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OCEANOGRAPHIC CHARACTERISTICS

Weather

* Precipitation:
Precipitation is relatively strong with mean annual rates of
between 150 and 200 mm. Precipitation mainly occurs during

spring (40%) and winter (50%).

* Temperature

. Mean temperatures of the coldest month : 10-12 °C
. Mean temperatures of the warmest month : 30-35 °C
Wind

During winter there is no predominant wind and the winds blow
from the northwest (20% of the winter time), west (20%) and
northeast (15%) with Beaufort intensities reaching 4. The mean
wind intensity is around 13 knots. Periods of calm (wind < 1 knot)

occur 15% of the time.

During summer the predominant winds mainly blow from the

southwest (25% of the summer time). Mean wind intensity is around

13 knots. Periods of calm (wind < 1 knot) occur 7% of the time.

View of Khawr Al Hablayn

Regional Circulation

* Principal currents

The coastal circulation in this area is mainly induced by the AGW
outflow which flows around 200m depth and a deep (100 meters)
salty water outflow from the Arabian Gulf and a surface flow from
the Sea of Oman towards the Arabian Gulf.

. Surface current intensities and directions :

Measurements carried out approximatively in the middle of
the Strait indicate velocities between 0.1 and 0.3 m/sec during
winter oriented towards the south and between 0.2 and 0.3 m/

sec during summer oriented towards the north.

Tides

Tidal ranges are around 2 m for spring tides along the coast
(Khawr Fakkan 25°21'N;56°22'E). Measurements indicate values
of tidal currents around 1 m/s for maximum ebb and around 2
m/s for maximum flood in the Strait of Hormuz. Locally along the

coast these values are likely lower.
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Sea Surface Temperature

* Monthly distribution:

February 22 °C, May 30 °C, August 32 °C, November 27 °C.
Temperatures vary significantly over the year with a 10 °C range
between summer and winter. Temperature follows atmospheric

seasonal variability and Arabian Gulf outflows.

Creek near Khasab

Sea Surface Salinity

Salinities are relatively high, especially in winter with values
around 38 psu.

i Monthly distribution: February 38 psu, May 37 psu,

August 37 psu, November 37 psu.

Bathymetry

The continental shelf is narrow along the entire coastline and
the continental slope steep. Depths of more than 50 meters are
observed close to the shore and especially inside the fjords of

Musandam.

Waves

Considering the wave characteristics in the middle of the Sea of
Oman, the area would be expected to be significantly sheltered
from waves. The only swells which reach the coastline are
southeasterlies. Locally, wind-generated waves are limited due

to short fetch lengths.

Phytoplankton

* All photosynthetic pigments

On the Arabian Gulf and Strait of Hormuz coastlines, the sum of
concentrations of all photosynthetic pigments in the water is
above 1 mg/m? throughout the year. For southern Musandam
waters, photosynthetic pigment concentrations are above 1
mg/m? before and during the NE monsoon, and drop during the
spring intermonsoon to 0.4 mg/m?3. They reach 0.8 mg/m? during

the summer monsoon.

* HABs

HAB events are mentioned for Bukha, Khasab and Daba. Fish and

coral mortality were reported in February 2008 in Daba.

HAB in Khawr Al Hablayn
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ENVIRONMENTAL CONSTRAINTS

Seagrass and algae Coastal and marine birds

Seagrassspeciesare notreported around Ras Musandam, whereas Ras Musandam is an IBA, for resident and migratory species.
algae are very common, due to adequate rocky substrates for Main species: Audubon’s shearwater, red-billed tropicbird,
algal fixation. Socotra cormorant, bridled tern, osprey, sooty falcon, gulls.
Mangrove

No mangrove is reported in Region VII.

Corals and other marine invertebrates

Ras Musandam khawrs and fjords are one of the main coral zones
of Oman.

No specific data about other marine invertebrates with a specific

biodiversity interest have been published.

Cormorant colony

Coastal protected areas

No coastal protected areas. But six of the seven most important

islands around Ras Musandam are proposed as National Nature

Reserves.

Exploration

Marine turtles

No nesting areas are highlighted by literature, which is consistent
with the rocky nature of the coastline.
Satellite tracking disclosed that some Arabian Sea olive Ridley

turtles cruise offshore Ras Musandam, before reaching the

Arabian Gulf.

Turtle Fishermen
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SEAWATER SURVEY RESULTS

The following map illustrates the position of the 4 sampling locations
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Seawater measurements for Khasab 1
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Khasab 2

This sampling point was situated close to the opening
of the khawr with a strong influence of the open sea.
Measurements are limited to 23 m because currents did
not allow the probe to reach 30 m depth. The water column
was more homogeneous than the previous station (no
stratification). Temperature was significantly cooler (less
than 28 °C) with a continuous and slight decrease according
to depth (27 °C at 23 m). Salinity was high (38.5 psu) and
constant throughout the water column. Oxygen values
were considered good (between 6.5 down to 6 mg/l) and

pH normal for such waters.

Chlorophyll content was normal for this area although
relatively high (0.71 mg/m?3). At the time of sampling water

quality can be considered as good.

Aerial view of Musandam area
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Seawater measurements for Khasab 2




Khasab 3
This point was situated in the middle of the Hablayn

khawr. Measurements were taken downto 30 m. Between
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the surface and 22 m, most parameters were observed to Khasab 3

vary constantly. Temperature at the surface was 29.5 °C “w'!ﬂ:mﬁ:"““:

and decreased to 26 °C at 22 m. Oxygen concentration was Salinity ppe
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°C, oxygen values were close to 4 mg/l and pH was close
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Seawater measurements at Khasab 3




Khasab 4

This point was situated at the most confined part of the
khawr. Surface temperature reached 30.5 °C. However these
values decreased quickly and stabilized at 24 °C at 30 m
depth. Oxygen was close to 11 mg/l on the surface where
large blooms of phytoplankton were observed. These
blooms were confirmed by high phytoplankton biomass
reaching 10.169 mg/m3. Thus oxygen oversaturated was
likely due to oxygen release from the algae. However,
values decrease constantly down to 5 mg/l at 22 m and then
stabilised at this value. At 30 m there was a sudden drop
down to 3 mg/I. pH varied from 8.3 at the surface down to
7.8 at the sea bed. Salinity was over 38 psu at all depths and
water remained clear throughout the water column. These
values show that water renewal was probably low. Surface
currents allow some water movement which enhances
water quality to a certain extent, whereas at deeper depth,

where water movement is less, quality decreased.

It is also probable that the large amounts of phytoplankton
produced close to the open sea were carried by the wind
to the bottom of the khawr. This area is then probably risky

when considering water quality for aquaculture.
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REGIONAL PORTS, PUBLIC AND INVESTMENT SERVICES:

Services Available

Daba

Khasab

Bukha

Fixed berth

L=120m, D=4m

L=115m, D=3m

L=114m, D=3m

Floating berth

2 berths
each L=120m, D=1-4m

L=30m, D=1-1.5m

2 berths
each L=60m, D=1-1.5m

Port entrance

W=80m, D=3m

W=35m, D=4m

W=40m, D=4m

Total area of the port harbor

31,000 sg. m

40,000 sg. m

Administration building

v

v

Internal roads and lamposts

Vv

Fishermen shaded area

Electricity and water services

Electricity network to plots designated for in-
vestment

Boat ramp

< | < | <| <| <

Prayer Room

Costguard Office

Land plot reserved

Public toilets

Fish market

Fuel station

< | < | < | < | =< | | <] <| <| =] =<

Approval awaited

Ice factory

Coffee shop

Restaurant

Marine workshop

Approval awaited

Inboard engines workshop

Fishing boats and outboard engines workshop

Fish processing plant

Shops for fishing gears and equipment

Glossary shop

Fishing trap factory

Fish salting and drying shop

Fisherman boat shop

Tourist office

< | | <] <| <| <
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Musandam
Layout VII.1 to VII.3

& Aquaculture potential

This area is suitable for coastal fish farming in the semi-
protected bays and fjord-type areas using an adapted
system of oxygenation or aeration to cope with HAB
episodes.

- Cage farming: 1000 tons of finfish using appropriate
culture systems

In the coastal area: : An accurate environmental study
must be carried out to assess the suitability of sites due to
the observation of HABs on several occasions. The semi-
protected and fjord-type bays may be suitable for sea
cage farming. But the HABs are allegedly a considerable
problem in this area. An experimental culture system
could be tested consisting of supplemental oxygenation
or aeration to fish using existing technology. Important
cormorant colonies were observed such that ward-
off nets would be recommended to cover sea cages
and thereby prevent birds from predating on stocked
animals.

Offshore: The logistics would be problematic due
to the remoteness of the area and the absence of  Fishermen in the Al Hablayn area

port infrastructure. Also the amplitude of seawater
temperature is important ranging from 22 °Cin winter to
32 °Cin summer. However the bathymetry seems to be
appropriate and the occurrence of HABs may be a valid
reason for using submersible sea cages.

« Land-based farming: Not conceivable

Fish farming: The topography of the region is very abrupt
and not suitable for land-based farming which requires
flat areas and ease of access to the seawater. Also the
area is highly remote and uninhabited with limited
appropriate infrastructure support.
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CARTOGRAPHIC ILLUSTRATIONS

DABA AREA LEGEND

Main environmental characteristics:

Accessibility to the coast:
Area study limit

| | Fishermen port
High cliffs L] Irmpartant bird area
‘f Wadi mouih
—  Bathymetric confour
——— Coastline

Excellent Barder
Inhabited area
Agrizu'tars
Aquaculture potential: 0 edcage el g dotomel o
Cage farming:

Semi-protected bays may be appropriate to shelter sea cages. However

HABs are of considerable concern such that environmental surveys must

be undertaken prior to selecting possible sites. Important cormorant

colonies were observed so ward-off nets would be recommended to

cover sea cages to prevent predation. The proximity to the Daba harbor

would be considered as an asset for sea cage farming logistics.

View of a cormoran colony

View of the abrupt landscape
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AL HABLAYN AREA LEGEND

Main environmental characteristics: -

Fishermen port

High cliffs . important bird area

f Wadi mouth
Bathymatric contour

Accessibility to the coast: —_—  Coastine

Area study limi

Coral Reel

Sorder

Inhabitad area

Excellent

Aquaculture potential:

Agnculiure

Cage farming:

The fjord-type bay may be appropriate to shelter sea cages. An accurate

environmental study must be carried out to assess the suitability of

sites due to the observation of HABs on several occasions. Important

cormorant colonies were observed so ward-off nets would be

recommended to cover the sea cages to prevent predation.

View of the cliffs at Musandam
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KHASAB AREA LEGEND

Main environmental characteristics: +  Airpor
. Impartant bird ares
High cliffs f Wadi mouih
Bathymatne comour
—— aasllne
Accessibility to the coast: ——  (Coral Reel
Area ahudy binil
Excellent
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' | Inhabited area
Anncuifure
CHY ghara fsh famming polenls! site
o Seacage fish farming =aperimental site

Aquaculture potential:

Cage farming:
The fjord-type bay may be appropriate to shelter sea cages. An
accurate environmental study must be carried out to assess the
suitability of sites due to the observation of HABs on several occasions.
Important cormorant colonies were observed so ward-off nets would

be recommended to cover the sea cages to prevent predation.

Land based:

Refer to page 217

View of a potential site for cage farming near Khasab

View of a potential site for cage farming near Khasab
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RECOMMENDATIONS

Aquaculture potentialities per zone

This Atlas illustrates a large potential for developing several
aquaculture systems in the Sultanate of Oman ranging from
fish production in recirculating systems through to shrimp
farming in ponds and sea cage farming or abalone and sea
cucumber production supported by restocking programmes. The
developmentofaquaculture, eitherattheseaoronland, wouldrely
on the sustainable management of sites and the species selected
for cultivation. Aquaculture in Oman is currently facing two major

obstacles namely environmental constraints related to HABs and

its small production capacity that has dropped significantly over
the last 3 years. At the present time the aquaculture sector has
mostly supported sea cage culture with a large vulnerability
to the HAB phenomenon which has caused substantial losses.
The Omani territory presents assets for developing primarily
recirculating systems and shrimp farming in ponds along the
coastline. Aquaculture production in Oman over the next 15
years could approach 33,000 tons under favorable conditions of
development (Table 10.1). Thereafter, with acquisition of a trained

workforce and appropriate technology development, production

could reach over 200,000 tons per year or greater.

Table 10.1 - Number of sites, system use and potential tonnage of production through aquaculture by species and zone projected over the next 15 years.

i Fin fish
(Breamand Indian shrimp Tilapia Abalone Sea cucumber
(Bream)
bass)
. . Semi intensi- . . . .
Recirculating . Recirculating | Restocking Restocking Total
) ve and inten- ) Sea cages Seacages | (.,
system . system Programme | Programme
sive year
Number | Total |Number| Total | N"™ | Total | NU™ | total | NU™ | qotar | NU™ Num- | o tal
. . ber of ber of ber of ber of Total ber of
of site quan- | ofsite | quan- . quan- . quan- . quan- . . . quan-
q el . el site el site el site el site | quantity site e
exploita- | tityin | exploi- | tityin . | tityin . | tityin . | tityin | 1 . | tityin
ble tons! eln || g | R G || O e | QIEE | G || SRER | e e o
table table table table table
Zone 1 0 - 0 - 0 - 4 100 0 - 3 300 0 - 400
Zone 2 0 - 2 2000 0 - 0 - 0 - 0 - 0 - 2000
Zone 3 0 - 9 10 000 0 - 0 - 2 300 0 - 1 1000 | 11300
Zone 4 0 - 7 5000 0 - 0 - 0 - 0 - 0 - 5000
Zone 5 10 5000 0 - 0 - 0 - 0 - 2 1000 1 1000 6500
Zone 6 0 - 1 2000 10 5000 0 - 0 - 0 - 0 - 7 000
Zone7 0 - 0 - 0 - 0 - 0 - 5 1000 0 - 1000
Total 10 5000 19 19 000 10 5000 4 100 2 300 10 2300 2 2000 | 33700

1 Production target in 15 years (tons/year) 2 production potential for land-based RAS operations is potentially only limited by the availability of land
and access to appropriate water supplies. The figures presented are very conservative estimates for the first 10-15 years after which sufficient knowle-
dge and experience with RAS should have been gained to support huge expansion in the industry.
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The identification of suitable sites for establishing aquaculture
along the Omani coastline permits selection of the most
appropriate type of aquaculture conceivable per zone. Fifteen
years are supposedly required for developing and improving
sector production towards an industrial scale. The following
master plan would give priorities for organizing the development
of the sector. The proposal is constructed based on some
recommendations on selection of aquaculture system and
candidate species transposed to specific areas. These choices

were priorized as follows:

1. Zone 5 between Ras Al Had and Muscat is the most suitable
for establishing bream (Sparus aurata) culture using RAS. This
area was prioritized for establishing the RAS as it provides

access to deeper seawater sources and would guarantee a
superior water quality compared to other flat regions. Total
production could reach 5,000 tons per year after 10 to 15
years of improvement for establishing the industry.

i

Sparus aurata

2. Zone 3 and 4 along the Gulf of Masirah and between
Masirah and Ras Al Had seemed to be the most suitable for
establishing shrimp farming (P. indicus) in the region. A few
sites in zones 2 and 6 were also observed as being suitable for
shrimp farming. Overall production potential was calculated
at approximately 17,000 tons.

Penaeus indicus

3. Zone 6, between Muscat and Shinas, would be indicated for
setting up tilapia (Oreochromis niloticus and Sarotherodon
melanotheron) farms using RAS. The total production foreseen
in 10 years was estimated at 5,000 tons per year. A vast area
was also observed in this region near Shinas forimplementing
large shrimp farms (approximately 2000 tones per year).

I bablone restocking program ’
Sl CLRCURT ber TeibOC i .
— king progs

[ Semb-intenshoeintensive Shrimp farming
| and-based seawater fish farming

Zomm f Cwmmn

B Land-based freshwater fish farming
B 5ea cage farmang

Figure 10.1 - General layout of the suitable locations per aquaculture po-

tentiality in Oman

Tilapia

Restocking programmes for abalone (H. mariae) and sea
cucumber (H. scabra) can be implemented respectively
in zone 1 (between Rakhyut to Sawkhra) and zone 3 (Gulf
of Masirah). The production target for each species was
estimated at 100 tons and 300 tons per year respctively after
10 to 15 years.

Suitable sites for establishing sea cage farming were
surprisingly not numerous along the 3,100 km coastline.
This was mainly due to the occurrence of the HABs and the
absence of protected sites. Only zone 1, 5 and 7 (Musandam)
are recommended for bream culture but they are still not
ideal as algal blooms may occur in these regions as well.
Therefore, an experimental phase should be considered for
assessing the feasibility of specific culture systems utilizing
air or oxygen backup systems and submesible cages. Bream
production potential in sea cages was estimated at 2,300
tons per year with the zone of Musandam presenting the best
assets with its “fjord-type” bays.

. Cobia (Rachycentron canadum) farming using off-shore sea

cages may be possible in zones 3 and 5. The production
estimate was set at 2,000 tons per year. The production
system would require important investments and would
start directly at the industrial scale. Moreover, cobia farming
operations would necessitate well-established logistics.
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The evaluation of the potentialities for developing aquaculture
in Oman aimed at combining the culture site to the culture
system and the culture species. The survey allowed for providing
recommendations on the association of 4 different culture
systems with at least 7 candidate species viz. RAS with the culture
of bream and tilapia, pond culture for shrimp farming, sea cage
culture for bream and cobia (off-shore) farming and restocking

programmes for the culture of abalone and sea cucumber.

Juvenile supply

At the present time the absence of finfish hatcheries is a severely
limiting factor for the development of a sector master plan.
Hatchery production therefore should be encouraged with
high importance. The development of commercial hatcheries
should be concomitantly undertaken with the development
of the aquaculture production sector. Commercial hatcheries
can supply at least 10 million juveniles per year but conversely
implementing a commercial hatchery cannot be economically
sustainable at a lower level of demand. The establishment of
shrimp hatcheries should be considered as well to support the

development of the potential 19,000 ton shrimp industry.

ThedevelopmentofhatcheriesinOmanshouldfocusonspeciesfor
which the hatchery techniques are well established. Accordingly
sea bream, sea bass as well as tilapia species would be suitable in
this scheme and technology transfer could conceivably support
the rapid development of commercial hatcheries. Finally R&D
programmemes focusing on hatchery techniques may support
the diversification of production toward new species such as
cobia, barramundi and groupers. These programmes should be

supported and funded by private or national investments.

Culture systems to sustain production

RAS, a priority orientation

Overall the most suitable production system for Oman is RAS
for production of European sea bream and sea bass. Technology
to support culture of some local species of bream such as
Sobaiti (Acanthopagrus cuvieri) and Acanthopagrus latus should
be developed in parallel with the industry. Ten sites could be
developed for establishing bream and bass farming and each
production unit would be designed for a production capacity of
500 tons per year to be profitable. Indeed the operating costs and
capital investments are significantly higher for RAS compared to

other culture systems. Therefore, production levels should allow
for achieving some economy of scale which can be envisaged
with a minimum production capacity of 500 tons per year. Total
production may attain 5,000 tons after an industrialization phase
with an estimated investment of OMR 13.8 millions. Turnover
could reach OMR 9.6 millions per annum assuming that the farm

gate price would be OMR 1.9 per kilo (Table 10.2).

Shrimp farming, a fine choice

The second recommended culture system in rank is shrimp
farming with 19 possible sites to be developed mainly in zones 3,
4and 6 with the former zone presenting animmense area offering
potential for 2000 tons of production. Total production could
represent 19,000 tons. Investment required would approximate to
OMR 55.1 millions for the implementation of the shrimp industry.
The production turnover would correspond to OMR 41.9 millions

per year assuming OMR 2.2 per kilo farm gate price.

Integrating aquaculture with agriculture production

Tilapia production can be envisaged in third place for developing
the aquaculture sector. Tilapia farming would rely on RAS with the
condition that large volumes of freshwater would be accessible

and available. Since freshwater resources are scarce RAS with
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freshwater tilapia should be integrated into the agriculture
production scheme (e.g., aquaponic systems) for optimizing
water use. Ten potential sites may be developed for tilapia farming
using RAS representing a total production of 5,000 tons. The
estimated investment required associated to the industrialization
of tilapia would be circa OMR 4.4 millions for a possible turnover
of OMR 2.2 millions per annum assuming OMR 0.45 per kilo farm
gate price. The limited perspective of selling tilapia on the local
market would necessitate developing a strong business plan for

exporting production.

Speculating on the future

Abalone and sea cucumber production may be feasible within
restocking programmes. The recommended zones may be
adequate to produce respectively 100 tons of abalone in the zone
1 and 300 tons of sea cucumber dry weight in the zone 3. These
restocking programmemes would necessitate an investment of
OMR 2.7 millions and OMR 2.2 millions, respectively, to develop
and monitor the outcomes of the project over 10-15 years. The
possible turnover of abalone production can fetch at OMR 1.4
millions assuming the market price would be at OMR 13.8 per
kilo. Sea cucumber annual turnover could be as high as OMR 1.6

millions for a market price of OMR 5.5 per kilo.

Sea cage farming seemed to be more problematic to be developed
under the environmental context of Oman. The targeted species
would be the sea bream. Ten sites could be envisaged in zones 1,
5 and 7 with the region of Musandam offering the best sites. Total
production in ten years could reach 2,300 tons per year with an
estimated investment of OMR 2.7 millions. The assumed turnover
would reach OMR 4.4 millions for a retail price of OMR 1.9 per kilo.
This production would be the most interesting to set up financially
speaking but also the more risky to achieve due to the occurrence

of HABs in the region. However other candidate species may be

worth establishing in the mid-term offering a higher market price
and potentially a better internal return rate if the industrialization
of production can be successfully achieved and sustained. Future

species may be the cobia, barramundi and grouper.

Off-shore farming in sea cages would allow for growing-out
cobia. Zones 3 and 5 would be appropriate to conduct the
development of this production with a theoretical output of 1,500
tons per year distributed over 4 sites. The required investment is
estimated at OMR 8.3 millions and the turnover per year OMR 9.9
millions assuming the retail price would be OMR 6.6 per kilo. The
development of this production is linked to the evolution of the
R&D programme especially for hatchery techniques.
Bivalves and seaweed are aquaculture species that might be
considered for future development in Oman’s aquaculture
industrialization process. However, because:
Local markets for edible oysters or mussels is very low
«  Worldwide the pearl industry is being weakened due to over
production ( Japan, French Polynesia)
« Seaweed is labour-intensive and most production would
have to be exported and it may not be competitive against

the huge Asian industry.

Tilapia farm

Shrimp farm
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Therefore, these species should only be examined for

aquaculture after extensive R&D. Other forms of aquaculture

such as ornamentals, microalgae, Artemia, Nereids, and others,

also offer high potential. It is ultimately envisioned that full-

scale industrialization with complete utilization of appropriate

culture areas and techniques would result in over 200,000 tons

of aquaculture production a year which in turn would support

employment of many thousands directly (production sector) and

indirectly (service sector).

Table 10.2: Synthetic table on the different aquaculture potentialities per species and culture system within the first 10 years

for Oman
el Possible turno- | Investment re-
. Species and culture Development Number of sites | targetedin 10 . . . .
Ranking ver in OMR2 quired in Observations
system zone to develop? years2
OMR
(Tons/year)
Technology
1 Bream or bass 5 10 5000 9 640 925 13772750 under control,
Recirculating system existing local
markets
Technology
2 Indian shrimp 3,486 19 19 000 41 869 160 55091 000 under control,
ponds strong global
competition
Tilapia Technology un-
3 . .p 6 10 5000 2 203 640 4407 280 der control, weak
Recirculating system
local market
Abalone " f;z:nrz_
4 Restocking Pro- 1 4 100 1377275 2754550 9 '
existing export
gramme
markets
R & D Pro-
Sea cucumber ramme
5 Restocking Pro- 3 2 300 1652730 2203 640 .g. '
existing export
gramme
markets
Technology
6 Sea bream 7 10 2300 4434826 2754550 under control
Sea cages but presence of
HABs
Hatchery bottle-
Cobia neck produc-
7 Offshore cades 3&5 4 1500 9916 380 8263 650 tion, presence
9 of HABs, heavy
investments

2 these figures are based on estimates
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Environmental impact of aquaculture

Environmental impact assessments (EIA) are a well-established
practices usually utilized for assessing any impact of aquaculture
operations on maritime ecology. Legislation can be employed
to impose EIA on aquaculture operations to raise environmental
awareness of the aquaculturist and support best management
practices. Legislation for EIA would promote the development of
sustainable aquaculture and an EIA approach would consist of
monitoringanimpactedareausingregularlyexamined stationsfor
any environmental impact. Aquaculture techniques and culture
systems can be up-graded and adapted to meet environmental
impact standards. Elsewhere, the technology and practices used
by the aquaculture sector have improved significantly over the
last few years. For instance RAS aims at having “zero discharge”
originating from aquaculture operations. This objective is
supported by active R&D with new techniques and technology
being investigated constantly. RAS offer possibilities to develop a
fast-growing industry with low environmental impact potential.
Environmental impacts associated with sea cage farming have
been significantly improved by new feeding practices, cage
rotation practices and others. These improvements contribute to

creating a modern and sustainable industry.

Challenges for sustainable production

Industry should be aware of the important challenges to remain
competitive in the future, such as implementing sustainable
aquaculture practices, improving productivity of culture systems,
diversifying production and marketing and promoting the
image of the industry with standards of freshness, quality and
traceability. Challenges to sustainable aquaculture development
originate from environmental considerations. Some specific
fields of study that have assisted in sustainable practice include
nutrition, aquaculture system management, fish welfare,
bioenergetics to optimize energy consumption of the production
system and reduce wastes. These, and similar R&D activities have
always supported the aquaculture industry and Oman must
consider stepping into this field to encourage future sustainable

development of its industry.
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