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About Research Project
RIHN Research Project

A Study of Human Subsistence Ecosystems in Arab Societies:
To Combat Livelihood Degradation for the Post-oil Era
Project Leader: Hiroshi NAWATA (RIHN)
Research Period: 2008-2013
Contact: hseas-ofﬁce@chikyu.ac.jp (HSEAS Project Ofﬁce)
http://www.chikyu.ac.jp/arab-subsistence/
This project aims to promote basic studies to clarify
human life-support mechanisms and self-sufficient modes
of production among Arab people who have survived the
peculiar natural environment of drylands for more than one
thousand years. Using the research results, we intend to
propose a scientiﬁc framework to strengthen their subsistence
productivity and combat livelihood degradation in local Arab
communities in order to prepare for the post-oil era.

Research Areas

Objectives
Japan and oil-rich countries of the Middle East have put excessive pressure on the Earth’s resources in
terms of energy, water, and food. As they have prioritized economic prosperity for their own beneﬁt, they have
exploited irreplaceable resources, such as fossil fuel and fossil water. These practices have placed stress on
local ecosystems with the planting of alien species, and furthered social differences among the people of the
Middle East. As we are facing a turning point in our modern oil-based civilization, our inter-dependency, based
on the trading of fossil fuel, must change drastically to a new form of inter-dependency, in order to build a
viable society for the future.
We focused on human subsistence ecosystems, which are human life-support mechanisms and self-sufﬁcient
modes of production (hunting, gathering, fishing, herding, farming, and forestry) with low energy resource
consumption. We also take another look at advanced technology and economic development, and re-examine
the conceptual framework of comprehensive measures to combat desertification. Based on these research
results, we intend to propose a scientific framework that would strengthen subsistence productivity and
rehabilitate the daily life of the general population in Arab societies for the post-oil era.

Research Methods and Areas
A study of human subsistence ecosystems in Arab societies will be developed and implemented in three
separate areas: 1) comprehensive measures to control the alien invasive species mesquite; 2) an assessment
of the environmental effects of development programs in coastal zones of the arid tropics; and 3) supporting
peoples’ decision-making by sharing research results.
Our research consists of two main approaches: (1) an analysis of subsistence ecosystems focusing on
keystone species (camels, date-palm, mangrove, and coral (reef)); and (2) an inspection of the sustainability and
fragility of Arab societies focusing on ecotones (wadi beds, riverbanks, mountain side, and sea shore).
Field surveys will be conducted in semi-arid lands between the River Nile and the Red Sea in Sudan, with
the Red Sea coast, Butana area, and River Nile area as the main survey areas. Additional sub-survey areas will
be the Sinai Peninsula in Egypt, Red Sea coast in Saudi Arabia, and a Sahara oasis in Algeria. We will compare
keystone species, ecotones, and traditional knowledge and examine differences in the sustainability of a
subsistence economy under site-speciﬁc conditions.
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Expected Results
We will make the research results available for decision-making by local people and to those making
national policy by providing data in Japanese (as a bridge between Japanese and Arab societies), English (the
scientiﬁc language), and Arabic (the local common language).
Initially, we will hold an international symposium "Human subsistence ecosystems with mangrove and
coral reef in drylands" to compile knowledge from various areas of science and from researchers with different
backgrounds on this particular topic as the starting point of the project. Then, we will publish the results of this
symposium in English and Arabic to distribute to local people in Arab societies. By obtaining their comments
through interviews and questionnaires, we plan to feed their opinions back to our project targets and research
activities, and hope to publish a revised version of the book, the product of information sharing, when we have
ﬁnished the project.

Assessment of the environmental effects of development programs in coastal zones
of the arid tropics
The coastal zones, where fresh water can be obtained from seawater, have become a development
frontier, and this may cause environmental degradation by releasing highly concentrated saline water into
the sea. In addition, this area is rich in biodiversity, so it has great potential for seafood and pastoral food
production through mangrove reforestation as fish nurseries and safe foraging sites. We are compiling
scientiﬁc knowledge to prevent a new outbreak of environmental problems with further coastal development.
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Study and Activities on Mangrove Afforestation in Arabia
Motohiko KOGO
Chiharu MIYAMOTO
Seiji SUDA
Al Gurm Research Centre / Action for Mangrove Reforestation (ACTMANG)
3-29-15-1101, Honcho, Nakano, Tokyo 164-0012, Japan
Email: actmang@big.jp

Research Area:

Key words: afforestation, Al Gurm Research Centre, arid area, Avicennia Kuwait, Bahrain, Qatar, United Arab Emirates, Saudi
Arabia, Pakistan, Iran, Oman, Yemen, (Djibouti, India,
marina, mangrove, plantation, restoration.

Philippine, Thailand, Taiwan, Hong Kong, Bangladesh,
Myanmar, Eritrea, U.S.A., Ecuador, Viet Nam)

Why did we attempt mangrove afforestation in Arabia?
Our final target was to restore the mangrove forests that had deteriorated or disappeared on the coasts of
Arabia. The Al Gurm Research Centre initiated this program in early 1978.
The Arabian Peninsula is one of the most arid areas in the world. However, given their physiological diversity,
some species of mangrove tree have found their niche along the Arabian coast. Unfortunately, these mangrove forests
are declining or have disappeared as a result of activities such as over-cutting, over-grazing or modern development.
Climatic desiccation is also a concern. Our explorations confirmed the ecological and economic importance of
mangrove forests for the local people. The effectiveness of mangrove restoration and afforestation has also been
realized through our experiences.
1) The use of mangrove trees as ﬁrewood and as building material for houses and boats was once very important.
However, this changed when oil came under the management of the nation.
2) The leaves of Avicennia marina are used as fodder for camels. This is still one of the main uses of this species
by local and nomad people in Arabia as well as in other arid or semi-arid areas from India to Africa.
3) The local people recognize the importance of mangrove forests for the environment. Fishermen know the
locations of remote mangrove forests because they provide valuable resources such as shrimp.
In terms of mangrove afforestation, our main obstacle was lack of knowledge and technique. We knew little
about the wild vegetation of mangrove forests. In addition, few people recognized the importance of mangrove
afforestation, which seemed to have little economic value. However, years of trial and error with experimental
plantations at various locations as well as observations in the ﬁeld have provided us with a basic understanding of
mangrove reforestation and restoration. This knowledge base has been created and developed with the help of the
continued support of a variety of individuals and organizations.

Grazing camels in an Avicennia forest on Farasan Kabir
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Rhizophora forests in the Red Sea provide migratory
birds good nesting sites

Activities on Mangroves in the Middle East (and some other areas) made by Al Gurm
Research Centre/ ACTMANG (Action for Mangrove Reforestation), 1978 - present
[1978]
- Establishment of "Al Grum Research Centre"
- Feasibility study for mangrove cultivation in Kuwait
[1979]
- Experimental plantation of mangroves in Kuwait
- First mangrove research to the Middle East (Kuwait, Bahrain, Qatar and United Arab Emirates), supported by
Japan Cooperation Center for the Middle East
[1981]
- Experimental plantation of mangroves in Ras al Khafji, Saudi Arabia, supported by Arabian Oil Company (to be
continued until 1990)
- Ecological research of mangroves in Pakistan, India, Yemen, Djibouti and United Arab Emirates
- Second mangrove research to the Middle East (United Arab Emirates, Kuwait, Saudi Arabia, India and
Pakistan), supported by Japan Cooperation Center for the Middle East
[1982]
- Ecological research of mangroves in Philippine, Thailand, India, Pakistan, Bahrain and Oman
- Third mangrove research of mangroves to the Middle East (United Arab Emirates, Iran, Pakistan and India)
supported by Japan Cooperation Center for the Middle East
[1983]
- Experimental plantation of mangroves in Mubarras Is., Abu Dhabi, supported by Abu Dhabi Oil Company (to be
continued until 1985)
- Ecological research in Philippine, Thailand, India, Pakistan, Bahrain, Oman and Red Sea coasts of Saudi Arabia
[1984]
- Ecological research of mangroves in Taiwan, Hong Kong, Oman and Red Sea coasts of Saudi Arabia
[1985]
- Ecological research of mangroves in Bahrain, Oman, United Arab Emirates and Oman
- Feasibility study for rehabilitation of mangrove forests in Truk Islands, supported by UNDP/UNESCO
- Feasibility study for reforestation of mangroves in Pakistan, supported by UNDP/UNESCO
[1986]
- Fourth mangrove research to the Middle East (Oman), supported by Japan Cooperation Center for the Middle
East
- Second feasibility study for reforestation of mangroves in Pakistan, supported by UNDP/UNESCO
- Advising mangrove planting technology to Qatar government
- Third feasibility study for reforestation of mangroves in Pakistan, supported by UNDP/UNESCO
- Feasibility study for reforestation of mangroves in India, supported by UNDP/UNESCO
- Feasibility study for rehabilitation of mangroves in Bangladesh, supported by UNDP/UNESCO
[1987]
- Ecological research of mangroves in Oman
[1988]
- Ecological research of mangroves in Qatar and Abu Dhabi
- Technical assistance to the government of Qatar for mangrove restoration/afforestation through Japan
International Cooperation Agency (JICA) scheme (to be continued until 1996)
[1989]
- Ecological research of mangroves in Qatar, Abu Dhabi and Red Sea coast of Saudi Arabia
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[1990]
- Feasibility study for mangrove restoration in Myanmar, supported by UNDP
[1991]
- Feasibility study and experimental plantation of mangroves in Myanmar, supported by UNDP/FAO (to be
continued until 1993)
[1992]
- Establishment of Action for Mangrove Reforestation (ACTMANG)
- Feasibility study on mangrove plantation in Eritrea, cooperated with "Manzanar project" (USA)
- Mangrove research for conservation and reforestation in USA and Ecuador, supported by Japan Overseas
Forestry Cooperation Association (JOFCA)
[1993]
- Technical assistance to National Commission for Wildlife Conservation and Development (NCWCD), Saudi
Arabia for mangrove inventory and restoration through JICA scheme (to be continued until 1998)
- Support mangrove reforestation in Viet Nam, collaborated with National University of Viet Nam, Tokio Marine,
Ministry of Foreign Affairs of Japan, etc. (to be continued until present)
- Support mangrove reforestation in Myanmar, collaborated with FREDA, Forest Department of Myanmar, Tokio
Marine, etc. (to be continued until present)
[1994]
- Support mangrove conservation in Ecuador, collaborated with Ministry of Foreign Affairs of Japan, Forest
Department of Japan, etc. (to be continued until 2002)
[1995]
- Support mangrove reforestation in Pakistan, collaborated with IUCN Pakistan (to be continued until 1996)
[2002]
- Research for mangrove restoration/conservation in Oman through JICA scheme (to be continued until 2003)

Results of plantation trials at various
environments encouraged us toward restoration

An experimental nursery bed for restoration of
the dead forest

Preparing Avicennia seeds for the nursery

Experimental plantation to restore the dead

An easy nursery for restoration at the

After two years, the forest was changing rapidly

forest at Khor Farasan

second cycle

toward recovery, supported by plantation and
improved inundation
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An Inspection of the Status of Coastal
Mangroves of the Southern Red Sea

Chiharu MIYAMOTO (Al Gurm Research Centre)

Research Area: Saudi Arabia

Abdullah H. AL-WETAID (National Commission for Wildlife Conservation and
Development (NCWCD), Kingdom of Saudi Arabia)
Mangrove vegetation comprises an important part of coastal and marine habitats and plays a large role in the
health of the coral reef systems and sabkhahs. Mangrove forests were surveyed by car along the mainland shoreline
between Muwassem and mid Jeddah to gain an understanding of their distribution and status in this region. Generally,
it was found that mangroves are more abundant than recorded in a 1:50,000 scale topographical photomap series.
Mangroves covered most of the shoreline, where sabkhahs sustained by the topographic system of the fringing coral
reef are also expected.
We confirmed that mangrove forests are directly important to the local people because they act as a fishing
resource in addition to providing a food resource for camels. However, most of the mangrove forests, with the
exception of those on islands, are degraded as a result of concentrated overgrazing, which has become a serious
problem in recent decades. Indeed, when the causeway at Muwassem was removed, having previously been used
by camels to cross the main channel of the mangrove lagoon, the mangrove forests at this location recovered
signiﬁcantly. Thus, it is necessary to develop control systems against overgrazing with the local and nomad people
involved, as well as to establish a reservation system for the mangal on islands, which are not used for camel grazing.

Reference
Miyamoto, C. and Al-Wetaid, A. H., 1996 Report of an Inspection in the Status of Coastal Mangal of the Southern Red
Sea. National Commission for Wildlife Conservation and Development, Saudi Arabia, Riyadh.

Avicennia trees in Farasan take a unique
strategy in reproduction

JICA in Kingdom of Saudi Arabia
The Red Sea is rich in distribution of Avicennia
forests. In addition, 18 Rhizophora stands occur
at 11 sites within the Saudi Coast
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Method for Mangrove Afforestation in Qatar

Seiji SUDA
Al Gurm Research Centre / Action for Mangrove Reforestation
3-29-15-1101, Honcho, Nakano, Tokyo 164-0012, Japan
Email: actmang@big.jp
Key words: afforestation, Al Gurm Research Centre, arid area, Avicennia
marina,mangrove, plantation, restoration.
Research Area: Qatar

Qatar has no rivers, and the average annual rainfall is <100 mm. In such an arid environment, afforested
trees such as acacia and date palms require supplemental watering.
The mangrove species Avicennia marina is the only native species in the Arabian Gulf. This species can grow
naturally in some coastal areas that are waveless and have concentrated seawater of >4% salinity. After only a
few years, young trees begin to produce seeds, and fallen seeds germinate and grow around the parent trees.
As a result, the forested area increases naturally year by year.
In 1980, the Ministry of Municipal Affairs and Agriculture of Qatar began planting seedlings of A. marina
for greening. From 1988 to 1996, the Japan International Cooperation Agency dispatched a member of the Al
Gurm Research Centre, in Tokyo, to the ministry as an expert to improve its techniques and to identify new
afforestation sites. Recently, these sites, including a very small experimental plot, around the Qatar Peninsula
could be identiﬁed easily using Google Earth. These forests provide a rich ecosystem not only for humans but
also for marine life.
The afforestation method involves the following process:
1) collecting seeds from forests (Photo 1)
2) storing the collected seeds (Photo 2)
3) removing the seed coat prior to sowing (Photo 3 and Photo 4)
4) sowing seeds in nurseries (Photo 5)
5) cultivating seedlings in nurseries (Photo 6)
6) transplanting seedlings to afforestation sites (Photo 7 and Photo 8)
7) monitoring the condition of the seedlings (overgrazing, growth
of barnacles, and algal cover)

An afforestation site at Wakrah in the south of Doha (an image of Google Earth)

Reference
Suda, S., Al-Kuwari, S. I. and Al-Siddigi, M., 1995 Mangrove Afforestation Method in Qatar. Agricultural
Development Department, Ministry of Municipal Affairs and Agriculture, Qatar, Doha.
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Photo 1

Photo 3

Photo 2

Photo 4

Photo 5

Photo 6

Photo 7

Photo 8
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The Master Plan for the Restoration, Conservation, and
Management of Mangrove in the Sultanate of Oman
Hiroyasu ONUMA
Project:JICA Technical Cooperation Project for the Ministr y of Regional
Municipalities, Environment and Water Resources, The Sultanate of Oman
(2002-2004)
Implemented by: Joint Venture of Pacific Consultants International (PCI) and
Appropriate Agriculture International (AAI)
Email: aai@koushu.co.jp, http://www.koushu.co.jp/
Key words: Avicennia marina, Master Plan Study, Coastal Management, Value of
Mangrove, Conservation and Management

Research Area: Oman

Existing Mangrove Forest

Abstract
A master plan study on the restoration, conservation, and management of mangrove was conducted to formulate
site-speciﬁc plans for priority sites and public awareness programs. A site survey examined natural conditions, such
as mangrove forest, soil, water, ﬂora, and fauna, and socio-economic conditions, such as ﬁsheries and stock-raising,
for 21 selected mangrove sites distributed throughout the country. Based on this survey, the surveyed sites were
classiﬁed into different zones according to the topography and oceanography of each site. In addition, the value of
mangrove at each site was studied and a management plan for each site was formulated. As a result of the study,
the establishment of the Qurm Environmental Information Center (QEIC) was recommended in order to coordinate the
management activities of various organizations and local communities.

Action Plan in the Human Subsistence Study
The major roles of the proposed QEIC are (i) to collect and compile necessary data on the conservation
and management of the mangrove ecosystems in Oman and (ii) to provide necessary facilities and materials for
implementing public awareness and education programs on mangrove and the coastal environment for school children,
residents, visitors, and tourists. This human subsistence study will promote information sharing and the utilization of
shared information by local communities.
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References
Bader Al Balushi, 2001 Mangrove Afforestation in the Sultanate of Oman & the Status of Some Existing Natural
Mangrove Forests. Ministry of Regional Municipalities, Environment & Water Resources.
International Union for Conservation of Natural Resources, 1986-1991 Oman Coastal Zone Management Plan. Ministry
of Commerce and Industry.

Mangrove Sites and Potential Areas

Plantation by School Children

Classiﬁcation of the Study Area and Cross Section

Maintenance by Local Communities
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A Handbook for an Avicennia marina Nursery and
Transplantation: Technical Guidelines for Afforestation

Tomoo SHOJI
Ministry of Regional Municipalities, Environment and Water Resources, Oman
Email: fxshoji@omantel.net.om
Key words: Avicennia marina, Mangrove Forest, Nursery, Transplantation

Research Area: Oman

Abstract
The general status of mangrove forests in Oman was described for each mangrove site based on the results of
a ﬁeld survey. Detailed information on seed collection, such as timing, site, treatment, and storage, was described
based on actual ﬁeld experience with the method of seed sowing. The nursery operation was also described in detail,
including site selection, irrigation method, facility design, necessary shading, operation, and maintenance, with
effective photographs and drawings. The method of transplantation was explained with detailed information on the
planting site and time, necessary equipment, actual procedure, and necessary maintenance. Finally, the method of
direct sowing was described with information on the sowing time and procedure.

Action Plan in the Human Subsistence Study
The information and experience obtained through the above-mentioned study could be utilized effectively in the
current human subsistence study.

Transplanting Procedure
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Flowers of Avicennia marina

Tidal Irrigation

Germination 1 week after sowing

Seeds of Avicennia marina

Pump Irrigation

Seedling 4 months after sowing
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Study of Gray Mangrove (Avicennia marina) Afforestation for
Greening a Desert Coast: Gray Mangrove Afforestation on the
Banks of an Artificial Channel across a Sabkha and Established Biotic
Community.

Shigeyasu TAMAEI
Fisheries & Aquaculture International Co., Ltd
Email: tamaei@emirates.net.ae
Key words: Avicennia marina, Germinating seed, Dredged channel,
Mangrove planting, Sabkha
Research Area: United Arab Emirates

Abstract
Seedlings of the gray mangrove were planted on the banks of an artiﬁcial channel that had been dredged across
a sabkha to allow seawater to ﬂow into it. Although 56.7% of the seedlings survived, and had become established on
the banks over the past 5 years, their growth rate has been lower than that of mangroves planted by direct seeding in
the United Arab Emirates. Seedling mortality was strongly affected by erosion, sand accumulation, seedling weakness,
and sandstorms. Benthic plants, ﬁsh, and animals in the channel and mangrove-planted area were studied. Parts of
the channel banks had patches consisting of three species of sea grass, and a number of ﬁsh and benthos inhabited
the channel. The surface soil of the mangrove-planted area was inhabited by many mud creepers and pea-sized crabs.
During the observation period, it was noted that the seawater in the dredged channel had been enriched during the
previous ﬁve years by various aquatic animals and the shedding of dead mangrove leaves. These results show that
planting gray mangroves along the dredged channel has allowed a number of species to become established on a
sabkha within a ﬁve-year period.

Action Plan in the Human Subsistence Study
Information and experience obtained through the above-mentioned study could be utilized effectively in the
current human subsistence study.

References
―2000 "Ecology of gray mangrove seeds in the Persian Gulf" Japanese Journal of Ecology 50: 121-131.
―2001 "Preservation and pretreatment of mangrove seeds for afforestation by direct sowing" Japanese Journal of Ecology 51:
61-71.
―2002 "Salt tolerance of mangrove seeds for afforestation by direct sowing" Japanese Journal of Ecology 52: 343-353.
―2004 "Suitable elevation and distance of seeds for afforestation by direct sowing" Japanese Journal of Ecology 54: 25-33.
―2004 "Gray mangrove afforestation by using aquaculture drainage and established biotic community" Japanese Journal of
Ecology 54: 35-46.
―2005 "Study of Gray Mangrove (Avicennia marina) Afforestation for Greening a Deseart Coast: Gray Mangrove Afforestation on
the Banks of an Artiﬁcial Channel across a Sabkha and Established Biotic Community" Japanese Journal of Ecology 55:
1-9.
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Mangrove planted on the banks of an artiﬁcial channel dredged across sabkha
(an image of google earth)

Nursery of mangrove seedlings

Mangrove grown on the banks

Mangrove planted on the banks

Bird species ﬂown to the site
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A Conservation Plan for Dugong along the Northeastern
Coast of the Red Sea in the Kingdom of Saudi Arabia
Akira KISHI
President, Shin-nippon Environmental Research Co., Ltd.
1-24-22 Kita Nankou, Suminoe-ku, Osaka 559-0034, Japan
Email: a.kishi@sin-nikkan.com

Interview for dugongs
with a ﬁsherman

H.P.: http://ideacon.jp/ (Parent company)

Key words: Conservation Plan, Dugong, Red Sea, Saudi Arabia

Anas Zubeir SAMBAS
National Commission for Wildlife Conservation and Development (NCWCD),
Kingdom of Saudi Arabia

Summary

Research Area: Saudi Arabia

A survey of the dugong population (abundance) and distribution in the Saudi Arabian Red Sea was conducted in
1987 under the guidance of Australian scientists. The results of the survey were published as a MEPA (Meteorological
& Environmental Protection Administration, Ministry of Defense & Aviation) Technical Report (DUGONGS, Volume1,
2, 1989). Within this report, it was recommended that dugong protected areas be established“ in and around AlWajh Bank” of the Saudi Arabian Red Sea. Meanwhile, the NCWCD (National Commission for Wildlife Conservation and
Development) implemented a Study on the Coastal/Marine Habitat and Biological Inventories in the northern region
of the Red Sea in cooperation with JICA (Japan International Cooperation Agency) during 1998–2000. The study was
completed successfully, and Al-Wajh Bank was chosen as one of the model sites in the area. However, the NCWCD
was unable to obtain sufficient data of the dugong populations in this region to develop marine protected area
management programs for this species. Therefore, the NCWCD conducted an examination of the status, morphology,
behavior and behavioral ecology of dugong in and around Al-Wajh Bank in 2002.
A healthy dugong habitat plays an important role in relation to human populations. Dugong habitats include
seagrass beds (the only food source for dugongs), mangrove vegetation on soil or sand, coral reefs and ﬁsh. These
habitats act as ﬁsheries resources and play a role in environmental education. Such ecosystems should be protected
as one of our precious common resources.
Dugongs were classiﬁed as a vulnerable species for extinction by the IUCN-World Conservation Union in 1982.
In addition, they are listed in Appendix I of the Conservation on International Trade in Endangered Species of Wild
Flora and Fauna. Dugongs have been conserved according to Rules and Regulations of Wildlife and Natural Resources
Conservation in the Kingdom of Saudi Arabia since 1996.
To develop an effective dugong management plan, it is important to gain an understanding of dugong population
sizes and dynamics, dugong ecology in their behavioral spheres (home ranges), and the distribution and abundance of
seagrass, the only dugong food source. A summary of the current ecological and physiological information on dugongs,
such as morphology, behavior and behavioral ecology as well as physiology, was compiled from existing reports.
The worldwide dugong population is estimated to comprise 100,000 individuals in the Paciﬁc and Indian Oceans,
80,000 around Australia, 8,000 in the Arabian Gulf, 2,000 in the northeastern Red Sea, and 300 in and adjacent to
the Al-Wajh Bank area. A map of dugong sightings in 1987, 1998–1999 and 2002 and their habitats was constructed.
Dugong sightings did not always correspond with seagrass beds, but they were concentrated into a small number of
well-deﬁned areas, such as in and adjacent to the Al-Wajh Bank. The daily routine of a dugong consists of searching
for food, eating, resting and sleeping. The abundance and type (species) of seagrass are important factors of dugong
feeding behavior.
Aerial transect surveys and bio-telemetry surveys are used as basic methods to understand the dugong population
and ecology. An aerial transect survey was conducted in and adjacent to Al-Wajh Bank from 4–7 February 2002. The
Dugong population in this area was estimated to be greater than 260. In addition, on February 2 and 8–13, 2002, 18
coast guards were interviewed on the status of dugongs to gain an understanding of dugong behavioral ecology.
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To develop a management plan for dugong conservation, surveys will be
conducted on the following ﬁve aspects of dugong ecology: population dynamics,
feeding ground environment, characteristic behaviors, physiology and ecology.
The contents and methods of the surveys have been arranged, and they will be
conducted in cooperation with local activities and initiatives. We proposed a
schedule of surveys prioritized with respect to the importance of their outcome
in preparing a dugong management plan.
Immediate actions are necessary for dugong conservation in the Red Sea.
These actions should be carried out in advance of studies or research action to
avoid delay. The primary threat for dugongs in the Red Sea is habitat reduction.
Seagrass beds are lost as a result of silt runoff from the land to the sea. The
second largest threat to dugongs is net fishing. The most accessible method of
dugong conservation is to forbid actions that threaten seagrass beds and dugongs
directly, and to establish strictly controlled protected areas. The boundaries
of protected areas must coordinate with other conservation plans for natural
and social environments. Dugongs appear to be a good environmental indicator
species. Protection control must include the redesigning of gill nets and ﬁxed nets
such that they release dugongs, as well as surveys and other measures to conserve
seagrass beds, and restrictions to the passage of sea vessels into protected areas.
Finally, it is necessary to collect information from fisheries to determine
the economical and social importance of ﬁshing areas and net ﬁshing in dugong
protected areas. Speciﬁcally, we must consider the balance between the social
significance of fisheries and their influence on dugongs. Thus, our survey must
account for its social and economic inﬂuences in relation to ﬁshermen and ﬁshing
villages.

Stranding of a dugong on the coast of
Al-Wajh Bank

Location of aerial transect survey (JICA 2002)

Work plan for This Project
A study of the habitable environments of dugongs including the mangrove
ecosystem along the southern coast of the Red Sea in the Kingdom of Saudi Arabia
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Sighting points of dugongs by aerial survey
(JICA 2002)
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Long-term Maintenance of Arid Mangroves:
Mangrove Distribution and Use in Iran and Pakistan
Toyohiko MIYAGI
Professor, Tohoku-Gakuin University, Faculty of Arts, Department of
Regional Management
Email: miyagi@izcc.tohoku-gakuin.ac.jp
Key words: Mangrove, Geo-ecology, Arid coast, Avicennia marina, Branch
harvesting

Research area: Iran and Pakistan

Photo 1. Avicennia marina as the feed for
camel in Queshim island in Iran
(Photo by S. TAKATSUKI)

Research production
My laboratory is conducting the following examinations with The International Society for Mangrove Ecosystems
(ISME) and other institutes: 1. Mechanism and ﬁeld based geo-ecological studies of mangrove habitat dynamics. 2.
Mangrove habitat dynamics and sea level changes in the Western Paciﬁc Ocean and Southeast Asia. 3. Rehabilitation
of degraded mangrove habitat using an environmental approach. 4. Evaluation of the role of environmental protection
measures for mangroves against natural disasters. 5. Construction of a mangrove GIS database.

Research plan for the Arab Livelihood project
A mangrove is a forest ecosystem that exists in the upper half of the sea tidal zone. Mangroves play very
important roles in arid regions because they constitute the only dense, deep green forests that are rich in nutrition
in such areas. Despite the beauty and richness of these ecosystems, their habitat size is relatively small. Our research
shows that, according to the Holocene Sea-level fluctuation, most recent mangrove habitats were developed and
maintained in the last 1000 to 2000 years. The local people have been using and maintaining these systems for nearly
1000 years. The sustainable use and management of ecosystems is an autonomous effort in many arid regions.
Our team describes the mechanisms of existence, or extinction, for mangrove habitats that we are examining
in selected coastal areas of Iran and Pakistan using a physical and sociological approach. In doing so, we are able
to determine how these mangroves have existed for so long. By examining whether the community has played
an autonomous stabilization role, based on a geo-ecological understanding of the mangroves, we can gain an
understanding of the knowledge of the local people.
For this purpose, the upcoming study will include: 1. A mangrove habitat distribution analysis and a GIS database
constructed by satellite image analysis. 2. Field investigations to clarify the mangrove habitat maintenance
mechanisms in relation to sea-level ﬂuctuations, geo-ecological dynamics and regeneration mechanisms. 3. Evaluation
of the mangrove biomass in particular habitats. 4. A quantitative assessment of the use of mangrove forests for
fodder, fuel, etc. 5. Interviews with local people to collect data on the traditional use of mangroves.

Action plan
The GIS database construction is currently underway (Fig.1). We have also conducted some small pilot ﬁeld studies
(Photo 1, 2). We will conduct full ﬁeld studies in selected mangrove habitats in Iran and Pakistan based on the GIS
database. The ﬁrst ﬁeld study will be conducted over 3–4 weeks on the Iranian coast near the Arabian Gulf.
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Fig. 1. Mangrove distribution at Iran and Pakistan coast

Fig. 3. Detal of typical mangrove habitat in selected area. Top
to bottom: Jask, Yekder, Surak, Miani, Keti Bandar

Fig. 4. Satellite images of the good mangrove forest.
Fig. 2. Samples of mangrove habitat from west to east.

Miani hol in Pakistan

1: Jask, 2:Yekder, 3:Surak, 4:Surak, 5:Pasni, 6: Miani

Photo 2. Avicennia marina as the feed for cattle in Karachi, Pakistan
Fig. 5. Satellite images of the good mangrove forest.
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Ecological and Genetic Studies of Mangrove (Avicennia marina) Forests
in the Sultanate of Oman
The coastal area of the Sultanate of Oman, located at the eastern end of the Arabian peninsula, was once
covered by expansive and dense mangrove forests of Avicennia marina. However, most of these ecosystems were
destroyed by overuse with regard to fuel woods and overgrazing by livestock. As a result, only small patches of
mangrove forest have survived at studded mouths of wadi and lagoons along the northeastern shoreline. As most of
Oman is desert, mangrove forests comprise an important ecological resource, and the conservation and development
of these forests are a crucial aspect of natural resources management.
In 2003, we examined forest structure and measured stomatal conductance and transpiration rates in seven A.
marina populations along the coastal region of the Sultanate of Oman. In addition to these ecological analyses, DNA
analyses were conducted using the CTAB method, and DNA polymorphisms were measured using the RAPD method.
The transpiration rate of A. marina was regulated through changes in stomatal conductance along gradients
of drought or saline stress associated with increases in tidal inundation level. Differences in forest structure were
observed between systems in northern regions and central and southern
regions. In the northern area, tree density was high, and the maximum
height of A. marina was approximately 6 m. In contrast, in the central and
southern areas, the crown projection area was large, and maximum tree
height reached over 8 m. Tree growth was affected by annual changes in
precipitation and differences in temperature across sites. Furthermore,
the regeneration and establishment of seedlings were affected by canopy
gap formation and fresh seawater inundation.
Genetic distances between the northern and central populations and
the southern population were larger than those between the northern
and central populations, indicating the importance of considering the
transplantation of both seeds and seedlings for afforestation efforts.
Moreover, genetic diversity was significantly positively correlated with
forest area; therefore, to conserve genetic diversity, it is crucial to
maintain A. marina populations within a large forest area.
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Study Sites in Oman

In northern forest, Hmax is 6 to 7 m
with high tree density

Forest structure
Survey site

Diameter
Seedlings
Small
Medium
Large
(Nha-1) trees(Nha-1) trees(Nha-1) trees(Nha-1) mean(cm)

CPA1)

Height

Basal area

max

max(cal.)

mean
(m2 N-1)

sum
(ha ha-1)

(m2ha-1)

Shinas

100000

5525

875

125

3.19

5.72

7.00

2.15

1.41

Quriyat

125

4800

1150

0

3.63

4.50

5.52

2.74

1.63

4.04
8.85

Qurm

400

4280

760

0

4.65

4.77

5.40

2.34

1.18

13.20
7.67

Sur

103400

8725

100

25

2.16

6.43

7.12

0.97

0.86

Film

2040

2400

0

0

4.46

2.95

3.95

0.77

0.13

5.83

Mahawt(N)

2800

15600

5200

0

3.45

4.89

6.31

2.15

5.03

36.77

Mahawt(S)

0

525

700

850

9.96

8.12

8.90

12.71

2.64

30.77

Salalah

-

-

-

-

8.84

7.11

10.50

31.88

-

-

※Seedlings :0＜H＜1.0
small trees:1.0＜H＜3.0
medium trees:3.0＜H＜5.0
large trees:5.0＜H

Size of matured forest in southern territory will be
larger than that in northern forest.

In southern forest, Hmax reaches over 8 to 10 m
with big CPA

Fig. 1. Site description
Climate
Temperature

Hot summer

Precipitation
Annual change

Drought stress
stress

Flood
Site condition

Tidal
inundation

Salinity

Saline stress

Anoxia

transpiration

Estuary: open
or close
Grand height:
tide level

Survival
Tree growth
Canopy
structure

Gap :
light condition
Germination and
establishment of seedling

Fig. 2. Effects of environmental stresses on physiological processes

Genetic difference
Most of mangrove forests along the Arabian peninsula are
destroyed by artificial management and the global change.
A vicennia forests can survive only at studded month of wadi and lagoons.
Geographical isolation of such extant forests
Small insects are important for pollination: entomophilous
Restriction of dispersion by buoyant and viviparous seed

Genetic difference between Salalah and other northern
populations

Effects of genetic disturbance
Consideration of seed transportation between north and
south
Fig. 3. Cause of genitic difference
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Kilwa Kisiwani
is a small lagoon island just off the southern Swahili coast of Tanzania. It is 12
square kilometers in area and 23 kilometers in circumference. The island has, at
most, a thousand inhabitants. Situated at the mouth of three rivers, Kilwa Kisiwani
is surrounded by two kinds of seas: between the island and the continent lies a
mangrove lagoon and, on the other side, the open sea with a fringing reef (Fig. 1).
Kilwa Kisiwani is located at latitude 9 degrees south, which places it within
the East African monsoon region. The wind blows all year long. The island is three
hundred kilometers from Dar es Salaam, the nearest metropolitan area in Tanzania.
Poor road conditions render the island essentially isolated. As a result, Kilwa
Kisiwani is virtually untouched by modern economic development. Residents of the
island maintain an almost completely self-sufﬁcient economy based on ﬁshing and
gathering other food from the surrounding seas, along with limited farming.
Although Kilwa Kisiwani is currently home only to a small seashore village,
during the Middle Ages it ﬂourished as an inﬂuential Islamic trading port known as
Kilwa Kingdom. The United Nations Educational, Scientiﬁc and Cultural Organization
(UNESCO) has classiﬁed a number of stone buildings from the Kilwa Kingdom era as
World Heritage sites (UNESCO, 1981).
The maritime environment of Kilwa Island can be divided into three ecological
sea zones (Fig. 2). Eco-zone 1 is a lagoon covered with mangroves. The water here
is shallow and calm, with little wind or wave activity. The floor of this lagoon is
comprised mainly of mud. Eco-zone 2 is the open sea with a fringing reef. This zone
is characterized by deep water, rough waves, and strong winds inﬂuenced by the
monsoons. The sea ﬂoor in this zone is comprised mainly of coral and sand. Ecozone 3 is the intermediate sea between the lagoon and the open sea. This zone is
characterized by a combination of the qualities seen in zones 1 and 2.

Fig.1. Natural Environment of Kilwa Island

Local Mangrove Use on Kilwa Island, Southern Swahili Coast
The Swahili coastal region is home to one of the richest mangrove resources in
Africa. The Tanzanian mangrove forest has been well preserved; a report by The
United Nations Environmental Program’s World Conservation Monitoring Center
(UNEP-WCMC) indicated that the area in Tanzania covered by mangroves remained
nearly unchanged from 1990 to 2000, encompassing 1,096 ㎢ in 1990 and 1,081 ㎢
in 2000. The southern coastal region of Tanzania around Ruﬁji and Kilwa comprised
65% of the domestic mangrove area, or 730 ㎢ .
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Fig.2. Ecological Sea Zones of Kilwa Island

Stone Pillars of Great Mosque

Seine Fishing (kavogo)

House built with Mangrove Pole

There are eight species of mangrove in Kilwa. Inhabitants use these mangroves in
two primary ways: direct use and environmental use. Direct uses include employing
mangrove poles in the construction of buildings, in shipbuilding, in the manufacture
of ﬁshing gear, as ﬁrewood, for medicinal purposes, and so on. Environmental uses
include utilizing the mangrove sea as a ﬁshing ground and for transportation routes.
Previous ﬁeld research identiﬁed seven forms of direct mangrove use and ﬁve forms of
environmental use.
A delicate balance characterizes these patterns of mangrove use. Immoderate
logging might damage or destroy the mangrove environment, but prohibition of logging
in the name of conservation would result in a dearth of mangrove poles for direct use.
Even though this balance seems fragile, the mangrove environment in Kilwa has not
suffered from direct use by the local residents. This apparent equilibrium may reﬂect
some combination of the low population density (12 persons/ ㎢ ) of the southern
coastal region where Kilwa is located and local residents’ knowledge of mangroves, as
well as their understanding of the importance of mangroves to their lives.
Recent years have witnessed the development of infrastructures and the growth
of tourism in the area. Future research should explore how this changing social
situation will impact the relationship between the Kilwa people and mangrove
resources.

Mangrove Forest

Main Focus of this Project
This project will involve a study comparing the Swahili coastal region and the Red
Sea coastal region, two areas where residents’ lives are profoundly dependent on
maritime resources, especially mangroves.

References
―2007 The Structure of Swahili Coastal Society from the case of the former Islamic Kingdom
of Kilwa Island. Nagoya University Graduate School of Letters, 219p+xii, Ph.D. Dissertation
Mangrove Fence Fishing (Wando)

(in Japanese).
―2008 "Maritime Environment and Life of the Former Islamic Kilwa Kingdom formed at Mangrove
Inland Sea", A Progress Report on Previous Research. Tanzania Commission for Science and
Technology (COSTECH), p. 12.
―2008 "Coexistence of the Residence Place between the Bantu and the Arab", in

Y. Shimada ed.,

Islamic Africa Studies 4 (in Japanese).
―2007 "Seafood Preservation and Economic Strategy in a Maritime Society: A Case Study of the
Dried Fish Trade in Kilwa Kisiwani on the Southern Swahili Coast", in K. Sugimura ed.,
Comparative Perspectives on Moral Economy: Africa and Southeast Asia.
―2007 "The Maritime Environments and the Boats of Kilwa Kisiwani, Southern Swahili Coast: What is
a Dhow?", Journal of African Studies 71 (in Japanese).
―2007 "Songs of Boys’ Circumcision at Kilwa Island on Southern Swahili Coast", in C. Shinoda ed.,
MYTHES・SYMBOLES・CULTURES 3 (in Japanese).
―2007 "The Maritime Environments of Kilwa Island and Kilwa Kingdom", Annals of Comparative
Social and Human Sciences 4 (in Japanese).

Middle Size Boat (Mashua)

27

Relationships between Humans and Onehumped Camels in the Coastal Zones
of the Arid Tropics: An Anthropological
Case Analysis of the Beja on the Red Sea
Coast of Eastern Sudan

Research Area: Sudan

Hiroshi NAWATA
Project Leader, Associate Professor,
Research Institute for Humanity and Nature (RIHN)
http//:www.chikyu.ac.jp/arab-subsistence/
Email: nawata@chikyu.ac.jp
Keywords: mangrove foliage, camel, coastal resource use, Beja, Sudan

This study adopts an anthropological perspective to illuminate
the relationships between humans and one-humped camels in the
coastal zones of the arid tropics via a case analysis of the Beja
on the Red Sea coast of eastern Sudan. The Beja live in an area
stretching across Egypt, the Sudan, and Eritrea that is surrounded
by the Red Sea, the Nile River, the Ethiopian highlands, and
the Eastern Desert of Egypt. This area was estimated to have a
population of 620,000 in 1970. The focus village of Agetai on the
coastal plain of Sudan has a population of approximately 2000
and covers an area of 3 km in length by 5 km in width. Fieldwork
was conducted from 1992 to 1997.
The pastoral system of the Beja focuses on one-humped
Fig. 1. Survey area
camels, which rely on halophytes and mangroves, eaten on
grasslands and shrublands used exclusively by camels. This system
characterizes the distinct human-livestock-plant relationships of the coastal zones of the arid tropics. The camels
facilitate human habitation along the coast because of their ability to drink salty water. Camels also play an invaluable
role in the process of appropriating and transporting various coastal resources, with their outstanding ability to walk
on both soft substrates (mud and sand) and coral-rich substrates in the littoral and sublittoral zones. The Beja target
driftwood, mangroves, gastropods, and ﬁsh in gathering and ﬁshing activities. The principal types and purposes of
resource use concern food; resources are used mainly for subsistence and as materials for daily life. However, the
opercula of gastropods are also important for their use in incense and perfume, which have long been traded across
broad networks and have provided cash income to a people suffering from hunger under recent drought conditions.
Raised coral reef islands are utilized as grasslands and shrublands that are available only for camels. The
mangrove and coral reef associated ecosystems of the islands also serve as gathering and fishing sites supplying
gastropods and ﬁsh. Physical environments, such as the coral reef topography and tidal conditions, determine how the
islands are used by camels; i.e., frequently accessed islands with long stays, frequently accessed islands with short
stays, infrequently accessed islands, and inaccessible islands. Therefore, the use of coastal islands for camels has
limited overexploitation of these biological resources.
The use one-humped camels for diverse purposes has created multi-dimensional relationships between humans
and camels in the coastal zones of the arid tropics. The value of camels in these zones cannot be understood solely
in terms of the pastoral production system. The camels convert energy contained in plant products that humans
cannot eat into energy available for humans as milk and meat. Furthermore, the Red Sea coastal zones are crossed
by two ecotones: the transition between arid and wet areas that stretches across the African continent from east
to west and that between land and sea that stretches from north to south. The relationships between humans and
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one-humped camels in these zones serve as “a safety device for adapting to changes in natural environments.”
Mangrove ecosystems in the coastal zones of the arid tropics represent an important source of energy for the
surrounding terrestrial ecosystems. This area is rich in biodiversity, and there is high potential for sea and pastoral
food production by reforesting mangroves as ﬁsh nurseries and protecting them from foraging. Many residents of the
coastal zone of the arid tropics depend on sea products obtained by hunting, gathering, and ﬁshing, such as ﬁsh,
shells, dugongs, dolphins, and sea turtles. Therefore, in the development of arid land food production, sea products
should be considered as principal elements in future diets.

Research Plan
1) Anthropological study of human-camel relationships;
2) Mangroves as ﬁsh nurseries to protect these environments from foraging;
3) Assessment of the environmental effects of development programs on the coastal zones of the arid tropics.

Fig. 2. Resource/land use and access routes to the coral reef
islands by camels.
(1): wells on dried riverbeds of seasonal streams
(2): a natural pond on low ground beside raised coral reefs
(3): wells at which the surface runoff of seasonal streams
terminates before reaching the shoreline
(4): cisterns at an archaeological site on a coral reef island
(5): wells near the shoreline of a coral reef island
(6): wells on low ground on a coral reef island; I: grasslands on
the coastal plain; II: shrublands at which the surface runoff of
seasonal streams terminates; III: shrublands at the inland margin
of salt marshes; IV: salt marshes near the shoreline; V: mangrove
communities in the littoral zone; VI: grasslands and shrublands
of raised coral reef islands; A~O: ﬁshing and gathering sites.

Fig. 3. Coral reef ﬂat (Site F) between Ayri
island (Space 2) and the mainland

Fig. 4. Young male collecting gastropods on fringing
reef ﬂat, and shells left on the shore at Site N (P8)
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Fig. 5. Resource patch accessibility and availability in the coastal zones of the arid tropics

Fig. 6. Outline of resource-patch accessibility and availability.
H: humans, L1: donkeys, L2: cattle, L3: sheep, L4: goats, L5: camels; S1: Umm al-Karasi, S2: Ayri, S3: Abid,
S4: Heman; P1, P2, and P6: mangrove communities in shallow seawater along island shorelines, P3: mangrove
community along an island shoreline facing the open sea, P4 and P5: seagrass communities along island shorelines
facing the open sea, P7: seagrass community on coral reef flats connecting islands facing the open sea, P8:
mangrove community in shallow seawater along the mainland shoreline, P9: mangrove community in the middle of
the shallow sea, P10: mangrove community near the open sea.
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Fig. 7. Old camel herder leading camel herd (L5)
from Ayri island (S2) to the mainland

Fig. 8. The camels are herd for more than several
months in Ayri island
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