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PREAMBLE

If you were to design
a place with maximum diversity, choose a location on the tropical east coast of Africa,
add a peninsula, a large bay, tidal sand flats, an estuarine lagoon, sea grass beds,
freshwater lakes, extensive mangrove swamps and reed swamps, throw in coral and
rocky reefs, idyllic sandy beaches, forested dunes and a wide tidal range, and then
sprinkle it with over 400 species of fishes, including the elusive sea horses and
mudskippers, thousands of rare and unusual invertebrates, nesting turtles, millions of
jellyfish, the enigmatic dugong, giant manta rays and whales offshore. Improve the
mix by adding items of cultural diversity, including traditional fisherfolk and life
styles, Arabian dhows, expert boat builders, an historic lighthouse, ancient middens, a
dark past but a bright future, thatched camps under satin skies, and the night-time
drum beat of Africa. What do you have? The Vilanculos Coastal Wildlife Sanctuary in
Inhambane province, Mozambique.
(M.N. Bruton, 2002)
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SECTIONS ON BUDGET AND ECONOMICS STILL TO
BE ADDED

EXECUTIVE SUMMARY

EXPLANATION

The length of this volume of the BMP (the main plan; about 650 pages) necessitated a
departure from the norm with regards to the executive summary. It was opted to
prepare a condensed version of the BMP (Volume 1), with only a very brief Executive
Summary that follows below. To alleviate this shortcoming somewhat, brief
summaries dealing with specific topics are included in the text for certain parts of the
Plan. (Refer to the discussion below on the format and structure of the BMP). No
attempt has been made to achieve the impossible by trying to summarise the Plan in its
full context; an extremely brief and therefore unfortunately somewhat subjective
assessment of the “what” and “why” with regards to Vilanculos Coastal Wildlife
Sanctuary (VCWS) is all that can be presented in the limited space that is available.
No executive summary can do justice to the magnitude of the project, nor can it even
begin to highlight all the environmental and social impacts, both positive and
negative, thereof.

THE EXECUTIVE SUMMARY

The establishment, planning, development, management and utilisation of the VCWS
in Mozambique’s Imhambane province has been entrusted to a private company,
Vilanculos Coastal Wildlife Sanctuary (Pty) Ltd, by the Council of Ministers in
October 2000. The Sanctuary is about 42 000 ha in extent, with another 20 000 ha that
may be added during a planned phase Il expansion. The total land surface of the two
phases is about 40 000 ha. The VCWS lies immediately to the south of the Bazaruto
Archipelago on the San Sebastian (or Quewene) Peninsula. Quewene is blessed with a
mosaic of different marine and terrestrial habitats and richness in biodiversity that
ranks it amongst the very top of Africa’s protected areas.

The first development started in early 2001 and took place at a brisk pace. The
concession provides for 50 residential stands and lodges with a total of 100 beds to be
developed. To date (February 2003) one 20-bed lodge has been partially completed
and is operational, whilst negotiations for the other two lodges (one 60-bed) are far
advanced. Basic service infrastructure has been provided including a water reticulation
network, a sewerage and waste disposal system, staff housing and a provisional road
network.

The International Finance Corporation (IFC, of the World Bank Group) was so
impressed by the VCWS triple-bottom-line approach of conservation, sustainable use
and benefit sharing that they became involved with the development of the Sanctuary
in mid-2001. This involvement led to a Global Environment Facility PDF B (Project
Development Fund, category B) grant being made available in early 2002 to assist the
company with the planning of the VCWS and to prepare a Biodiversity Management
Plan (BMP). The BMP is directly based on a brief baseline survey undertaken by a
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multi-disciplinary team of specialists between June and September 2002, and deals not
only with biodiversity aspects but also with social and economic factors. The Plan is
thus an embodiment of the triple-bottom-line approach. The PDF grant may be
followed by a longer-term GEF involvement in the further development of the
Sanctuary in the form of financial support for biodiversity-based activities.

Time and financial constraints as well as the almost total lack of baseline data for
Quewene, severely hampered the planning process. The BMP is thus regarded as a
provisional document and will be revised during year 2 of the proposed GEF project.
A series of Operational Plans covering a wide range of topics will also be compiled to
augment the BMP and to enable the VCWS management to effectively implement the
Plan.

The mission and objectives of VCWS as embodied in the BMP reflect the triple-
bottom-line approach of the sponsors of the project, and is fully in line with
international and national laws and policies, including social requirements.

Although the Company accepted an environmentally friendly development ethic and
has to comply with the provisos of an overarching Environmental Impact Assessment
(EIA) that was approved in late 2001, it spoiled its track record somewhat by not
adhering to the guidelines in all respects. During the planning exercise that led to the
compilation of this BMP, aspects such as an airstrip constructed on a fragile salt marsh
system contrary to the provisos of the EIA came to the fore and invited wide-ranging
criticism. However, adherence to the EIA, to the extensive environmentally friendly
development guidelines contained in various in-house documents and to the multitude
of development and management aspects contained in this BMP, should eventually
lead to a development that can serve as a model for other private protected area
initiatives.

A previous oversight that is rectified in the BMP was the absence of a proper zoning
plan to regulate and guide the development of VCWS. The zoning plan that is
presented in the BMP is thus unfortunately a post facto effort that to a certain extent
has to accept the mistakes of the past as a given. The zoning plan should nevertheless
be invaluable in guiding and structuring future developments. The implementation of
the zoning plan will be closely linked to the practice of integrated coastal area
management (ICAM). Adherence to the ICAM procedures outlined in the BMP will
ensure that the conservation of the biodiversity of VCWS takes place on a level
commensurate with the ecological importance and fragility of the region.

The substrate of VCWS is primarily deep Aeolian sand of relatively recent origin. The
dynamic (unstable and mobile) dune barrier system along the Indian Ocean in the east
is probably less than 1000 years old and is subject to “blow-outs” and, in
geomorphological terms, a possible rapid movement of the northern extremity of the
sand-spit towards the north-northwest (the similar system at Bazaruto Island moves at
an estimated 600 m per 1000 years). This dune barrier over time led to the formation
of a classical estuary on the lee side of the dunes.

The sandy soils are uniformly deficient in plant nutrients, which in turn means that the
quality of the grazing for herbivores is poor and the agricultural potential is low. The
reintroduction of suitable herbivores has nevertheless been proposed in the EIA and
the original project submission, and has been approved by the government as a project
deliverable. The reintroduction programme would hinge on the relocation of species
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that used to occur in the region in historical times. A variety of indigenous ungulate
species are intended for reintroduction including the buffalo, as well as elephant and
hippopotamus. The motivation for the planned reintroduction programme is based on
the demise, due to unsustainable harvesting, of the ungulates and other game that used
to occur in the region and the desire to rehabilitate as far as is possible the VCWS
environment in its broadest context.

Concern has been voiced, however, that it is unlikely that all the erstwhile free-
ranging game species remained in the area on a year-round basis. They had the
freedom to move to better grazing, for example the wetlands to the immediate west of
the current sanctuary, at will. The game-proof fence that was erected on a portion of
the western boundary, will mean that the relocated species would be permanently
confined to an area that has already been described as marginal for most of the bigger
game.

The fence that was erected during 2002 means that a temporary game enclosure of
about 8 500 ha has been fenced. The first animals to be released will probably be
released into this enclosure, while the rest of the current Sanctuary and possibly also
the Phase 2 expansion are being fenced. The existing portion of the temporary fence
will then be removed to open up the larger area. It has been decided that all the
wildlife, including the reintroduced species, will “belong” to the local communities.
Although the VCWS will play a leading role in managing the wildlife according to the
strategic wildlife utilisation plan, it will be done on behalf of and in close cooperation
with the communities. The net financial returns of any consumptive use will accrue to
them.

A strategic marine resources utilisation plan has also been drawn up as part of the
BMP process. The marine survey has indicated that the utilisation of marine resources
has already reached unsustainable levels. The strategic plan will endeavour to closely
involve the communities, especially the fishers, in a process that will hopefully lead to
a turnaround in this situation. A similar plan, based on the same principles of active
community involvement according to the process of co-management, has been
prepared for the production of agricultural products. The current and long-established
but environmentally destructive practise of slash-and-burn (shifting) agriculture will
be phased out, to be replaced by the environmentally friendly technique of organic
farming. The local people will again be an active partner in the venture and will co-
manage the project.

In addition to the abovementioned strategic plans, the BMP also provides a sustainable
tourism development programme. This programme includes a strategic tourism
development plan as well as a module on institutional tourism development, a low-key
interpretation programme and codes of practise/conduct to regulate the tourism
initiative and the tourism-based utilisation of natural resources.

Other biodiversity-related actions dealt with in the BMP include comprehensive
guidelines on the conservation, management and (where appropriate) utilisation of
marine resources in general, fresh water aquatic systems, flora, avifauna, terrestrial
fauna specifically ungulates and elephant, herpetofauna, a section on invertebrates and
an ecosystem restoration plan.

Although the terrestrial wildlife of VCWS would be an isolated fenced-in population,
the marine resources represent a shared commaodity. The principle of establishing a
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regional conservation network encompassing all the actual and potential role players
feature high on the agenda. A concerted regional conservation action will be the only
way that the highly endangered Dugong can possible be saved from extinction in what
may be the marine mammal’s last toehold along the east coast of Africa. Population
estimates indicate that as few as 30 individuals of this flagship-species still occur in
the region.

During the fieldwork phase of the BMP the social impacts of the project were, within
the constraints posed by a shortage of funds and a lack of time, the subject of a
detailed assessment. Although interesting statistics on human population attitudes,
dynamics, demographics and socio-economic realities came to the fore, certain
important shortcomings that would warrant urgent attention were also highlighted.

The following two aspects can specifically be mentioned: Firstly, the huge
discrepancy between the original VCWS estimates of the human population of the
Sanctuary (1 089 persons) and the actual figure, unofficially estimated to be in the
region of 9 000 people. The results of a proper full population census are still
pending. This discrepancy had a ripple effect with regards to the planning of the
resettlement programme because many more households than originally anticipated
will have to be resettled, and also with regards to the alignment of the permanent
game-proof fence. More land than planned would be needed to accommodate people
and less of the already marginal habitat would be left for the wildlife.

Secondly, notwithstanding the inclusion and acceptance of a public consultation and
disclosure programme (PCDP) in a provisional biodiversity business plan for VCWS
that was compiled in 2001, it turned out that the local communities were largely in the
dark with regards to the project in general and to those project activities that would or
could impact on their daily lives in particular. A real sense of mistrust against their
own leaders and also the project sponsor came to the fore. To address this situation
and to prevent it from further escalating, a comprehensive PCDP is included in the
BMP.

An equally comprehensive resettlement action plan (RAP) is also presented in the
BMP. This plan properly addresses the shortcomings of the small-scale initial
resettlement action that took place in 2002 and provides an operational policy and
extensive guidelines for the execution of the resettlement actions that are still pending.
The resettlement programme is necessitated by the need to move people out of the
fenced-in Reserve area, due to the presence of potentially dangerous big game after
the wildlife reintroduction programme took place.

In order to enable the local people to regulate and govern their own lives, an
innovative community development plan (CDP) is included in the BMP. The CDP
will empower the people to take full ownership of the socio-economic aspects of the
VCWS project, under the guidance of the VCWS management and enabled by the
GEF involvement. A number of conservation-initiated opportunities (CIO’s) have
been identified in the BMP and will assist the project sponsor in determining project
priorities and community-based actions. Independent community structures, with
VCWS management only playing a facilitating role, would be established to enable
the communities to take their rightful place and play a meaningful role in the
management and utilisation of the resources of the Sanctuary.
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Due to the absence of proper baseline data on which to build and base the future
deployment of the VCWS project, an extensive research, monitoring and evaluation
(RM&E) programme would need to be implemented. The RM&E strategy provides
for the design of the strategy, for management-orientated research (albeit on a limited
scale due to financial constraints), and for extensive monitoring and evaluation of the
social and biodiversity impacts and implications of the project. Planning, in the form
of structured revisions of the BMP and the compilation of a variety of operational
plans, will receive the attention that it deserves.

A PARAGRAPH ON ECONOMICS WILL BE ADDED.
A PARAGRAPH ON THE BUDGET WILL BE ADDED

In order to further develop the VCWS and to properly manage the biodiversity
resources and social aspects of the venture, as well as to provide an operational
structure to implement the BMP, a project-based staff establishment is recommended.
The staff establishment provides for executive management and support functions and
is divided along lines that would allow the effective execution of the policies,
objectives and plans of the BMP. Within the limitations imposed by a shortage of
funds, full use will be made of contracted specialists during the implementation phase
of the BMP. The principle of preferential employment in favour of local Mozambicans
will be diligently adhered to, with expatriates only being contracted if no suitable local
candidates are available. After completion of the GEF project as embodied in the
BMP, the staff establishment will of necessity be scaled down.
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GLOSSARY OF TECHNICAL TERMS AND ACRONYMS

TECHNICAL TERMS

Accipiter:
Aff. (affinis):
Angiosperm:

Anthropogenic:
Apadale horizon:

Benthic:
Bivalve:

Byssus:

Bushclump:
Carapace:

Cations:

Commensal:

Cf (confertus):

Colloids:

Crepuscular:
Depauperate:
Detritus:

Diatoms:
Ecotone:

Edaphic:
Endemic:

Endorheic:
Eurytopic:
Eutrophic:

Gerontocratic:

Halophyte:
Hydrophyte:
Hydroid:
Hypocotyls:
Manubrium:

Migrant:
Monotypic:
Moribund:
Nudibranch:

Collective name for sparrowhawks and goshawks

Similar to but not the same; related to.

Flowering plant

Man made or man induced

Structureless and non-calcareous subsoil horizon
Bottom-dwelling; living on or near the sea floor

A shellfish in the Phylum Mollusca with two shells joined by a
hinge

Anchoring threads produced by a gland in the foot of many
bivalves

A small thicket usually smaller than 1 ha in extent.

Bony or chitinous shield covering part or all of the back of
certain animals, especially Crustacea

Positively (+) charged ions; in agriculture it includes plant
nutrients such as Ca (2+), Mg (2+) and K(+) etc.

An organism that lives together with another species without
harming it

Similar to and may be the same

Very small organic and inorganic soil particles less than 1um in
size

Appearing or active at twilight

Reduced diversity

Particles of decaying plant and animal material and associated
micro-organisms

Unicellar algae with walls impregnated with silica

The boundary between two habitats such as woodland and
grassland; the area is transitional between the two having
characteristics of both.

Soil related

Refers to a species’ range; endemic to a region/country means
the entire range of the species is contained within the specific
area

Pans that have no outlet

Occurring in a wide range of habitats

A term used to describe the quality of water

A leadership form based on age (elderhood) and sex (male)
Plants which usually grow under very saline conditions.
Plants which grow in water

A form of zooid occurring in the Hydrozoa

A term used for the live bearing fruits of mangroves
Peduncle suspended from the bell of a jellyfish and ending in
the mouth

Birds that visit the area seasonally

A single species dominates in an area

Dead material

Mollusc with naked gills and no shell
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Ochric topsoil:

Palearctic:

Patrilineal:
Patrilocal:

Pelagic:
Plankton:

Polyp:
Resident:
Rhizomatous:
Scandent:

Sessile:
Siphonozoid:

Scolopacids:
Symbiosis:

Syncretic:
Zoanthid:

Zooid:

Zooxanthellae:

A surface horizon, often pale in colour, that does not qualify as
organic, humic, vertic or melanic topsoil horizons

Migrant birds that visit the area from the Palearctic region
(Eurasia)

Inheritance through the male line

Sons and their wives settle in the family homesteads (not with
the wife’s family)

Swimming in the water column of the open sea

Animals (zooplankton) or plants (phytoplankton) which float or
drift in the water

Cylindrical animal, attached at one end, bearing a mouth and
tentacles at the other

Birds that remain year-round in the area

Underground runners produced by plants are called rhizomes.
Usually refers to a plant which has no specific structures for
climbing but simply leans against plants and grows over them.
Attached or stationary

A type of zoid that is in the shape of a siphon, and which draws
water into and out of the colonial animal

Migratory wading birds belonging to the Family Scolopacidae
Intimate relationship between two organisms which is of mutual
benefit

The socially/culturally institutionalised result of a mixture of
influences

Sea anemones and the other “flowerlike” animals, usually with
simple tentacles and parts arranged in sixes

Individual forming part of a colonial organism

Microscopic unicellar algae that is symbiotic in the bodies of
some animals, such as corals

LIST OF ACRONYMS

ARSC: Agricultural Resources Steering Committee
ARPIT: Agricultural Resources Project Implementation team
BD & C: Biodiversity and Conservation

BBP: Bio-Business Plan

BMP: Biodiversity Management Plan

BNP: Bazaruto National Park

CIDP: Consultation and Information Disclosure Programme
DGM: Deputy General Manager

EAW: East African Wildlife (Pty) Ltd

EIA: Environmental Impact Assessment

ESU: Economically Sustainable Use

GEF: Global Environment Facility

GM: General Manager

GSC: General Staff Code

HOA: Home Owner’s Association

HTNS: Hotel and Tourism Association Northern Sector
IFC: International Finance Corporation

IUCN: The World Conservation Union

KCA: Kawene Community Association
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LAC:
MICOA:
MRSC:
MRPIT:
MRSUP:
NDP:
SDP:
NGO:
OP:
PCDP:
RAP:

RESERVE:

ROS:
SAFA:
SAP:
SBSR:
SFA:
SIA:
STDP:
STF:
STTF:
SMC:
SSO:
TDS:
TRPIT:
TRSC:
TRSP:
TWSUP:

UNESCO:

VCWS:
VAMP:
VERP:
VIM:
WCPA:

limits of Acceptable Change

Ministry for the Coordination of Environmental Affairs
Marine Resources Steering Committee

Marine Resources Project Implementation Team
Marine Resources Strategic Utilisation Plan

Node Delelopment Plan

Site Development Plan

Non-governmental Organisation

Operational Plan/Policy

Public Consultation and Disclosure Plan
Resettlement Action Plan

Refers to the fenced-in natural area/game area of the Vilanculos
Coastal Wildlife Sanctuary

Recreation Opportunity Spectrum

Sanctuary Farmer’s Association

Sustainable Agricultural Programme

Social Benefit Sharing and Responsibility
Sanctuary Fishers Association

Social impact assessment

Strategic Tourism Development Plan

Sanctuary Tourism Forum

Sanctuary tourism task Force

Sanctuary Management Committee

Sanctuary Standing Orders

Temporary Duty Specialist

Terrestrial Resources Project Implementation Team
Terrestrial Resources Steering Committee
Terrestrial Resources Strategic Plan

Terrestrial Wildlife Strategic Utilisation Plan
United Nations Education, Scientific and Cultural Organisation.
Vilanculos Coastal Wildlife Sanctuary

Visitor Activity Management Process

Visitor Experience and Resource Protection

Visitor Impact Management

World Commission on Protected Areas
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INTRODUCTION

Notwithstanding the fact that the country is relatively sparsely populated by humans
with a population density of only 22,5 persons/km?, and bearing in mind that vast
tracts of land in the remote rural districts are almost uninhabited by humans,
Mozambique’s system of formal protected areas fall far short of the recommended
international norm. The country’s national parks (Banhine, Zinave, Gorongosa and
Bazaruto and the newly proclaimed Limpopo and Quirimbas) and formally designated
reserves (Marromeu, Gili, Maputo-Elephant and Niassa, as well as Inhaca and
Portuguese Islands) together constitute less than 2% of the total land surface area.

Since the signing of the peace accord that ended the devastating civil war of the
1980’s, the government has embarked on a far-sighted and far-reaching program to
improve the conservation status of the country’s biodiversity resources. This
progressive policy relies heavily on private sector involvement, even in the
management and utilisation of formally designated protected areas such as national
parks (Unpublished data, Ministry of Tourism).

Mozambique is furthermore a signatory to the 1992 Convention on Biological
Diversity (the so-called Rio Accord), when some 153 states from all the continents
pledged their support for the global environmental action program for the next
century. Individual states undertook to implement programs that would give effect to
the prominent convention themes of conservation of the biodiversity and the
promotion of sustainable land uses. Another recommended action arising from the Rio
Accord was the establishment of a system of protected areas. The establishment of the
VCWS, a wholly private sector initiative, and the new Limpopo and Quirimbas
National Parks are the first meaningful protected areas in Mozambique that came into
being as a result of the implementation of these local and international policies.

Notwithstanding the relatively small size of the VCWS (about 42 000 ha for Phase 1,
including 22 707 ha terrestrial area and 19 260 ha sea), its establishment at the end of
2000 was a significant step forward in the struggle to conserve and rehabilitate
Mozambique’s severely depleted biodiversity resources. The almost 3 000 km
coastline of Mozambique is especially poorly protected, with only six formal
protected areas situated on the coast, viz. the Maputo Elephant Reserve, the Bazaruto
National Park, the Marromeu Reserve, the recently proclaimed Quirimbas National
Park in Cabo Delgado province, the small Inhaca and Portuguese Islands and now also
the VCWS. Only 0,26% of the country’s territorial waters (excluding VCWS) are
protected (Motta et al 2001).

The San Sebastian/Quewene Peninsula-Bazaruto Archipelago complex includes the
main islands of Bazaruto, Benguerua and Magaruque, as well as a number of smaller
islands and obviously also the Quewene peninsula. The VCWS forms the
southernmost portion of this complex and includes terrestrial habitats, parts of the Bay
of Vilanculos, the Indian Ocean to a depth of 20m off the eastern seaboard (this
original stipulation has since been changed for practical reasons; the boundary now
runs in a straight line doen the coasr), and the Islands of Lenene (200 ha) and
Chilonzuine (100 ha) (see Map). The VCWS is the first protected area in
Mozambique, and possibly in Africa and even the world, where the formal
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conservation of a sensitive marine environment and resources has been entrusted and
delegated to a private company (Vilanculos Coastal Wildlife Sanctuary (Pty) Ltd).

Benguerua, Magaruque and Bangue, together with a contiguous sea area extending
five kilometres to the west and to the 100m line of bathymetry to the east, were
declared as the Bazaruto National Park (BNP) in 1971. Bazaruto island itself and the
small Santa Carolina were proclaimed as Surveillance Zones. Current official plans
for the Archipelago involve the gazetting of all five islands within a greater Bazaruto
National Park (BNP), and the adoption of legislation promoting both conservation and
sustainable use of the natural resources of the Archipelago. Government has recently
approved the proposed extension of the boundaries of the National Park increasing its
area from 600 km2 to about 1,500 km2. To date, Bazaruto and the new Quirimbas are
Mozambique’s only full-blown marine National Parks.

The VCWS is contiguous with the Bazaruto archipelago and the two form part of the
same ecological system. However, for some inexplicable reason the most spectacular
and ecologically diverse portion of the complex, the Quewene Peninsula, has not been
proclaimed as part of the Bazaruto National Park, even though it was proposed for
inclusion when the master plan for the Park was compiled in 1992 (Dutton and Zolho,
1992). The peninsula possibly boasts the richest biodiversity in all of Mozambique,
and ranks amongst the very top of the biodiversity hot spots on the African continent.

The diversity of habitats in VCWS include a mosaic of wetlands, freshwater lakes,
tidal mudflats, salt marshes, mangrove communities and salinas, estuaries, a sand
peninsula barrier along the seaward boundary of the Inhamambane Estuary, islands,
coral reefs, sea grass meadows, tree and scrub forest on the coastal dunes, patches of
tree savannah and miombo woodland with dambos.

The VCWS holding company, East African Wildlife Prop (Ltd) (EAW) submitted a
“Feasibility Study and Development Proposal” dated 6 March 2000 to the
Mozambican government for approval of the planned VCWS. This document broadly
outlined the company’s vision and objectives for VCWS, including ecotourism
development. Authorisation for the project and consequently also the establishment of
VCWS was granted by the Council of Ministers on 17 October 2000 (Resolution
4/2000). The project was considered as such a high priority by the Council, that it was
granted Category A status, which it shares with a handful of major industrial
initiatives. The project authorisation grants rights of land use and benefit to the
company for a period of 50 years, renewable for a further 50 years. The authorisation
empowers EAW with sweeping rights, including the rights of sole management of
VCWS and the protection of the area against poaching, pollution and unauthorised
access.

At the time when the VCWS was formally approved, the Quewene Peninsula could
almost be described as an island, as the area could not be accessed by road. The
development company, GeoAfrica, immediately started to establish a presence on the
ground by providing basic infrastructure, appointing staff and liasing with the local
communities. In order to go ahead in an orderly fashion, GeoAfrica compiled various
development plans, as well as a Bio-Business Plan (BBP) in April 2001 (Lambrechts,
2001a). This initial plan was revised in July 2001 (Lambrechts 2001b) and divided
into four parts. Although the BBP laid down community development parameters and
conservation and utilisation guidelines, the natural resources section of the plan (Part
1) was not based on any real field observations and was thus rather superficial.
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The BBP was followed by an environmental impact assessment (EIA) report in
September 2001 (Lambrechts, 2001c) which was approved by government in
November 2001. This EIA report differed from normal EIA’s in the sense that it
considered an area of 42 000 ha in general terms, and did not for example involve an
in-depth evaluation of a specific site such as the development of a new tourist hotel.
As such the EIA to a certain extent filled the role of an additional development plan,
with the accent on maintaining or rehabilitating the natural environment and the
biodiversity.

The IFC, through the Environmental Projects Unit, became aware of the VCWS
during the second quarter of 2001. After a visit to the site in mid-2001, they were
convinced firstly about the richness of the biodiversity of the area and its global
significance, secondly the huge conservation potential and low conservation status of
VCWS, thirdly the potential for and need of sustainable use of the natural resources,
and finally the benefits that the local communities and the developer would derive
from the project. It was also obvious that EAW would need financial assistance and
technical support if the full spectrum of conservation priorities were to be properly
addressed.

The IFC, as the executing agency, subsequently submitted a Project Development
Fund Block B (PDF B) grant application to the Global Environment Facility (GEF) of
the World Bank. The objective of the approved PDF B grant was to enable EAW,
assisted by the IFC and the World Conservation Union (IUCN), to undertake a
comprehensive range of baseline surveys that would enable the IFC to submit a full
project brief to the GEF. This BMP will form the basis of the project brief document,
that will be submitted by the IFC to the GEF early in 2003.
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FORMAT AND STRUCTURE OF THE BIODIVERSITY
MANAGEMENT PLAN AND THE PLANNING PROCESS

This Biodiversity Management Plan document follows no specific format. It is
nevertheless loosely based on the planning document guidelines of the KwaZulu-Natal
nature conservation agency in South Africa (Ezemvelo KwaZulu-Natal Wildlife). The
author/editor of the BMP has been involved with the planning of a number of
protected areas in the Kingdom of Lesotho, where the Kwa-Zulu Natal process and
format was successfully applied. The plan layout that was used for the compilation of
two of the Lesotho conservation, development and management plans (Bainbridge,
1998a & b), was adapted to meet with Vilanculos Coastal Wildlife Sanctuary (VCWS)
conditions and requirements.

The planning of protected areas such as the VCWS is a dynamic process that merely
reflects the state of the environment and the planning objectives at the specific time. It
must be able to accommodate the principle of adaptive management that will be
applied to the management of the biodiversity of VCWS, and will provide a list of
what managements are to be undertaken, as well as the reasons why they must be
done. According to the IUCN (Hockings, Stolton and Dudley, 2000), planning should
take place within the context (“where are we now?”’) and the vision (“where do we
want to be”) for the protected area, and should provide answers to the basic question
of “how are we going to get there”.

Any plan aimed at assisting in adaptive management should therefore constantly adapt
to changes in the biophysical, the socio-economic and the cultural environments
within which it was originally drafted. This document is thus not cast in stone, and
will be formally revaluated, and revised if necessary, on a regular basis (probably
years one, three and five of the GEF project). The Global Environmental Facility
(GEF) Project Manager (Implementation) (see Part L), assisted by contracted
specialists if necessary, will be tasked to deal with these formal revisions, with
extensive inputs from the VCWS management staff. The comprehensive guidelines
laid down by the IUCN to evaluate management effectiveness (Hockings et al, op cit),
also apply situ situ to the planning process and have been applied wherever possible
and necessary.

Unfortunately, the almost universal problem facing protected area planners namely the
need to avoid the tendency of over-enthusiastic planning leading to cumbersome and
complex plans that are difficult to implement, could in the case of VCWS not be fully
avoided. The complexity of both the physical environment and the biodiversity
resources of the sanctuary, linked to the fact that no baseline research or planning has
ever been undertaken in the area, the comprehensive requirements that must be met to
qualify for GEF funding and the far-reaching social impacts of the project,
necessitated a more comprehensive BMP with more follow-up work than would have
been the case under ideal conditions. The author/editor of this report is
notwithstanding this shortcoming, still of the opinion that the resources that would be
provided would be able to cope with the effective implementation of the plan.

The sheer volume of work and diversity of topics that had to be included in the BMP
meant that the document would, even if was subdivided and conventionally bound in
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separate volumes, have been too cumbersome for easy reference and use. It would also
have been difficult if not impossible to update the document and incorporate changes
after formal revisions of the plan took place, which is scheduled for every two years
starting in year one. The full text, consisting of the Plan itself (Volume 2), the species
lists (Volume 3) and the specialist reports (Volume 4), would thus only be available
on compact disk. The comprehensive Condensed Plan (Volume 1) would be the only
document to be available as a hard copy, but would also be available on the disk.

A multidisciplinary approach was followed during the PDF B (GEF/IFC) planning
process. Experienced TDS’s were contracted to undertake the necessary base-line
surveys and to submit reports relevant to their respective terms of references. The
fieldwork phase of the planning process started in late June 2002 when a planning
workshop was held at VCWS. Most of the fieldwork was completed by August, but
some surveys continued until mid-September 2002, with some reports only becoming
available during February 2003. This rather hasty process was due to a GEF/IFC
deadline for the submission of the project brief that had to be met (and that could not
be kept!).

Unfortunately financial and time constraints severely handicapped the ability of the
TDS’s/planners to undertake proper surveys, and in all instances the need for more
time were pointed out as a serious shortcoming. This problem was exacerbated by the
fact that the VCWS itself presented the specialists/planners with almost uncharted
territory, and that no aerial photographs were available for the peninsula. The need for
follow-up surveys were universally pointed out, and these studies will be undertaken
during the implementation phase of the project once the expected GEF involvement
materialises. The following days were allocated to the various activities that led to the
compilation of the BMP:

Avifauna survey (Tarboton) 12

Reptiles, amphibians, plants and mammals (Jacobsen) 50

Wildlife capacity, ecosystem restoration, burning 20
program and VCWS enlargement (Peel)

Wildlife reintroduction program (Grobler) 7

Marine systems (Bruton) 40

Fresh water systems and hydrology (Rall and Coleman) 35
Regional conservation plan and literature review (Dutton) 7

Aguatic systems coordinator and sub-editor (Mulder) 8

Research, monitoring and evaluation (Mulder and Peel) 20

Conservation incentive system (Du Plessis) 10

Economic analysis (Du Plessis) 20

Sustainable local economy/agriculture (Theunissen) 30

Project management, co-ordination and supervision 65
(Lambrechts)

Furthermore, the short period of time that was available to gather base-line data,
covered only part of the winter season. This had an obvious effect on for example the
avifauna survey, since a number of migratory species could not be observed. It also
complicated the identification of many plant species, including annuals and plants
that were not flowering or in seed. The gaps in our knowledge that arose from this
unavoidable situation, will be addressed during the abovementioned follow-up
surveys. The appropriate topics for follow-up are identified and discussed in the text.
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The reader will also notice from the list of TDS’s and their respective fields that was
listed above, that certain obvious topics such as for example geology and archaeology
were not included in the base-line studies. This shortcoming was caused by a tight
planning budget that necessitated the prioritising of the topics that could be funded
with the available financial resources. Only those aspects dealt with in the PDF B
project brief were included in the surveys. This situation will be addressed and
rectified during the implementation phase (funds permitting).

The planning process itself adhered to universally accepted norms and procedures.
Terms of references were drawn up for each base-line study, and each of the
contracted planning specialists had full scientific license and freedom of expression
with regards to his/her activity. All the planning reports were submitted in draft format
and were, wherever possible and time permitting, subject to peer review. The
individual specialist reports are published as a separate volume to the BMP (Volume
3: Specialist Reports), but will only be available on compact disk and not in hard copy
format.

| addition to the first tier BMP, a series of second level Operational Plans/Policies
(OPs) will be prepared for certain of the principal management operations or tasks,
that will be undertaken on VCWS during the initial five years covered by the BMP.
The OPs will contain detailed but concise prescriptions on how these management
actions will be dealt with, and will list the actions to be undertaken annually. Costs
will, where applicable, be included in each OP.

OPs will be concise documents, containing only essential data relevant to the specific
topic. Examples of OPs that would need to be prepared are for the prescribed burning
and fire control program, fence patrols, wildlife distribution surveys and censuses,
reclamation of abandoned slash-and-burn fields, various sustainable utilisation and
implementation plans, some social action plans and many others. These
plans/operational documents will be identified at the appropriate sections in the text of
the BMP. The compilation of the OPs will primarily be a management staff
responsibility, with extensive technical support by the GEF Project Manager
(Implementation) and, where necessary, contracted specialists.

The BMP and the subsidiary OPs will be working documents that will endeavour to
provide some insight on the following, without the questions actually being phrased as
such in the text:

What is to be done? What is to be achieved?

Where will it be done? Why will it be done

Who will be affected? How will it be done?

Who will do it? With what will it be done?

When will it be done? How will the results be maintained?

The BMP has been structured into four volumes to include the following:
VOLUME 1: CONDENSED PLAN (Available as hard copy and on CD)
VOLUME 2: (Only available on CD)

Part A: Policy and Legal Context
Part B: General Description of the Area
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Part C: Aims, Classification, Vision and Objectives and Threats

Part D: Conservation and Management of Biodiversity Resources
Part E: Expansion and Ecosystem Restoration

Part F: Zoning Plan and Integrated Coastal Area Management
Part G: Social Impact Assessment

Part H: Social Action Plans

Part I Tourism

Part J: Conservation Initiated Opportunities

Part K: Economics

Part L: Administration

Part M: Research, Monitoring and Evaluation

VOLUME 3: SPECIES LISTS (Only available on CD)
VOLUME 4: SPECIALIST REPORTS (Only available on CD)

The BMP obviously concentrates on biodiversity matters. Other topics such as all the
activities and plans relating to social impacts, social actions, tourism and the
economical analysis have nevertheless been included in the BMP, albeit in a
somewhat condensed format, in order for the global picture to emerge. These
“peripheral” topics, whilst not strictly speaking related to biodiversity, would all have
a direct influence on the conservation, management and utilisation of the biodiversity
resources of VCWS and could not be dealt with in separate documents. As such, the
plan takes cognisance of and includes the three bottom-line prerequisites of the 1992
Convention on Biodiversity (CBD): conservation of natural resources leading to
sustainable utilisation and benefit sharing. The full reports with text of these non-
biodiversity topics are also available in Volume 4 (Specialist Reports) of the BMP.

It should be noted that the BMP in its current format would only become effective if
and when the envisaged main GEF grant is approved and becomes available. No
private development company, including GeoAfrica acting for EAW, could be
expected to shoulder the burden of what would essentially be a relatively expensive
conservation action undertaken on behalf of the people of Mozambique. The financial
ramifications of the multitude of biodiversity-related actions and social action plans
that would be undertaken as a consequence of the BMP, would rule out any chance of
the VCWS project being developed on a profitable basis, and would seriously
jeopardise the very existence of the venture in the event of the developer having to
foot the bill.

Whether the envisaged GEF grant would indeed materialise, can obviously not be
guaranteed. Should it be approved, it could be predicted that the money would not
become available before early 2004. In the meantime, GeoAfrica would continue with
the development of VCWS based on the ecological, environmental and social
guidelines and principles contained in this BMP and the EIA, without being able to
fully implement for example all the prescribed research and monitoring activities.

PART A: LEGAL STATUS AND POLICIES
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CHAPTER Al: LEGAL STATUS
1.1  OFFICIAL PROCLAMATION

Item one of the project-designated objectives as set out in the Terms and
Authorization of the Vilanculos Coastal Wildlife Sanctuary Project, as approved by
the Council of Ministers on 17 October 2002, Resolution 4/2000, stipulates as follows:

“The establishment and management of a private nature reserve for the
preservation and conservation of all indigenous species, marinas, fauna and
flora”

Following on the Council of Minister’s resolution that sanctioned the establishment of
the VCWS, the objectives, social responsibilities, structures and operating procedures
of the development company was published in the official publication of the Republic
of Mozambique dated 18 April 2001.

Other than the reference to a “private nature reserve” that was authorised in
Resolution 4/2000, it does not seem as if VCWS was officially proclaimed as a
protected area. The legal status of the sanctuary is thus unclear, and it would seem as
if an official proclamation as some category of protected area would be needed. This
apparent oversight will be followed up.

1.2 NATIONAL LEGISLATION AND POLICIES

Prior and subsequent to the preparation of this BMP, the establishment, development,
management and utilisation of VCWS has (although not in all respects, as would be
evident from the BMP) and will be in accordance with national legislation and
policies. This is especially important in the light of the fact that the VCWS
development is in its entirety driven by private enterprise, and would thus tend to be
much more open to public scrutiny than any similar public sector development.
Compliance with all relevant legislation and policies are thus a non-negotiable
necessity, not only to meet with legal requirements but as an added safeguard to the
conservation of the VCWS biodiversity resources.

The responsible government ministry, the Ministry for the Coordination of
Environmental Affairs (MICOA) developed a legal framework for environmental
management in Mozambique, embodying the following elements:

The National Environmental Management Programme (NEMP) (1996)
The Framework Environmental Law (1997)

EIA Regulations (1998)

EIA Guidelines (in preparation, but the draft guidelines have been used for
the compilation of the General VCWS EIA)

1.2.1 The National Environmental Management Programme (NEMP)

The NEMP was approved by the Council of Ministers in 1996 and contains an
Environmental Policy, a proposal for Framework Environmental Legislation and an
Environmental Strategy. Other relevant laws include the Land Law (1998) and the
Forestry and Wildlife Law (1999).
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To give effect to the NEMP, MICOA is working towards the following:

e The development of inter-sectoral policies for sustainable development.

e The development and promotion of integrated resource-use planning.

e The promotion of sector legislation and of establishment of norms and
criteria for environmental protection and sustainable use of the country’s
natural resources.

e The creation of favourable conditions for effective law enforcement and
environmental monitoring.

1.2.2 The Framework Environmental Law

This Law (passed in 1997) acknowledges the responsibility of the Government of
Mozambique in the promotion and implementation of the National Environmental
Management Programme. The aims of the Law are to provide a legal framework for
the use and correct management of the environment and its components and to assure
the sustainable development of Mozambique.

The Environmental Law is applicable to all public or private activities, which may
influence the environment either directly or indirectly, for example by controlling
pollution and/or the degradation of the environment and to make EIAs mandatory in
any instance where a development may impact on the environment (see below).

The Law also forbids all activities that may threaten biological resources, especially
those in danger of extinction. Environmental protection zones, such as VCWS, can be
created to protect environmental components that have a recognised ecological and/or
socio-economic value. These protected zones may be national, regional or local and
may cover land areas, lakes, rivers, marine waters and other distinctive natural zones.

EIA Regulations

The complexity of the VCWS project necessitates comprehensive EIAs to be
compiled for most of the developmental aspects, according to the Framework
Environmental Law. The law establishes the regime of environmental licensing based
on an environmental impact assessment and defines comprehensive EIA Regulations
for Mozambique. Some of the key Acrticles of the Regulations that have to be
complied with are summarised below:

e Article 2 specifies that the Decree is applicable to all public or private
activities that may have a direct or indirect impact on the environment.
e Under Article 3, MICOA’s responsibilities include the power to:

o Issue and publicise general directives on environmental impact
assessment procedures;

o Approve EIA Terms of Reference for environmental impact
studies;

o Undertake reviews of environmental impact studies, in
collaboration with interested public entities, civil society and
affected communities; and

o Issue environmental licenses based on the EIA.
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Avrticle 4 lists the documentation that must be provided prior to the
compilation of the EIA:
o A description, location and characterisation of the activity;
o An executive summary of the project; and
o Information on the environment where the activity is located.
Article 6 stipulates that an environmental impact study must contain at
least the following information:
o Geographical location of the area of influence of the activity, as
well as a description of the baseline environmental situation;
o A description of the activity and its alternatives in the planning,
construction and operational phases;
o A comparison of the alternatives and a prediction of the
environmental impacts of each alternative;
o ldentification and assessment of mitigation measures;
o An environmental management program, including the monitoring
of impacts, and accident prevention and contingency plans; and
o ldentification of the team that carried out the study.
The public consultation process, including mechanisms for receiving
petitions, is outlined in Article 7 and must be publicised by the proponent
so that it reaches all affected stakeholders. MICOA may call for public
hearings if required or when any affected party requests this.
Article 9 deals with the review procedures of the environmental impact
study report. On receipt of the report, MICOA oversees a technical review
provided that the EIA process was carried out in compliance with the EIA
regulations as well as the Terms of Reference approved by MICOA. Based
on the review the MICOA decides on the environmental viability of the
proposed activity. If approved, the proponent will be issued with an
environmental licence in order to proceed with the project. (This has been
done for VCWS, with the proviso that the General EIA that was approved
did not rule out the need for further detailed EIAs dealing with specific
developments.)

Appendix 1 of the Regulations provides a list of activities that require EIA. In
addition, plans, programmes and projects not covered in the list but that may affect,
directly or indirectly, the following examples of sensitive areas, all of whom apply to
VCWS, may require an EIA:

1.2.3

Coral reefs

Mangroves

Natural forests

Small islands

Zones of potential erosion, including dunes along the coastline
Wetlands

Zones where the habitats and ecosystems are in danger of extinction
Zones of outstanding landscape beauty

The Land Law

The new Land Law, promulgated in 1997, recognises the need to protect ecologically
sensitive areas through the creation of protected areas. The Law, therefore, provides
an additional legal basis for demarcating areas for protection and conservation (Article
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5) and the creation of total and partially protected zones (Article 6). The latter
provision now permits the conservation and management of riparian and coastal
habitat together with their associated species. Importantly, the Land law also
recognises the rights of local communities over land and natural resources thereby
offering, for the first time, the possibility of involving rural communities fully in the
management and conservation of natural resources (Article 31).

1.2.4 The Forestry and Wildlife Law

In 1997, the government adopted a new Forestry and Wildlife Policy and Strategy, the
overall objective being “to conserve, utilise and develop forest and wildlife resources
for the social, ecological and economic benefit of the present and future generations of
the Mozambican people”.

In accordance with the objectives of the Forestry and Wildlife Policy and Strategy, a
new Wildlife and Forestry Law was passed in 1999. The new Law replaces the out-
dated laws promulgated in 1965 (the Forestry Laws) and 1978 (the Wildlife Laws)

The Law confirms the rights of the state over natural forest and wildlife resources in
the country. An essential principle of the new Forestry and Wildlife Law is that local
communities must be more fully involved in the conservation and sustainable use of
forestry and wildlife resources.

Article 10 of this law recognises three types of protected zones for the conservation of
fauna and flora, namely National Parks, National Reserves and Historical — Cultural
Use Zones

VCWS finally need to adhere to the policies of the Ministry of Tourism, the national
body responsible for the planning, administration and control of tourist operations.
With a view to the development of the tourist industry, the government approved a
National Tourism Policy for the Development of Tourism in Mozambique. One of the
basic principles of the policy, with which VCWS needs to comply, is to "promote
initiatives where they assure the maintenance of ecological integrity, the preservation
of the landscape value and the sustainable use of natural resources, and improvement
of the quality of life of the local population”.

1.2.5 Compliance with national legislation and policies

The development, management and utilisation of VCWS and the biodiversity
resources should comply with the relevant clauses and articles of the abovementioned
laws and the regulations and policies pertaining thereto.

1.3 COMMUNITY-BASED NATURAL RESOURCES MANAGEMENT

A significant theme running through many of the foregoing policies and laws concerns
the pivotal role local communities should play in managing natural resources.
Currently, Mozambique is actively promoting the management of natural resources by
the primary resource users including wildlife, a rich hardwood forestry estate, and
extensive inland and coastal fisheries. A further potential resource for community-
based natural resources management (CBNRM) programmes is the rapidly expanding
tourism sector.
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The National Directorate for Forestry and Wildlife (DNFFB) is the state agency
responsible for forestry and wildlife (and the lead institution involved in evolving
CBNRM in the country), but it is restricted in fulfilling its mandate by a range of
problems caused by two decades of war and under-investment.

Currently certain special pilot CBNRM projects have established protocols allowing
limited resource rights and return of concession fees to established community
institutions on a trial basis. The outputs of this type of process are likely to impact on
the evolving policy and legal framework for CBNRM in Mozambique. The VCWS
model of empowering the local communities (as dealt with in various sections of the
BMP) could play an important role in assisting DNFFB to formulate effective policies
in this regard.

CHAPTER A2: INTERNAL VCWS POLICIES

Full executive authority to develop, manage and utilise VCWS is vested in the Board
of Directors of EAW. The right to determine policies to give effect to the mission and
objectives for VCWS, is also explicit in this executive authority.

In order to safeguard the interests of the implementing or sponsoring agency during
the GEF implementation phase of the project, however, certain provisos would be
attached to the right of EAW (the client) to formulate new biodiversity-related policies
and/or to adapt or change existing policies. These provisos are dealt with in Part L, but
relate mainly to certain entrenched provisions with regards to plans, research,
monitoring and evaluation.
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PART B: GENERAL DESCRIPTION OF THE PHYSICAL
ENVIRONMENT AND BIOTA OF VILANCULOS
COASTAL WILDLIFE SANCTUARY

CHAPTER B1: PHYSICAL ENVIRONMENT AND FRESH WATER
AQUATIC SYSTEMS

1.1 CLIMATE

No climatic data exist for the Quewene Peninsula. Basic data, specifically rainfall, has
been measured since 2001, but at least two but probably three automatic weather
monitoring stations would be installed and the data logged. These stations would
probably be installed on the coastal side of the peninsula, another one on the bay side
and the third in the Lake Manhale region in the south. The stations run on solar power
and they log a range of weather variables (temp rain, wind, humidity, etc) at set
intervals. The data would be downloaded directly onto a computer at monthly
intervals and provides a permanent record that can also be fed into the national
weather monitoring program for Mozambique.

The climate falls into Koppen’s type (Aw) or equatorial dry season type. (Tinley
1985).

The following climatic data is for the nearby (20 km) coastal town of Vilanculos,
situated across the bay of Vilanculos on the mainland, for the period 1987 — 2001.

1.1.1 Rainfall
The rainfall of the region is dominated by two climatic systems:

e The Indian Ocean Subtropical Anticyclone System of the SE Trade Wind
Zone form the Zambezi River southwards, with rain occurring during the
passage of depressions, and

e The southern end of the East African Monsoon System

Although precipitation can occur throughout the year, most of the rain falls during the
summer months (October — March) with nearly 80% of the rain measured during
November — March. The following table shows the mean rainfall figures for
Vilanculos for the years 1987 — 2001.

Mean monthly rainfall (mm) for Vilanculos (15 years

Month Jan | Feb Mar | Apr | May | Jun [Jul | Aug | Sep | Oct | Nov [ Dec [ Total
Rainfall 195 | 234 119 46 34 24 19 26 5 26 65 108 | 901
1.1.2 Temperatures

The mean maximum and minimum temperatures for Vilanculos can be seen in the
following table. Due to the sub-tropical climate the summer months have high
temperatures, and it is noteworthy that the winter temperatures are also relatively high
with a mean maximum of 26.2°C. Summer and winter mean maximum temperatures
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vary between 31°C and 25°C. and mean minimums between 26°C and 15°C. The area
does not experience any frosts.

Mean maximum and minimum temperatures (°C) for Vilanculos

(15 years)
Month Jan | Feb Mar | Apr | May | Jun | Jul Aug | Sep Oct | Nov | Dec
| Maximum | 31 31 31 29 28 26 25 25 27 28 30 30
Minimum 24 24 23 20 18 15 15 16 19 21 23 23

1.1.3 Relative humidity

Relative humidity varies depending on the season, and averages 80,25%. The
maximum relative humidity occurs in the winter months (May — September, 82.8%),
with minimum relative humidity measured during the summer months(October —
December) at 77%, as can be seen in the following table.

Relative humidity (%) for Vilanculos (15 years
Month Jan | Feb Mar | Apr | May | Jun | Jul Aug | Sep Oct | Nov | Dec

Humidity 78 80 80 80 82 85 85 83 79 77 77 77

1.1.4 Evaporation

Annual evaporation at Vilanculos averages 1083mm. With a total annual mean
precipitation of 901mm, there is an obvious water deficit. The maximum evaporation
obviously takes place during the hot summer months, as can be seen from the table.

Average evaporation (mm) for Vilanculos (15 years)
Month Jan Feb Mar | Apr [ May | Jun [ Jul | Aug | Sep | Oct Nov | Dec

Evaporation 100 82 94 92 80 73 71 | 94 89 103 102 | 103

1.1.5 Wind

According to Tinley ( 1985) the wind direction for the region is primarily south-east to
east. The average wind speed at 15h00, at Beira which is 250 km due north of
Vilankulo, is 16 km/h, which is the threshold for effective transport of dry sand. Gale
force winds i.e. 50 km/h or more occur in the area of Maputo-Inhambane at an average
frequency of eight times per annum. This is likely to be similar along the Quewene
peninsula. (For hurricanes, see section 1.1.6 below)

1.1.6 Climatic extremes

The Vilanculos area and the Quewene peninsula fall in a region which is known for
the climatic extremes; these include:

e Hurricanes occur on average 3.1 times per annum in the
Mozambique channel. A total of 12 high intensity and 38 medium
intensity hurricanes have been documented for the region during
the last 50 years (Dutton 2002)
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e Tropical cyclones, originating in the Indian Ocean and affecting the
area whenever they occur. They normally are responsible for higher
rainfall patterns.

e Drought is not a common feature but when it occurs has a number
of negative effects:

o Crop production in the area is adversely affected

o The levels of the fresh water lakes will drop, and some will
dry up altogether

o The quality (salinity) of the water in the lakes will also be
adversely affected

1.2 GEOLOGY, GEOMORPHOLOGY AND PHYSICAL PROCESSES

As far as could be determined, no site-specific studies on the geology, geomorphology
or physical processes of the San Sebastian/Quewene Peninsula have been undertaken
to date. However, a number of areas along the southeast coast of Africa have been
studied in detail and the sequence of events that shaped these particular landscapes
into their present form have been described. (Botha & de Wit 1996, Botha 1997,
Cooper & McCarthy 1998, Dingle et al 1983, Forster 1975, Frankel 1972, King 1972,
Watkeys et al 1993). These geological processes would also apply to the southern and
central Mozambican coastal regions, and provide a general indication of the
geological events that shaped the current-day Quewene peninsula.

Two studies undertaken in the Bazaruto Archipelago to the immediate north of the
VCWS are probably indicative of some of the geological processes that were involved
in the region, and the data could be extrapolated to also include the sanctuary (Wright
1996, Ramsey 1989).

In geological terms the San Sebastian Peninsula and the islands of the Bazaruto
Archipelago are of very recent origin, their first emergence as a land-form probably
dating back to mid-Quaternary (i.e. within the last million years). These land surfaces
are a consequence of a suite of geomorphological processes that persist to the present
time, and which are continuing to reshape the features we witness in this area today.

The islands and the peninsula consist largely of unconsolidated sediments , i.e. mainly
coarse and fine sands with a very low clay content. This material originates from the
sediment loads carried out to sea by the major up-current rivers (Save, Pungue and
Zambezi) and which have been borne southwards by the Mozambique Current,
deposited on the continental shelf and then reworked and redistributed, both by current
action below the sea (during periods of high sea-level), and by wind and sheet erosion
above the sea (during periods of low sea-level). The eastern coastline of southern
Africa has been subject to successive regressions (raised sea-levels) and introgressions
(lowered sea-levels) during the Quaternary. These changes were generated in part by
tectonic movement (eastward tilting of the continental edge) and in part by climate
changes - cold periods resulting in sea-levels dropping (more water then being tied
into ice at polar caps) and warm periods which raised sea-levels. The scale of these
sea-level changes vary: there was a period in the mid- to late-Pleistocene (ca. 120 000
years ago) when the sea-level on the Zululand coast of KwaZulu-Natal province of
South Africa was 90 m higher than the present level, and a subsequent period when it
dropped to 30 m below the present level; in the last 7000 years the sea-level has
fluctuated around 2-4 m above or below the present level.

45



Ramsey (1989) estimated that 125 000 years ago the sea-level was 6 — 8 m higher than
at present at Bazaruto Island, while during the ice age (glacial phase) 18 000 years ago
the sea-level dropped as low as 120 m below the present level. This would have
placed the VCWS shoreline about 5 km to the east of the present Inhamambanane
estuary.

In the case of VCWS, there is good evidence - in the form of the successive ridges and
troughs that run north-south across the peninsula - that this landscape constitutes a
sequence of dunes (‘aeolinites’) formed by wind-blown sand. The prevailing on-shore
direction of the wind accounts for their north-south orientation and the source material
was probably from seaward beaches exposed during low sea-level periods. Most if not
all of the Quewene peninsula, as well as the areas to the south of the current VCWS
that are earmarked for possible inclusion (see discussion elsewhere), are comprised of
this redistributed aeolian sand.

The youngest of the dunes (which is not yet vegetated and is probably <1000 years
old) runs up the coastline parallel to the shore and continues northwards into the sea as
a long finger of sand that encloses the trough which forms the Inhamambane Estuary.
This dune cordon is similar to the dune system on the eastern coast of Bazaruto Island
(Wright, 1996). To the west of this dune cordon lie older and larger dunes that have
been stabilized by vegetation. These, and the troughs between them, have been
reworked by sheet erosion and wind action to the extent that ridges and troughs often
merge on the peninsula and their north-south orientation is blurred in places. Ramsey
(1989) calculated that the northern sand-spit of Bazaruto Island have migrated towards
the mainland (north-westwards) at a rate of 600 m per 1 000 years. This would
probably also hold true for the similar sand-spit (or dune barrier cordon) of the
Inhamambane Estuary on VCWS.

The origin of the exotic Casuarina pines along the eastern dunes are unknown, but
they were probably, as was the case with Bazaruto Island in the 1960°s (Wright 1996),
planted in an effort to stabilise the open parabolic dunes in the vicinity of the
lighthouse. Although the Casuarina stands are not extensive, they may possibly cause
a slowing down or even stopping of the lateral and vertical accretion of the barrier
dunes, leading to increased coastal erosion, increased movement of sand up the east
coast and increased sedimentation further north.

Under marine conditions (i.e. during high sea-level periods) shell debris is likely to
have accumulated in places within the sandy sediments and these concentrations of
calcium carbonate would have led, over time, to localized consolidation
(‘lithification’) of the sediments here by dissolution, leaching and reprecipitation of
the soluble carbonates to form lime-rich sheets of ‘rock’ or “beachrock” (Ramsey
1989, Wright 1996). There are exposures of this nature along the western rim of Lake
Manhale. Impervious lime-rich sheets may also underlie some of the pans on the
peninsula and where they do, they are likely to result in these water-bodies being
brackish. Most of the water-bodies that dot the peninsula probably lie in the dune
troughs but at least some (those that are small and circular in shape) may have been
formed (or at least shaped) by wind action.

1.3  SOILS, SUBSTRATES AND CORAL REEFS
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To date, no detailed soil survey has been undertaken on VCWS. An analysis of some
soil samples were, however, undertaken and produced the following results (see Part
B for a more detailed description, and refer also to Volume 4 of the BMP: Specialist
Reports):

e Two soil types were identified: Fernwood and Griffon. Both are deep
sandy soils with poor water retention rates but excellent water infiltration
tempos. The soils would tend to dry out quickly, and crops will have to be
watered frequently.

e The topsoil analysis indicates a neutral pH (between 6.1 and 7.01), and a
low availability of calcium, magnesium, phosphor and potassium. The soil
is thus low in basic plant nutrients.

e The soils at deeper depths (30 — 90 cm) are more acid (pH 5.21 — 5.78),
caused by water level fluctuations in the sub soil horizons. Acidity is the
result of the replacement of the basic plant nutrients such as calcium,
magnesium and potassium with hydrogen and aluminium. This
replacement is a natural phenomenon and is caused by the relatively high
rainfall of about 1 000 mm/annum and subsequent leaching. The deeper
soils are therefore also low in calcium, magnesium, phosphor and
potassium.

Given their low clay content and nutrient deficiency, the peninsula’s sandy soils have
a low fertility and for the most part, they probably also have a low organic content,
with organic-rich soils only likely to be developed in the more permanent wetlands
and in the mangrove swamps. The variability in the colour of the sandy soils (red,
yellow, greyish, etc) is a consequence of local differences in sub-surface drainage and
the effect this has on the oxidation state of the small quantities of iron oxide in the
soil: red soils develop in the best-drained sites, yellow in sites with intermediate
drainage and grey soils in poorly drained sites.

The aeolian sand lacks cohesiveness due to the deficiency of clay, making them highly
susceptible to wind and water erosion. On Bazaruto Island, Wright (1996) measured

the movements of the dune slipface of the eastern dune cordon to be as much as 24 cm
in 48 hours. Similar occurrences may take place on the coastal dune cordon at VCWS.

The unconsolidated sandy soils are easily disturbed by vehicular activity. Once the
protective vegetation cover has been removed, the loose sand does not provide a
suitable road base. The planning and construction of roads/tracks will have to take
cognisance of this complicating factor.

The coral reefs of the VCWS have not been studied in any detail. However, the coral
reefs of the Bazaruto Archipelago, (and thus probably also the reefs off the VCWS
eastern seaboard) occur on the south-western margin of the vast Indo-Pacific faunal
province, and are represented by fringing assemblages developed on submerged,
carbonate-cemented beachrock (Ramsey, 1989). The reefs owe their existence to the
clear subtropical water of the warm Agulhas current, the absence of silt-laden rivers in
the coastal hinterland and suitable coral substrate formed by the submerged sandstone
beachrock.

Motta, Pereira and Schleyer (2002) pointed out that critical ecosystems such as coral
reefs received specific attention in Mozambique’s National Coastal Zone Management
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Programme, and that a management plan for the country’s coral reefs is being
formulated. They found that the reefs in protected and inaccessible areas (such as off
Bazaruto and the VCWS dune barrier cordon) were in the best condition with little
evidence of algal cover. The northern reefs of southern Mozambique (i.e. off Bazaruto
and VCWS) were the least affected by the severe floods of 2002, that led to a dramatic
decrease in both hard and soft coral cover further south in the XaiXai lagoon (Motta et
al 2002).

The VCWS reefs are fairly deep (10 — 40 m). Their depth, together with the difficulty
to access them from land and their distance away from human habitation, add to their
protection. During three dives undertaken by a member of the marine resources
utilisation team, man-induced damage to the reefs was found to be negligible. Motta
et al (2002)

14 FRESH WATER AQUATIC SYSTEMS, BIOTA AND HYDROLOGY
1.4.1 Introduction

The freshwater aquatic system and hydrological (FASH) survey was undertaken
during late-August to mid-September 2002. The field survey was, as was the case for
most of the surveys that took place as part of the PDF B process, hampered by a lack

of time, the time of the year and the absence of aerial photographs (see below).

The survey involved the following tasks:

e Classification of the freshwater aguatic system:

o A broad scale physical classification of the freshwater systems
associated with the VCWS based on surface waters: general
hydrological regime, size and general water chemistry i.e. pH,
electrical conductivity (EC), and dissolved oxygen (DO).

o A broad scale biological characterization (fish and macro-invertebrates)
of the described freshwater systems associated with the VCWS.

e Determining the conservation importance of the freshwater aguatic system
associated with the area:

o Naturalness: A qualitative assessment of the deviation from a
perceived natural state in terms of abstraction, exotics, erosion, flow
regulation, pollution and land use.

o Diversity: General qualitative macro-habitat descriptions and rapid
sampling of fish and macro-invertebrates (identification of macro-
invertebrates only to family level)

o Rarity: Presence of habitats or species within VWCS.

o Extent: Presence of habitats or species within VWCS.

o Sensitivity: Perceived vulnerability and viability of habitats or species

e |dentification of threats:

o Threats to the freshwater aquatic systems and hydrology (FASH)
o Information gaps & research needs
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o Threats & limitations that may affect management actions

e Development of a FASH management plan

General description of the FASH

General description of the ecological attributes of the FASH
Identification and description of real or possible threats

Define the management/ conservation objectives for FASH

Define the management goals (milestones to measure performance and
set endpoints to ensure achievement of the objective) for FASH

O O O O O

1.4.2 Survey objective

The objectives for the FASH component of the work was to conduct:
“an assessment of the aquatic freshwater systems of the VCWS, to identify
conservation needs and priorities and to propose a management framework.”

1.4.3 Assumptions and limitations

Although it was realised from the onset that only a preliminary assessment of the
freshwater aquatic system of VCWS would be possible, the focus of the FASH survey
was to identify and analise aquatic ecological attributes, rather than to present a
detailed classification of the aquatic biota and habitat types associated with the
VCWS. Issues such as the possible incidence of waterborne diseases where therefore
not discussed, but are nevertheless regarded as a very important component of any
management plan and should receive attention during a future follow-up survey.

The information is presented as principles for the way forward and is intended to
highlight red flag issues and to focus efforts on relevant work and research needs.

Two major project limitations were identified:

e The survey was conducted at the end of the dry period and must therefore
be regarded as limited in scope. The results should thus be treated with
circumspection and should be viewed as part of an adaptive management
strategy that could change as more data become available.

¢ Another major limitation was the lack of aerial photographs for the study
area. It was therefore not possible to delineate the extent of the different
freshwater types associated with the VCWS and the approach was limited
to known and accessible freshwater bodies.

1.4.4 Methodology, data collection and interpretation

(1) Approach

The survey was undertaken as a hierarchical sequence of dependant tasks intended to

highlight important FASH attributes that should be considered as part of the design of
the BMP. The study was initiated with a literature survey intended to gather available

information regarding freshwater ecosystems for the study area. A field survey was
conducted to gather baseline data to assist with the development of a classification
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framework for the freshwater aquatic system, as well as the identification of relevant
ecological attributes that would enable the design of a conservation and biodiversity
management plan for the freshwater ecosystem.

(2) Data collection

The aquatic habitats of VCWS include wetlands, pans, freshwater lakes, tidal
mudflats, salt marshes, mangroves and estuaries. Exact demarcation of these habitats
was not possible since aerial photographs were not available, and it was therefore not
possible to implement a methodical survey that would ensure inclusion of all different
freshwater types of the study area. The following sites in the current or Phase 1 of the
sanctuary were therefore selected to represent as many of the known types of
freshwater bodies present in the study area as possible:

Sites visited during the field visit.

Site Co-ordinates

Xilowane Swamp S:22°15'20.3" E: 35°30'31.9"
Nhahotsane Pan S:22°11'53.3" E: 35°28'18.1"
Njone Lake S:22°11'09.9" E: 35°28'11.2"
Tirweni Pan S:22°07'45.5" E: 35°27'15.4"
Switsangweni Pan S:22°07'51.6" E: 35°27'20.6"
Jacana Swamp S:22°07'40.6" E: 35°26'55.0"
Mukwe pan S:22°07'55.3" E: 35°27'14.9"
Manhale Lake E: 35°26'48.9" S:22°16'655.7"
Madaca'munhu Marsh  |E: 35°29'34.7"  S: 22°08'47.9"
Jane Marsh E: 35°29'51.0" S:22021'11.0"
Msasa Marsh E: 35°26'43.4" S:22°08'10.5"
Mazolo Marsh E: 35°27'12.2" S:22°08'57.2"
Marapi Marsh E: 35°26'23.7" S:22°09'30.4"

(3) Interpretation

Classification of freshwater bodies

The freshwater bodies were classified based on major readily identifiable differences.
Although certain of these classification characteristics were artificial, they are
replicable and are intended to facilitate decision-making regarding the implementation
of future research and/or management actions. The classification system was based on
characteristics such as type, size, hydraulics and the presence of biotopes.

Hydrology

¢ Rainfall: Rainfall data for Vilanculos appears in section 1.1.1 above.

e Water quality: In situ water quality data was collected from most of the
abovementioned sites during the field visit. A water sample was also
collected for Laboratory analysis from Mukwe Pan (reticulation pan).
Temperature (°C), conductivity/TDS (ppm) and turbidity (cm secci) were
measured in the field with lightweight, compact field equipment. A water
sample was also collected from the reticulation pond for analysis.
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Aquatic invertebrates

Only a superficial study of the aquatic invertebrates of VCWS was possible in the
limited time available. In order to implement an approach that would still allow an
evaluation of the aquatic macro-invertebrate fauna, associated with the diverse habitat
types, the same sampling exercise as used for the South African Scoring System
(SASS) was used. SASS is a rapid method developed as a tool to assess the condition
of flowing water in South African Rivers. Since the study area do not present many
areas with flowing waters, only the sampling protocol of SASS was used to
standardize collection effort. The number of invertebrate taxa collected from the
different biotopes associated with the freshwater bodies was used to indicate the
general diversity of these waters. The sampling protocol was standardised to four
biotopes that included fringing or emergent vegetation, aquatic vegetation, open
waters and bottom sediments. Sampling was conducted with a Imm mesh size net
mounted on a 30cm? frame.

The number of taxa collected at each site was converted to a percentage of the total
number of taxa collected during the survey. This percentage diversity score was used
as an indication of the invertebrate diversity at each site. Sites with a high diversity
were generally regarded as of a higher conservation importance than sites with low
diversities. Sites supporting rare and sensitive taxa (in terms of total diversity for the
survey) were also warranted a high conservation importance, even if the site’s overall
biodiversity was low.

Fish

Fish were collected using standard sampling strategies, which included electro fishing;
both small and large seine nets as well as gill nets. Different sampling strategies were
used at the different sampling sites depending on the nature of the habitats present as
well as the suitability of the sampling equipment for that habitat type. Each of the
different methods is known to display some bias either amongst size classes or
different species. The approach was therefore to use as many of the different strategies
at each site as possible to minimize the likelihood of bias.

e Electro fishing: Is an efficient method, being quick and requiring little
manpower. When used properly, fish experience minimal negative effects and
it can be used in a wide variety of habitats including both shallow and deep
waters as well as flowing and standing waters. The efficacy of this method
depends on the conductivity of the water, temperature, species and fish size.
Two electro fishing units were used: a portable battery operated unit (DC, 1A
350V pulsating) as well as a fixed generator driven unit (DC 600V 5A
pulsating)

e Seine & gill netting: Netting, on the other hand, is not affected by conductivity
or temperature and can be applied for different species as well as size classes.
The method can also be implemented in much deeper water bodies where
shocking would be impractical. This method does require experience and
knowledge of fish habitats and behaviour. Two seine nets were used (15m x
9mm stretched mesh & 50m x 9mm stretched mesh) as well as a fleet of 10 x
10m multifilament gill nets, ranging from 22mm to 150mm stretched mesh
sizes.
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¢ Fish poisons: Fish poisons such as Rotenone are used extensively, specifically
during baseline studies and abundance assessments. Due to the lack of
available information regarding the presence of likely rare or sensitive species
it was however decided not to use fish poisons during the survey due to its
destructive nature.

Sampling effort for the different sampling methods was standardised for each depth
and cover type. These standardised methods are presented in the following table.

Standardized sampling methods for different depth and cover classes.

Slow shallow | Slow deep

Overhanging | Shock Seine, small
vegetation Seine, small Gill net
Undercut Shock Gill net
banks
Aquatic Shock Seine, small
macrophytes | Seine, small Gill net
Open water Seine, large Seine, Large

Gill net

Captured fish were identified and measured before being released. Reference samples
were retained for identification purposes and will be lodged at the South African
Institute of Aquatic Biodiversity.

Habitat integrity assessment (HIA)

The ecological integrity of an aquatic system is defined as its ability to support and
maintain a balanced, integrated composition of physico-chemical and habitat
characteristics, as well as biotic components on a temporal and spatial scale that are
comparable to the natural characteristics of ecosystems in the region. The HIA
measures specific criteria in order to provide an indication of the impact category of a
site. Impacts were identified during the field visit to ensure that the integrity
assessment was relevant to impacts actually affecting the habitat template for the
different freshwater bodies present in the sanctuary.

The following real or potential threats were identified during the field survey:

Threats to the freshwater aquatic system associated with the VCWS

CRITERION DESCRIPTION

Aguatic Zone Criterion

\Water abstraction

Infilling

Resource exploitation
\Water quality modification
Inundation

Exotic macrophytes
Exotic aquatic fauna

Abstraction for consumptive purposes
Sediment infilling as a result of erosion
Exploitation of biotic resources
\Washing and/or salt loading
Inundation from flooding

Presence of exotic macrophytes
Presence of exotic fauna

Riparian Zone Criterion

Indigenous vegetation removal Removal of vegetation associated with the riparian zone

52




Exotic vegetation encroachment Encroachment of exotics in the riparian zone

Erosion Erosion affecting run-off and sediment load into the water body
Villages Presence of villages in the catchment area

Roads/Paths Presence of roads or paths in the catchment area

Burning IAffects of burning in the catchment area

Cropping Extent of cropping affecting the catchment area

Excavation Excavation activities within the catchment area

Trampling Trampling as a result of anthropogenic activities

Mining Salt mining

Impacts were weighted using a weight matrix and cross comparison. Impact levels
were evaluated as a deviation from a perceived natural condition to enable a
qualitative assessment of the integrity of a site. Sites were classed from no discernable
impairment (zero), to critical impairment (25). A Score summary is provided below.

Summary of scoring for impact criteria

Criteria score

Description Score Impact category
No discernable impact, or the factor is located in such a way that it has no

discernable impact on habitat quality diversity, size and variability 0

The modification is limited to few localities and the impact on habitat quality,

diversity, variability and size is very small 1-5

The modification is present at a small number of localities and the impact on

habitat quality, diversity, variability and size is also limited 6-10

The modification is generally present with a clearly detrimental impact on

habitat quality, diversity; large areas are however not influenced 11-15

The modification is frequently present and the habitat quality, diversity,
\variability of almost the whole section is affected. Only small areas are not
affected 16-20
The modification is present overall with a high intensity; the habitat quality,
diversity and variability in almost the whole of the defined section are
detrimentally influenced 21-25

For the purposes of this survey, the HIA approach was used to present an indication of
habitat quality rather than impact level, in order to facilitate decision-making
regarding the conservation importance of the different water bodies. Once the scores
were weighted, the weighted score for each criterion at each site was calculated by the
following equation:

WS = (SR) X (25)/CW

Where:

WS = Weighted Score

SR = Severity Rating = Impact Score given in the field
25 is the maximum possible severity rating in this case
CW = Criteria Weight Percentage

The weighted scores for all the criteria at a particular site were then summed to
produce a score indicating what percentage of that site is impacted. This score was
subtracted from 100 to give an indication of what percentage of the site was not
impacted.

This percentage was then categorised into the following impact classes:
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Classification of site impact class.

Site Score

Score (%) of Total |Class Description

Unmodified, natural

90-100
Largely natural with few modifications. A small change in
natural habitats and biota may have taken place but the
80-90 basic ecosystem functions are essentially unchanged.
Moderately modified. A loss and change of natural habitat
nd biota has occurred, but the basic ecosystem functions
60-79 C Jfare still predominantly unchanged.

Modifications have reached a critical level and the lotic
ystem has been modified completely with an almost
complete loss of natural habitat and biota. In the worst
instances, basic ecosystem functions have been destroyed
nd the changes are irreversible.

0-19

Largely unmodified. A large loss of natural habitat, biota
40-59 nd basic ecosystem functions has occurred.
he loss of natural habitat, biota and basic ecosystem
20-39 unctions is extensive.

1.4.5 Results and discussion
1.4.5.1 Classification of aquatic systems

The classification of the freshwater aquatic systems was based on a single survey at
the end of the dry season. This presents a major limitation since it was not possible to
assess the level of wet season connectivity between the different (currently isolated)
water bodies.

The current delineation between pans and lakes should be regarded as an artificial one
since it is based only on size. This delineation is however regarded as important and is
related to the perceived sensitivity of the water body to impairment. Smaller water
bodies generally have a lower resistance to change than larger systems. This
difference in the resistance (ability to withstand change) and resilience (ability to
recover from change) between small and large systems necessitates a division between
small and large systems for management purposes.

Pans

Pans are regarded as water bodies without in or outflow (endorheic) that are fed
through rainwater run-off or recharged by groundwater. Pans on VCWS are generally
smaller than approximately 20ha, deeper than 1m and could dry up on a seasonal
basis. Pans on the sanctuary are divided into vegetated pans e.g. Nhahotsane Pan,
Switsangweni Pan, Jacana Pan and non vegetated pans i.e. Tirweni Pan.

Lakes
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Lakes are not necessarily closed water bodies and are much larger (typically larger
than 30 ha) and deeper (deeper than 3m) than pans. Lakes are generally permanent and
are maintained through run-off, groundwater recharge or surface water inflows.

Freshwater marshes

The freshwater marshes (Jane Marsh & Xilowane Marsh) on the sanctuary (Phase 1;
Phase 2 was not surveyed) are open systems and drains into the ocean or estuary.
These marshes are densely vegetated and supports only small areas of non-vegetated
open water. The marshes are maintained through rainwater and/or groundwater
recharge.

Ecotone marshes

Ecotone marshes are the transitional areas between the freshwater and marine
environments. These are highly fragile ecosystems since the maintenance of these
systems depends on a delicate balance between the influx of both fresh and salt water
and any alteration to this balance can have far reaching implications on the
functioning of the marsh. Such impacts are still evident from the destruction that
resulted from the 2000 floods.

The Ecotone marshes are divided into marshes that are maintained by inflow of
surface freshwater e.g. Xilowane Ecotone Marsh, and marshes that are maintained by
freshwater seepage into the ecotone such as Msasa Ecotone Marsh, Mazolo Ecotone
marsh, Madaca Munhu Ecotone marsh, Airstrip Ecotone Marsh and Marapi Ecotone
Marsh.

1.4.5.2 Hydrology

Rainfall

The Mean Annual Precipitation (MAP) for the nearby mainland town of Vilanculos
for the period 1097 — 2001 was measured at 901 mm, with a mean annual evaporation
of 1083 mm. Occasional cyclone activity, such as happened in 2000, could cause

extreme rainfall conditions and flooding to occur.

General hydrological description

The VCWS is situated in sand dune systems along the coast to the north of Maputo.
The system consists of a series of lakes swamps and pans set in the coastal dunes.
There are no major river systems passing through or feeding the current extent of the
VCWS area. The water generated in the VCWS is by direct rainfall or the tidal influx
from the sea in certain areas.

The system of lakes and pans is essentially driven by the groundwater system under
the dunes. The dune sands have relatively high hydraulic conductivities and therefore
infiltration rates. The rainfall intensities associated with typical storms in the area
would infiltrate into the dunes down to the water table causing the water table level to
fluctuate. During high intensity storms or storms of long duration, the water table will
rise to the surface and the sands will become saturated. The rainfall would then flow
over the surface to the water bodies. In general however the water would flow
subsurface to maintain the surface water bodies.
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The nature of the subsurface flow would depend on the topography, geology of the
dunes and hydraulic conductivities of the particular basin. The subsurface flow could
reach the water bodies in the following ways: -

e Subsurface flow all the way to the body;

e The subsurface flow could daylight in the form of a spring or seepage area
which would then flow over the surface to the water body;

e Within a particular catchment, the local conditions could vary such that the
water bodies could be fed by both mechanisms.

The groundwater catchments could be quite different from the surface water
catchments. The groundwater surface in the dunes would define the water bodies that
are linked. The individual basins or catchment areas could therefore be linked through
the groundwater. One water body could flow into another. A series of boreholes,
topographical survey (contour plan of the area) and hydrographic survey of the
lakes/pans would enable the groundwater catchments and flow directions to be
defined.

Wright (1996) postulated that the eastern dune cordon that dominates the morphology
of Bazaruto Island forms a rain barrier that causes a rain shadow on the western side
of the island. It also slows down the prevailing winds, and thus catches a lot of the
island’s precipitation. Combined with the high permeabil of the dune sands,
this acts as Bazaruto’s main reservoir of groundwater. In the case of VCWS, the
coastal dune cordon to the east of the Inhamambane estuary may fulfil the same role,
thus contributing to the extensive wetland system, including the Jane Marsh and the
Muangane Marsh further south in the Phase 2 area, on the lee side of the dunes. These
wetlands drain northwards into the Inhamambane Estuary.

Water quality

In situ water quality measurements were made on site and are presented below. Water
quality has a direct effect on aquatic biota and is also important in defining the
specific characteristics of a site.

In situ water quality.

Site Date Time Temp(°C) |TDS(ppm) |Turbidity(mm)
Xilowane Marsh 29/08/02 |10:31 27 310

Nhahotsane Pan 30/08/02 |13:10 28.5 240 2170
Njone Lake 31/08/02 |15:35 28.5 990 690
Tirweni Pan 1/9/2002 [9:04 26 260 210
Switsangweni Pan 1/9/2002 |10:32 28 190 750
Jacana Pan 1/9/2002 [15:14 29 420 570
Mukwe Lake 2/9/2002 |12:38 29 230 1350
Manhale Lake 5/9/2002 |13:33 670 570
Madaca’munhu Ecotone [4/9/2002  |15:06 ADL

Jane Marsh 10/9/2002 [11:08 26.3 200 750
Msasa Ecotone 3/9/2002 |10:12 1990

Mazola Ecotone 4/9/2002 |11:00 ADL

Marapi Ecotone 3/9/2002 |14:15 ADL
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Although water quality parameters were generally of high standards, and no major
pollution sources were identifiable, TDS and Turbidity ranges are worth mentioning.
The total dissolved salt load ranged between 190 mg/l to 990mg/I for the inland
freshwater systems and were much higher for the Ecotone marshes ranging from
1990mg/I up to 33000mg/l. Turbidity also varied from as high as 2170mm to only
210mm. The cause for the difference in salt loading in Njone Lake is at this stage not
Clear.

1.4.5.3 Aquatic invertebrates

Due to time constraints aquatic macro invertebrates were only collected from the pans
and lakes visited during the study and not from the Ecotone marshes. A total of 37
aquatic macro invertebrate taxa were sampled at nine sites during the survey and are
presented in Volume 3: Species lists, of the BMP.

Some invertebrate taxa that could be regarded as sensitive to water quality impairment
were collected (seed shrimp, pale burrower etc) from all sites. Of specific importance
are the seed shrimps collected from Mukwe Lake. Seed shrimps usually occur under
conditions with elevated salt concentrations, but the site at which they occurred had a
fairly low TDS of 230. Freshwater sponges, another taxa sensitive to water quality
impairment, were also collected from Xilowane and Lake Mukwe.

Diversity of taxa

The number of taxa and % diversity for each site are represented below.

The diversity of the macro invertebrate fauna associated with the freshwater system is
generally low. The reason for this is ascribed to the lack of any flowing/ rocky
biotopes known to support high diversities. The diversity assessment focussed on the
truly freshwater systems and no macro invertebrate collections were made from the
Ecotone Marshes.

The number of taxa collected, the % of taxa collected and the diversity score for
each site.

No# of % Total Diversity
Site taxa taxa score
Nhahotsane pan 15 40.54 Medium
Xilowane marsh 33 89.19 High
Njone lake 16 43.24 Medium
Tirweni pan 9 24.32 Low
Manhale lake 13 35.14 Medium
Jane marsh 17 45.95 Medium
Switsangweni pan 10 27.03 Low
Jacana swamp 12 32.43 Low
Mukwe lake 18 48.65 Medium
TOTAL 37 100.00

0 — 33% = Low diversity
34 — 66% = Medium diversity
67 — 100% = High diversity
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The variation in the diversities of Invertebrate Taxa amongst different freshwater
bodies can probably be related to intrinsic biotope diversities.

Taxa of conservation importance

A freshwater sponge was collected from Mukwe Lake. Freshwater sponges are known
to be highly sensitive to water quality alterations and are therefore regarded as good

indicator organisms. An Ostracod was also collected from Mukwe and awaits
identification.

1.4.5.4 Fish

Very low fish diversities were collected from the different sites. The collected species
represented mostly generalist and widespread species. This low diversity is ascribed to
the absence of any river system that feeds the area. The dominant species sampled was
Oreochromis mossambicus. This species was collected from all the different
freshwater types visited during the field survey and was, except for the marshes and
Njone Lake the only species collected from the endorheic pans. Other species
collected during the survey included Barbus paludinosus, Clarias gariepinus, Awous
cf ?? (not identified yet) and a Gobeiid species (possibly a new species?) from Njone
Lake that is awaiting identification. Mud skippers (Periopthalmus koelreuteri) were
sampled from most of the Ecotone marshes.

Resource utilisation

Length frequency graphs were drawn up for four of the sites where local people are
known to harvest the freshwater fish resource. At all these sites sufficient numbers of

Oreochromis mossambicus were caught to allow a brief evaluation of resource
utilization.

Size-class Frequency for Manhale Lake
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From the length frequency distributions it is evident that the populations associated
with the different lakes cannot be regarded as over exploited since different size
classes are mostly present in the collected samples. The length frequency distribution
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for Mukwe Lake is however of concern since some pressure must be the cause for the
non-typical length frequency distribution recorded from the Lake. This is however
more likely related to intrinsic pressure in the lake rather than fishing pressure.

Issues of conservation importance

Three issues are of specific conservation importance:

e The likely presence of Cloiria within the Ecotone marshes, typically
Msasa marsh as well as Marapi marsh.

e The uinidentified gobeiid from Njone Lake.

e The variation in colour patterns of Oreochromis mossambicus from
Mukwe Lake indicating isolation from other populations on the sanctuary
as well as from mainland populations.

1.4.5.5 Habitat integrity assessment (HIA) scores
Aquatic systems are very sensitive to physical and chemical changes (Maitland &
Morgan, 1997). In order to assess the integrity of the sites an evaluation exercise was

implemented to ensure a fair evaluation of impairment levels associated with the site.

The site integrity scores are summarised as follows along with the associated impact
classes

Site Integrity Score Summary

Site Score
Airstrip 87.08
Xilowane 95.36
Madaca' Munhu 93.21
Manhale 87.52
Msasa 94.10
Mazolo 94.28
Mukwe 96.04
Marapi 96.35
Jacana 97.90
Switsangweni 98.04
Njone 89.77
Tirweni 92.23
Nhahotsane 94.90

From this assessment it is evident that the habitat integrity of the different freshwater
systems associated with the VCWS are generally of an exceptionally high status. The
impairment levels at all these freshwater systems are still regarded as of a limited
nature and can be restored since it is not affecting the overall functioning of these
water bodies. The only exception to this is the impacts on the Airstrip Ecotone that
could result from the excavation associated with the newly constructed landing strip.
Although the excavation of the drainage line into the salt marsh has not yet resulted in
the onset of erosion it represents a nick point in the drainage line that could threaten
the functioning of the whole marsh by erosion.
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Both Manhale and Njone Lakes also indicate generally increased impairment levels.
This is attributed to the importance of the use of these lakes as fishing areas.

An overlay of these site percentage scores for each site are presented in the figure
below, with a bar graph giving the summed habitat integrity scores before they were
weighted.
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CHAPTER B2: BIOLOGICAL ENVIRONMENT
2.1 VEGETATION
2.1.1 Introduction

The VCWS was first visited (by the vegetation specialist, Dr Niels Jacobsen) from 13
June to 2 July 2002, although the actual survey period was shorter. This visit
concentrated on the flora and a follow-up visit was conducted from 26 August — 13
September, during which time the emphasis was more on the fauna. However each
was not exclusive. As the surveys took place during the winter months many plants
could not be identified. Despite this drawback, the species list of some 505 plants
includes many new distribution records. A relatively comprehensive survey cannot be
achieved over such a short period of time, particularly at this time of the year, and
follow up surveys will be undertaken to include spring and summer.

2.1.2 Survey methods
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The area of Phase 1 was accessed by vehicle and on foot and notes made of the
vegetation occurring at the site (s) traversed. Plants were recorded on a pocket tape
recorder for later transcription. Where possible specimens in fruit or flower were
collected for later confirmation of field identifications and for those not identified. As
far as possible as many different habitats within the VCWS were sampled for plant
taxa. The survey was seriously hampered by the lack of aerial or orthophotos of the
sanctuary. These would have made the selection of survey sites to cover the terrain as
fully as possible in the time available, much more efficient as well as being able to
provide a low-resolution vegetation map of the area.

2.1.3. Results
2.1.3.1 Classification

The VCWS lies within the Flora Zambesiaca area and according to Wild &
Grandvaux Barbosa (1967) the vegetation in the sanctuary is comprised of three main
types namely 14a. Mangroves, 14b. Coastal Thicket (Forest) and 20.

Brachystegia spiciformis woodland/savanna on Sul do Save sands. White (1983)
incorporated the vegetation of the peninsula firstly into coastal Mangroves and
secondly the inland Zanzibar — Inhambane regional mosaic, comprised mostly of
forest, thicket and secondary grassland according to physiognomy and rainfall.

As a consequence of the large relatively uniform area of aeolian sand deposition and
the resultant dune topography, it is poor in habitat diversity. In addition the area has
also been subjected to human habitation and its attendant destructive processes dating
back at least to the nineteenth century (Richter pers comm.).

2.1.3.2 Species richness, rare and threatened species

A total of 505 species of plants were recorded from Phase 1 of the VCWS (see the
annotated species list, Volume 3 of the BMP). Many other hitherto unidentified
specimens were collected for identification and verification, which are likely to
substantially increase the number of species recorded from the VCWS.

Several species of rare or endangered species were found including the following Red
Data Book species (Golding in press):

Species RDB Category
Afzelia quanzensis LR-nt
Allophyllus mossambicensis VU
Aloe suffulta DD
Encephalartos ferox LR-nt
Eulophia petersii DD
Maerua brunnescens DD
Pavetta revoluta DD
P. sp. cf catophylla DD
Tritonia moggii DD
Zanthoxylum schlechteri VU

VU — vulnerable; DD — data deficient; LR — locally restricted, nt — near threatened.
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Several species are Mozambique endemics or near endemics such as:

Brackenridgea zanguebarica
Commiphora schlechteri
Euphorbia halipedicola
Euphorbia sp. aff. ambroseae
Mimusops obtusifolia
Tritonia moggii

Allophyllus mossambicus
Zanthoxylum schlechteri

Many new distribution records for species were recorded (vide Palgrave 1984). These
included such species as Mundulea sericea, Millettia grandis, Craibia zimmermannii,
Dracaena mannii, Trema orientalis, Maclura africana, Ficus thonningii, Ximenia
caffra, Artabotrys monteiroae, Capparis sepiaria, Albizia adianthifolia, Acacia
burkei, A. kraussiana, Afzelia quanzensis, Pterocarpus rotundifolius, Erythroxylum
delagoense, Teclea gerrardii, Commiphora neglecta, Acridocarpus natalitius,
Drypetes arguta, Sapium ellipticum, S. integerrimum, Euphorbia triangularis,
Lannea antiscorbutica, Allophyllus africanus, Grewia flavescens, Hibiscus
diversifolius, Adansonia digitata, Rawsonia lucida, Dovyalis longispina, Combretum
pisoniiflorum, Syzygium guineese, Manilkara mochisa, Inhambanella henriquesii,
Euclea racemosa, Cordia sp. cf goetzei, Ehretia rigida, Tricalysia lanceolata,
Canthium huillense and C. inerme.

The vegetation of the VCWS is therefore of considerable interest, especially those
species which as yet have not been recorded or identified. With more time available a
detailed survey of the sanctuary will be undertaken, including the compilation of a
vegetation map to assist in assessing the utilization by, and the requirements of, the re-
introduced fauna.

2.1.3.3 Communities

Although Wild & Grandvaux Barbosa (1967) have incorporated the vegetation of the
area into three basic types (Mangroves, Dune thicket and Miombo woodland), these
can be further subdivided into broad communities. It must be borne in mind however
that no quantitative analysis of the vegetation has been undertaken, and that detailed
vegetation mapping will need to be undertaken at a later stage.

Sea Grass Community

The “sea grasses” are not really grasses but are related angiosperms growing totally
submerged in shallow sea waters (<3-5 m deep). Only four species were recorded
during the survey but more are expected to be identified during follow-up surveys.
These grasses are rooted in the sand, forming extensive swards of monotypic species
or of communities of mixed species. The most common species appeared to be
Thallassodendron ciliata, a broadleaved, stalked species that occurred extensively
throughout the bay, and Cymodocea serrulata that is common along the estuary. The
other less common species were Halodule uninervis and Syringodium isoetifolia.

Salt marsh community.
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Salt marshes are poorly represented in the VCWS, being largely restricted to those
areas that are flooded during high tide and drain again at low tide. Much of these sites
are bare sand with vegetation limited to mangroves and where some freshwater
reduces the salinity a more typical salt marsh community may be found. This is
dominated mostly by a sedge-like plant Juncus kraussi, a species reaching 70-80 cm
in height and very tolerant of high salinity. In the marsh along the estuary a sedge
Schoenoplectus litoralis also occurs together with the former species. Much of the
terrain in the salt marsh below Msasa camp at Porto Seguro, is covered by another
sedge Cyperus sp., a taxon also present at other sites. Only a few other salt marsh
species were recorded, including Salicornia perrieri, Sarcocornia sp. cf perennis,
Sesuvium portulacastrum, Salsola sp. and Chenolea diffusa. The large Mangrove fern
Acrostichum aureum grows predominantly under these conditions particularly in salt
marshes along the eastern side adjacent to the estuary. Under drier conditions the salt
tolerant grass Sporobolus virginicus forms extensive monotypic swards.

Mangrove Community

The mangrove communities are contiguous with the salt marsh communities but tend
to be dominated by woody plants. Although some zonation of species as described by
Mogg (1969) from Inhaca Island near Maputo in southern Mozambique, it is evident
that this varies from place to place and frequently plants occur mixed. Mangrove is a
loose term for halophytes that have adapted to living with their roots submerged for
lengthy periods of time in sea water. Most have developed roots that remain above
water for longer periods enabling the plants to breathe. There are various
modifications by different species, allowing these species to inhabit waters of different
depths, hence some resultant stratification of the plants.

In deepest waters large species such as Sonnerattia alba are found, behind which there
was often a mixture of Ceriops tagal, Rhizophora mucronata and Bruguiera
gymnorhiza. The latter was usually more prevalent on the landward side. Closest to
the shore and extending onto the lower sandy beach zone were White mangroves
Avicennia marina. This species was also usually present around salt marshes as the
waters tended mostly to be shallow or was absent, allowing the pneumatophores or air
roots to breathe. Particularly fine stands of this species were found at the upper end of
the estuary.

In many of the mangrove communities there were plants without such modifications
but still highly tolerant of saline conditions. Such halophytes included Brexia
madagascariensis, Lumnitzera racemosa and Suriana marina. These plants may form
monotypic stands under suitable conditions, usually on the landward side of the
mangroves. The Mangrove fern Acrostichum aureum was also observed in mangrove
communities along the peninsula.

Dune Community

The dune plant community differs substantially from that of the mangroves and few
plants are shared. This is essentially because life under extremes of climate as
experienced on the sea shore and dunes is more demanding, resulting in different
adaptive strategies. As there is mostly a difference in the plant species which inhabit
the fore dunes and those along the top and lee of the dunes, this community has been
arbitrarily split into two subcommunities.
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Fore dune/ Strand subcommunity

Along the lower and middle littoral zone few plants occur and the sand is
mostly bare. Some grass such as Sporobolus virginicus may occur forming
substantial swards. It appears to be absent from east facing slopes having only
been recorded from those facing west and north. A prostrate rhizomatous herb
Sesuvium portulacastrum also grows along the lower slopes, frequently where
the White mangroves end. These species increase in density further up the
slope, especially the grass, with which the Sesuvium is unable to compete.
Sporobolus virginicus is therefore a dominant species over much of the middle
to upper littoral zone, with several other species such as Cyperus crassipes,
Ipomoea pes-caprae, Canavalia rosea and Scaevola plumieri being present.
These plants bind the loose sand and enrich the soil, increasing water-holding
capacity and providing humus. They are therefore very important in
maintaining dune stability.

Dune Thicket and Scrub subcommunity

In the east, the plateau regions of the peninsula is somewhat isolated from the
strong south-easterly winds which appear to be the prevailing winds along the
outer Spit (or dune barrier cordon), which therefore appears to act as a
windbreak reducing the influence of salt spray over much of the actual
shoreline of the peninsula. This may be the reason why many of the woody
species grow here without exhibiting signs of wind shear.

The vegetation along the outer Spit, by contrast, bears the brunt of the
prevailing winds. The dunes on the eastern side of the Spit rise sharply and
steeply, and are largely bare of vegetation along the windward side, with only
scattered tall specimens of the exotic Casuarina equisetifolia growing along
the upper slopes. Erosion at the foot of the dunes as a result of wave
undercutting, is in progress. It is only at, or near the crest that plants such as
Ipomoea pes- caprae form extensive mats together with the less abundant
Launaea sarmentosa and Carpobrotus junodii.

In the lee of the dunes the vegetation cover increases and includes stands of
Sporobolus virginicus, Cyperus crassipes and woody species, in particular
Diospyros rotundifolius. In hollows where rain water gathers other species
occur, particularly Wild date palms Phoenix reclinata and grasses such as
Imperata cylindrica. Beyond the first dunes the vegetation cover varies
considerably from areas of bare sand to clumps of Diospyros rotundifolius and
other shrubs and thickets of Phoenix and Hyphaene coriacea in hollows, often
together with stands of reeds Phragmitis australis .

Exotic Casuarinas are widespread here but decrease in frequency westwards.
Shrubs become more plentiful and species richness increases from east to west.
Species such as D. rotundifolia, Pavetta sp. cf catophylla, Eugenia capensis,
Mimusops caffra, Maclura africana and Clerodendrum glabrum, Euclea
natalensis and Sophora inhambanensis occur. Areas inundated during high
tide have dense stands of Suriana marina.growing along the lower slopes.
Scattered grass tussocks occur along the littoral zone in the west, typical
species being Sporobolus virginicus, Cyperus crassipes, I[pomoea pes-caprae
and Canavalia rosea.
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On the margins of the peninsula the dunes rise steeply in the east to an
undulating plain, a former beach terrace <5 m above sea level, whereas at the
northern end the dunes fall steeply into the sea, with the narrow beach terrace
200 — 300 m in width along the northwest only 1-2 m above sea level. In the
west there is a similar narrow beach terrace but this tails off rapidly
southwards just beyond Dugong Lodge. The vegetation varied considerably
according to aspect, with that in the east and north forming dune thicket and
scrub, with miombo woodland and thicket in the west reaching the upper
littoral zone.

The vegetation of these lowland areas in the north and east were especially
species rich, with more than 100 taxa recorded in the narrow north-western
terrace. Although some species such as Cyperus crassipes, Canavalia rosea
and Sporobolus virginicus also grow along the upper littoral zone, crest and
even behind the crest, woody species predominate forming a more stable
habitat for forbs and other plants to grow in.

The woody species included an Acacia sp. cf grandicornuta, Elaeodendron
matabelicum, Mimusops obtusifolia, M. caffra, Sideroxylon inerme,
Sclerocarya birrea, with Maclura africana very common along the sea front.
Other trees included Trichilia emetica, Teclea gerrardii, Euphorbia
triangularis, Dialium schlechteri and Vepris lanceolata. Shrubs consisted
mostly of Brackenridgea zanguebarica, Suregada zanzibariensis, Rawsonia
lucida and Maerua nervosa but varied considerably including amongst others,
Capparis sepiaria, Dicrostachys cinerea and in parts Commiphora neglecta
and Zanthoxylum schlechteri. Stunted Msimbeet Milletia grandis were also
recorded from dune thicket opposite the disused lighthouse on the Spit. The
field layer contained many species, most common of which were Barleria
crossandriformis, B. repens and B. sp. cf gueinzii. Climbers included Adenia
gummifera, Combretum pisoniiformis, Acacia kraussiana, Secamone filiformis
and others typical of a thicket or forest community.

The remnant dune thicket was patchy, sometimes impenetrable but normally
represented by scrub and open areas. Along the estuary several immature
Baobabs Adansonia digitata were present, probably the result of the
translocation of fruit to the area by the local fishing community followed by
subsequent germination and growth. The dunes south of the estuary are
characterised by peaks and troughs and the vegetation is very variable,
alternating between tall thicket or forest in hollows where soil moisture is
perhaps higher and dense scrub along the crests and slope. Here other species
may be dominant such as Eugenia capensis. The vegetation of this area is very
complex and a follow-up survey will be undertaken to allow a proper
assessment.

In the north behind the dune scrub the beach terrace dipped inland forming
depressions before rising to the central upland dune field of the peninsula.
These depressions have become marshy, some permanent and others seasonal,
mostly grassland and sedges but fringed along the margins with thickets of
Phoenix reclinata. A tongue of mangroves and salt marsh extend along the
foot of the dunes at the tip of the peninsula, almost separating the former beach
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terrace from the hinterland. In the south the extensive Jane marsh lies along the
inland side of the dunes, emptying into the estuary.

Wetlands
The sanctuary has two basic freshwater wetland types namely pans and marshes:
Pans

The area has many pans, some seasonal and others perennial ranging in size,
ranging from small depressions which hold rain water for short periods to a
lake of about 1000 ha and several metres deep. According to van der Walt
(pers. comm.) all of the main depressions lie at sea level. Most of these pans
can be split into those with emergent vegetation and those without. Among the
former are pans in the process of filling in, that is, retaining such shallow water
that vegetation encroachment from the side is possible, and those with deeper
water but with rooted aquatic vegetation , with floating leaves as well as
submerged species. A few pans were found which did not have emergent
hydrophytes.

Apart from these relatively minor differences the vegetation of these pans is
similar throughout the peninsula. Pans in the process of filling in, have patches
of reeds Phragmitis australis, bulrushes Typha capensis and dense growths of
Nile grass Acroceras macrum. In patches of open water, rooted aquatics such
as Nymphaea nouchalii var. caerulea occur, with their leaves floating on the
water.

Vegetated pans mostly have large numbers of waterlilies of both N. nouchalii
var. caerulea and N. nouchalii var. zanzibariensis. Submerged in the pans are
many plants of the bladderwort Utricularia stellaris, a yellow flowered herb
with whorled air bladders and another Utricularia sp. also with yellow flowers
in the south around Jane marsh.

Most of the littoral zones of the pans are bare because of the receding water
levels. Some plants grow in these moist soils as the water levels retreat,
including bladderworts, sundews and sedges such as Fuirena spp. However
most of the soils were bare. At the margin of more perennial pans vegetation in
the form of Cyperus sphaerospermus commonly occurs, sometimes forming
monotypic stands. Along the upper littoral zone a sedge Cyperus sp. cf
sphacelatus formed extensive stands which thinned out upslope towards the
ecotone with terrestrial vegetation. A zone of the grass Ischaemum
fasciculatum is usually found around the upper littoral of the pan often with
the previously mentioned sedge growing amongst it. Other grasses such as
Imperata cylindrica were present around some pans and everywhere the
prostrate blue-flowered Veronica anagallis-aquatica was found.

Most pans also exhibited a ring of Hyphaene coriacea along the ecotone with
the miombo woodland. This may be densest in the west and north of the pan.
Although some variations were seen most of the pans exhibited a similar
zonation.

Marshes
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The freshwater marshes were mostly restricted to the eastern side of the
peninsula and comprised extensive stands of vegetation separated by areas of
open water, usually covered by the leaves of waterlilies. In most instances the
ecotone between the marshes and the surrounding woodland was relatively
narrow. The marshes showed a similar vegetation community to that of the
pans, comprised largely of rooted waterlilies and emergent stands of reeds P.
australis, bulrushes T. capensis and large tussocks of the sedge Cladium
mariscus. Another large broad-leaved sedge Scleria poiformis formed
dominant stands in parts of the Jane marsh. Grasses such as Nile grass
Acroceras macrum and Rice grass Leersia hexandra also grew in patches in
shallow water. The swamp fig Ficus trichopoda formed stands under suitable
conditions and ferns such as Thelypteris interrupta grew in moist conditions
together with sedges such as Cyperus sp. cf sphacelatus, which formed stands
along the margins of the marsh thinning out on the landward side. The grass
Ischaemum fasciculatum also formed extensive stands along the littoral zone
often together with the previous species. The climbing swamp fern
Stenochlaena tenuifolia was found to occur along the ecotone between
woodland and marshes at many sites along the peninsula.

Miombo woodland

Most of the sanctuary is covered by open to closed Brachystegia spiciformis and
Julbernadia globiflora woodland (Miombo). These species dominate the woodland
and are therefore most common. According to Wild & Grandvaux Barboza (1968)
these species vary in dominance according to soil conditions and aridity, with
Julbernadia globiflora dominating on the poorer soils. Canopy height varied from 3-
10 m. Many other trees and shrubs grow in miombo woodland, either solitary or in
clumps. Such species included Balanites maughamii, Brachystegia sp. cf torrei,
Ozoroa obovata, Maprounea africana, Olax dissitiflora, Garcinia livingstonei,
Strychnos madagascariensis, S. spinosa and Dicrostachys cinerea among others.
Shrubs such as Pavetta sp., Ochna natalitia, Synaptolepis kirkii and especially
Crotalaria monteiroi were present, the latter very widespread and common.

Typical miombo woodland may have an open to closed canopy interspersed by a field
layer of grasses in more open areas. In the sanctuary this grass layer is dominated by
two species namely Digitaria eriantha and Andropogon schirensis. Other species such
as Heteropogon contortus, Hyperthelia dissoluta, Schizachyrium sanguineum and
Triraphis schlechteri were also sporadically present. The sedge Bulbostylis hispidula
was also very abundant throughout. Forbs were common but did not contribute much
to the ground cover. Chamaechrista plumosa was particularly common. Other species
included Oxygonum dregeanum, Commelina diffusa, C. erecta, Indigofera spp.,
Kyphocarpa angustifolia, Aneilemma hockii, Crotalaria spp., Tephrosia longipes,
Vernonia centauroides and many others. Sarcostemma viminalis was common under
these conditions, frequently growing around the base of trees, particularly in areas of
poor soil.

Large areas remain bare because of a probable lack of nutrients. The orchid Cyrtorchis
arcuata was the most abundantly recorded epiphyte commonly growing on
Brachystegia spiciformis. Within this woodland there are various seral or
developmental stages, according to the frequency that the woodland has been
subjected to a system of slash and burn (shifting) agriculture, which affects the height,
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dominance and density of these trees. The system has also been subjected to frequent
man-made fires that have contributed to the current distribution pattern of these trees.

Miombo woodland usually grows on impoverished sandy soils that are characteristic
of the peninsula. Being poor in nutrients, and with a slow turnover of such nutrients
because of the seasonal climate, the soils receive some of these nutrients back
following the advent of such fires. It is therefore largely a fire driven system, and
many plant species, particularly the dominant ones, exhibit considerable resistance to
such fires.

Bushclumps

Although the bushclumps form part of the miombo woodland, their affinities lie
intermediate between this and dune forest/ scrub. They typically have Balanites
maughamii as an emergent species sometimes together with Brachystegia spiciformis
and B. sp. cf torrei. Other trees and shrubs included in particular, Diospyros
rotundifolia, Olax dissitiflora, Ozoroa obovata, Strychnos spinosa, Tarenna littoralis,
Psydrax obovata,P. locuples, Lannea sp. cf antiscorbutica, Commiphora schlechteri,
Suregada zanzibariensis and Brackenridgea zanguebarica. The field layer is largely
bare, particularly in the shade, but the stoloniferous fern Microsorium scolopendria
forms extensive stands inside the bushclumps. Grasses were sparse but included
Brachiaria humulicola, Panicum deustum and Megastachya mucronata.

Forbs such as Dietes iridioides, Zamioculcas zamiifolia and Gonatopus sp. cf
rhizomatosus also occurred in shade but other species such as Aneilemma dregei were
found mostly around the outer perimeter. The succulent and scandent shrub Senecio
viminalis was common and almost exclusive to these bushclumps. Climbers were
common especially Landolphia kirkii and Ancylobotrys petersiana, the orchid Vanilla
roscheri and others.

Cultivated and Fallow land community

During cultivation most of the existing vegetation is removed with only stumps and
rootstocks of the original woody species left. Even these may be removed in
subsequent years. After most of the dead wood and vegetation had been cleared some
fruit trees such as Cashews Anacardium occidentale, papayas Carica papaya,
mangoes Mangifera indica and jamba Syzygium cumini are planted as well as crops
such as cassava Manihot esculenta, ground nuts Voandzeia subterannea, maize Zea
mays, sorghum Sorghum sp. and millet Pennisetum sp.

Under cultivation many otherwise rare or uncommon species in the surrounding
miombo and dune scrub communities are benefited and become common. Some
species have not been recorded outside of cultivated areas. Such pioneer plants or
ruderals were mostly annual species which took advantage of the lack of competition
to flourish. These species included forbs such as Limeum fenestratum, Commelina
benghalensis, Triumfetta rhomboidea, Tribulus terrestris, Citrullus lanatus and
grasses such as Cenchrus brownii, Tragus berteronianus, Enneapogon sp., Eragrostis
sp., Panicum sp. cf schinzii commonly occur under these conditions.

2.1.4 Discussion

2.1.4.1 Introduction

69



From what has been found so far the VCWS appears to occupy a unique position in
the distribution of plants and animals that can only be clarified by a more detailed
survey. Many new distribution records and unexpected occurrences have been
recorded. The distribution of the herpetofauna for instance, indicate a link with that of
the Bazaruto Archipelago, a not unforeseen conclusion, but it does not explain the
differences in species with that of the Vilanculos mainland. Broadley (1990)
suggested that habitat destruction in the past on the peninsula resulted in the relict and
insular species recorded on the Bazaruto Archipelago. However these species are now
known to still occur along the peninsula. It is possible that the island and peninsula
were split off from the mainland in the distant past and then reconnected at a later
stage (see section 1.2 above), allowing typical “mainland” species to re-immigrate. It
could of course also be argued that species from the islands could have drifted or been
translocated from there to the peninsula.

The area has been subjected to considerable anthropogenic disturbances in the past,
most of which are still present. The impacts have been similar on both the flora and
the fauna. Current tourism developments are unfortunately adding to the destructive
processes because communities that in the past were minimally affected by the local
communities such as the ecologically sensitive Mangrove-Salt marshes, have been
partly degraded by the construction of lodges and airfields. Roads and drainage canals
have been made through and across these highly sensitive habitats of which only about
five are known along the perimeter of the peninsula, two of which have now been
considerably and perhaps irrevocably compromised. Current plans for major
developments along the highly sensitive Spit along the estuary are cause for great
concern as considerable and perhaps irreparable damage may be done. (See zoning
plan, Part F, and various other references)

2.1.4.2 Human impacts on the vegetation and management implications

The severe impact of human activities on the vegetation of the VCWS is clearly
evident. Human settlements were widespread and everywhere in evidence. In many
parts of the peninsula not only now abandoned clusters of planted fruit trees, but also
remnant patches of thicket and forest plants, parts of the former vegetation
communities in those areas, indicate that considerable impoverishment has taken
place. More recent developments have impacted on other communities as outlined
previously.

Most human activities that impacted on the vegetation can be split into three main
components, each of which has already had a negative impact on the vegetation as
follows:

Agriculture

Throughout the peninsula subsistence agriculture in the form of slash-and-burn has
been in progress for an estimated 100 years (Richter pers. comm.). In this process an
area of woody vegetation is chopped down anywhere between the level of the soil and
a height of one metre. The cut down vegetation is piled up and burnt to enrich the soils
with minerals taken up by these plants over time. This is followed by cultivation by
hand by means of hoes. Crops are planted but once soil fertility wanes, which happens
within two or three years, the land is left fallow and the rooted stumps coppice and a
dense growth of saplings follows. This results in a mosaic of different size and age
classes as well as woodland density.
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Permanent villages and fields have been widely established and fruit trees planted
including Coconuts Cocos nucifera, Cashew nuts Anacardium occidentale, Mangoes
Mangifera indica, Papayas Carica papaya and others. Sometimes these village sites
are abandoned, perhaps when someone in the village has died of unknown causes. The
trees however continue to grow and become naturalized. Such sites were evident
throughout the peninsula. The combined effects of these disturbances and browsing by
goats have drastically altered the vegetation communities on the peninsula. This is
most evident in the narrow strips of beach terraces which were probably covered by a
dune thicket and forest and which are now merely fragmented, impoverished relicts of
what was once present. These sites were perhaps first settled by fishing communities
and therefore have been impacted on the most. Further evidence exists in the area of
“Baobab valley”, an area of roughly 2 km wide by 8-10 km long where large Baobabs
Adansonia digitata and typical forest species were recorded.

Many known thicket and forest species were recorded from these areas including:
Craibia zimmermannii, Diospyros natalensis, Strychnos henningsii, S. decussata,
Suregada zanzibariensis, Rawsonia lucida, Drypetes arguta, Sapium ellipticum and S.
integerrimum, Inhambanella henriquesii, Millettia grandis, Albizia adianthifolia,
Chlorophora excelsa, Dialium schlechteri, Erythroxylum emarginatum, Afzelia
guanzensis, Tabernaemontana elegans and many others.

What has been lost can only be speculated upon, but further evidence of impacts can
be seen in the large numbers of burnt tree trunks that lie scattered about. Large areas
were bare of vegetation as the fertility of the sandy soils was depleted to a stage that
could no longer support life. Patches of dense thicket still occurred in small sections
along the seashore but some clearing had taken place here, resulting in the thicket
being replaced by scrub.

This problem is going to be exacerbated by the planned construction of houses and
other infrastructure in this vegetation type along the northern tip of the sanctuary,
while that in the east along the western side of the mouth of the estuary will be partly
fenced out of the Reserve area due to the density of people already living there and
those due to be moved there.

Fire

Fire has been an important formative agent of the vegetation on the peninsula. This is
largely a man-made factor and a result of the frequency and intensity of veld fires. The
impact has been as much if not more than the physical removal of the vegetation, and
compounded together, have been responsible for much of the vegetation composition,
density and distribution on the peninsula. Miombo woodland has some resistance to
fire and is perhaps stimulated by the occurrence of fires. This has possibly increased
the distribution of this vegetation type at the expense of other less tolerant vegetation
communities. The visible effects of fires on bushclumps within the miombo woodland
again support this assumption. Everywhere such bushclumps are seemingly
decreasing in size and extent. The effect of fire has been a continual eroding away of
the bushclump margins, exposing more and more of the inner vegetation to dessication
by wind and sun. This enables fire to penetrate deeper and deeper into such
bushclumps until they disappear altogether, leaving only a few more fire tolerant
species standing, now forming part of the typical miombo community.
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Bushclumps show close affinity to dune thicket/forest with many of the constituent
plants common to both. It is likely that originally they were much larger and more
contiguous but due to the effects of fire have decreased in area and in species richness.
There is a correlation between the size of an area and species richness, which
decreases with a decrease in size. Species such as Olax dissitiflora, Gymnosporia
heterophylla, Brackenridgea zanguebarica, Sarcostemma viminalis and Cissus
quadrangularis are considered thicket species (Tinley 1985, Wild & Grandvaux
Barbosa 1967) yet are now isolated constituents of miombo woodland.

Fire has also been very detrimental to dune thicket/scrub and has contributed
extensively to its degradation. Bare areas and large burnt tree trunks scattered
throughout this community, were evidence of this. Along the margins fire has also
made inroads, eroding away at the vegetation resulting in part in the current
distribution pattern and condition.

Utilization

The long association of the local people with their environment and their dependence
on the natural resources of the peninsula, has impacted on the plants of the area. For
the sake of convenience and because the limited time for the survey has made it
impossible to conduct an in depth assessment of what plants are utilised, only some
generalities are herewith made. The uses of plants can be basically subdivided into
five groups as follows:

Thatching material is mostly derived from a sedge which commonly grows in
marshy conditions. Cladium mariscus is a tall tussock sedge which is
harvested for its long foliage known locally as Jeka. The grass Schizachyrium
sanguineum may also be used to close off the walls of huts. The plants are
bound in bundles to form a mat that is then wrapped around the structure of
poles. It is likely that some other grasses which may be locally common are
also used for this purpose.

Wood from trees in the sanctuary is extensively used mainly for hut
construction but also for dhow construction and maintenance, canoes, brine
containers, utensils, utensil handles and many others, including firewood.
Large trees with a diameter in excess of 60 cm were observed to have been cut
down and hollowed out to form canoes, but which species were used is
unknown at this stage. Some may be from old cashew Anacardium officinale
trees. Some of these canoes were in use in the bay at the time of the survey
while others were being used as brine baths for the daily fish catch. From the
size and weight of such trunks the trees must have been cut down close to
where they were currently in use. This supports the assumption that what is
currently dune thicket and scrub, may have contained patches of forest. Further
south along the dune field more pristine vegetation is present including many
Pod mahogany Afzelia quanzensis, but here taller forest patches only occur in
hollows in the dunes perhaps where water is more readily available whereas
along the slopes and dune crests a scrub and thicket vegetation is found which
is mostly impenetrable.

Rope is made from the under bark of Brachystegia spiciformis and is either
used as is, to tie up bundles of wood and in hut construction, or it is rolled on
the upper thigh to produce a tough rope. This may have many purposes
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including the construction of fish traps and in the making of snares for trapping
animals. Bark from the baobab is also extensively used for this purpose. The
fibre from the leaves of Sansevieria metallica is also used to make a strong
string, frequently applied to household needs and in snare construction. The
bark of Brachystegia spiciformis is often used to form temporary containers
such as trays to carry honey in, or as a plate. It is also used for the construction
of beehives that are then placed high in the branches of trees.

Many of the plants in the sanctuary produce edible fruits such as:

Adansonia digitata, Garcinia livingstonei, Sclerocarya birrea, Cordyla
africana, Grewia spp., Syzygium cordatum, S. guineense, Maclura Africana,
Strychnos spinosa, S. madagascariensis, Ancylobotrys petersiana, Landolphia
kirkii, Salacia kraussii and Vangueria infausta to name some of the more
prominent species. Others provide sap for alcoholic beverages including both
Phoenix reclinata and Hyphaene coriacea. The fruits of Artabotrys
brachypetalus, Sclerocarya birrea, Garcinia livingstonei and others also
provide an alcoholic drink, some of which, including the fruit of Cashews, may
be distilled for an even more potent drink.

Many species occurring on the peninsula are used for medicinal purposes.
Some medicinal species utilised on the island of Inhaca (Mogg 1969) also
occur in the sanctuary, and it is likely that the usage is the same. However
there are many more known medicinal plants occurring in the sanctuary but
whether they were utilized or not, could not be verified at this time for reasons
already stated.

2.1.4.3 Species richness and diversity

Currently 5692 plant species have been recorded from Mozambique of which 177 are
endemic and another 78 near endemic taxa (Golding in press). The relatively
homogeneous habitats in the sanctuary have resulted in a low species richness with
about 800 species to be expected (approximately 14 % of the total number of known
species). This is largely a result of soil structure and composition, which reflects the
aeolian origins of the soil. Also, being sand, nutrients leach out during the rainy
season. The seasonal climate with relatively low temperatures in winter also retard
chemical and biological breakdown of plant materials. This is followed by fires during
the dry season with the subsequent exposure of the soil to greater insolation resulting
in desiccation and further retardation of the breakdown process. This soil
impoverishment is exacerbated by the slash-and-burn subsistence agriculture and fire
as has already been mentioned. The impact of man has in all probability resulted in a
reduction of the number of species that used to occur on the peninsula.

Some species of trees and shrubs considered elsewhere (Palgrave 1984) to be typical
of this vegetation type and largely restricted to this vegetation community, such as
Terminalia boivinii, Hymenaea verrucosa, Commiphora schimperi, Turraea
wakefieldii, Securidaca longipedunculata, Tick berry Chrysanthemoides monilifera
and many others have not been recorded in the sanctuary at this time. Whether this is a
reflection of a survey artefact or due to the disturbed state of the dune thicket is not
clear at this stage, particularly as the Tick berry is common under disturbed conditions
elsewhere.

2.1.5 Conservation status and management implications
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The vegetation of the peninsula includes some very interesting communities and
species. Mention of these have already been made in the discussion above, for
example the occurrence of Marula Sclerocarya birrea and Acacia sp. growing along
the beach front. The sheltered shallow waters of the bay have promoted an unusual
assemblage of plant species along the estuary and northern tip of the peninsula. This
includes species typical of bushveld and that of forest and thicket. This vegetation is
estimated as forming less than 1 % of the total area of the sanctuary and was in a very
disturbed and impoverished state at the time of the survey. Every effort should be
made to rescue the remainder and initiate rehabilitation (see section .., Part ..below).
This also applies to the bushclumps in the miombo woodland

According to Isidine & Bandeira (in press) there are 301 Red Data Book species in
Mozambique or 5,3 % of the total number of species recorded from the country. In the
sanctuary 10 RDB species have been recorded. It is likely that several others will also
be found in time. Some of these such as Eulophia petersii and Zanthoxylum
schlechteri are common in the sanctuary. However the siting of one of the tracks goes
right over the only known population of Tritonia moggii in the sanctuary, which is an
indication of why development should only follow on a detailed biophysical survey of
an area to avoid damaging sensitive areas and communities.

2.2 AVIFAUNA
2.2.1 Introduction

The Quewene (San Sebastian) Peninsula comprises the southern end of the Bazaruto
Archipelago and although there is relatively little information available on the
avifauna of the Quewene Peninsula itself, the greater Bazaruto Archipelago has been
the subject of several avifaunal investigations (Brooke et al 1981, Dutton undated,
Kohler & Kohler 1996, Parker 1998, van Eyssen, 1958). This information has been
considered in compiling this section of the BMP, but most of the information was
gathered during a brief mid-winter visit by the avifauna specialist (Dr W Tarboton) to
VCWS between 13 and 20 June 2002.

This brief survey has provided what is probably a reasonable indication of mid-winter
bird populations in the Sanctuary. Without a similar mid-summer survey, though, this
assessment of the Sanctuary’s avifauna is obviously inadequate, and the conclusions
drawn here on the avifaunal diversity and dynamics are inevitably speculative. For the
same reason the recommendations and management implications for the conservation
and sustainable utilization of the avian resource are very general in nature. A mid-
summer follow-up survey will be undertaken during the implementation phase of the
GEF project.

From a bird perspective the array of wetland types found in the Sanctuary provides the
area’s most outstanding feature. The diversity of these wetlands and the kaleidoscope
of seasonally changing conditions (drying, flooding, etc) make for perpetual change in
the suite of waterbirds that use them. The variety of waterbird species recorded here in
June attests to the quality of these wetlands and the VCWS would undoubtedly qualify
for Ramsar status on its waterbird communities alone. The coastal and marine
wetlands probably offer the same variety, but their utilization by birds is more of a
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summer than a winter phenomenon and will have to be verified during the follow-up
survey.

By contrast, the woodlands in the VCWS are relatively homogeneous (Msasa
Brachystegia spiciformis and Julbernardia globiflora dominated, with relatively low
tree diversity) and, except for the northern-most part of the peninsula, they have been
very extensively degraded. Slash-and-burn agriculture probably accounts for much of
this, but extensive areas are dominated by thickets of coppiced trees (possibly fire
induced regrowth) and only small remnants of tall, primary msasa woodland remain.
Also, the coastal dune forest and sand forest, two coastal-plain forest-types that are
seemingly not well-developed or degraded in VCWS, elsewhere, for example in South
Africa’s Zululand coast in KwaZulu-Natal, support interesting and distinctive bird
communities that were not observed in the sanctuary. (These communities may be
present or better developed in the areas to the south of the current VCWS that are
considered for inclusion in the sanctuary). As a result, the woodlands in the Sanctuary
area support a depauperate bird community and many of the ‘icon’ species of climax
miombo are absent. Whether this observation also holds true in summer will be
determined during follow-up surveys. In time, with the possible resettlement of
farmers from some areas and restoration of the agriculturally-disturbed sections, a
more diverse woodland avifauna may eventually re-establish.

It is perhaps an anachronism that the ecologically unacceptable slash-and-burn
agriculture that is widely practised, actually contribute to increasing the overall bird
diversity of the region. They provide open ground with an abundance of weedy plants
that attracts a variety of seed-eating birds such as mannikins, waxbills, canaries,
weavers, widow-birds and others, and the complete disappearance of these cultivated
fields from the Sanctuary would have a negative impact on the overall biodiversity of
the peninsula.

2.2.2 The Avifauna list

An annotated list of the 240 bird species so far recorded in the VCWS is given in
Volume 3 of the BMP. This list is a compilation of (i) the 160 species recorded in the
area during June 2002, (ii) a further 46 species recorded on the Quewene (San
Sebastian) Peninsula (squares 2235AB and 2235AD) during the 1994-1998
Mozambique bird atlas survey, (iii) 24 additional species seen here at other times by
resident staff, and (iv) 10 additional species of seabirds recorded within the Bazaruto
Archipelago during counts made here by Kohler & Kohler between 1996-1998.
Because the VCWS covers all of the Quewene peninsula, any reference to a species as
occurring on this peninsula is taken as being in the sanctuary.

The species list given here for the VCWS area is obviously incomplete and it will
probably increase to 300 species, or more, as additional surveys are done and as
interest in the area’s avifauna grows. For the purpose of this report, though, the list is
restricted to only those species that have been recorded with certainty within the area
of the Sanctuary - there is little point in extending the list by speculating or
extrapolating, as this clouds the authenticity of the species actually recorded. The
species listed by Parker and/or Dutton in various unpublished checklists as occurring
on ‘Bazaruto’, ‘Bazaruto Archipelago’ or ‘Coastal Mozambique’ when no specific
mention was made of these birds actually occurring on the Quewene/San Sebastian
peninsula, were therefore purposefully excluded.
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2.2.3 The bird and its environment and implications for management
2.2.3.1 Bird diversity vis-a-vis habitat

In terms of the avifauna, the Sanctuary divides into four broadly different habitat types
and a break-down of how the 240 species recorded are apportioned in these is as
follows:

Woodland (mainly miombo-dominated savannah, also agriculturally-disturbed
lands) supports the highest proportion of the area’s avian diversity (158
species, 66% of diversity). A wide cross-section of families is represented in
this avifauna, and the dominant groups are shrikes (11 species), weavers and
widows (11 species), birds of prey (11 species), warblers (10 species), sunbirds
(7 species), and doves, cuckoos, swallows and bulbuls (all 5 species).
Individually, the most numerous species encountered were Black-eyed and
Sombre Bulbuls, Cape Turtle Dove, Fork-tailed Drongo, Black-collared
Barbet, Southern Boubou, Puffback Shrike and Mozambique Batis.

Freshwater wetlands (endorheic pans, permanent lakes, seasonal and
permanent marshes) support fewer species (68 species, 28% of diversity) but
they include many very distinctive and striking-looking birds, and species that
often gather in large concentrations. Ducks and geese (10 species), herons (10
species) and storks (5 species) contribute most to the diversity in this group.
The majority (50) of these species are restricted to freshwater wetlands, but
some (18 species) occur with equal frequency in the marine wetlands.
Individually, the most numerous species encountered were Grey Heron, Reed
Cormorant, African Jacana and Dabchick.

Marine wetlands (sandy shore, estuaries, mangroves, inter-tidal zone) support
at least 33 species (18 being shared with freshwater wetlands); terns (5
species), scolopacids (5 species) and plovers (4 species) dominate this group.
In June Greater Flamingo was the most numerous single species in this
environment.

Open sea: although only one species is currently listed for the sanctuary
(Greater Frigatebird), there are 20 or more candidate species likely to be
recorded here in time to come (gannets, petrels, tropicbirds, etc).

2.2.3.2 Status and seasonality of the avifauna

The species listed as occurring in the woodland are largely (90%) year-round
residents, and only about 10% of those listed visit the Sanctuary on a seasonal basis.
This may be an artefact of most of the data coming from the June 2002 survey when
migrants were absent from the region)

By contrast, the freshwater bird community probably fluctuates very widely over time
in response to changing water levels and conditions. In June 2002 all the pans in the
areas were full and they supported a diverse waterbird community. This will change
dramatically as the pans dry up - some species (jacanas, Pygmy Geese, White-backed
Duck and others) probably vacate the area altogether, while others will probably then
resort to the permanent lakes (Lake Manhale and others). These lakes are likely to be
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important drought refuges for many waterbirds, not only for those that live within the
Sanctuary, but also for others from further afield.

The avifauna of the coastal wetlands (the intertidal zone, etc) is comprised very
largely of seasonal visitors (flamingos, waders, terns, etc.) and this environment
probably sees the highest seasonal fluctuation in bird numbers in the Sanctuary. The
Palearctic migrants are largely summer visitors to the area, while the flamingos are
probably erratic rather than seasonal in their occurrence. In June there were large
numbers of Greater Flamingo (5000-6000) around the peninsula: these birds are likely
to move about widely through the archipelago in response to changing food
availability, and they probably leave the area entirely at times when conditions at their
nearest breeding site (Makgadikgadi Pan in central Botswana) attract them there.

2.2.3.3 Large assemblages of birds

Species that assemble in large numbers at a few sites have special interest, not only
because they are often more vulnerable than species that occur widely at low density,
and so are candidates for possible conservation action, but also because they often
provide interesting spectacles for visitors and tourists, having high ‘charisma’ value,
and so having special ecotourism potential. The single most obvious bird in this
category in VCWS is the Greater Flamingo, but the large flocks of waders, terns and
seabirds are also candidates. The Greater Flamingos, as mentioned, probably move to
central Botswana to breed - the Makgadikgadi is only one of two sites in southern
Africa where they breed regularly, it being a sufficiently remote area for the birds to
complete their breeding cycle undisturbed. The potential exists for a safe breeding
area to be created within the Sanctuary, and the feasibility of this will be investigated.

The large numbers of migratory wading birds (plovers, sandpipers, etc, mostly visitors
from the Northern Hemisphere) that use the shallow-water areas in the Bazaruto
Archipelago in summer, apparently number thousands to tens of thousands of birds
(based on counts made here during 1996-1998 by Kohler & Kohler). In the case of
one of the species (Great Sandplover) it was estimated that this area constitutes the
winter quarters for 1% of the world population. There was little evidence of this in
June, but the nature of the shoreline around the San Sebastian peninsula indicates that
this part of the archipelago is an important component of the overall area used by
these waders. The Crab Plover, a summer visitor to the Mozambique coast from the
Arabian Peninsula, apparently gathers (100+ birds) specifically in the mangrove
lagoons at the north-western edge of San Sebastian (Palmerhina), making this a
particularly important site within the Sanctuary.

At the southern end of Lake Manhale there are numerous dead trees standing in the
water, and in June there were large numbers of darters (385 counted), and cormorants
(419 counted) here, together with several Pink-backed Pelicans. At least 53 nests in
the dead trees indicated that these birds had recently nested here. Many of the larger
waterbirds (storks, herons, cormorants, pelicans, etc) gather at sites like this to breed
colonially and where such sites provide durable, safe conditions for the birds, they are
often reused year after year. A site like that at Lake Manhale could be managed
towards this end (especially by restricting fishermen access to the vicinity of the
nesting trees); at the same time, by safeguarding the colony, another visitor spectacle
in the sanctuary would be created.

2.2.3.4 Threats
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The actual or possible threats facing the Avifauna are likely to be the following:

e There is no obvious evidence of direct persecution of birds by local
inhabitants taking place, although the general paucity of gamebirds
(francolin, guineafowl, etc) may be a direct consequence of human
depredation. Degradation of the natural habitat in the area appears to be the
main factor impacting on the avifauna.

e Birds of prey are very poorly represented in the sanctuary. No vultures, for
example, virtually no eagles, and very few accipiters were seen during the
June 2002 survey. Their paucity possibly reflects the dearth of both small and
large mammals in the Quewene peninsula area, and thus the absence of a
sufficient prey-base to sustain, in some species, permanent populations in
VCWS. Also missing, because of the absence of a large mammal fauna in the
sanctuary, are oxpeckers. Both species (Red-billed and Yellow-billed) would
have occurred here and once the large mammal fauna has been restored,
consideration should be given to reintroducing these species.

¢ None of the areas of miombo woodland visited in the sanctuary in June
contained the diverse avifauna one associates with climax miombo woodland
such as one would find, for example, in other parts of southern Mozambique
(Panda, etc). This depauperate avifauna is a consequence of the degraded
state of this vegetation type in the Sanctuary - it is extensively coppiced, and
the areas with the most fertile soils probably once supported the tallest
woodland, most of which has apparently been cleared for agriculture. The
cessation of slash-and-burn farming in the Sanctuary will no doubt lead to a
gradual restoration of mature woodland at these sites and ultimately perhaps,
to a more diverse and interesting miombo woodland avifauna.

2.2.3.5 Conservation priorities

Conservation initiatives generally require some form of ranking to establish what
species or actions have priority, and the most appropriate point of departure in doing
this is usually to consider whether, and at what level, the species being discussed are
Red Data-listed. Red Data lists rank species in terms of risk of extinction, and this risk
can be viewed at a regional or global scale - high risk at global scale obviously has a
higher priority than high risk at regional scale, and so on down the scale. Risk is
graded (from high to low) using the terms critical, endangered, vulnerable and near
threatened. Nineteen of the species recorded in the sanctuary are Red Data-list and
these are the species discussed here.

Thirteen of them are low-ranked (‘near-threatened’ in South Africa, but not listed as
threatened in Mozambique, and not globally listed): White Pelican, Pink-backed
Pelican, Woolly-necked Stork, Open-billed Stork, Yellow-billed Stork, Greater
Flamingo, Pygmy Goose, African Marsh Harrier, Black-bellied Korhaan, Chestnut-
banded Plover, Red-winged Pratincole, Caspian Tern and Lemon-breasted Canary.

Six species have a higher ranking: Saddle-billed Stork (‘endangered’ in South Africa;

‘threatened’ in Mozambique; not listed globally); Wattled Crane (‘critical’ in South
Africa, ‘endangered’ globally; species apparently previously not yet recorded from
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southern Mozambique); Lesser Jacana (‘near-threatened’ in South Africa; ‘threatened’
in Mozambique; not listed globally); Mangrove Kingfisher (‘vulnerable’ in South
Africa; ‘threatened’ in Mozambique; not listed globally); Chestnut-fronted Helmet
Shrike (‘threatened’ in Mozambique; not listed globally); Neergaard’s Sunbird (‘near-
threatened’ in South Africa and globally; ‘threatened’ in Mozambique).

Conservation action not only requires setting priorities, but to be effective it needs to
be based on a clear understanding of the spatial distribution and dynamics of the
populations involved, the preferred habitats of these, and an understanding of threats,
if any, that they face. In this context, the Wattled Crane which is undoubtedly a high
priority species for conservation action everywhere in its range, is probably irrelevant
to any conservation program for the VCWS for the reason that this species has not
previously been recorded anywhere in southern Mozambique, and the single sighting
of it in the Sanctuary (January 2002) was probably a case of vagrancy. Lambrechts
(pers comm), however, reported two pairs from an open plains area just north of the
Save River, about 130 km due north of VCWS. By contrast, the Saddle-billed Stork -
another high priority species for conservation action - would probably benefit from a
conservation initiative in the sanctuary as there are certainly several resident pairs
present here. In its case, the most effective conservation measure may simply be to
locate the nesting sites of each of the pairs and ensure that human disturbance here is
kept to a minimum.

Because 14 of the 19 candidate species for conservation attention in the sanctuary are
waterbirds (especially freshwater wetland species) it is clear that actions taken to
safeguard and manage these habitats appropriately, will have a broad beneficial effect
for a spectrum of potentially threatened birds. An important component of a bird
conservation plan (OP) for the sanctuary will be the avifauna of the freshwater
wetlands. The starting point for this OP would be to map and characterise all the
sanctuary’s wetlands, and then to monitor a cross-section of them (measuring water-
levels and birds present) to establish seasonal trends. This would identify key sites for
target species, and conservation measures could be developed accordingly. For
example, the near-threatened Pygmy Goose nests in holes in trees, but good nesting
sites seem to be in short supply. Furthermore, no family groups were observed in June
2002, suggesting that the breeding success for the past season was not high. A simple
and effective conservation measure would be to put up a few artificial nest sites
(hollow logs, artificially constructed if need be) around the pans used most frequently
by the Pygmy Goose and so boost recruitment.

2.2.3.6  Ecotourism potential of the sanctuary’s birds

Bird-watching (‘birding’) is fast reaching the status in first-world communities of
being one of the most widely pursued forms of outdoor recreation. In the USA, for
example, birding today is more popular than hunting or fishing, and it ranks in that
country second only to gardening as the nation’s most popular outdoor leisure activity.
The ecotourism potential of this interest is clear: ever-growing numbers of ‘committed
birders’ (and there are perhaps half a million of these in the USA alone) travel widely
to visit new places to see new birds, and the benefits of this to local economies are
undisputed. ‘New’ countries hold obvious attractions to such ecotravellers, and in this
context Mozambique has special appeal, given its lack of exposure in the past to this
market.
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The special attractions that a country offers such travellers are, firstly, ‘new’ species,
and especially those that are endemic to the country. Secondly, the more striking,
unusual, colourful or flamboyant species usually have high appeal (the ‘charismatic’
species), and thirdly, large assemblages of birds - thousands of flamingos or seabirds,
for example - also have special appeal.

2.2.3.7

e Endemics

Mozambique does not have any bird species that are entirely restricted to the
country, but there are five ‘near-endemics’, i.e. species that are largely
confined to Mozambique. These are mainly restricted to the area south of the
Save River, their ranges extending narrowly into northern Zululand, the
eastern edge of Mpumalanga and southeastern Zimbabwe. | encountered only
one of these in the Sanctuary (Lemon-breasted Canary) but another,
Neergaard’s Sunbird, is listed in the Atlas as occurring here, and the remaining
three - Pink-throated Twinspot, Rudd’s Apalis and Woodward’s Batis - may
also be found in time, especially if there is some sand forest and coastal dune
forest to be found in the area.

e ‘Charismatic’ species

Apart from the birds listed as having special ecotourist interest because of their
occurrence in large flocks or their endemicity, there are a number of others in
the Sanctuary that has ‘high charisma’ value. Opinions will differ in this
selection, but my list of candidates, based on ‘prettiness’, exclusivity, and
special association with the Sanctuary, is as follows:

Pygmy Goose (very colourful, tiny size, tropical connotation,
common on lily pans in the Sanctuary)

African Fish Eagle (icon of African wetlands, ringing call, etc -
probably 5-7 pairs in Sanctuary)

African Jacana, (another freshwater wetland icon, colourful,
flamboyant  habits)

Lesser Jacana (rare, Red Data status, easily overlooked, diminutive
version of African Jacana)

Long-toed Plover (striking-looking, icon of tropical freshwater
wetlands)

Crab Plover (striking looking, very restricted in occurrence, unusual
migration - from Arabian peninsula)

Mangrove Kingfisher (icon of mangroves, rare, Red Data status,
colourful)

Olive Bee-eater (probably the icon bird of the Bazaruto archipelago,
this area constitutes its main breeding ground in Africa; it nests in
colonies, and the sand banks on Chuinzine Point form one of its
breeding sites)

Mascarene Martin (rarity and uniqueness in area - a rare and
localised winter visitor to the Mozambique coastal plain from
Mascarene islands)

Bird-related ecotourism
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Over time, birds could become an important element of the ‘recreational package’ that
the sanctuary offers to the owners and the visitors - as shown, there is certainly no
shortage of charismatic, interesting or unusual species to be found here. In the short
time that most visitors have available it is inevitable that many of these sought-after
birds will be missed unless help is at hand. This provides opportunities for local
community involvement, a practice that is gaining ground in many areas of Africa that
are much visited by tourists. In Uganda, for example, many of the bird-rich lowland
forests have very competent on-site bird-guides available to find and identify birds for
visitors (Tarboton, 2002). Many of these are young people who have grown up in the
bush and have an affinity with it; many of them also participate in whatever
monitoring and research programs are being conducted at these sites, or they double
up and do other tasks at lodges when they are not involved in bird-guiding. Within the
Field Ranger complement employed to assist with reserve management, there could be
a couple of rangers who are encouraged to develop their birding skills and extend
these to undertaking routine monitoring, e.g. counts of waterbirds on selected pans,
strip counts of woodland birds, etc. As their competence grows their duties can be
extended to bird guiding.

BirdLife South Africa (info@birdlife.org.za) runs a bird-guide training program in
South Africa in which etiquette and finesse in handling visitors is taught, and where
they are trained in birding skills and in the basics of small business management. Most
of their learning, however, has to happen on site and for this to be successful they
need the resources, particularly in the form of binoculars and field guides. To be a
successful guide in the sanctuary such a person should be able to identify every bird
by sight and sound, and he/she should know the seasonal status of each species that
occurs here, and where every species, on the basis of its preferred habitat, can be
found.

Boat trips to sea to look for ocean-living (‘pelagic’) birds are growing in popularity
with birders around the world and in the past 5 years several such trips have even been
run out to sea from Vilanculos (by Vilanculos Dive Charters and others). The idea is
to get about 25 km out and look for those species of oceanic birds (albatrosses, storm-
petrels and the like) that seldom come inshore. Bait, in the form of fish oil, is often
thrown out to lure the birds closer, or a fishing boat is followed. The Mozambique
Channel offers special interest in that several tropical species seldom encountered in
the temperate oceans - frigatebirds, tropicbirds, Sooty Terns and others - can be seen
here with relative ease. Such trips also double up with dolphin and turtle viewing.

Hides and viewing platforms work well when they are situated alongside the type of
wetlands that are found in the sanctuary. A host of potential sites for such structures
occur throughout the VCWS. Hides not only provide pleasant viewing opportunities
but they also provide focal points for visitors and if some form of interpretation or
identification is provided as well at each site, the visitor experience is enriched. A few
suitable sites for hides will be identified in the Sanctuary and hides or viewing
platforms will be erected there.

2.2.3.8 Consumptive utilization of avifauna

The potential exists for some level of consumptive utilization of the avifauna. Some
duck hunting, for example, if carefully managed, could take place on a sustainable
basis. Or Pygmy Geese, which are much sought-after ornamental birds in the bird-
trade industry, could be harvested should a nest-box program be put in place that
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boosts the annual production of young. Lemon-breasted Canaries are also sought-after
caged birds and thousands are trapped annually in southern Mozambique for the
lucrative international bird trade. However, no form of consumptive use will be made
of the avifauna. Unlike the situation with large mammal fauna, there is no need to
manage bird populations by culling, as they are highly capable of dispersal. The
limited benefits that could be derived form consumptive utilization, is scarcely worth
the tarnished image to the Sanctuary that may result if large international
organizations that are against the world bird-trade or against bird-hunting took up the
cause.

2.3.3.9 Avifauna reasons for expanding the sanctuary
If the areas to the south that are earmarked for inclusion in VCWS include sand forest
or coastal dune forest (that does seem to be the case), and if it includes areas of tall,

primary miombo woodland, these habitats will substantially increase the overall bird
diversity in the enlarged Sanctuary
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2.3 HERPETOFAUNA
2.3.1 Survey method

A literature survey was conducted prior to the first site visit and all herpetofaunal species likely
to occur in the area were listed. During the initial site visit the area was evaluated according to
the presence of potential habitat for these species. The list could therefore be refined. Species
observed during this survey were noted. Two series of pitfall traps and drift fences were erected
in miombo woodland, one extending out from a pan. These were monitored twice daily for the
period 29 July to 8 September. Two night drives with a spotlight were made and a third
abandoned because of rain. Throughout the duration of the survey the area was combed for spoor
and other signs of species that were then recorded.

2.3.2 Results
2.3.2.1 Distribution

Despite the timing of the survey (winter and early spring) a substantial number of species of
reptiles and amphibians were recorded. The annotated species lists for reptiles and amphibians
appear in Volume 3: Annotated Species Lists, of this BMP.

The herpetofauna of the peninsula was of great interest as several unexpected species were
found, throwing new light on distribution patterns and relationships. A total of 51 species were
recorded which represents about 67% of the species to be expected. Many of these represented
new distribution records such as the Blue-tailed sandveld lizard Nucras caesicaudata, Peter’s
spiny agama Agama armata, Bazaruto dwarf burrowing skink Scelotes insularis, Bazaruto
golden legless skink Typhlosaurus aurantiacus bazarutoensis, Bazaruto writhing skink
Lygosoma lanceolatum, Sundevall’s writhing skink Lygosoma sundevallii, Forest cobra Naja
melanoleuca and especially the Forest tree frog Leptopelis natalensis. Many species were
conspicuous by their absence.

Although many species were widely distributed within the sanctuary, some clear habitat
preferences were evident:

Dune scrub/thicket/ Bushclumps

Many species occurring in dune thicket are limited to this habitat. Bushclumps found in miombo
woodland also contained the same species as well as other more eurytopic species. Taxa such as
Lygosoma lanceolatum, Scelotes insularis, Typhlosaurus aurantiacus bazarutoensis as well as
the Long-tailed round-headed worm-lizard Zygaspis longicauda are restricted to this habitat.
Other species that were more common here than elsewhere included the Eastern coastal skink
Mabuya depressa and Common striped skink M. striata. The only specimen of the Waterlily reed
frog Hyperolius pusillus was found in this habitat. The Forest cobra Naja melanoleuca appears to
be mostly restricted to dune thicket and according to Broadley (1990, 1992) many other snake
species such as Dasypeltis medici and Prosymna jani were only recorded from this habitat on the
islands of the Bazaruto Archipelago.
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Wetlands

Few reptiles were found in the many wetlands distributed throughout the sanctuary. Typical
wetland species included Crocodile Crocodylus niloticus, Water monitor Varanus niloticus that
was found commonly around pans and the Green water snake Philothamnus hoplogaster that
was seen on several occasions in marshes. Frogs and toads were mostly recorded from around
the pans and marshes. Particularly abundant were Red-legged kassinas Kassina maculata,
Marbled reed frog Hyperolius marmoratus and Tinker reed frog H. tuberilinguis. Two forms of
the Marbled reed frog occur on the sanctuary namely Hyperolius marmoratus taeniatus that
appears to be the most common and H. m. marmoratus. Some overlap in colour pattern has also
been seen indicating that the area lies in a transition zone.

The Olive toad Bufio garmani was common around pans in the north whereas the Gutteral toad
Bufo gutteralis was only heard calling around the Jane marsh in the south. Here too the Brown-
backed tree frog Leptopelis mossambica was heard calling and the Forest tree frog L. natalensis
was collected. The Sharp-snouted grass frog Ptychadena oxyrhuynchus was only recorded from a
salt-/ freshwater marsh ecotone at Msasa camp while the Broad-banded grass frog Ptychadena
mossambica was found in marshes along the estuary and at Jane marsh. Most other frog species
were widespread around waterbodies in the sanctuary.

Miombo woodland

Although Miombo woodland covers most of the area in varying densities few reptiles or
amphibians appeared to be restricted to this habitat. Most snakes seen in the area were in
miombo woodland. These included Brown house snake Lamprophis fuliginosus, Herald snake
Crotaphopeltis hotamboeia, Spotted bush snake Philothamnus semivariegatus, Eastern green
snake P. natalensis, Common python Python natalensis, Vine snake Thelotornis capensis
mossambicana and others. Few lizards were only or mostly recorded here including the Variable
skink Mabuya varia, Wahlberg’s snake-eyed skink, Sundevall’s writhing skink Lygosoma
sundevallii, Cape rough-scaled lizard Ichnotropis capensis and Greater rough-scaled lizard I.
squamulosa.. No frogs or toads appeared to be exclusive although Ptychadena oxyrhynchus
could be classed as such. The Northern mottled toad was frequently seen in Miombo woodland
some distance from water.

Widespread species

Several species of reptiles occurred widespread throughout the sanctuary including the Cape
dwarf gecko Lygodactylus capensis, Tropical house gecko Hemidactylus mabouia, Flat-headed
house gecko H. platycephalus and to a lesser extent Mabuya depressa. The commonest
amphibian present was Bufo garmani, which occurred everywhere. Others such as the East coast
puddle frog Phrynobatrachus acridoides, Hyperolius marmoratus and H. tuberilinguis occur
widespread around water, the latter also frequently found away from water around dwellings and
other structures.
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The fauna also exhibits the effect of lengthy human settlement in the area. The reptiles and
amphibians have perhaps not been as adversely affected as the mammals but nonetheless have
been impoverished by habitat destruction. Apart from crocodiles that were hunted for their skins
and meat, only the snakes have probably suffered some direct persecution. The advent and
frequency of fires has probably affected the distribution and abundance of the herpetofauna that
may account for the paucity in the numbers of animals seen. This was also likely to have been
influenced by the timing of the survey.

Many of the herpetofauna recorded during the survey were rare species, one only known from a
single specimen, on which the description was based. These include the following (in the
absence of a Red Data Book for Mozambique, the South African Red Data Book (SA RDB)
status is given):

Species SA RDB Status
Naja melanoleuca Peripheral
Python natalensis Vulnerable
Nucras caesicaudata Peripheral
Crocodylus niloticus Vulnerable
Scelotes insularis not listed
Typhlosaurus aurantiacus bazarutoensis “o
Lygosoma lanceolatum ©o«
Zygaspis longicauda ©o«
Leptopelis natalensis “o«

The Forest cobra has specific habitat requirements and can therefore only be expected in dune
thicket and marshy areas. Although most of the distribution of the Blue-tailed sand lizard lies in
the Gazaland it appears to be rare throughout and its status in Mozambique is likely to be Rare.
Both the python and the crocodile are likely to retain the same RDB status. Four of these reptile
species were described by Broadley (1990) from the islands of the Bazaruto Archipelago and
were at the time considered insular species. All of these taxa qualify for inclusion into any future
Red Data Book on the fauna of Mozambique. The occurrence of the Forest tree frog this far
north is a new record for Mozambique and makes it a potential candidate for listing in the RDB.

2.3.2.2 Species richness and diversity

A total of 15 amphibians, 13 snakes, one tortoise, terrapin and turtle each, 19 lizards and one
crocodile species were recorded from the sanctuary. A further three amphibians, 13 snake, one
terrapin and three turtles, and three lizards have been recorded from the Bazaruto Archipelago,
some of which could be expected to occur in the sanctuary. Many other species are to be
expected but due to the timing of the survey, were not observed. It is in any event almost
impossible to achieve a more complete list of species from such a large area as VCWS without
having a far greater amount of time available and undertaking the survey during the summer
months. If the VCWS and Bazaruto lists are combined then 18 amphibian, 26 snake, 24 lizard,
one tortoise, two terrapins and five turtle species can occur on the sanctuary. However, on
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examining the list and considering the suitability of the available habitat on the peninsula, it is
doubtful whether some previously expected species would indeed be found.

While lizards have been well collected and only a few species have yet not been found, many
snake species have yet to be recorded. In contrast to the mammals the lizards and amphibians
have produced several surprises including many range extensions already mentioned. No attempt
was made to ascertain invertebrate species richness as such a study was beyond the scope of the
current survey.

2.3.2.3 Utlization of herpetofauna

The utilization of the fauna by the human community has been ongoing since the area has been
settled. However, unlike some mammalian species that served as a source of protein, the
utilisation of herpetofauna would largely have been incidental, or more commonly perhaps
deliberate Killing in the case of reptiles. The paucity of Crocodiles Crocodylus niloticus can be
ascribed to two factors, human persecution and the abundance of Water monitors Varanus
niloticus. Human persecution for the sake of skins and for consumption purposes has severely
reduced the numbers of crocodiles in the sanctuary. Those that remain are adept at hiding and
few signs were seen. The Water monitor, which is common in the sanctuary, feeds on the eggs of
nesting crocodiles reducing the recruitment rate of these animals.

2.3.3 Conservation status

At present there is no Mozambique Red Data Book (RDB) for herpetofauna. However using the
South African RDB some applications are possible. A list of specific candidate species has
already been compiled earlier. The herpetofauna have been affected mostly by loss of habitat but
also in the case of snakes and crocodile by direct persecution. The conservation status of the
area’s herpetofauna is therefore very poor at the current time, although housing some extremely
rare species.

24  MAMMALS
2.4.1 Survey method

A literature survey was initially conducted and all mammal species likely to occur in the area
were listed. During the initial site visit the area was evaluated according to the presence of
potential habitat for these species. The list could therefore be refined. Species observed during
this survey were noted. During a second site visit some trapping of small mammals took place in
wetlands, miombo woodland and bushclumps and in dune thicket for three days and nights
respectively, using Sherman live traps. No trapping for bats using mist nets was attempted at this
time due to the paucity of bats at this time of the year. Two series of pitfall traps and drift fences
were erected in miombo woodland, one extending out from a pan. These were monitored twice
daily for the period 29 August to 8 September. Two night drives with a spotlight were made and
a third abandoned because of rain. Throughout the duration of the survey the area was combed
for spoor and other signs of species that were then recorded.
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2.4.2 Results
2.4.2.1 Distribution

A total of 33 mammal species were recorded from the sanctuary (Refer to Volume 3: Annotated
Species Lists, of the BMP for the list of mammals). Most of these were expected to occur but
some such as the Grey climbing mouse Dendromus melanotis and Giant rat Cricetomys
gambianus.were unexpected. Similar to that of the herpetofauna, several species expected to
occur were not found, which however may be an observation artefact and not reflect the true
situation.

As far as the larger mammals were concerned the sanctuary was extremely impoverished in
terms of species riches yet a surprising number and signs of small antelope such as Grey duiker
Sylvicapra grimmia and Steenbok Raphicerus campestris were seen, even along the Spit (dune
barrier cordon).

Some habitat preferences were evident but related more to vegetation characteristics than
edaphic ones:

Dune thicket and Bushclumps

Again these two habitats were similar with regard to the species occurring in them, including
among the rodents the Red veld rat Aethomys chrysophilus and perhaps the Giant rat Cricetomys
gambianus. The Red duiker Cephalophus natalensis and Suni Neotragus moschatus are also
restricted to dense bush that may also include thickets in miombo woodland.

Wetlands

Some mammals such as the Groove-toothed rat Pelomys fallax, the Multimammate mouse
Praomys natalensis, Grey climbing mouse Dendromus melanotis Lesser red musk shrew
Crocidura hirta and Greater cane rat Thryonomys swinderianus were only recorded from the
vicinity of wetlands. It was interesting to note that the Multimammate mouse was only recorded
in the wetlands. Whether it is forced there by competition with Peter’s gerbil Tatera leucogaster
that occurred along the ecotone can only be speculated on. The Multimammate mouse appeared
to be more abundant in the wetlands than the Groove-toothed rat at a ratio of 3:1, but this could
be a trapping artefact.

Miombo woodland

Most of the mammalian fauna of the sanctuary occur in miombo woodland which may be dense
in parts, forming thickets thereby providing essential refuges to thicket loving species such as
Red duiker, Greater galago Galago crassicaudatus, Forest mouse Grammomys dolichurus and
Giant rat. Under more open conditions most of the other species recorded from the reserve occur.
These include Grey duiker Sylvicapra grimmia, Steenbok Raphicerus campestris, Springhare
Pedetes caffer, Scrub hare Lepus saxatilis and rodents such as Peter’s gerbil Tatera leucogaster.
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The latter appeared to be the only murid found although Mus minutoides was collected in a
pitfall trap in the ecotone between woodland and pan. It is likely that other species will be
recorded from this habitat from time to time including several bat species.

2.4.2.2 Species richness, rare and threatened species

The sanctuary has considerable species richness in terms of the fauna, which was unfortunately
masked in part by the timing of the surveys as well as by the impact of humans on the area. This
was evident when on one day in the southern part of the sanctuary (where human impact is less
than at the northern tip), five snake species were recorded compared to two species in 10 days
elsewhere. It is likely that many species were still present but in reduced numbers. The paucity of
many of the larger mammal species such as hares, springhares, porcupine and others serves to
emphasize this.

The mammalian fauna also exhibits the effect of lengthy human settlement in the area. All of the
megafauna has been hunted out in the past with only a few small ungulates left, some such as the
Grey duiker Sylvicapra grimmia and Steenbok Raphicerus campestris being able to withstand
continuous harvesting while others such as the Red duiker Cephalophus natalensis and Suni
Neotragus moschatus only able to exist by living in and taking refuge in the remaining scrub and
thicket where hunting is difficult for man and dog. It was also noteworthy that few signs of
smaller animals such as hares and springhare were seen in the more populated north, most signs
being found in more remote localities. No signs of Antbear Orycteropus afer or their burrows
were seen during the survey, which may be the reason why no Porcupine Hystrix africae-
australis were seen nor signs of these animals found. It is possible that they never occurred here
although recorded from the vicinity (Smithers & Tello 1976). It is possible that both Antbear and
Porcupine were hunted to extinction already early on in the history of settlement of this area. The
absence of such a keystone species such as the antbear and the lack of burrows to be utilised by
other species, could have added to the impoverishment of the mammalian community to be
found on the reserve.

Hunting with dogs and the use of snares have relegated populations of animals to very low
levels. Evidence of continued persecution have been seen, several snares having been removed
and dogs with and without people away from villages were widespread. Many feral cats Felis
catus were also seen. Some have been left behind when people move and being semi-wild the
cats have evaded capture and are left behind. It is unlikely that any cat is fed but is simply left to
fend for itself, catching whatever prey is available. These cats readily hybridise with the African
wild cat Felis lybica (Smithers 1986) which may eventually result in the local extinction (if it is
still present) of this species unless steps are taken to eradicate feral cats.

A total of 33 mammal species were provisionally recorded from the sanctuary. A further eight
mammals have been recorded from the Bazaruto Archipelago, some of which could be expected
to occur in the sanctuary. A number of other species are to be expected but due to the timing of
the survey (winter and early spring), were not observed. It is in any event almost impossible to
achieve a more complete list of species from an area the size of VCWS without having a far
greater amount of time available, and undertaking the survey during the summer months. Bats
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are the most poorly represented and several species could occur. If the VCWS and Bazaruto lists
are combined then 41 mammal species can possibly occur on the reserve.

However, on examining the list and considering the suitability of the available habitat on the
peninsula, it is doubtful whether all of the “missing” species would be found. The presence of
Samango monkey Cercopithecus albogularis on Bazaruto Island indicates that suitable habitat is
still present there, despite anthropogenic degradation. It is therefore doubtful whether the species
would occur in the sanctuary as the habitat which may have supported this species, Dune thicket
and Sand forest, has been largely modified and degraded. Few patches of tall forest can be seen
along the dunes in the south or elsewhere, making it unsuitable for these monkeys. At present
Vervet monkeys Cercopithecus pygerythrus occupy and are mostly restricted to areas of Dune
scrub and thicket, while Baboons Papio ursinus are found along the dunes south of the
Lighthouse. The occurrence of the Lesser galago Galago senegalensis on Bazaruto Island
(Downs & Wirminghaus 1990) is also an unusual occurrence as Smithers & Tello (1976) record
the species occurring further west under more arid conditions and in different veld types. This is
indicative of a translocation and it is doubtful if the species will occur on the peninsula.

Many species which should be present but which have not yet been found such as Antbear,
Porcupine, Sun squirrel Heliosciurus rufobrachium, Pouched mouse Saccostomus campestris
Single-striped mouse Lemniscomys rosalia, White-tailed mongoose Ichneumia albicauda and
others may in time be recorded. Together with the planned relocation of some of the larger
mammals that occurred previously in the area, a significant increase in species richness and the
number of species recorded would be possible.

2.4.2.3 Utilization of mammals

The utilization of the mammalian fauna by the human community has been ongoing since the
area has been settled and likely reached a zenith during the civil war when the remaining large
mammals were hunted out. The last hippopotamus Hippopotamus amphibius was killed about 2
years ago. Snaring and hunting with dogs is ongoing and aimed at the remaining small ungulates
such as Grey and Red duiker, Suni, hares, Springhares, Cane rats and a reptile such as the
crocodile. Animals are also killed for their skins and other products that may form part of
traditional medicine. D. Smart (pers comm.) recorded seeing two Civet Viverra civetta skins at a
hut in a village. However no data exists concerning the dependency on such sources of food and
other products.

Snares for small antelope such as Red and Grey duiker were seen on several occasions indicating
existing pressure on the remaining fauna. Attempts to kill Springhare Pedetes capensis were seen
close to a village in the southern part of the reserve. The use of fire to corner animals such as
Cane rats Thryonomys swinderianus (a local delicacy) is widespread and has reduced numbers to
very low levels. Few recent signs of their continued existence were found.

2.4.3 Conservation status
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Although no Mozambican Red Data Book (RDB) exists at present, the lists of species in the
South African context can be extrapolated to the Mozambique situation, where similar
constraints exist. The following mammals can be considered in this qualified context:

Species SA RDB status
Neotragus moschatus Vulnerable
(suni)

Cephalophus natalensis Rare

(red duiker)

Paraxerus palliatus Vulnerable
Viverra civetta Rare

(civet)

It is evident that species such as Suni and Red duiker are only present at low densities due to
persection and loss of habitat. The conservation status of the mammalian fauna of the area,
especially the ungulates, is very poor at present. Impacts on the remaining mammals, especially
those species who provide a source of protein, could increase in severity and possibly result in
local extinctions.

2.5 INVERTEBRATES

The invertebrates were only marginally examined based on incidental observations made during
the course of searching for reptiles and amphibians. From such cursory observations the area
appeared to be impoverished. Although this was partly due to the time of the year, it is likely that
other factors such as fires were also responsible for this. It was apparent that the number of
butterfly species seen during August/September had increased from that of the first visit in June.

A few cursory observations of species that were recorded during the survey can be noted as
follows:

Hymenoptera: Ants, Wasps and Bees

By far the most common invertebrates found along the peninsula are the ants, family Formicidae.
Among these the tree dwelling Tailor ant Oecophylla longinoda is one of the commonest.
Everywhere their nests of leaves can be seen. These nests are comprised of leaves “sown”
together with silk strands produced by silk glands of the larvae, which are manipulated by the
worker cast. These ants are aggressive and quick to defend their nest if disturbed.

Another very common ant is the Cocktail ant Crematogaster sp. cf castanea that constructs large
round football size nests on the underside of branches of trees. These nests are constructed from
a mixture of chewed plant material and faeces (Ormel 1995). If one of these nests is accidentally
disturbed these ants swarm out in large numbers and attack anything threatening the nest. They
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are called Cocktail ants because of the habit of flexing the abdomen upwards and backwards.
They bite fiercely.

An unusual member of the Order Insectivora is the so-called Velvet ant (Family Mutillidae) that
has been recorded in the sanctuary. In reality a wasp, the female tends to be flightless and
forages on the ground. It is easily recognised with its red brown thorax and black and white
spotted abdomen. They have a painful sting. Other wasps include Paper wasps (Family
Vespidae), which construct nests of pulp, prepared from plant material and formed into thin
sheets with which the hexagonal larval chambers are constructed. These are attached by a thin
stalk to plants or other structures such as buildings. Their stings can be very painful.

The African honey bee Apis mellifera was also been seen swarming during September and the
many hollow trees which have been chopped open indicated that honey is an important source of
food to the local inhabitants, so much so that they had constructed hives out of bark which had
been deposited in trees throughout the sanctuary.

Coleoptera: Beetles

Beetles were not very common during the periods of survey with perhaps the exception of
Ground beetles (Family Carabidae) of which several species including the large diurnal
predatory beetles Anthia sp. and Thermophilum sp., which forage for other insects during the
day, were observed. They have the ability to squirt formic acid in defence if disturbed. Related to
the former but belonging to the family Dytiscidae were the Diving beetles of which large
individuals were found during the survey of the fresh water wetlands. Not very common,
probably because of the lack of dung, were dung beetles (Family Scarabaeidae ). A large
Heliocopris sp. was occasionally seen flying about presumably depending on the availability of
human and canine faecal material for its continued existence. Also observed was a small species
of beetle belonging to the family Buprestidae, a family of wood borers and flower feeders, which
are characterised by having brightly coloured elytra and torpedo-shaped bodies. Several species
of Darkling or Toktokkie beetles, Family Tenebrionidae were also seen, one of which takes
refuge under the bark of dead trees during the day.

Lepidoptera: Moths and Butterflies

Few moths were seen during the surveys despite some rain during both periods, perhaps because
of the time of the year. Only the Peach moth Egybolis vaillantina, a diurnal noctuid moth, was
seen flying about, particularly during June. After a shower of rain on 6™ September 2002, large
numbers of a noctuid moth Achaea lienardi (Lienard’s achaea) were flushed from leaf litter
under trees in dune scrub at the northern end of the peninsula. A day later most had disappeared.

Butterflies were more common, particularly during the second visit at the end of August/
beginning of September. Many species were seen including the following:

Species Common name

Acraea eponina manjaca Small orange acraea
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Acraea zetes Large spotted acraea

Colotis antevippe gavisa Red tip

Colotis euippe emphale

Danaus chrysippus African monarch
Eurema sp. cf desjardinsii Angled grass-yellow
Eurytela dryope Golden piper
Hamanumida daedalus Guineafowl
Hemiolaus sp. cf caeculus Azure hairstreak
Junonia oenone Blue pansy
Mylothris chloris agathina dotted border
Phalanta phalantha African leopard
Physcaeneura sp. cf. panda

Princeps demodocus Citrus swallowtail
Spindasis natalensis Natal barred blue

Hemiptera: Sucking bugs.

Ectrichodia crux, an Assassin bug of the family Reduviidae, which specialises in feeding on
juliform millipedes, was also found on the reserve. The adults are black with a yellow margin to
the wing cases dorsally and have a long proboscis, which is usually folded under the head and
thorax. The nymphs or larval stages are red in colour. They prey on millipedes particularly the
large blackish-brown taxa Deratogonus spp., piercing the body between the chitinous rings and
injecting a digestive enzyme that immobilizes the millipede permitting feeding to take place.

Scorpiones: Scorpions

It was interesting to note that few if any recognisable scorpion burrows were found during the
survey and in fact the only species found were all under bark or in rotting logs on the ground.
Three scorpion species were found during the surveys, none very common. Most of these were
found under loose bark on dead trees and stumps. One species, Uroplectes chubbii has the last
two or three segments of the tail black on an otherwise olivaceous body. Another Uroplectes sp.
has orange limbs and tail while the third scorpion was a black Opisthacanthus sp. with the sting
segment off-white.

Diplopoda: Millipedes and centipedes

Millipedes and centipedes were found on the sanctuary, particularly the Juliform millipedes that
were frequently encountered. In the dune thickets the Red millipedes Chersastus sp. were found,
some climbing into bushes and in rotting logs. In miombo woodland a larger dark brown
Doratogonus sp. was common as well as the striped Doratogonus flavifilis, the latter only seen
following a shower of rain. Activity usually increases after rain when climatic conditions are
most favourable.

Mollusca: Pulmonata - Snails
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The Giant land snail Achatina sp. cf immaculata is very common on the peninsula. As its name
suggests this snail is large, reaching a shell length of 12-15 cm. The large numbers of shells that
can be seen lying about throughout the area attest to this. Most of these have been killed by veld
fires. During unfavourably dry and cold periods these snails aestivate under logs and burrow
under leaf litter in bushclumps and are therefore very vulnerable to winter and spring fires. These
snails become active following rain and most activity is nocturnal. They are herbivorous feeding
on plants and play a role in recycling nutrients.

It is difficult to assess what possible impact human settlement along the peninsula has had on the
invertebrates. The degradation of habitats must have impacted on species restricted to areas such
as dune thicket and bushclumps. The disappearance of large mammals from the area must have
contributed to the paucity of dung beetles that depend on dung produced by elephant, buffalo and
hippo. In order to establish this, a more detailed survey of the species still present in the area
needs to be undertaken. Following the re-introduction of large mammals such surveys could be
repeated to ascertain what has subsequently developed.

26 RANGE CONDITION, CARRYING CAPACITY AND WILDLIFE
REINTRODUCTION PROGRAMME

2.6.1. Introduction

The primary objective of this activity of the PDF B project was to assess the suitability of the
VCWS for wildlife, to undertake an initial assessment of the herbivore carrying capacity and to
submit recommendations for a wildlife, or more specifically herbivore, reintroduction program.
The study had to consider three areas, namely the Phase la area (the area of about 8 500 ha
enclosed by the “temporary” game fence), the Phase 1 area complete (the total current VCWS of
about 22 707 ha terrestrial area) and lastly with the proposed Phase 11 area of some 17 000 ha,
giving a total land surface area of approximately 40 000 ha, included.

A field assessment of veld condition was done during a five-day visit to the VCWS during May
2002. An overflight of the area with a fixed-wing aircraft was done during a subsequent trip.

2.6.2  Ecological issues
2.6.2.1 The impact of man

Observations made during the field visit indicate that although human densities are relatively low
in the VCWS, their impacts on the environment are none the less marked. Most if not all
households depend largely on natural products obtained from the woodlands and grasslands.
These take the form of fuelwood, timber, thatching grass, fruit and mushrooms among others.
(The role of the freshwater and marine aquatic systems are dealt with in section 2.6, Part B, and
section 2.7, Part B, respectively)

Slash-and-burn (ash fertilisation) agriculture is widely practised in the VCWS. The practice is

common in the low-fertility miombo soils of Africa, particularly in the wetter regions (such as
VVCWS) where woody plant biomass is high and cut trees regenerate rapidly through resprouting
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(Desanker, Frost, Frost, Justice & Schole 1997)(Figure 1). The technique involves the cutting
and stacking of the foliage and branches of trees, whereafter they are allowed to dry out before
being burned. By concentrating the brush into large piles a deeper bed of ash and somewhat
greater fertility is achieved. This is especially important where livestock numbers are very low,
such as in VCWS. The land is then cultivated until the enhanced fertility is exhausted or until
the regenerating woody vegetation and weeds make cultivation unproductive (Desanker et. al
1997). The plot is then abandoned and new areas are opened up (see Figure).

Illustration of stages of re-generation of Miombo Woodland in the VCWS. Top left showing
higher successional stage in the background to re-generating miombo (middle- ground) to
currently cultivated (foreground). Top right illustrates the same successional stages but note in
particular the wood stacked up in the centre and ready to be burned. Bottom centre shows a
close-up of a stack of wood to be burned.

Relatively large areas of miombo have been and continue to be transformed by people in the
VCWS.
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2.6.2.2 The impact of animals

The nutrient content of the foliage of miombo plants is generally low. The Nitrogen content of
mature leaves of non-nodulated canopy tree species is significantly lower than that of the few
nodulated N-fixing species (Desanker et al. 1997). In addition to this the grass nutritional quality
is even lower than that of woody leaves for much of the year, and is in fact below the
approximate level required to maintain grazing ungulates (Desanker et al. 1997). This is a major
constraint to herbivorous animals in the absence of supplementary feeding.

Caution should therefore be the watchword when re-introducing large wild herbivores into the
VCWS system. The biomass of indigenous large herbivores in conservation areas in other
miombo woodlands is only about 20-30% of that expected at the same mean annual rainfall in
African ecosystems with nutrient-rich soils (Desanker et al. 1997 and as given in Coe et al. 1976,
Bell 1982 and Fritz & Duncan 1994). Specialist ungulate browsers are rare in these habitats and
much of the biomass is normally made up of large bodied species such as elephant and buffalo
and other grazers such as sable antelope.

Large herbivores such as elephant, white rhino, buffalo, and zebra have the ability to bring about
drastic changes in unutilised climax vegetation, and are termed Type | feeders (Collinson &
Goodman 1982). Species that decrease due to changes brought about by Type | feeders are
termed Type Il feeders and include roan, sable, tsessebe and waterbuck (Collinson & Goodman
1982). The latter species, which require relatively open areas with nearby thickets for shelter, do
not cause substantial change to vegetation composition and structure (Collinson & Goodman
1982).

Species that increase in response to Type | utilisation are termed Type |1l feeders and include
wildebeest and impala. Type 111 feeders have the ability to push the vegetation state induced by
Type | feeders past the threshold point which would have resulted had Type 111 feeders been
absent (Collinson & Goodman 1982). Type IV feeders may increase due to changes brought
about by Type I and 111 species, but have little impact on the vegetation (Collinson & Goodman
1982). Examples of Type IV feeders include giraffe, kudu, black rhino, eland, and bushbuck.

An animal’s basal metabolism (animal at rest) is inversely proportional to body mass. Smaller
animals, made up mostly of Type 11l and Type IV feeders have higher metabolic rates, higher
relative maintenance requirements and lower absolute requirements than larger animals. They
therefore have a high intake, select a diet of high nutritive value and have a high digestive
efficiency.

Furthermore, the effects of herbivory on the habitat include a reduction in plant and litter cover,
reduced fire probability, reduced fire intensity, nutrient enrichment through dung and urine, soil
compaction, trampling, reduced infiltration, increased runoff, and increased erosion on certain
soils (Collinson & Goodman 1982). This is particularly important in areas where animal
movement is restricted by fencing, especially in relatively small areas such as VCWS.

Herbivory results in compensatory growth by plants in the following ways:
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e Under conditions of low defoliation, the plants compensate by just replacing lost
tissue;

e Under moderate levels of defoliation and favourable moisture and nutrient conditions,
overcompensation, with a resultant increase in plant production, may occur
(McNaughton 1985); and

e Under severe defoliation regrowth does not compensate and, if continued, causes
desirable species to diminish while facilitating the establishment of those species
resistant to herbivory increase (Frost et al. 1986).

2.6.2.3 Carrying capacity

The term ‘carrying capacity’, although widely used, is rather nebulous with many definitions and
is difficult to determine in heterogeneous environments experiencing variable environmental and
resource conditions. The Large Stock Unit (LSU) has to date formed the basis of expression of
‘stocking rate’ and ‘carrying capacity’. The LSU uses the animal’s metabolic energy
requirements and probable food intake, and comparisons between animals are generated and
expressed as LSU’s (Meissner 1982). While the principles of this approach are valid and useful
under certain circumstances (e.g. a single-herbivore cattle grazing system), the LSU is based on a
heavy-bodied grazing ruminant (originally a 1 000 Ib. ox) and does not take into account the
feeding patterns (overlap) and digestive systems of different herbivores. In multi-herbivore
systems this leads to confusion when calculating carrying capacity and stocking rates.
Furthermore, the term ha LSU™ assumes that systems tend to equilibrium (assuming stability and
homogeneity).

In addition, some other shortcomings must also be considered:

The term indicates a decrease in magnitude with increasing livestock numbers (Danckwerts &
Stuart-Hill undated). This is misleading and is contrary to the SI units system of nomenclature
(Savage 1979; Taylor 1991);

Stocking rate is also an expression of the number of animals per unit area and the units must
reflect this, i.e. LSU ha™. In fact, as the word ‘rate’ is used, a time dimension is presupposed so
that LSU ha™ are the units for stocking density and LSU ha™a™ are the correct units for stocking
rate (Peel et al. 1999); and finally

The term is not linearly related to the number of animal units on an area of land (Danckwerts &
Stuart-Hill undated).

An alternative approach was proposed by Coe, Cumming & Phillipson (1976) who related the
biomass of animals carried on game areas to long-term annual rainfall. The formula uses the
mean animal mass of herbivores where the biomass making up the animal component is summed
for an area. The model importantly provides a range stocking densities for a given long-term
mean annual rainfall. This allows management to take into account resource conditions at a
variety of spatial and temporal scales (although this is not actually provided by Coe et al.
(1976)).

The carrying capacity of an area is taken as the sum of its grazing and browsing capacities
(Danckwerts & Stuart-Hill undated). The exact diets of animals are debatable and the point of
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their division arbitrary. A model proposed by Collinson & Goodman (1982) divided herbivores
into the following four classes:

= Primarily grazers (90 - 100%) feeding on medium to tall grass of moderate quality (bulk
grazers);

= Primarily grazers (90 - 100%) feeding on short grass of high quality (concentrate
grazers);

= Mixed feeders (11 - 89%) feeding on grass; and

= Primarily browsers (90 - 100%) feeding on the woody component.

Collinson & Goodman (1982) further recommended a species mix ratio of 45%:20%:20%:15%
for classes 1 to 4 respectively.

For the VCWS the biomass and feeding class method, where stocking rates and species mix
ratios are adjusted in accordance with rainfall and veld condition, will be used.

2.6.2.4 System functioning

The dynamics of miombo has been described for a variety of local conditions, but the description
by Freson et al. 1974 who proposes a three-stage regressive series (dense dry forest-open
miombo woodland-savanna) induced by the combination of woodcutting and fire seems to reflect
the current situation in the VCWS. (See also the section on flora above) These multi-state models
will be investigated as part of the envisaged research programme (See Part M). Such studies
should investigate multi-state models where following the abandonment of cultivated fields (or
combined impacts of clearing (by man or animals e.g. elephants) and fire there is a transition to
open woodland. Fire is considered to be the driving force behind these transitions (with a longer
than normal fire-free period to return to miombo dominated woodland)(Stromgaard 1986).

In terms of management options, it must be borne in mind that the VCWS system contains
sizeable areas of higher potential “depressions” consisting of more palatable and productive

grasses. Small pockets of Acacia and Commiphora woodland are also present.

At the outset therefore it is imperative that a clear set of conservation objectives be set from
which management goals may be defined (see elsewhere in this BMP).

International norms and policies

The proposed wildlife re-introduction programme is, with a notable exception as will be
indicated below, in line with current international norms and policies as embodied in the World
Conservation Union guidelines (IUCN, Species Survival Commision, 1995):

(1) Ecosystem restoration

One of the global biodiversity strategies of the IUCN is the restoration of degraded ecosystems

and the re-introduction of species where necessary (IUCN, op cit). This objective is also
embodied in the objectives for VCWS, and is discussed in Part E of the BMP.
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(2) Definition

The planned re-introduction is in line with the IJUCN (1995) definition:

“An attempt to establish a species in anarea which was once part of its historical range,
but from which it has been extirpated or become extinct”

(3) Aim and objectives

The programme is also compatible with the [IUCN’s re-introduction aims and objectives:

Aims: “ ... to establish a viable, free-ranging population in the wild, of a species ....
Which has become .... locally extinct, or extirpated, in the wild”

Objctives: “To enhance the long-term survival of a species; to reestablish a keystone
species (in the ecological or cultural sense) in an ecosystem; to maintain and/or restore
natural biodiversity; to provide long-term economic benefits to the local ... economy ...”

(4) Biological requirements

The planned re-introduction programme also complies with the following ITUCN (1995)
guidelines (unless otherwise indicated):

A feasibility study was undertaken

The taxonomic status of the populations that were extirpated is not known; it would thus
not necessarily be animals of the same race or subspecies that will be re-introduced,
though every effort would be made to source the animals from known populations of the
same race/subspecies.

The void left by the extirpated species was not filled by other species.

There are no remnant populations left of the species to be re-introduced.

The success of the re-introduction programme will be monitored.

The VCWS will offer secure long-term protection.

Although the habitat and especially the quality of the grazing of VCWS are marginal, the
sanctuary has sufficient carrying capacity to support viable populations in the long run.
The reasons for the extirpation of the species from VCWS will be eliminated.

The source populations will be closely related genetically to the original native stock.
The species that will be re-introduced are common elsewhere and the effects on donor
populations will be negligible.

The donor populations and the captured animals will undergo a veterinary screening
process prior to being moved.

The animals will meet all veterinary requirements of Mozambique.

(5) Socio-economic requirements
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The performance of the company in this regard was not in all respects up to par, as is evidenced
by the following (similar shortcomings were identified elsewhere in the BMP):

= No socio-economic study was undertaken to assess the impacts, costs and benefits of the
re-introduction programme to the local people.

= No assessment of the attitudes of local people to the programme was undertaken.

= The local people may not (according to the social survey; see Part G) be in favour of the
programme.

= Access by the local people to the Reserve area may be compromised due to the presence
of potentially dangerous game.

By contrast, some positive factors are the following:
= Steps were taken to minimise the potential risk by resettling people out of the Reserve

area.
= Adequate compensation was paid for involuntary resettlement of affected households.

(6) Legal requirements
All legal requirements will be complied with.
(7) Planning and preparation and post-release activities

The programme will be in compliance with all 14 of the IUCN (1995) planning, preparation and
release guidelines as well as with the 10 post-release activities that are listed.

2.6.5 Methods
2.6.5.1 Approach

The field visit aimed at learning as much about the area in terms of the ecosystem functioning
and land-uses as possible. The visit was used to effectively assess the system for the introduction
of herbivores. A detailed description of the terrestrial area and the associated biota was not
undertaken, because other TDY’s on the multi-disciplinary planning team are dealing with other
facets such as avifauna, mammals and plants.

2.6.5.2 Field Procedure

Five days were spent at the sanctuary. The first day was spent driving over as much of the area as
possible with the resident scientist to get a general feel for the area. The remaining four days
were spent assessing the landscape with a view to determining rangeland condition and large
herbivore carrying capacity. During this time there was ongoing consultation with sanctuary staff
as well as a meeting with a local senior Chief who knows the area well regarding the previous
distribution of animals in the area.
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A total of 121 sites were randomly selected for assessment during driving/walking transects (see
figure) A flight of approximately 40 minutes duration was done by fixed-wing aircraft to
reconnoiter the area. Particular attention was given to the inaccessible southern areas
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Location of assessment sites on VCWS.
2.6.5.3 The vegetation assessment

Vegetation type based on the dominant tree and grass species and land-unit type (a broad
structural classification of vegetation after Edwards (1983)) are important in determining suitable
habitat for the species earmarked for re-introduction.

Soil moisture availability and soil nutrient status are critical in determining the structure and
functioning of savannah systems in that they affect the balance between trees and grasses and
patterns of primary production and plant quality (Frost et al. 1986). The latter influence the kinds
and extent of herbivory, animal impacts, and fire frequency and intensity that in turn affects soil
moisture and nutrient availability.

Sandy soils such as those that dominate in the VCWS allow rapid infiltration and percolation
through the soil profile thus minimising evaporation through the soil surface (O’Connor 1985).
Sandy soils have a potentially lower water holding capacity than clay soils but most of the
moisture present is available to plants. Sandy soils also show less fluctuation in plant available
moisture between seasons because they hold higher proportions of soil moisture than clay soils
(O’Connor 1985).
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It has been shown that as grass canopy cover decreases, so soil loss and rainfall run-off increase
markedly. As the cover falls below about 25% so the surface run-off of water increases
exponentially.

Grass tuft size and vigour may vary markedly within species and are important measurements
that provide information on the stability, resilience and competitive status of species within the
grass layer and between grasses and trees.

Utilisation and grass standing crop is an extremely important issue in rangeland management.
The grass layer can be kept in a vigorous condition as long as it is utilised in a way that allows it
to grow and reproduce. Major changes in vegetation are often caused by the interactive influence
of herbivory and fire. Herbivory interacts with fire spatially and temporally, with grazers being
attracted to newly burned areas. Grazers in turn reduce fuel loads resulting in a lower probability
of the area sustaining another burn. Herbivory is usually specific and confined to certain
favoured plant species and parts, and herbivore impact tends to be restricted in space but is more
uniformly distributed in time (Frost et al. 1986). Fire on the other hand is periodic, can
potentially extend over a large area, and is non-selective.

The following vegetation parameters were measured per site:

e Site number and Global Positioning System (GPS);

e Vegetation type and land-unit (see the full report in Volume 2 for a detailed outline, and
section 2.6.5 below) was recorded at each site. This allowed for an approximation of the
proportional contribution of the various veld types and land —units identified in the
VCWS;

e Soil conditions (litter, erosion, capping, pedestals, compaction);

e Grass-cover was estimated on a six point scale (modified after Mueller-

Dombois & Ellenberg 1974) on a continuum from 0.5%, 3%, 15.5%, 38%, 62.5% to
88%;

e Tuft size and vigour were estimated on a three point scale (1<50mm, 50-100mm and
>100mm) and five point scale (1=low to 5=high) respectively; and

e Utilisation and standing crop were estimated on a four-point scale (1=low to 4 = high)
and eight-point scale (1<500kgha™, 2=500-1 000 kgha™, 3=1 001-1 500 kgha™, 4=1 501-
2 000 kgha', 5=2 001-2 500 kgha™, 6=2 501-3 000 kgha™, 7=3 001-3 500 kgha™ and 8>3
500 kgha™) respectively.

2.6.5.4 Herbivore suitability assessment
In multi-species systems it is important to determine the proportional contribution of herbivore
species to the total stocking rate. Decisions in this regard considered the following for the species

proposed for re-introduction (based on Collinson & Goodman 1982):

e The objectives of the Sanctuary;
e The type and proportion of forage available; and
e The feeding habits of the species in question.
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The following was estimated per site for animals that occurred in the area historically and those
that would adapt to the conditions at VCWS:

e Habitat suitability based on a five-point scale (1=very low to 5=very high).
2.6.5.5 A preliminary assessment of the carrying capacity of the VCWS

Grossman (1984) describes ecological carrying capacity as the population size of an organism in
an area as determined by the capacity of that area to support the individuals in that population
and enable them to reproduce. Economic carrying capacity is the number of animal units per
unit area of land that will achieve maximum animal production per unit input, but does not
permit soil erosion or changes in the botanical composition that reduces the potential of the
vegetation to produce animal products (Danckwerts 1982).

As discussed above the biomass method, where stocking rates are adjusted in accordance with
rainfall is currently being used in this assessment, as is the division of herbivores into four
feeding classes. The guidelines and limits will be refined for the study area during the planned
monitoring process (see Part M).

A herbivore carrying capacity map was constructed using a Landsat Thematic Mapper satellite
image. The latter represents a degraded image with a pixel size of 100 x 100 m compared to the
original (and finer) 30 x 30 m pixel.

A step-wise approach was followed to identify areas of different carrying capacity:

= Firstly, the three spectral bands from the image were imported into the IDRISI Geographical
Information System (GIS). A composite image of the three bands was generated. This
composite was subjected to an unsupervised classification using a histogram peak
technique of cluster analysis (Eastman 1992). Unsupervised classification allocates each
pixel to a certain class based on its spectral characteristics only. No a priori assumptions
are made regarding the information content of the LANDSAT image or of the
classification clusters. For an unsupervised classification, no existing information on the
ground situation is needed.

= Secondly, the GPS (Global Positioning System) coordinates of each of 121 field samples
were imported into the GIS. The field sites were divided into three different groups; those
representing low carrying capacity (>20 ha required per Animal Unit, as estimated in the
field), medium carrying capacity (11-20 ha/AU) and high carrying capacity (<10 ha/AU).

= Thirdly, the meaning of the clusters of the classified image was explored using those GPS
positions. The correspondence of the position of the field samples with different carrying
capacity relative to the different clusters was used to assign a value of low, medium or
high carrying capacity to the map. The clusters were then reclassified and lumped into
three categories (low, medium and high carrying capacity respectively).

= Fourthly, the marshy depressions, which were identified in the field as being of higher
carrying capacity, were subjectively delineated on the satellite image. Their perimeter
was superimposed on the map with the three different carrying capacity classes. This
effectively increased the extent of the area with a high carrying capacity.
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The following was done on site:

e An estimate of carrying capacity per site ranging from 1 125 kgkm™ (>35 haLSU™), 1
500 kgkm™ (30 haLSU™), 1 800 kgkm™ (25 haLSU™), 2 250 kgkm™ (20 haLSU™), 3 000
kgkm™ (15 haLSU™), and 4 500kgkm™ (10haLSU™); and

e The herbivore carrying capacity map constructed.

2.6.6 Results, Discussion and Recommendations
2.6.6.1 Vegetation Type and Land Unit

As mentioned above, Freson et al. (1974) proposed a three-stage regressive series for miombo
(dense dry forest-open miombo woodland-savannah). For analytical and management purposes,
two stages, a re-generating miombo woodland and currently cultivated lands were added to this
classification (See Figure A) in the case of VCWS. As previously mentioned, an important
component in the VCWS system are the so-called “depressions” which have a much higher
carrying capacity than the surrounding miombo, while the small areas of thickets, Acacia and
Commiphora woodland will also attract the attention of mixed feeders and browsing herbivores
(see Figure B). Figure B also illustrates the salt marsh and mangrove habitats
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Figure A: lllustration of main successional stages of Miombo Woodland of the VCWS.
Clockwise from top left. Dense-dry forest, savanna, open woodland, cultivated land and re-

generating woodland.
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Figure B: Illustration of other vegetation types in the VCWS. Clockwise from Top left —
Depression, Commiphora thicket, Mangroves, Acacia veld, Salt marsh and Thicket.
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The following tables broadly classify the VCWS into vegetation types and land-units (structural).

A preliminary description of vegetation types in the VCWS.

Broad Veld Type description As percentage of sites assessed (%)
1) Miombo woodland 60

2) Depression/Pan areas 12

3) Cultivated areas 2

4) Regenerating miombo woodland 20

5) Thickets 3

6) Mangrove 1

7) Acacia veld 1

8) Salt Marsh 1

A preliminary description of the land-units found on VCWS (See above for a brief

description, and refer to Peel’s specialist report in Volume 4 of this BMP for a
detailed explanation of land-units).

Land-Unit As percentage of sites assessed
(%)

113) Short forest 4
114) Low forest 10
122) Tall closed woodland | 2
123) Short closed woodland | 7
124) Low closed woodland | 25
133) Short open woodland 1
134) Low open woodland 6
211) Short thicket 2
212) Low thicket 18
222) Low bushland 2
311) High closed shrubland | 1
312) Tall closed shrubland | 5
322) Tall open shrubland 2
332) Tall sparse shrubland 1
411) High closed grassland | 1
412) Tall closed grassland 4
413) Short closed grassland | 1
414) Low closed grassland | 5
434) Low sparse grassland | 2
511) Tall closed herbland 1

2.6.6.2 Grass cover
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The grass cover is generally moderate for VCWS (Figure 4). The miombo can be said to be a
typical moist-dystrophic savanna (Huntley 1982; Frost et al. 1986). As herbaceous cover
decreases so soil loss and rainfall run-off increases. Herbaceous cover is therefore important in
sandy soils such as those found on VCWS.

Frequency Distribution of Cover Classes for
Grasses (%) - VCWS
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2.6.6.3 Tuft vigour

The tuft vigour for VCWS is, as expected on dystrophic soils, generally low as is evidenced from

the following figure:

Frequency Distribution of Tuft Vigour Classes
for Grasses (%) - VCWS
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B 1 (very low) B 2 (low) B 3 (moderate) B 4 (high)

2.6.6.4 Grass standing crop
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The grass standing crop can be said to relatively low for VCWS with most sites having between
250 and 750kg/ha (Figure 6). Grass biomass is the biomass of grasses, forbs and sedges, i.e. the
non-woody component of the vegetation. It is important because it indicates how much food is
available for grazers, how much material there is for utilisation by man and how much material
there is for burning. Grass standing crop, however, is a crude measurement as not all species are
acceptable to herbivores. It is therefore combined with composition, structure and vigour
estimates to indicate the amounts of acceptable forage available for grazers.
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2.6.6.5 Habitat suitability for large herbivores in VCWS

Habitat suitability assessments are illustrated per Feeding Type in the figures below. (For an
explanation of feeding types refer to the discussion above) It can be seen that the habitat
suitability is largely low to very low. This corroborates the findings of both the vegetation and
carrying capacity assessments.
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Habitat Suitability (frequency) - Sable
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Habitat Suitability (frequency) - Common
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Habitat Suitability (frequency) - Kudu
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2.6.6.6 Carrying capacity assessments for VCWS

For VCWS the ecological carrying capacity approach (see above) will be applied. Results
indicate that the area has a low herbivore carrying capacity as is illustrated by the following
figures:
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Frequency distribution classified image of carrying capacity for VCWS
Where: Frequency distribution classified image:

Yellow = very low carrying capacity 44.6%
Dark blue = low 44.7%
Green = moderate-high (depressions) 10.6%
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Frequency distribution of estimated stocking rate (%) - VCWS
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2.6.6.7 Guidelines for large herbivore re-introduction

Due to the inherently low carrying capacity of the area, it is probable that large herbivores were
never permanently resident in the VCWS. Although it could only be postulated on, it seems
likely that the higher quality grazing of the extensive wetland to the west of the current Phase |
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area of VCWS that effectively separates it from the mainland, at least at times served as the
primary source of food for the area’s herbivorous animals.

Initially, some 8 500ha of the northern portion of VCWS was fenced off as part of the first phase
of the Sanctuary, the intention being the introduction of large herbivores into this “closed”
system. It was subsequently decided not to re-introduce any wildlife during 2002 and a much
larger area will probably be fenced by mid-2003. There is a possibility, though, of releasing
animals into this smaller area dur4ing 2003 before dropping the fence to consolidate the larger
area. This situation presents a unique set of challenges. Management is presented with an
opportunity to, as it were, “start from scratch”. Given the limited knowledge that we have of how
the ecosystem will respond to the introduction of large wild herbivores, as well as the poor
quality of the grazing, the initial introductions will be conservative.

Keeping the objectives of the Sanctuary in mind, introductions should be aimed at (given in
order of priority after Collinson & Goodman 1982):

e Re-establishing wild herbivores which, according to available historical evidence,
occurred in the area;

e Prioritising the introduction of populations of “drawcard” species (e.g. elephant — but in
line with the first point);

e Maintaining other species in densities that do not compromise the success of the
“drawcard” species;

e Maintaining all populations at numbers, sex and age structures and proportions which
will not compromise the vegetation, soil and hydrological integrity of the VCWS;

e Given the low numbers of animals that are to be introduced, consideration will need to be
given to maintaining the genetic diversity of the re-introduced large herbivore
populations and some selective exchange of animals or additional reintroductions of male
animals will require consideration in the future; and

e Obtaining revenues from the utilisation of surplus herbivores for the benefit of the
surrounding rural communities.

2.6.6.8 Animal introductions
The following must be noted when considering introductions:

e The biomass capacity of miombo woodlands is only about 20-30% of that expected in
areas receiving similar rainfall on nutrient rich soils. This was confirmed in the current
survey;

e The initial introductions should be conservative; and

e The recommended numbers are based on the assumption that Phase 2 contains similar
habitat to the surveyed Phase 1 area, since no visit to the Phase 2 area was possible.

In order to achieve the ecological objectives, the VCWS should initially be stocked at low levels.
A three-phase approach is proposed:
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= Firstly, should it be decided to use the temporary area of 8 500 ha (Phase 1a) for the
initial introduction, only “non-dangerous” species should be released, with the exception
of buffalo on the proviso that all the people living in the area gave been resettled.

= Secondly, the introduction of additional animals and large herbivores such as elephant
and hippo to the completely fenced Phase 1 area. The total terrestrial area of phase I is
about 22 000ha, but the fenced area will be smaller because the community development
area will have to be excised. In addition to the latter species, guideline figures are given
for the other species that were introduced during Phase 1a (i.e. these are not natural
increments but are considered sound when related to the increased size of the area).

= Thirdly, the numbers that may be kept after completion of Phase 1 and 2 (about 39
000ha; the total fenced Reserve area is still unknown). The approach taken will be an
adaptive management philosophy. The slow build up of animals (particularly species
such as elephant, buffalo and hippo — Type | feeders) towards those given in the
following table in conjunction with a comprehensive monitoring programme is essential.
Management action will be taken in the event of any signs of habitat degradation.

The following figure illustrates the stocking rates obtained from the above numbers (note again
these are absolute numbers and are not the result of natural increases in the populations
presented). The median stocking rate obtained from the assessment was 1 800kgkm™. As stated
above the VCWS will initially not be stocked at this rate but at a more conservative rate. This
conservative approach is also necessitated by the fact that the size of the eventual Reserve area is
still unknown. The numbers will be allowed to build up while the response of the vegetation to
re-introduced herbivores as well as the condition of the animals are carefully monitored). For
ease of interpretation the stocking rate, expressed as Large Stock Units per 100ha (LSU/100ha)
and the total LSU available for each scenario in the caption, is included as text below the
following figure.
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In addition to this during the first phase introduction scenario, animals such as Duiker (Red and
Grey), Oribi and Suni could be safely introduced (depending on availability).

A guideline for herbivore numbers for the initial phases for VCWS.

Herbivore species Phase la Phase 1 complete - Phase land 2
8 500ha 22 707had complete — 40 000ha3

Zebra' 20 52 92

Buffalo? 25 65 115

Waterbuck 20 52 92

Lichtenstein’s 15 39 69

Hartebeest

Nyala 20 52 92

Reedbuck 20 52 92

Sable 15 39 69

Bushpig 10 26 46

Hippo? 12 21

Elephant? 20 35

Y| suitable animals can be found (Grobler pers. comm.).
2Possible dangerous animals (elephant, buffalo and hippo) will only be reintroduced after all the
people living in the natural area (fenced area) of the sanctuary have been resettled, the resident
fisher community in the natural area has been fenced, and a comprehensive information
programme to inform the local communities has been completed.
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3 The actual sizes will be smaller, and will be determined by the size of the fenced-out
community development area.

2.6.5 Management, research and monitoring programme

Refer to Part M for the future monitoring and research programme with regards to the wildlife of
VCWS

2.7 FRESH WATER BIOTA

Refer to section 1.4 above for a description of the fresh water biota

2.8 DESCRIPTION OF MARINE BIOTA
2.8.1 Preamble

One would not normally start a section in a “clinical” document such as a biodiversity
management plan with a preamble singing the praises of the environment or the place that is
being planned. However, in this instance the specialist’s (MN Bruton) preamble to his report
would be more than appropriate:

If you were to design
a place with maximum diversity, choose a location on the tropical east coast of Africa,
add a peninsula, a large bay, tidal sand flats, an estuarine lagoon, sea grass beds,
freshwater lakes, extensive mangrove swamps and reed swamps, throw in coral and
rocky reefs, idyllic sandy beaches, forested dunes and a wide tidal range, and then
sprinkle it with over 400 species of fishes, including the elusive sea horses and
mudskippers, thousands of rare and unusual invertebrates, nesting turtles, millions of
jellyfish, the enigmatic dugong, giant manta rays and whales offshore. Improve the mix
by adding items of cultural diversity, including traditional fisherfolk and life styles,
Arabian dhows, expert boat builders, an historic lighthouse, ancient middens, a dark past
but a bright future, thatched camps under satin skies, and the night-time drum beat of
Africa. What do you have? The Vilanculos Coastal Wildlife Sanctuary in Inhambane
province, Mozambique.

2.8.2 Introduction

The VCWS comprises a series of interlinked marine, coastal, estuarine, lagoonal, terrestrial and
freshwater systems that, in combination, form one of the most diverse and interesting
biodiversity hotspots on the east coast of Africa. Furthermore, the area has a rich and interesting
cultural history that combines elements of Africa, Asia and Europe. The biological and cultural
diversity of the place need to be considered together in order to appreciate its real value.
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This section of the BMP deals primarily with the marine and coastal subsystems, including the
offshore marine environment, coral reefs, inshore rocky reefs, sandy beaches, estuarine lagoon,
San Sebastian Bay and its tidal sand flats and sea grass meadows, and the mangrove swamps,
reed swamps and other shoreline habitat types found in the sanctuary. This is a vast array of
habitat types with probably thousands of different species, many of which are poorly known. The
relatively low energy sand flats are a dominating feature of the sanctuary and play host to a wide
variety of marine animals, some of commercial value. Distinct patches of sea grass occur in the
tidal flats. These meadows stabilize the shifting sand communities and provide habitat for a host
of marine animals, including the dugong Dugong dugon. Extensive mangrove swamps occur
along some shores of the Bay and along the Inhamambane Estuary.

The VCWS is washed by the southward flowing Mozambique Current with velocities of up to 2
m/sec (Dutton, 1990). The temperature of the seawater ranges from 23°C in winter to 27°C in
summer. The average tidal amplitude is about 3 m during normal spring tides, reaching 4.39 m
during equinox tides. The tidal flats between the San Sebastian Peninsula and Bangue Island
experience strong currents, especially at high spring tides. These currents transport vast
quantities of sand and silt, as well as the larval forms of many marine animals. There is therefore
extensive interchange of organic and inorganic material between the sea and the lagoon.

Although the environmental importance of the coastal plain of Mozambique is appreciated
internationally, it has been relatively poorly studied for a variety of reasons, including its
remoteness, the presence of tropical diseases, the extended civil war, the relatively poorly
developed transport infrastructure, and the lack of a strongly developed research infrastructure in
Mozambique.

Inhaca Island, on the eastward edge of Delagoa Bay in southern Mozambique, is probably the
best-studied part of the Mozambican coastal and marine environment (McNae & Kalk, 1962,
1969; Kalk, 1995, and references contained therein). Research was initiated there in 1911 by
staff of the Museu Alvaro de Castro in (then) Lourenco Marques, and subsequently the Instituto
de Investigacao Cientifica de Mocambique (from 1955) and the University of Witwatersrand in
South Africa (from the mid-1930s). Fortunately, the marine and coastal environments of Inhaca
Island are similar to those in the VCWS and extrapolations can be made, with a reasonable
amount of certainty, from one to the other.

Tinley (1969) and Dutton (1990) carried out extremely valuable early surveys and quantitative
research in the Bazaruto archipelago, which is invaluable today.

The marine specialist’s (MN Bruton) extensive knowledge of the Lake Sibaya region of the
Maputaland sandy coastal plain in northern Zululand (South Africa) (Bruton, 1979) could be
applied to the very similar VCWS. The extensive literature on the Maputaland coastal plain
(Allanson et al., 1974; Bruton, 1980a & b; Bruton & Cooper, 1980; Bruton & Haacke, 1980;
Bruton & Kok, 1980; Bruton et al., 1980, and references contained therein) is therefore also of
relevance to this study.
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It nevertheless needs to be recognized that the marine survey was conducted on the basis of less
than two weeks in the field and with access to a very restricted literature. Furthermore, the range
of animals and ecosystems that had to be covered was huge: more than 39 classes of highly
diverse, and often poorly known, animals placed in 13 phyla. Marine animals are also more
difficult to survey, not only because they are under water, but also because many of them are
small, cryptic, subterranean, nocturnal and/or elusive. Under these circumstances, it is impossible
to give full justice to the diverse and complex biota of the VCWS, and to the complex
environmental problems involved in their management.

During the survey time constraints only allowed for the documentation the major marine and
coastal habitats, with little time to examine individual species. In addition, it was impractical to
make large specimen collections from the marine and coastal environments due to the variety of
gear that would be required and the severe time constraints. The amount of taxonomic research
that could be carried out was therefore very limited.

This section of the BMP should therefore be regarded as a very preliminary account of a
complex and diverse system, that will lead to more extensive research being undertaken in future
(see Part M).

2.8.3 Present levels of exploitation

The full extent of exploitation of marine and coastal resources in the VCWS is not known but
Odendaal (2002) concluded that the utilization has reached unsustainable levels. Useful
comparable figures are available for the Bazaruto archipelago to the immediate north. Dutton
(1990) reports that about 1500 people from 60 artisanal fishing communities in the Bazaruto
archipelago commercialized over 1500 tonnes of dried marine products during 1989/90. The
consumers of this fisheries yield were mainly Mozambicans residing in Vilanculos, Inhassaro
and inland areas of the mainland. Mapalo sand oysters Pinctada imbricata have been a staple
food in the diet of the local people for centuries (as evidenced by the extensive mapalo middens
adjacent to their villages). Turtles and turtle eggs are harvested, but not on a sustainable basis
although the eggs could possibly be used sustainably if the adult turtle population is protected. A
well-organized semi-commercial fishery from Inhassaro, Vilanculos and the Bazaruto islands
exported 4 610 tonnes of frozen fish, 42 tonnes of crayfish, 7 165 tonnes of dried fish, 500
tonnes of dried squid and 39 tonnes of dried sea cucumber in 1989/90 (Dutton, 1990).

It is clear from the above figures that the artisanal and semi-commercial fisheries of the Bazaruto
archipelago, and, from preliminary observations by Bruton (2002) and Odendaal (2002) also for
VCWS, provide considerable social and economic benefits to the Tsonga people of the region.
2.8.4 Holistic analysis of marine, estuarine and lagoonal systems

2.8.4.1 Coral reefs and open sea

The main requirements for the building of a successful coral reef are found off the coast of the

sanctuary, i.e. consistently high sea temperatures (> 20°C), hard rocky substrata on which to
build the coral reef, strong currents to wash away deposits of sand and to transport larvae and
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nutrients, and a water column relatively free of sediment from large rivers. The coral reefs off
this coast are of mid-Holocene origin (about 7000 years old; Dutton, 1990) and are therefore
fairly recent. The coral reefs off the Sanctuary and the Bazaruto archipelago are not true barrier
reefs, as in the Great Barrier Reef of Australia, as they are not comprised solely of new coral
built on old coral in a continuous reef formation. They should rather be classified as coral-
encrusted rocky reefs, or patch reefs, (see above) similar to those found off the coast of northern
Zululand but richer in coral species. They have an extremely rich attached invertebrate fauna and
are inhabited by a wide variety of free-living cephalopods, other molluscs, crustaceans, fishes
and other life forms. The reef that the survey team examined appeared to be scoured by strong
currents; this is apparently typical of reefs in the area. True coral reefs are found further north in
Mozambique.

Coral reefs are as dependent on light as are green plants on land, as the cells of reef-building
coral animals contain thousands of unicellular algae that contain photosynthetic chloroplasts.
These algae must be exposed to light so that the corals will grow. The multitude of large pores
(calyces) in the coral rock, which contain the coral polyps, allow for the penetration of light into
the internal tissues of the coral in daylight. At night, polyps extend their tentacles to feed (Kalk,
1995). Corals can therefore not survive if they are covered with sand or submerged in turbid
water.

The coral reefs of Inhaca Island are inhabited by over 100 species of animals that are associated
with the living coral as commensals, lodgers or predators (Kalk, 1995) and a similar number of
species can be expected to inhabit the coral reefs in the VCWS. Many additional species inhabit
the dead coral bases. In addition, coral reefs are typically associated with sea meadows, reef
flats, and open sandy habitats that are inhabited by further species. The overall community
associated with a coral reef is one of the most diverse of any ecosystem in the world (Steene,
1990).

Coral-encrusted rocky reefs occur close to shore along the marine coast of the VCWS as well as
well offshore opposite the entrance to the Bay and off the Bazaruto Archipelago. The former
reefs may be accessible to snorkel divers operating from the shore on calm days whereas the
latter are only accessible to scuba divers operating from boats.

The coral reef surveyed during the marine study in the entrance to San Sebastian Bay is inhabited
by the following species, based on direct observations or records from other studies of coral reefs
in southern Mozambique:

Phylum Protozoa: flagellates, ciliates: Single-celled animals, together with the larval forms of
multi-cellular animals (especially sponges, arthropods, polychaetes, arrow worms and
chordates), form the zooplankton that floats in midwater. The zooplankton typically feeds on the
phytoplankton and forms the base of the food chain on a coral reef. All higher forms of life on a
coral reef ultimately depend on the availability of phyto- and zooplankton.

Phylum Porifera: sponges: Sponges are primitive, sedentary animals that lack a mouth,

digestive tract or any other conventional internal organ. Water and small food particles enter the
sponge through numerous tiny pores and exit through large openings that are often raised like
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turrets. Sponges reproduce either by budding or by producing planktonic larvae. Sponges are
conspicuous inhabitants of rocky and coral reefs. Solitary sponges are common on coral reefs in
Mozambique, both on the live coral as well as on dead coral and reef rubble. The cup sponge,
Ircinia spp., forms a cup up to one metre across and is found on coral reefs in the sanctuary, as is
the crumpled sponge, Axinella waltneri.

Phylum Cnidaria: hydroids, bluebottles, jellyfish, soft corals, sea fans, sea pens, sea
anemones, zoanthids and hard corals: Cnidarians all have a simple body structure which is sac-
like with an outer skin and an inner gut lining. They have a mouth but no anus, and there are no
specialized organs for respiration or excretion. Notwithstanding their simplicity, cnidarians are
extremely successful and abundant in the marine environment (less so in freshwaters). They were
among the earliest forms of multi-cellular animals to evolve on Earth, having arisen at least 650
million years ago. They uniquely possess highly specialized stinging cells (nematocysts). They
are both solitary and colonial animals.

Many unidentified sea anemones were seen on the coral reef. The giant anemone, Radianthus
ritteri, occurs on coral debris and coral reefs in the VCWS as well as abundantly in the tidal
shallows and sea grass beds of the lagoon, estuary and Bay. The giant anemone is an important
component of the biota of the VCWS, and should be regarded as a flagship species; they should
be the subject of more detailed study.

Zoanthids, such as the columnar sandy zoanthid, Palythoa nelliae, are colonial animals that, like
corals, depend on microscopic symbiotic algae (zooxanthellae) for most of their nutrients,
although they also prey on small organisms. Zoanthids form continuous carpets on reefs in the
Mozambique region. Another species, Zoanthus natalensis, lies on the sand between corals and
its surface is encrusted with sand (Kalk, 1995).

Jellyfish are bell-shaped, gelatinous creatures and are extremely common in marine and lagoonal
habitats in the VCWS. The root-mouthed jellyfish, Rhizostoma spp., the largest jellyfish known,
is commonly seen floating about 2 m below the water surface in offshore and inshore marine
environments of the VCWS. Captured specimens were found to have several ‘hitchhikers’, in the
form of small crabs, under the bell. These giant jellyfish, which average 30 cm in diameter, are
unusual in that they lack tentacles and feed only on microscopic prey which are sieved out of the
water by the manubrium. They often wash up on shore, where they are scavenged by plough
shells, Bullia spp., and crabs.

The bluebottle or Portuguese man-of-war, Physalia utriculus, the raft hydroid, Porpita pacifica,
and the by-the-wind sailor, Velella spp., which are all hydroids, were observed on the surface of
the open sea off San Sebastian Bay. They are all driven along by the prevailing winds, and often
strand on the shore.

Hard coral ‘skeletons’ belonging to the following genera were found on the reef and shoreline,
and need to be studied further to determine the species present in the VCWS: Acropora,
Montipora, Porites, Favia, Meandrina, Pocillopora, Stylophora, Pavona, Platygyra, Leptoria
and Dendrophyllia. The following species were recognized: staghorn coral Acropora irregularis
and plate coral A. vasiformis.
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Phylum Ctenophora: comb jellies: These spherical, planktonic animals have rows of cilia along
the sides of their bodies that are used for locomotion. They are carnivorous and feed on shrimp-
like prey. Comb jellies, probably of the genus Beroe, were seen in the VCWS over the coral reef.

Phylum Platyhelminthes: free-living flatworms: Free-living flatworms were seen on the coral
reef, but could not be identified. They are related to the parasitic flukes and tape worms, and feed
on small crustaceans and molluscs.

Phylum Annelida: segmented worms, bristle worms: Bristleworms are among the commonest
inhabitants of tropical rocky shores and coral reefs, and can be found under virtually every loose
rock or colonial animal. The fireworm, Eurythoe complanata, and the beadworm, Syllis spp.,
were observed on the coral reef, and many more species are likely to be found in the VCWS in
future. Unidentified tangleworms, feather-duster worms and coral-worms were seen on the rocky
reefs. Bamboo worms, Euclymene spp., have been reported from Mozambican shores (Branch et
al., 1994), but were not seen.

Phylum Arthropoda: copepods, isopods, amphipods, krill, barnacles, prawns, shrimps,
crayfish, crabs: Arthropods have jointed limbs and a segmented body that is covered by a hard,
jointed exoskeleton made of chitin. Because the exoskeleton cannot expand, arthropods
periodically shed their exoskeletons (moulting) in order to grow. Arthropods include the insects
and spiders, which are abundant on land but hardly represented in the sea, and the crustaceans,
by far the most diverse group in the sea. Some crustaceans, such as crabs, are remarkably
successful on land, in freshwaters and in the sea. Most crustaceans have several larval stages that
are planktonic and are dispersed widely by currents before they metamorphose into adults.

Copepods undoubtedly occur in the VCWS, either as free-living forms in the plankton or
benthos, or as parasites of fishes. The east coast rock lobster Panulirus homarus and the
penicillate spiny lobster P. penicillatus were observed in crevices among rocks on the coral reef.
The painted rock lobster Panulirus versicolor and the ornate spiny lobster P. ornatus occur along
the Mozambique coast (Branch et al., 1994) but were not seen. The cleaner shrimp Stenopus
hispidus was recorded on the coral reef. Cracker shrimp Alpheus crassimanus probably also
occur there but were not seen.

Phylum Brachiopoda: lamp shells: Lamp shells probably occur off the coast of the VCWS but
were not recorded.

Phylum Mollusca: chitons, bivalves, tusk shells, snails, limpets, sea slugs, octopus, squid:
Oysters were seen on the rocky coral reef, probably Cape pearl oyster Pinctada capensis. The
giant clams Tridacna squamosa and T. maxima are spectacular inhabitants of the coral reefs and
should be regarded as a flagship species. Giant clams filter invertebrates from the water column
and also ‘farm’ microscopic algae that are housed in the brightly-coloured mantle lobes. They
reach their southernmost limit of distribution in southern Mozambique/northern Zululand.

A Spanish dancer Hexabranchus sanguineus was observed over the coral reef. These
spectacularly colourful nudibranchs are predators on the reef, and are a delight for divers to see.
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Their flamboyant colours warn potential predators of their unpleasant taste. Ridged nudibranchs,
Phyllidia spp., may occur on the reef; they are dangerous as they produce toxic chemicals from
their skin (Branch et al., 1994).

Phylum Echinodermata: starfish, brittle stars, sea urchins, sea cucumbers, sea lilies, feather
stars, sand dollars: The echinoderms (five-rayed animals) are a flagship taxon for the VCWS
due to their high diversity, abundance, importance in the food chain and importance to
commercial and subsistence fishermen. Echinoderms are pentaradially symmetrical, a body form
not found in any land animals. All five classes of echinoderms are present in the VCWS —
starfishes, feather stars, brittle stars, sea urchins (including pansy shells) and sea cucumbers.

The beaded starfish Pentaceraster mammillatus is common on the coral reefs and sand flats
between rocky reefs and is a great attraction to divers and underwater photographers. The crown-
of-thorns starfish Acanthaster planci, which is a voracious coral predator and devastated corals
on the Great Barrier Reef in Australia, has been recorded from the coast of northern
Mozambique (Grindley, 1963) but has not as yet been recorded from Inhaca Island (Kalk, 1995)
or elsewhere in southern Mozambique. The elegant feather star Tropiometra carinata was seen
on the coral reef.

The needle urchin Diadema setosum, which has long, black, needlelike spines, inhabits crevices
on coral and rocky reefs. The flower urchin Toxopneustes pileolus, which has lethally poisonous
poison glands (Branch et al., 1994), was also seen. The spiny brittle star Ophiocoma valenciae
and green brittle star Ophiactis savigny occur on the coral reef and debris; the latter often has six
arms, as opposed to the five commonly found in echinoderms. Brittle stars are extremely
common on the coral and rocky reefs and are by far the most mobile of the echinoderms; they are
also very adept at hiding in crevices or under rocks when pursued.

Phylum Chordata: sea squirts, salps, jawless fishes, sharks, rays, bony fishes, turtles, snakes,
birds, whales, dolphins, otters, dugongs: The marine fishes known from the VCWS are detailed
elsewhere. The ichthyofauna of the Sanctuary and adjacent Bazaruto archipelago is extremely
rich, with about 80% of all fish families in the world represented in the area. Dutton (1990) and
Bruton (2002) estimate that the total species count of fishes in the area exceeds 2000. Most
fishes in the area are of Indo-Pacific origin and many have wide ranges in the Western Indian
Ocean. This applies particularly to the highly migratory game fishes, including billfishes and
large sharks. The recruitment of new stocks into the Sanctuary is therefore reasonably secure.
There are very few endemic fish species or species with narrow ranges.

Fishes observed over the coral reef included:

Giant sandshark Rhynchobatos djiddensis, honeycomb moray eel Gymnothorax
favagineus, floral moray eel Echidna polyzona, blackedged conger eel Conger cinereus,
scorpionfish Scorpaenopsis spp., devil firefish Pterois miles, squirrelfish Sargocentron
spp., soldiers Myripristis spp., bigeye Priocanthus spp., cardinals Apogon spp., sea goldie
Anthias squammipinnis, coral rockcod Cephalopholis miniata, yellowback fusilier Caesio
xanthonota, stumpnose Rhabdosargus spp., moony Monodactylus spp., old woman
Pomacanthus rhomboides, emperor angelfish P. imperator, jumping bean Centropyge
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acanthops, threespot angelfish Apolemichthys trimaculatus, semicircle angelfish
Pomacanthus semicirculatus, swallowtail angelfish Genicanthus caudovittatus, threadfin
butterflyfish Chaetodon auriga, pearly butterflyfish C. madagaskariensis, other
Chaetodon species, wedgetail filefish Paramonacanthus barnardi, halfmoon triggerfish
Sufflamen chrysopterus, whitespotted boxfish Ostracion meleagris, bluefin kingfish
Caranx melampygus, golden kingfish Gnathodon speciosus, other Caranx species,
spotted hawkfish Cirrhitichthys oxycephalus, freckled hawkfish Paracirrhites forsteri,
sweepers Pempheris spp., sergeant major Abudefduf vaigiensis, blackbanded cardinal fish
Apogon cooki, twobar clownfish Amphiprion allardi, chocolate dip Chromis dimidiata,
blue pete Pomacentrus caeruleus, hogfish Bodianus spp., wrasse Halichoeres spp.,
tripletail wrasse Cheilinus trilobatus, cleaner wrasse Labroides dimidiatus, ember
parrotfish Scarus cyanescens, fivesaddle parrotfish S. scaber, blue emperor fish Lethrinus
nebulosus, flame goatfish Mulloides vanicolensis, powder-blue surgeonfish Acanthurus
dussumieri, epaulette surgeon A. nigricauda, convict surgeon A. triostegus, other
surgeons Acanthurus spp., clown triggerfish Balistoides conspicillum, whitespotted
blaasop Arothron hispidus, fourbar porcupinefish Lophodiodon calori.

The swallowtail angelfish Genicanthus caudovittatus, which was observed in a shoal over the
coral reef, has previously been recorded only as far south as Pinda (14°C) in northern
Mozambique. A more thorough survey of the coral reefs off the VCWS will reveal many more
fishes, probably in excess of 400 species.

Other significant fish species that are likely to occur over coral reefs in and around the VCWS
could include:

Whitetip reef shark Triaenodon obesus, potato bass Epinephelus tukula, bluebanded
snapper Lutjanus kasmira, firegoby Nemateleotris magnifica, spotted ragged-tooth shark
Eugomphodus taurus, and many more.

The stonefish Synanceia verrucosa, one of the most deadly fish in the world, probably also
occurs on the coral and rocky reefs (as it does further south at Inhaca Island and in northern
Zululand; pers. obs.). Kalk (1995) also reports that this species may lie half-buried in muddy
sand between rocks near reefs. The stonefish discharges venom that may be lethal to humans
within a few hours (Smith & Heemstra, 1986). For this reason it is essential that tourists (and
researchers) should wear boots and gloves when venturing into these areas. The devil firefish
Pterois miles, which also has venom in its spines, is found on the coral reef as well as in rocky
pools and near substrates, such as jetties and logs, in the lagoon. Firefish are territorial and hunt
crabs and small fishes. Firefish should not be handled as the venom may cause great pain
although it is apparently not lethal to humans (Kalk, 1995).

Inflated and dried shortspine porcupinefish Diodon liturosus are sold in curio shops in
Vilanculos, these would have originated from coral and rocky reef habitats offshore in the
archipelago — VCWS region.

Game fish that occur in the open sea off the VCWS probably include the springer Elops
machnata, eastern little tuna Euthynnus affinis, skipjack tuna Katsuwonus pelamis, king
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mackerel Scomberomorus commerson, queen mackerel S. plurilineatus, sailfish Istiophorus
platypterus, barracuda Sphyraena barracuda, black marlin Makaira nigricans, blue marlin M.
indica, striped bonito Sarda orientalis and garrupa Epinephelus fasciatus. Giant sandshark
Rhynchobatos djiddensis are also considered to be game fish in Mozambique. Dutton (1990)
gives a comprehensive list of principal marine fish species that are exploited in the Bazaruto
archipelago, and the method of exploitation.

Dutton (1990) also reports that 100-120 billfish were landed around the Bazaruto archipelago
annually in the 1980s out of a total recreational catch of about 250 billfish per annum for the
whole of Mozambique.

The whale shark Rhincodon typus and the giant manta ray Manta birostris are conspicuous
inhabitants of the marine offshore environment; 6 whale sharks, 9 dolphins, 3 dugongs and 11
manta rays were counted off the coast and over the lagoon of the VCWS during a 57 minute air
flight in July 2002. The whale sharks are the largest of all fishes and reach a length of 12 m
whereas the mantas achieve a disc width of 6.7 m. Both these giant fishes feed on plankton.
Manta rays perform spectacular cartwheels at the water surface, or jump entirely out of the
water, landing with a slap that is audible for kilometers around (Smith & Heemstra, 1986).

The interesting possibility exists that the coelacanth Latimeria chalumnae may occur off the
coast of the VCWS. Coelacanths have been caught off South Africa, northern Mozambique (near
Pebane), Comoros, Madagascar and Kenya (Bruton & Stobbs, 1991). Recently they have been
seen by scuba divers off the coast of northern Zululand near Sodwana (H. Fricke, unpubl. obs.,
2002). The Sodwana coelacanths inhabit steep rocky canyons at depths of >100 m; whether such
canyons occur off the sanctuary and the Bazaruto archipelago is not known. The coelacanth,
which is classified as ‘endangered’ in the Red Data Book and appears on Schedule I of CITES, is
a flagship conservation species and has been nicknamed the ‘panda of the sea’ (Bruton & Stobbs,
1991).

Five species of marine turtles (known collectively as xinholua locally) occur off the Sanctuary,
the green turtle Chelonia mydas, loggerhead turtle Caretta caretta, leatherback Dermochelys
coriacea, hawksbill Eretmochelys imbricata and the olive ridley turtle Lepidochelys olivacea.
According to Dutton (1990), the loggerhead, leatherback and hawksbill nest on beaches in the
area, whereas the others probably only feed in the area. On this survey direct evidence was only
found of the green turtle — 9 carapaces were found in the bushes near the fishing village on the
north shore of the sanctuary near Ponta Chiunzine. These specimens had been harvested some
years previously. Dutton (1990) reported finding over 150 turtle carapaces on Bazaruto Island,
two thirds of which belonged to green turtles. Yellow-bellied sea snake Pelamis platurus also
occur off this coast. They spend their entire lives at sea and have potent venom.

Marine mammal species in and around the sanctuary include the dugong Dugong dugon, four
species of dolphins (common dolphin Delphinus delphis, spinner dolphin Stenella longirostris,
hump-backed dolphin Sousa plumbea and bottlenosed dolphin Tursiops truncatus), the
humpback whale Megaptera novaeangliae, and the Cape clawless otter Aonyx capensis. Other
whale species, such as the sperm whale Physeter macrocephalus and the killer whale Orcinus
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orca, as well as the striped dolphin Stenella coeruleoalba, occur further offshore and are rarely
seen.

The four dolphin species that frequent the sanctuary are itinerant visitors from pelagic marine
environments. The common dolphin Delphinus delphis often occurs in large schools and feeds
on shoaling pelagic fishes. The bottlenosed dolphin Tursiops truncatus, an inshore species, also
forms schools and feeds mainly on fish but also on squid, which may be caught using organized
group-hunting formations (Branch et al., 1994). This species regularly becomes entangled in
shark nets in KwaZulu-Natal and concern has been expressed that their birth rate does not match
their mortality rate. They have also been reported to have very high hydrocarbon levels in their
tissues (Branch et al., 1994). Spinner dolphin Stenella longirostris and humpback dolphin Sousa
chinensis have also been reported from the nearby offshore marine environment (Dutton, 1990).
The humpback dolphins live in shallow water and their presence is important as they are severely
threatened elsewhere in their range.

All dolphin species are strictly protected but are vulnerable to capture or damage in large gillnets
and possibly on long lines set for sharks (for shark fin harvesting, which is known to occur in the
area). Dolphins are also vulnerable to reductions in their prey fish densities due to game fishing
and netting. Dolphins are seen on most boat trips to the entrance of the lagoon and out to sea, and
are an important tourist attraction.

The humpback whale is a large baleen whale reaching a length of 14-15 m. They are
characterized by their very long, narrow flippers, almost one-third the length of the body, and the
small dorsal fin that is positioned far back. They spend the summer feeding on krill in the
Southern Ocean and then migrate northwards along the west and east coasts of southern Africa to
breeding grounds along subtropical and tropical coasts. Humpback whales use an unusual bubble
curtain, formed while circling underwater, to catch their prey. They rely on their blubber reserves
for nutrients during the winter feeding migrations. They perform spectacular breaches and jumps,
and are sociable species. Their numbers were drastically reduced by hunting to less than 10% of
the original population size before they were fully protected in 1963. Their populations have
recovered strongly in recent decades, although not as strongly as those of the southern right
whale Balaena glacialis. Repeated sighting of humback whales off the coast of the
Bazaruto/VCWS area may indicate that they have a preference for this area. Dutton (1990)
reports seeing them feeding off the coast, possibly on the blue-line herring Herklotsichthys
quadrimaculatus.

Other whales that occur off this coast include fin whale Balaenoptera physalus, minke whale B.
acutorostrata, sperm whale Physeter macrocephalus (further offshore) and killer whale Orcinus
orca. The southern right whale Balaena glacialis was previously extensively hunted off the
coasts of Namibia, South Africa and Mozambique. Since they were protected in 1963 they have
recovered strongly in South Africa (7-8%) but their recovery off Mozambique appears to be
slower (Branch et al., 1995). Bottlenosed dolphin Tursiops truncates and spinner dolphin are
common offshore. The striped dolphin Stenella coeruleoalba was not seen but probably also
occurs here.

2.8.4.2 Sandy shores on sheltered and exposed coasts
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Phylum Arthropoda: copepods, isopods, amphipods, krill, barnacles, prawns, shrimps,
crayfish, crabs: Unidentified species of isopods, possibly in the genus Pontogeloides, are
common under logs and flotsam on the beach. Hermit crabs, probably the land hermit Coenobita
cavipes or C. rugosu, were abundant on the beach above the high tide mark. The ghost crabs
Ocypode ryderi, O. ceratophthalmus, O. cordimana and O. madagascarensis are common on the
beach at low tide and are particularly conspicuous at night when they forage in and above the
tidal wash. O. ryderi is used as bait by local sea fishermen.

Ghost crabs prey on other crabs, such as the sentinel crab Macrophthalmus spp., as well as
prawns and wedge mussels Donax faba. Juvenile ghost crabs achieve the fastest running speed of
any crab (2.1 m per second; Kalk, 1995). Their main predators are man, birds and carnivorous
crabs, including their own species. Ghost crabs are keystone ecological species due to their
abundance and critical role in the beach ecosystem.

Phylum Mollusca: chitons, bivalves, tusk shells, snails, limpets, sea slugs, octopus, squids:
The burrows of shipworms Bankia carinata were found in wood flotsam on the beach. The
striped periwinkle Littoraria glabrata is common above the high spring-tide level. Several
cowries were collected on the sea beach including ring cowrie Cypraea annulus, Arabic cowrie
C. arabica, tiger cowrie C. tigris and stippled cowrie C. staphylaea. Cowries are over-collected
in many parts of the world and require protection.

The violet snail, Janthina spp., was observed washed up on the shore. They hang upside down on
the sea surface using a bubble raft and feed on by-the-wind-sailors Velella and bluebottles
Physalia. The tropical plough shell, Bullia spp., either B. mozambicensis or B. natalensis, lives
in the wave wash zone and feeds on dead animals, especially stranded jellyfish. The wedge
mussel Donax faba is abundant on the wave-washed sandy beaches of the marine coast; off
Inhaca island they reach densities of > 100/m2 (Kalk, 1995). They burrow 2-5 cm beneath the
sand surface and feed on diatoms. D. faba is unique to the east coast of Africa and occurs in over
30 different colour patterns.

Phylum Chordata: sea squirts, salps, jawless fishes, sharks, rays, bony fishes, turtles, snakes,
birds, whales, dolphins, otters, dugongs:

Nine green turtle Chelonia mydas carapaces were found in the bushes near the fishing village on
the northwest shore of the Peninsula near Ponta Chiunzine. They were probably caught in nets in
the lagoon or estuary as this species does not normally nest on the African mainland but on
central Indian Ocean islands (Branch et al., 1994). Juveniles eat small fish and crustaceans
whereas the adults feed almost entirely on marine plants. Other sea turtle species that occur off
the marine coast in the vicinity of the VCWS include the olive ridley turtle Lepidochelys
olivacea, hawksbill turtle Eretmochelys imbricata, leatherback Dermochelys coraicea and the
loggerhead turtle Caretta caretta. The loggerhead and leatherback probably nest along the
marine coast, as they do in northern Zululand and southern Mozambique to the south. The
loggerhead feeds on crabs, molluscs and sea urchins whereas the leatherback feeds on
coelenterates, jellyfish and bluebottles. The breeding biology, abundance and conservation status
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of the sea turtle species that nest on the coast of the African mainland have been very well
documented (e.g. Hughes, 1974a & b).

The marine and coastal birds of the Sanctuary have been investigated in a separate report, and a
few comments will suffice here. The most conspicuous aquatic birds are the greater flamingo
Phoenicopterus ruber and the lesser flamingo P. minor (known collectively as halawunha
locally), which occur in large flocks that vary seasonally in size. The lagoonal habitat in and
around the Sanctuary is ideal for flamingoes and there is potential for the VCWS to become a
world-renowned site for observing these spectacular birds, comparable to Lake Ngami in
Botswana (now dry) and Lake Naivasha in Kenya. The greater flamingo feeds by disturbing the
bottom sediments, often rotating in a circle, whereas the lesser flamingo feeds by filtering the
water. Both feed on small aquatic invertebrates, and their feeding pressure is known to impact on
the density of benthic organisms (Branch et al., 1994). Pollution of the lagoonal water would
impact the density of prey organisms of the flamingo. The number of torch batteries that are left
lying in the water by fishermen is a matter of concern; these batteries contain lead and other
contaminants and should never be discarded in the water; 32 batteries were found lying in the
water in the sanctuary during a period of 6 days, all near fishing villages. Every effort should be
made to avoid contaminants, such as fuel and fuel residues, sewage, insecticides, herbicides,
disinfectants and inorganic fertilizers, from entering the water in the sanctuary. Flamingoes have
been hunted in the past in Mozambique (pers, obs., 1993 near Xai Xai) and may still be hunted
clandestinely in the Vilanculos area.

The mangrove and reed swamps are rich habitats for aquatic bird species, including a variety of
herons, cormorants, egrets and kingfishers. The shores of the estuarine lagoon, San Sebastian
Bay and the marine sandy beach support a wide variety of waders, sandpipers, turnstones,
sanderlings, plovers, gulls and terns.

2.8.4.3 Rocky shores

Phylum Porifera: sponges: The crumpled sponge, Axinella waltneri, was observed on inshore
reefs.

Phylum Cnidaria: hydroids, bluebottles, jellyfish, soft corals, sea fans, sea pens, sea
anemones, zoanthids and hard corals: The giant anemone, Radianthus ritteri, occurs on coral
debris and coral reefs in the VCWS as well as in the tidal shallows and sea grass beds of the
lagoon, estuary and Bay. They typically play host to commensal shrimps and clownfish, which
are not affected by their stinging tentacles. The giant anemone is an important component of the
biota of the VCWS, and should be regarded as a flagship species; they should be the subject of
more detailed study (see Part M)

A zoanthid, Palythoa nelliae, forms carpets in pools in the inshore reef in areas that are
periodically covered by sand. Other unidentified zoanthids also inhabit rocky ledges and pools.
The root-mouthed jellyfish, Rhizostoma spp., is commonly seen floating about 2 m below the
water surface in offshore and inshore marine environments of the VCWS. Hydroids form
colonies of numerous individuals (polyps) and are tree-like or feather-like in form. Several
hydroids were observed in rocky pools, possibly the bushy hydroid, Eudendrium spp., the thin-

131



walled obelia, Obelia spp, and the toothed feather-hydroid, Aglaopenia spp. The mushroom coral
Fungia actiniformes occurs as individuals in intertidal pools.

Phylum Nemertea: ribbon worms: Ribbon or proboscis worms probably occur on rocky reefs in
the VCWS but were not observed.

Phylum Sipunculida: peanut worms: Peanut worms probably occur on rocky reefs in the
VVCWS but were not observed.

Phylum Annelida: segmented worms, bristle worms: Mussel worms, Pseudonereis spp., were
observed among mussels in the inshore reef. The fireworm, Eurythoe complanata, and the
beadworm, Syllis spp., were observed on the rocky reefs.

Phylum Arthropoda: copepods, isopods, amphipods, krill, barnacles, prawns, shrimps,
crayfish, crabs: Goose barnacles, Lepas spp., were observed on flotsam on the sandy shore
inshore of rocky reefs. Toothed barnacles, Chthamalus spp., occur on rocky reefs along the
marine coast of the VCWS. Carapaces of the east coast rock lobster, Panulirus homarus and the
painted rock lobster P. versicolor were found inshore of rocky reefs. Dutton (1990) reports that
the above two species as well as the penicillate spiny lobster P. penicillatuts and the ornate spiny
lobster P. ornatus are harvested by skin divers at Inhassoro to the north, with exports of lobster
tails exceeding 400 tonnes pa. The yellow-banded hermit crab Clibanarius virescens and other
species of hermit crabs are common in intertidal pools. The tuberculate crab Plagusia depressa
tuberculata was observed in intertidal pools whereas the Natal rock crab Grapsus grapsus
tenuicrustatus was conspicuous on rocky ledges above water at low tide.

Phylum Bryozoa: moss or lace animals: Many species of bryozoans inhabit the rocky reefs and
intertidal rocky ledges, but their identity is unknown.

Phylum Mollusca: chitons, bivalves, tusk shells, snails, limpets, sea slugs, octopus, squids:
Brown mussels Perna perna occur in dense beds along the marine coast. The Cape pearl oyster
Pinctada capensis, Natal rock oyster Saccostrea cucculata and the Cape rock oyster Striostrea
margaritacea are found on shallow rocky reefs along the marine shore. They are exploited by
local fishermen. The black chiton Onithochiton literatus, variegated topshell Oxystele variegata,
variable limpet Patella concolor, keyhole limpet Fissurella natalensis, blotched nerite Nerite
albicilla, mulberry shell Morula granulata and the crowned turban shell Turbo coronatus all
occur on rocky reefs in the VCWS.

The zonation of molluscs and other invertebrates in the intertidal zone of the VCWS, with the
Littorina belt high on the tide line and other species occurring in characteristic bands, is similar
to that described for Inhaca Island by Kalk (1995).

Octopus, probably Octopus granulatus, was harvested by local fishermen from intertidal pools in
the sea but are reportedly less common now than before.

Phylum Echinodermata: starfish, brittle stars, sea urchins, sea cucumbers, sea lilies, feather
stars, sand dollars: The blocked starfish Fromia elegans was seen on the rocky reef off the
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lighthouse. The spiny brittle star Ophiocoma valenciae occurs under rocks on the reef. The oval
urchin Echinometra mathaei, and other sea urchins, occurs in intertidal rock pools. The sea
cucumber Holothuria insignis is found under rocks.

Phylum Chordata: sea squirts, salps, jawless fishes, sharks, rays, bony fishes, turtles, snakes,
birds, whales, dolphins, otters, dugongs: A colony of striped eel-catfish Plotosus lineatus was
seen under an overhang in the inshore reef near the lighthouse. Other fish species observed on
this reef included devil firefish Pterois miles, bluebanded snapper Lutjanus kasmira, stonebream
Neoscorpis lithophilus, lizardfish Synodus spp., klipvis, probably Pavoclinus graminis, various
gobies, barred flagtail Kuhlia mugil, flame goatfish Mulloides vanicolensis, rockskippers
Antennablennius and Istiblennius spp. and cleaner wrasse Labroides dimidiatus.

Spotted grunter Pomadasys commersonnii, santer Cheimerius nufar, slinger Chrysoblephus
puniceus, Natal stumpnose Rhabdosargus sarba, river snapper Lutjanus argentimaculatus and
kingfish Caranx spp. (the latter known locally as hokote or karapao) were recorded in
fishermen’s catches from the sea near the lighthouse.

Dutton (1990) reported that seine nets pulled over rocky reefs in the Bazaruto archipelago
yielded catches of 50-150 kg/net and approximately 58 000 kg of dried fish per year. This level
of exploitation does not appear to take place off the VCWS. Dutton (1990) also reported that
spearfishing is common and lucrative in the Bazaruto area, with a harvest of over 40 000 kg per
year.

2.8.4.4 Estuarine systems

Phylum Cnidaria: hydroids, bluebottles, jellyfish, soft corals, sea fans, sea pens, sea
anemones, zoanthids and hard corals: The giant anemone, Radianthus ritteri, occurs on coral
debris and coral reefs in the VCWS as well as abundantly in the tidal shallows and seagrass beds
of the lagoon, estuary and Bay. The root-mouthed jellyfish, Rhizostoma spp., is commonly seen
floating about 2 m below the water surface near the estuary mouth. The Portuguese man-of-war,
Physalia utriculus, was observed in the estuary.

Phylum Annelida: segmented worms, bristle worms: Numerous unidentified segmented worms
were seen. Estuarine nereids, Ceratonereis spp., and the case worm, Diopatra spp., are likely to
occur in the estuary.

Phylum Arthropoda: copepods, isopods, amphipods, krill, barnacles, prawns, shrimps,
crayfish, crabs: Striped barnacles Balanus amphitrit, were recorded on fish trap fences in the
estuary. The tiger prawn Penaeus monodon and the brown prawn Metapenaeus monoceros are
harvested in the estuarine lagoon and in San Sebastian Bay. P. monodon and M. monoceros are
very important commercial species in Mozambique (Branch et al., 1994). The blue swimming
crab Portunus pelagicus is harvested in the estuarine lagoon. The mud crab Scylla serrata was
observed while diving and wading in the southernmost reaches of the estuary near the path to the
lighthouse, where it appears to be less exploited, and more common, than in San Sebastian Bay.
The army crab Dotilla fenestrata occurs in huge colonies along the shores of the estuary, and is
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particularly common on the embankment from which one embarks for the journey to the
lighthouse. They use tiny pellets of processed sand to construct elaborate burrows.

Phylum Mollusca: chitons, bivalves, tusk shells, snails, limpets, sea slugs, octopus, squids:
The brack-water mussel Brachidontes virgiliae and the estuarine mussel Arcuatula capensis,
which live in estuaries, and are reported from Mozambique (Branch et al., 1994) and probably
occur in the VCWS. The horse mussel Pinna muricata is common in suitable habitat and is a
menace to people wading in the shallows. A community of small animals lives in association
with them. Shells of the smooth platter shell Loripes clausus and the sunset clam Hiatula
lunulata were collected from the estuary.

The shaggy sea hare Bursatella leachi was observed in the seaward entrance to the estuary. A
slipper limpet, probably Crepidula spp., was found on a mangrove stem.

Phylum Echinodermata: starfish, brittle stars, sea urchins, sea cucumbers, sea lilies, feather
stars, sand dollars: The beaded starfish Pentaceraster mammillatus is present in the deeper parts
of the estuarine system and is often stranded at low tide. The heart urchin Echinocardium
cordatum, locally known as nungu, is commonly found on the beach at the entrance to the
estuarine lagoon, although Branch et al. (1994) report that this species only occurs as far north as
Delagoa Bay. The pansy shells Echinodiscus bisperforatus (with two closed slits on the test) and
E. auritus (with the slits extending to the edge of the test) are abundant in the seaward reaches of
the estuary as well as in the tidal flats and sea grass meadows.

Phylum Chordata: sea squirts, salps, jawless fishes, sharks, rays, bony fishes, turtles, snakes,
birds, whales, dolphins, otters, dugongs: The lesser sand shark Rhinobatos annulatus, bartail
flathead Platycephalus indicus (locally known as nhantsenze), glassy Ambassis gymnocephalus
and the smallscale pursemouth Gerres acinaces were recorded from the estuarine inlet near the
path to the lighthouse. The honeycomb stingray Himantura uarnak and the largetooth sawfish
Pristis pectinata probably occur in the estuarine inlet but were not seen or recorded in
fishermen’s catches. Sardinelles, Sardinella spp., wolfherring, Chirocentrus spp., ladyfish Elops
machnata, thornfish Terapon jarbua, Natal stumpnose Rhabdosargus sarba, bigeye kingfish
Caranx sexfasciatus, talang queenfish Scomberoides commersonnianus, grunter Pomadasys
furcatum, and bony Thryssa vitrirostris were found in fishermen’s catches in the estuary and
lagoon. Other species that are likely to occur in the estuary and Bay, but which were not seen,
include oxeye tarpon Megalops cyprinoides and milkfish Chanos chanos. Flathead mullet Mugil
cephalus, blue-tail mullet Valamugil buchanani, and other species of mullet, occur commonly in
the estuary.

A very interesting cichlid fish, the black tilapia Oreochromis placidus, was seen while skin
diving on the fringes of a mangrove swamp at the southern edge of the estuarine lagoon near the
path to the lighthouse. This relatively rare cichlid has been reported from the coastal plain of
Mozambique from the lower Zambezi River southwards to the Mkuze River in Zululand
(Skelton, 1993) and was first reported in South Africa at Sodwana Bay by Bruton (1975). O.
placidus is frequently found together with the Mozambique tilapia Oreochromis mossambicus,
which is known to be extremely tolerant of seawater. O. placidus frequents well-vegetated,
sheltered habitats in floodplain lagoons and coastal lakes.
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2.8.4.5 Sea meadows and sand banks

Notes on the ecology of sea meadows: The sea grass meadows of the VCWS represent one of
the most productive and diverse habitats in the marine subsystem, together with coral reefs. The
sea grass beds are ‘anchored’ by vast meadows of submerged flowering plants that provide
shelter for a mobile and sessile community of invertebrate and vertebrate animals. The sea
grasses are typically coated with growths of red coralline algae that together provide a vast
surface area under the water that provides shelter, holdfasts and food for the tidal flats
community. The extensive system of rhizomes and roots of the sea grasses consolidates the
loose, fine mud and sand in which many animals burrow. Furthermore, the sea grasses shed their
leaves continuously and through their rapid decay they contribute hundreds of tonnes of detritus
annually to marine and coastal systems (Kalk, 1993).

Their rate of production exceeds that of tropical forests and exceeds that produced by seaweeds
(McRoy & McMillan, 1977). This detritus is the foundation of the food web of this ecosystem
and the sea grasses therefore act as ‘nutrient pumps’ into the lagoonal system. The sea grass beds
also act as a substrate for the sand oysters Pinctada imbricata that are heavily exploited by local
people. They also provide a fascinating and easily accessible dive site for skin divers and glass-
bottomed boat passengers. The plants themselves are eaten by few animals (as in freshwater
macrophytes) but the leaves are covered with an epiphytic fauna and flora on which many
species browse. The sea grass meadows are also valuable feeding and roosting areas for migrant
waders and vast flocks of flamingos.

Kingdom Plantae, division Spermatophyta, subdivision Angiospermae: flowering plants:
The sea meadows comprise three main angiosperm species in the VCWS: the Thalassodendron
ciliatum, Cymodocea serrulata and Thalassia hemprichii. These species occur in different
proportions in the meadows of the tidal flats depending on the degree of exposure, water depth
and distance from the sea.

Kingdom Animalia: animals

Phylum Porifera: sponges: A large unidentified sponge occurs in shallow water along the
fringes of the tidal lagoon near the north shore of the VCWS. These sponges are situated in a
hemispherical basin and form a protected microhabitat, in an otherwise very exposed
environment, for a variety of commensals, including small crabs, brittlestars, cowries, cone
shells, bristle-worms (polychaetes), nereids and shrimps. A bright yellow sponge, possibly
Haliclona tulearensis, is also widespread in the sea grass.

Phylum Cnidaria: hydroids, bluebottles, jellyfish, soft corals, sea fans, sea pens, sea
anemones, zoanthids and hard corals: The giant anemone Radianthus ritteri occurs abundantly
in the tidal shallows and sea grass beds of the lagoon, estuary and Bay. They typically play host
to commensal shrimps and clownfish Amphiprion allardi, which are not affected by their
stinging tentacles.
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The root-mouthed jellyfish, Rhizostoma spp., is commonly seen floating about 2 m below the
water surface over sea grass meadows. The Portuguese man-of-war, Physalia utriculus, was
observed in the Bay over sand banks. Comb jellies, probably in the genus Beroe, were seen in the
Bay.

The mushroom coral Fungia actiniformes occurs as individuals in the sea grass beds. Fungia
first grows on coral reefs as an attached colony but buds in the form of tiny discs, made by one
polyp, which breaks off and is carried to sea grass meadows by currents. Here they sink to the
bottom and grow (Kalk, 1995).

Among the most interesting benthic invertebrates on the submerged sandy flats in San Sebastian
Bay are the sea feathers, Virgularia gustaviana, and the sea pens, Vertillium leloupi, which are
burrowing coelenterates. V. gustaviana is an erect, brilliant orange colony of coelenterates in the
shape of large feather over 200 mm tall. The ‘feather’ is supported by a stiff rod made of
aggregated calcareous spicules, and the purple autozoid polyps are closely set on the stiff
branches of the feather (Kalk, 1995). The submerged part of the orange shaft ends in a bulbous
swelling that is buried in the sand. The sea pens have a more compact cream or mauve bodies
with purple polyps that are supported by a stiff mass of spicules in a narrow rod. V. leloupi grows
to about 120 mm tall and has a bulb at the lower end.

Both the sea pens and the sea feathers are supported by hydrostatic pressure by virtue of the
water that is drawn into the enteron when the organism erects. When the colony is touched, or
impacted by a strong bow wave, it contracts suddenly into the sand by expelling water rapidly
through the opened orifices of the siphonozoids and the autozoids (Kalk, 1995; pers. obs., 2002).
Sea pens and sea feathers are able to survive exposure at low tide by retracting into the sediment.
They emerge again as the tide rises and catch zooplankton by means of their pinnate tentacles,
which have typical coelenterate nematocysts (stinging cells). Sea pens and sea feathers are
reported to be bioluminescent in the dark (Kalk, 1995).

The sea pens and sea feathers are remarkable examples of the way in which so-called ‘lower
invertebrates’ are able to form complex colonies containing cells that are specialized for different
tasks. The colony is thus able to perform tasks, and survive in hostile environments, in
competition with highly advanced organisms. The specialized cells in sea feathers include
feeding polyps (autozoids), pressure-maintaining polyps (siphonozoids) and stinging cells
(nematocysts). The communities of sea pen and sea feather colonies are easily visible in water
depths of 16 m in the shallow channels to the southwest and west of Dugong Camp, and should
be of considerable interest to visitors.

Paul Dutton discovered extraordinary volcano-shaped fossil burrows of some unknown
underwater animal in the waters surrounding the Bazaruto archipelago (Mason & Ramsay, date
unknown); these fossil burrows were subsequently named after him (Vulcanichnus duttoni).
During the VCWS marine survey similar burrows were discovered on the tidal flats of the
VVCWS (Bruton, 2002) to the west of the peninsula. The distribution and abundance of these
fossil burrows needs to be investigated.
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Phylum Annelida: segmented worms, bristle-worms: Bristle worms are common in the sea
grass meadows , especially under sponges and in the shelter of fan shells.

Phylum Arthropoda: copepods, isopods, amphipods, krill, barnacles, prawns, shrimps,
crayfish, crabs: Unidentified species of amphipods and isopods were found among sea grass and
sea grass debris.

The east coast rock lobster, Panulirus homarus, is harvested by local spearfishermen on a series
of rocky reefs in the southern end of San Sebastian Bay. Judging from the small sizes of the
carapaces at their fishing camp, this resource has probably been overexploited. The tiger prawn,
Penaeus monodon, is harvested in San Sebastian Bay. The blue swimming crab or chinaman
Portunus pelagicus (locally known as ngange) is extensively harvested over sea grass beds and
tidal sandy flats in San Sebastian Bay, often as a bycatch of the sand oyster trawlery. Local
inhabitants use the crabs as a subsistence food. Dutton (1990) estimated that about 5 760 kg of
blue crabs are harvested per year from the Bazaruto archipelago, with about 30% of the catch
sold and the balance used for local consumption. P. pelagicus is commonly sold in markets on
the mainland in Mozambique.

The mud or edible crab Scylla serrata occurs widely in the Bay but is heavily exploited. Pea
crabs, Pinnotheres spp., were found inside the shells of bivalves in the sea grass beds. The elbow
crab Myra fugax, which has very long chelipeds, is occasionally caught in fishermen’s nets.
Hermit crabs, especially Dardanus spp., are abundant in the sea grass beds and inhabit a wide
variety of shells. The hermit crab Aniculus strigatus inhabits cone shells, Conus spp., and is
abundant in some areas. They are used as bait by handline fishermen.

Shrimps and prawns are widespread in the sea grass beds and are caught in seine nets. The most
common species is the pistol shrimp Alpheus crassimanus. This species, and other shrimps, were
observed to share their burrows with gobies. The palaemonid shrimp Harpilius brevicarpalis was
commonly seen in association with the giant green sea anemone Heteractis magnifica in the sea
grass beds. The shrimps feed and hide among the tentacles of the anemone. Clown fishes
Amphiprion allardi are also commensal with this anemone. Well-camouflaged green Hippolyte
shrimps also inhabit the sea grass beds. Stomatopod shrimps, such as the mantid shrimp
Pseudosquilla ciliata, make large mounds of sand in the sea grass beds. These remarkable
shrimps have the second pair of legs modified into a pair of formidable claws similar to those of
the preying mantis. They prey on small fishes and other crustaceans.

There is abundant apparently suitable habitat for the sand prawn Callianassa kraussi but they
were not recorded; according to Branch et al. (1993), the northern range of their distribution is
Delagoa Bay, and they do occur at Inhaca Island (Kalk, 1995).

Phylum Mollusca: chitons, bivalves, tusk shells, snails, limpets, sea slugs, octopus, squid:
Sand oysters Pinctada imbricata (locally known as mapalo) are collected extensively in the sand
flats mainly for food but also for sale. The sand oysters are consumed fresh or salted for later
use. P. imbricata occurs associated with the sea grasses Thalassodendron ciliatum and Zostera
capensis where they attach themselves to the grass stems using their byssus threads. Dutton
(1990) reports on a detailed survey of the densities and yields of P. imbricata to the traditional
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fishery in the Bazaruto archipelago. He estimated that about 1.9 tonnes of dry mapalo are
harvested each month, with each person collecting about 500 animals per day (6 kg wet weight)
for the nine days each month during which they are harvested.

Two species of tropical fan shells (pinnid bivalves) inhabit the sea grass beds and surrounding
sand flats. Their large, 10-20 cm long, triangular shells stand upright in the sand with the narrow
end pointing downwards, and attached to buried stones by strong byssus threads. The outer edge
of the shell, which is razor-sharp, lies at the sand surface. The horse mussel, probably Pinna
muricata, and the fan shell Atrina pectinata are common in suitable habitats in and around sea
grass beds. They are damaged by seine nets and trampling. They host commensal shrimps
(Anchistus spp.), mantid shrimps Pseudosquilla ciliata and pea crabs (Pinnotheres spp.).

The tropical cockle Trachycardium flavum is abundant on the tidal sand flats where it burrows
shallowly into the sand. Cockles can ‘hop’ by suddenly thrusting out the foot — a mechanism for
evading predators. The beaked clam Eumarcia paupercula is abundant in the sea grass meadows
and tidal sand flats, and is probably a keystone species ecologically. Their smooth, convex shells
have a buff ground colour and a very variable range of radial markings ranging from cream to
brown and purple, often with zigzags, flecks or rays. This species is so abundant that
consideration could be given to collecting the dead shells for making ornaments and mobiles.
Their shells are often penetrated by the holes of shell borers. The smooth trough shell Mactra
glabata is also commonly found buried just below the sand surface in the sea grass beds. A
scallop, probably Chlamys senatoria, is found on the tidal sand flats. An otter shell, Lutraria
spp., was collected; this is an unusual record as this genus is not reported from Mozambique by
Branch et al. (1994). The coiled collars of eggs laid by the moon shell, Polinices spp., were seen
on the sand flats. Periwinkles, probably Littoraria spp., are extensively harvested by fishermen at
Ponta Chiunzine.

Two cowries are common in the sea grass beds — Cyprea annulus and C. moneta. C. moneta is
the money cowrie of the nineteenth century slave trade, but has no commercial value anymore.
The short-spined murex Murex brevispinna lives amongst sea grass on the tidal flats where it
feeds on molluscs. Like many other sea grass inhabitants, they are caught in seine nets.
Carnivorous cone shells, such as Conus lividus, were also recorded in the sea grass beds. They
have poisonous secretions that kill their prey and are dangerous to humans. The cone shells feed
on acorn worms and tunicates (Kalk, 1995). Small octopuses were caught in seine nets on the
tidal flats where they live in the sea grass beds. Many species of unidentified, burrowing
molluscs belonging to the genera Tellina, Codakia, Mactra and others, occur in the sea grass
meadows. Sea slugs were seen occasionally in the sea grass meadows. Cuttlefish Sepia spp.
(locally known as toni) and common octopus Octopus granulatus (known locally as
nhamutununu) were harvested in the entrance to the Bay by local fishermen and are dried on
drying racks in the sun. A minute octopus was found in the shell of a bivalve in the sea grass
beds.

Dutton (1990) gives a comprehensive list of the principal ornamental mollusc shells that are

collected from the Bazaruto archipelago, with an indication of the demand for each species. His
findings would apply to the VCWS as well.
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Phylum Echinodermata: starfish, brittle stars, sea urchins, sea cucumbers, sea lilies, feather
stars, sand dollars: The beaded starfish Pentaceraster mammillatus (known locally as
tsambalala) is extremely common and conspicuous because of its large size (up to 22 cm across),
bright colours and habit of sitting on top of the sand. They occur throughout the sandy tidal flats,
sometimes in densities of >1/m?, and are also common in the sea grass beds. They are often
stranded at low tide and attempt to creep back to the water using their tube feet, but do not suffer
serious desiccation over one tidal cycle. The colours are very variable, including yellow, green,
brown, red and grey. Rows of brightly coloured knobs run down each arm and around the body
margin. Protoreaster lincki, a related species, is also reported from Mozambique (Kalk, 1994).
The sand starfish Astropecten monocanthus burrows just below the surface of the sand in
channels; the five-rayed shape of the buried animal can be clearly seen from above.

The spiny brittle star Ophiocoma valenciae is abundant wherever there is cover in the sea grass,
under sponges, next to tusk shells or under logs and rocks; other unidentified brittle stars
(possibly Amphiura and Amphipolis spp.) also occur in these habitats. The burrowing brittle star
Amphioplus integer is widespread in sandy mud where it burrows with two or three arms
protruding above the mud for feeding. A pencil urchin, Prionocidaris baculosa, occurs in the sea
grass meadows. Their banded spines are sold as ornaments. Dried specimens of a heart urchin,
possibly Lovenia elongatum, were found stranded on the beach at the entrance to the estuary and
in the sea grass meadows, where they were caught in seine nets by local fishermen.

The short-spined sea urchin Tripneustes gratilla reaches a test diameter of 145 mm and is
common in the sea grass. They often accumulate pieces of algae on their tube feet, which serves
as camouflage. Their dried tests often wash up on the shore. The needle urchins Diadema
setosum and D. savigny are widespread in the sea grass beds where they graze on algae. They
have an irritant toxin in their hollow spines and should be handled with extreme care. When
approached they are able to move their spines towards the intruder as a defensive mechanism.

Sea cucumbers are very common in some parts of the estuarine inlet, in the tidal sand flats and in
the sea grass meadows, sometimes in abundance, more so than the author has seen before
anywhere along the southern African coast. These peculiar echinoderms have lost their star-
shaped symmetry and are elongate with soft, leathery skins. The snake sea cucumber Synapta
maculata (known locally as tchekawandala) reaches a length of >1.2 m and occurs in dense
aggregations in deeper channels and shallow areas of the lagoon that remain flooded at high tide.
They look extraordinarily like coiled snakes underwater, and often form intertwined masses on
the sandy bottom. When they are picked up, they elongate alarmingly and their spicules attach to
the skin or dive suite. A commensal shrimp Periclimenes rex lives in their cloaca (Kalk, 1995).
The black sea cucumber Pseudocnella sykion also occurs in the tidal sand flats. A grey sea
cucumber with orange markings, probably Opheodesoma mauritiania, also occurs in the sea
grass meadows.

The black tufted sea cucumber Holothuria scabra, known locally as makajojo, which is black
above and grey below and often has sand adhering to its skin, is less abundant, probably because
it has been extensively harvested by fishermen for sale in Vilanculos, where they are dried and
exported for human consumption (Branch et al., 1994). Dutton (1990) reported that about 5 781
kg of dried H. scabra was exported to the mainland from the Bazaruto archipelago in 1989/90.
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Over the same period a fishing organization PESCOM commercialized a total of 39 000 kg of H.
scabra for the islands and adjacent mainland. H. scabra occurs singly in shallow water,
sometimes half-buried in the sand, and they are harvested by fishermen using two- or three-
pronged spears (pers. obs., 2002). They feed by swallowing large quantities of sand and sift out
the organic matter. The drying of makajojo over a fire requires the use of large amounts of
firewood, which also contributes to resource depletion.

Another black sea cucumber, Holothuria leucospilota, has the unpleasant (for predators) habit of
expelling a mass of stiff, white sticky strings from the cloaca when it is picked up. H.
leucospilota was found in deeper channels throughout the tidal sand flats.

The sand dollars or pansy shells Echinodiscus bisperforatus (100 mm across) and E. auritus (200
mm, which is deep purple in colour) are common in the tidal flats, estuarine lagoon and sea grass
meadows. Care needs to be taken that they are not over collected by tourists, destroyed by seine
nets pulled by local fishermen or trampled by gleaners of sand oysters.

Phylum Hemichordata: acorn worms: Concentric worm casts are a characteristic features of
the sand flats and sea grass beds. These casts are produced by acorn worms, Balanoglossus spp.,
which are not ‘worms’ in the primitive sense of the word, but hemichordates that share some
anatomical characteristics with Chordates, including the backboned animals. They have a dorsal
notochord, a dorsal nerve chord and a rudimentary blood system. They burrow in the sand and
can be extremely numerous. They probably play a critical role in releasing nutrients from the
sediments into the water column.

Phylum Chordata: sea squirts, salps, jawless fishes, sharks, rays, bony fishes, turtles, snakes,
birds, whales, dolphins, otters, dugongs: The lesser sand shark Rhinobatos annulatus (locally
known as livambelua) and the devil firefish Pterois miles were seen at high tide over the sand
flats, the latter somewhat out of its habitat. P. miles also colonized the artificial reef, and the
jetty, established off Dugong Camp, as did the raccoon butterflyfish Chaetodon lunula. Three
seahorse specimens, probably Hippocampus kuda, were collected (and released) on a sea grass
meadow to the northwest of the Peninsula in the entrance to San Sebastian Bay. Despite
subsequent searches using snorkels and goggles over a combined period of over four hours, no
further sea horses were found and the species identity could not be confirmed. It appears that this
protected species has been severely depleted by commercial collectors who sell the dried
seahorses to a Chinese trader in Vilanculos, who exports them to the Far East. Sea horses
apparently do not have a local Xitsua name but they are called cavalho marinho in Portuguese.
Alligator pipefish Syngnathpoides biaculeatus were more often found in the sea grass, but they
are also exploited.

The vertically swimming shrimpfish or razorfish Aeoliscus punctulatus was also seen. Kalk
(1994) reports the ghost pipefish Solenostomus cyanopterus from sea grass beds off Inhaca
Island; they probably occur at the VCWS but were not seen. The ringed snake-eel Myrichthys
colubrinus was seen guarding its burrows in the sea grass beds; this species has black rings on a
yellow body and is often mistaken for a sea snake. The snake-eel is harmless but has a stiff,
sharply-pointed tail with which it burrows backwards into the sand. The crested weedfish
Ablabys binotatus, a well-camouflaged inhabitant of the sea grass beds, has poisonous spines,
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like many other slow-moving fishes. Whitespotted rabbitfish Siganus sutor, domino Dascyllus
trimaculatus, zebra Diplodus spp., tropical halfbeak Hyporamphus affinis and bartail flathead
Platycephalus indicus also occurred in the sea grass beds.

Fishes recorded in the seine net catches of fishermen harvesting the sea grass beds included blue-
line herring Herklotsichthys quadrimaculatus, white sardine Sardinella albella and Indian scad
Decapterus russelli, which made up the majority of the catch (as in Bazaruto; Dutton, 1990), as
well as smaller numbers of sand smelt Sillago sihama, flathead mullet Mugil cephalus, blue-tail
mullet Valamugil buchanani (known locally as muxime), alligator pipefish Syngnathpoides
biaculeatus, whitespotted rabbitfish Siganus sutor, cowfish Lactoria diaphana, thornfish
Terapon jarbua (known locally as xekelvao), tropical halfbeak Hyporamphus affinis, barred
flagtail Kuhlia mugil, bartail flathead Platycephalus indicus, crested weedfish Ablabys binotatus,
milkfish Chanos chanos, devil firefish Pterois miles, black pomfret Parastromateus niger, wolf-
herring Chirocentrus dorab, porky Stephanolepis auratus, redspot goatfish Parupeneus
cinnabarinus, blue-spotted pursemouth Gerres filamentosus, tropical flounder Bothus mancus,
spiny cowfish Lactoria diaphana, evileye blaasop (known locally as nhamulikiti), lizardfish
Synodus spp., juvenile kingfish Caranx spp. and queenfish Scomberoides spp. Many of these
species swim in shoals and large numbers may be caught in one seine haul.

The spiny cowfish Lactoria diaphana, locally known as chimbururu (meaning ‘nice to eat’) is
frequently seen in the sea grass beds and is also caught in seine nets. This species suffers
particularly high mortalities as their spines are easily entangled in the nets. Dozens of their
carcasses are strewn along the shore although they are included in fish stews in some villages.
Although the evileye blaasop Amblyrhynchotes honckenii has extremely poisonous flesh, local
fishermen have learned how to prepare them for human consumption.

Dutton (1990) reported that 35 different fish species were caught in seine nets in the Bazaruto
archipelago. Catches averaged about 80 kg/net/day but harvests up to 840 kg/net/day were made
during the months of March to September.

The twobar clownfish Amphiprion allardi shelters among the tentacles of the giant anemone
Radianthus ritteri but their communalism is severely disrupted by seine nets that are constantly
dragged over their territory. Local fishermen informed us that the electric ray Torpedo
sinuspersici, which can deliver an electrical shock of up to 100 volts when disturbed (Kalk,
1995), occurs in the Bay and the estuary.

The dugong: The dugong Dugong dugon (known locally as njanjinguluvi), is one of four
remaining members of the mammalian order Sirenia, (or sea cows), the only living group of
mammals that is adapted to feeding exclusively on aquatic plants. Sirenians are distantly related
to elephants (Probiscoidea). The three other sirenians are all manatees, the West African,
Amazonian and Florida species, which mainly live in estuarine and freshwaters. All four sirenian
species are listed as ‘Vulnerable to extinction’ by the IUCN and appear on Schedule I or II of
CITES, depending on the population (Emanoil, 1994). A fifth, modern member of the Sirenia,
the Stellar sea cow, which occurred only in the waters around Cooper and Beiring Islands in the
North Atlantic Ocean, was hunted to extinction in the late 18" Century, less than 27 years after
its discovery.
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Dugongs reach a length of 2.5 — 3.2 m and weigh 170-400 kg as adults (Hughes, 1969; Smithers,
1983). They spend their whole life in the water, where they feed, breed and sleep. They are
vulnerable, inter alia, to habitats changes that alter the availability of their food. Dugongs are
known in Portuguese as Peixe mulhere, Porco d’aqua, Makua name or mVua, and in English as
‘sea cows’ or ‘sea pigs’.

Distribution: Historically, the dugong’s range extended throughout the tropical and subtropical
coastal and island waters of the Indo-West Pacific from East Africa northwards to the Red Sea
and eastwards to Vanuatu (Smithers, 1983). They are largely confined to seawater, rarely
entering large river mouths (Hughes, 1969), and their distribution is broadly related to the
distribution of their food plants, the sea grasses (mainly Cymodocea, Holidule, Halophila,
Syringodium and Zostera spp.; Smithers, 1983). The dugong is now considered to be rare over
most of its former range and is only represented by relict populations separated by large areas
where it is close to extinction or extinct (Smithers, 1983). Interbreeding between these widely
separated populations is unlikely, and the risk of genetic bottlenecking in small, isolated
populations is high.

In Africa, the southernmost record for dugong is that of a specimen washed up at Umbhlali, 50 km
north of Durban, in KwaZulu-Natal, in 1966 (Hughes, 1969). Bruton (2002) examined a dugong
carcass on the coast immediately south of Ponto do Ouro in northern Zululand in 1977. Besides
these extraordinary records, dugongs are not currently found south of Delagoa Bay in
Mozambique. The dearth of dugongs in South Africa is attributable to the lack of suitable
seagrass beds in areas protected from heavy surf action.

Their preferred habitat is in coastal lagoons where coral reefs lying offshore provide sheltered
conditions from the wave action of typical exposed beaches, and the sandy bottom allows for the
growth of their food plants. Off the Kenyan coast, dugongs have been reported to move offshore
to feed beyond the coral reefs when the sea is calm, and then to move into sheltered inshore bays
when the sea is rough (Kingdon, 1971). Hughes & Oxley-Oxland (1971) reported similar
movements off northern Mozambique.

Thirty years ago dugongs were reportedly abundant off the coast of Mozambique, Kenya and
Somalia, and they were considered to be less threatened off the east coast of Africa than in the
rest of their range; this is no longer the case. In the early 1970s dugongs were confined to
isolated populations in Mozambique in Delagoa Bay, Inhambane Bay, the bay adjacent to San
Sebastian Peninsula, the inshore waters of the Bazaruto archipelago, at Angoche, off Antponio
Enes, off Mossuril, and off Mocimboa da Praia in the north (Hughes, 1971). The population in
the Bazaruto area, which numbered about 110 animals in 1990 but has been reduced to 20-40
animals today (Duarte et al., 1997; Dutton, pers. comm. 2002; see also below), may be the
largest single herd in East Africa. Hughes (1969) reported a small herd of 8-10 animals near
Inhaca Island in Delagoa Bay. He also reported a herd of three animals at Citenguele, a group of
20 near Ponto de Bartholemew Dias, and groups of 3-4 in the Bay of San Sebastian. With regard
to Inhambane Bay, Hughes (1969) commented that “dugong are still relatively common in that
they are often seen in small groups of two to four individuals”. Dugongs were apparently “quite
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common” on the northern coast of Mozambique north of Moma in the Zambezia Province
(Smithers, 1983).

Along the East African coast the distribution is discontinuous northwards to Egypt and the Red
Sea; most East African populations have been hunted to extinction. Dugongs still occur off
Moheli and Anjouan islands in the Comoros (observations by Bruton, 1976, 1977), but they are
rare there. Dugongs were previously abundant off the coast of Madagascar in the early part of
this century but few are left today. The large herds that occurred off the Mascarene Islands
(including Mauritius) reportedly became extinct in 1859. Dugongs were previously common in
the Red Sea (Glover Allen, 1942) but they had been reduced to small numbers by 1932
(Nishiwaki, 1972). Herds of over 100 and over 500 were previously recorded off the coasts of
Kenya and Somalia respectively (Kingdon, 1971; Marsh et al. 1972).

The most extensive populations left in the world today occur off the northern coasts of Australia.
Consequently, most of the data for this species is based on this population. In 1994 it was
estimated that there were about 100 000 dugongs in the world; most occurred off northern
Australia and in the Arabian region (Emanoil, 1994).

Biology: Dugongs are long-lived animals, with a potential longevity of 70+ years. They reach
sexual maturity at about 2.5 m and females have their first calves at a minimum age of 9-10
years. They bear one calf at a time (rarely twins, Hughes & Oxley-Oxland, 1971), with long
resting periods between pregnancies. In Mozambique, the young are typically born between
November and January (Hughes & Oxley-Oxland 1971), which is also the time of mating. The
first pregnancy may be delayed until the 15-17" year (Emanoil, 1994; Anon, 1995). With a
possible life span of 70 years, and 5 years intervals between pregnancies, a female would
normally produce not more than 12 calves during her lifetime. Pregnancy lasts for 12-13 months
(one of the longest gestation periods of any vertebrate, exceeded only by the elephant and the
coelacanth) and the calves are born at a length of about 1 m (20-35 kg). They remain close to
their mother, frequently riding on or just behind her back. The young are pale cream in colour
but darken in age to grey-bronze dorsally, lighter ventrally. Calves suckle milk for about 18
months from a teat located just behind the pectoral flipper. The dugong cow-calf bond is very
well developed and the pairs may remain together for up to 2 years. The calving interval is
usually 3-5 years but the average time between calves is variable — from 3-9 years (Anon, 1995).

The outer pair of incisor teeth in the dugong develops into a pair of tusks in males and some old
females. Although these tusks are primarily used for uprooting plants during feeding, the parallel
scars and scratches that are found on the backs of males and females indicate that they are also
used during prenuptial aggression by males, and to position the female during mating.

Typical groups size now ranges between 2-13 animals depending on the total size of the
population, although single animals are frequently sighted. Thirty to forty years ago dugongs
were often sighted in herds of several hundreds; these large herds now only occur off Australia.

Dugongs spend most of the day browsing over seagrass beds, and consume 10-15% of their body

mass in food each day (Best, 1981). The interlacing bristles on the snout are used for detecting
and grasping seagrasses and the roughened mouth palate is used as a ‘tool’ for uprooting roots
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and tubers. The pectoral flippers may also be used to stuff food into their mouths (Grzimek,
1972). The mouth forms a muzzle that is directed downwards and ends in a horseshoe-shaped
disk, which is ideal for rooting through seagrass beds. This method of feeding results in the
telltale ‘feeding trails’ left by dugongs as they move through the seagrass beds (although these
‘trails’ may also be caused by disturbed sediment). Feeding activity is actively linked with the
tides as feeding usually takes place in water 3-4 m deep on an incoming tide, with the animal
moving out into the deeper channels on the tide. They typically feed in water 1-12 m deep with a
temperature range of 20°-30°C (Grzimek, 1972). In disturbed areas dugongs usually feed at
night.

Dugongs have home ranges of 10-120 km? and may travel over long distances (>130 km)
between feeding bays (Emanoil, 1994). They are easily visible from the air against the light
coloured sands of their habitat.

Dugongs are spindle-shaped, tapering at both ends to produce a streamlined shape. They lack a
dorsal fin (as found in some dolphins and whales) and the hind limbs are absent. The tail
comprises two horizontally flattened flukes, similar to those of a whale (but dissimilar to those of
a manatee, which are rounded like a beaver). The pectoral flippers are short and stubby, almost
paddle-like. These limbs are flattened against the side of the animal when swimming, used as
stabilizers, and are used for support when resting on the seabed. Dugong locomotion is similar to
the porpoising action of dolphins, particularly when moving at their surprisingly high cruising
speed of 8-10 km/h (4.3-5.4 knots; Smithers, 1983). When threatened, dugongs can accelerate to
twice this speed for short distances. When at rest and feeding, they move slowly through the
water column and to the water surface to breathe, lifting only the head and nostrils clear of the
water. The skeleton is extremely dense and negatively buoyant and acts as ballast as the dugong
moves along the sea bed looking for food. Dugongs generally remain submerged for one to six
minutes (Anderson & Birtles 1978). The nostrils are situated on top of the head and are closed by
powerful muscular valves when the animal is submerged.

Man is the main predator of the dugong, but they are also hunted by large sharks, saltwater
crocodiles and killer whales (Emanoil, 1994). The Chinese community in Mozambique
(especially in Vilanculos and Inhassoro) was identified as early as 1969 as one of the main
causes of dugong mortalities (Hughes, 1969), and are still responsible for some dugong deaths
today (P Dutton, pers. comm. 2002). Chinese fishers also hunt other endangered species such as
sea horses in the Vilanculos area.

Conservation status: Little quantitative information on dugong abundance and distribution exists,
but the results of occasional surveys, incidental sightings, accidental drowning and strandings,
indicate their number have decreased alarmingly and they can be considered to be threatened
throughout most of their historic range (see below). Dugongs possess many of the life-history
characteristics of threatened animals. They are vulnerable to hunting and accidental death as they
are large, long lived, relatively slow moving, slow reproductive rate, docile, have relatively poor
eyesight (though very sensitive hearing), live in shallow inshore regions, and are easily entangled
in gillnets. They are hunted for their flesh, which is tasty and generous. In addition, their tusks
and ribs are used for jewelry, their tears fro aphrodisiacs and their oil for medicinal purposes
(Emanoil, 1994).
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The dugong plays an important ecological role by converting marine angiosperm plants into
nutrients, thereby filling a niche of considerable importance for other marine animals, including
fishes (Dutton, pers. comm., 2002).

The main causes of dugong mortality are likely to be hunting, accidental death in gillnets (set for
sharks) and fish traps (Hughes, 1969), and accidental death from collisions with boats (more
frequent for manatees). Gillnets also cause mortalities of dolphins and turtles in Mozambique
(Duarte et al, 1997). The loss of feeding grounds for dugongs due to coastal ‘development’,
reduced salinities (due to high levels of river outflow into the sea), sewage discharge (Mackie et
al., 1999), changing surface runoff, sedimentation caused by fish traps and other causes,
pollution and other causes is an indirect population control mechanism (Emanoil, 1994; pers.
obs.). Hughes (1969) reported that up to six dugongs were hunted and sold at the market per
month at Antonio Enes in Mozambique, and that their catch in the rainy season was probably
higher. He also recorded dugong catches of two per month off Mozambique Island, and active
hunting in the Bay of Matibane and at Nacala Porto, where five had been caught in the previous
four years.

Dugongs need to be strictly protected because of hunting pressures, accidental damage by boats
and nets, their low fecundity and vulnerability, loss of habitat, and their status as ‘flagship’
species in the lagoonal-inshore marine habitat. The dugong and manatee are thought to be the
inspiration behind myth of the mermaid, possibly because of their habit of lying on their backs
and suckling their young, while supporting the young with a flipper. This legendary association
with humans has not afforded them any protection, however, as they have been ruthlessly hunted
in recent centuries, in the same way as the great whales. Unlike some of the smaller, more fecund
whales, their reproductive rate is too low to support any type of commercial exploitation, and the
challenge is to eliminate hunting and accidental deaths throughout their range.

Large scale, multiple-use marine and coastal reserves are the only long-term hope for the
dugong, as it is impractical to conserve them and their habitat in isolation.

The most urgent research priorities on dugongs in Mozambique are: quantify causes of mortality,
determine main demographic trends (population size and trends, breeding rate and success,
longevity, mortality rate), quantify availability of food, and monitor public attitudes about the
species.

Dugongs in Mozambique: Dugongs are protected in Mozambique and those responsible for their
damage and death can, technically, be subject to heavy fines, but there is little implementation of
this law. Dugongs are reportedly occasionally harvested and slaughtered in the Bazaruto area,
reputedly even sometimes by public officials.

Dugong populations in the Bazaruto area have been surveyed by aerial census by Ken Tinley,
Paul Dutton and others in the recent past. These surveys reveal a decreasing population size from
>100 animals over 30 years ago to <50 in recent years (Dutton 1970, 1990; Tinley, 1970). The
latest survey revealed 41 animals inshore of the Bazaruto archipelago. Cumming & Mackie
(1995) estimated the size of the dugong population in the proposed Greater Bazaruto National
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Park (BANP) to be about 25 (0.015/km?), based on extrapolation from seven direct sightings.
The survey was conducted at low tide in “..near perfect weather conditions”. Mackie et al. (1999)
conducted an aerial census of dugongs in the proposed BANP using the same method in 1999
and estimated the population size to be about 72 (on the basis of extrapolation from nine original
observations), an (unlikely) increase of 47 in five years. This method may have questionable
accuracy, and may overestimate the population; this is suggested by Dutton’s lower count of 41
in 1990. Whatever the biases of the various sampling methods, it is clear that the numbers of
dugongs in the vicinity of the VCWS, and the BANP, are very low (<100).

In additional to monitoring population size, conservation activities on the dugong in
Mozambique include declaration of the dugong as an endangered species, educational
campaigns, controls over fishing gear (especially gillnets), surveillance of fishing activities and
catches, support of research and conservation activities, establishment of marine sanctuaries and
other protected areas, and media campaigns.

The dugong is a high profile species in Mozambique and appears on the logo of the Parque
Nacional do Arquipélago do Bazaruto (BANP) and other conservation organizations. ‘Dugong
Lodge’ in the VCWS is named after this enigmatic animal.

2.8.4.6 Mangrove swamps

Introduction to ecology: Five species of mangroves are known from the VCWS and the Bazaruto
archipelago: red mangrove Rhizophora mucronata, black mangrove Bruguiera cylindrica, tagal
mangrove Ceriops tagal, white mangrove Avicennia marina and the tropical mangrove
Sonneratia alba. Mangrove roots are shallow and some have above-ground pneumatophores to
allow them to breathe, exchanging carbon dioxide for oxygen from the air. The mangrove
substrate, which is sandy and anoxic with hydrogen sulphide about 5 cm below the surface, is
inundated only during spring high tides. The salt marshes associated with the mangrove swamps
are colonized by the following plants: Arthrocnemum perenne, Sesuvium portulacastrum,
Salicornia perrieri, Sporobolus virginicus and Digitaria littoralis, with the dune slack rush
Juncus kraussii on elevated margins.

The mangrove trees grow in seawater on intertidal mud flats and form the anchor of an important
community of plants and animals. Their roots consolidate and trap fine mud and their deciduous
leaves contribute to the development of sediment that is very rich in organic detritus. Mangroves
support several species of animals that are not found elsewhere, especially the mudhopper
Periophthalmus sobrinus and two mangrove snails, Cerithidea decollata and Terebralia
palustris.

The white mangrove is an early pioneer in the establishment of mangrove forests and provides a
nursery for other species. Black mangroves typically grow in the middle of established Avicennia
stands. The red mangrove forms thick hedges along the edges of creeks running through
mangrove swamps, whereas the tagal mangrove forms landward thickets on the inner edge of the
Avicennia forests.
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Phylum Arthropoda: copepods, isopods, amphipods, krill, barnacles, prawns, shrimps,
crayfish, crabs: Unidentified species of amphipods and isopods were found among benthic leaf
debris in the mangrove swamps. Local fishermen harvested the tiger prawn Penaeus monodon in
the mangrove swamps at high tide. Hermit crabs are extremely common in all the mangrove
swamps. They commonly colonize the shells of the mangrove whelk Terebralia palustris, the
knobbled horn shell Rhinoclavis sinensis and the truncated mangrove snail Cerithidea decollata
and may form continuous moving carpets on the substrate in some areas. Barnacles, possibly the
striped barnacle Balanus amphitrite, are commonly found on the mangrove stems.

The red-clawed mangrove crab Sesarma meinerti is extremely common in the mangrove
swamps. The fiddler crabs Uca annulipe and U. inversa occur abundantly in the larger mangrove
swamp on the southern end of San Sebastian Bay near the reed swamp. Sesarme ortmanni, the
land crab Cardisoma carnifex and the edible crab Scylla serrata are also present.

Phylum Mollusca: chitons, bivalves, tusk shells, snails, limpets, sea slugs, octopus, squid: The
truncated mangrove snail Cerithidea decollata lives high on the trunks of mangroves and
descends to the mud to feed on detritus during low neap tides (Kalk, 1995). The mangrove whelk
Terebralia palustris is extremely common in the mangrove swamps and is a keystone ecological
species. They are the preferred shell of hermit crabs living in the mangals. T. palustris crawls
over wet mud feeding on diatoms and mangrove leaves. They are large, heavy snails, reaching a
length of 120 mm.

Phylum Chordata: sea squirts, salps, jawless fishes, sharks, rays, bony fishes, turtles, snakes,
birds, whales, dolphins, otters, dugongs: The bigfin mudhopper Periophthalmus sobrinus is
sparsely distributed in the mangrove swamps, occurring in a pool to the south of the first
mangrove swamp to the south of Dugong Lodge (where 20 were counted), and in stream courses
in the midst of the large mangal at the southern end of San Sebastian Bay. This keystone species
breathes air and can spend long periods out of water. They skip along the mud and take refuge in
deep pools. They apparently have no local Xitsua name but are called peixecobra in Portuguese.

Other fish species seen in the mangroves included gobies, pipefish, thornfish Terapon jarbua,
glassy Ambassis gymnocephalus, mullet, evileye blaasop Amblyrhynchotes honckenii, lesser
sandshark Rhinobatos annulatus and estuarine roundherring Gilchristella aestuarius.

There is abundant evidence of the presence of the Cape clawless otter Aonyx capensis in the
sanctuary in the form of their tracks and feeding marks, but they are rarely seen as they are
primarily crepuscular. They appear to occur in all the mangrove swamps and reed swamps as
well as along the estuarine lagoon. Their main prey is crabs, which are abundant in the mangrove
and reed swamps and along the marine coast. On the marine coast they eat, inter alia, the
tuberculate crab Plagusia depressa tuberculata whereas their prey in the mangrove swamps
appears to be mainly fiddler crabs, Uca spp., especially Urville’s fiddler crab Uca urvillei, and
the pink-clawed fiddler crab, Uca lactea annulipes, which are abundant. On the edge of the
estuarine lagoon evidence was found of otters feeding on the ubiquitous army crab, Dotilla
fenstrata, and the mud crab, Scylla serrata. Otters also feed on fish and octopus (Branch et al.,
1994).
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2.8.4.7 Seascapes

The dramatic seascapes and coastal scenery should be regarded as part of the biodiversity of the
sanctuary, and should be managed as such. Development should be carried out in such a way that
the overall scenery is not damaged, i.e., buildings should be built using natural products and
should blend in with the landscape and seascape, as Dugong Lodge does; any development in the
vicinity of the old Portuguese lighthouse on the marine dunes should not mar the seascape; roads,
jetties, pipelines, power lines, airstrips, rubbish heaps, sewerage disposal works, water
purification systems, market gardens, aquaculture facilities, stock farming facilities should be
planned and installed in such a way that they do not damage the overall aesthetics and
‘personality’ of the environment. These seascapes have considerable tourism appeal (see Part ..)

2.8.4.8 Cultural diversity

The traditional fishing villages within the VCWS are an important component of the cultural
diversity of the sanctuary. Their values include traditional boat-building practices, traditional
fishing tackle and methods, traditional salting, drying and cooking methods, and the diversity of
their catches. Oral traditions in relation to fish and fishing are also important cultural elements.

The traditional fishing tackle used in the Sanctuary includes valve traps, set singly or in palisade
fences, handmade rods, line and reels made almost entirely from the leafs, stem and branches of
the Phoenix palm, and traditional fish throwing spears. Handmade seine nets and gill nets are no
longer in evidence but would have been used before multi- and monofilament nylon and cotton
nets became available.

Dugout canoes and wooden dhows are still made in the traditional way, although the availability
of large tree trunks appears to be a limitation now. The ribs and elbow joints in the dhows are
made from mangrove wood, and handmade as well as commercial nails and wooden dowels are
used for attaching the hull planks to the ribs. Handmade adzes and axes are used to shape the
timbers. The traditions of making dhows and dugout canoes are an important part of the local
culture and should be properly recorded and archived.

Handmade items associated with the preservation and cooking of fishes include: gourds, clay
pots, wooden basins, hollowed-out trunks and abandoned dug-out canoes that contain the brine
solution used to salt fish; simple stick holders for smoking fish over a fire, reed or grass mats
used for drying fish in the sun, usually suspended above ground level; handmade knives for
scaling and filleting fish; baskets woven from lala palm leaves to carry the catch; small thatched
huts for storing dried and salted fish.

2.8.5 Marine research priorities:
The following research priorities have provisionally been identified (see also Part M):
Phylum Porifera: The role of the large sponge that is common in shallow inshore habitats to the

north of the Peninsula needs to be investigated as they appear to play an important role as
shelters for other animals.
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Phylum Cnidaria: The giant anemone, Radianthus ritteri, is an important component of the
biota of the VCWS, and should be regarded as a flagship species; they should be subject to more
detailed study in terms of their role as a shelter for other species in a harsh, exposed
environment. The taxonomy, diversity and abundance of hard and soft corals on the coral and
rocky reefs also need to be studied.

The rootmouthed jellyfish Rhizostoma spp. is a keystone species that should be surveyed in
depth to ascertain its role in the system.

The extraordinary sea pens and sea feathers of the tidal flats should be properly surveyed in
terms of distribution, abundance and conservation status. Their biology and ecology could then
be investigated.

Phylum Arthropoda: The conservation status of prawns, crayfish, shrimps and walking and
swimming crabs in the VCWS needs to be ascertained as some of these species are heavily
exploited and may require special protection. The ecological role of hermit crabs in the
mangrove swamps also needs to be determined.

Special attention should be given to the blue crab Portunus pelagicus, mud crab Scylla serrata,
east coast rock lobster Panulirus homarus and tiger prawn Penaeus monodi because of their
commercial importance, and to ghost crabs Ocypode spp., red-clawed mangrove crabs Sesarme
meinerti, and the fiddler crabs Uca spp. and hermit crabs of the mangrove swamps, because of
their vital ecological roles.

Phylum Mollusca: chitons, bivalves, tusk shells, snails, limpets, sea slugs, octopus, squids:
Bivalves play a very important role in the reef and tidal flats environments and need to be
properly surveyed in terms of taxonomy, diversity, abundance and conservation status. The
abundant but small oysters on the trunks of mangrove trees offer an interesting opportunity for
exploitation. It is obvious that there is a lack of suitable settling areas for the planktonic larvae of
the oysters; the establishment of suitable settling stations may form the basis for a small oyster
industry. Oysters are also abundant on inshore rocky reefs. Octopus and squid are probably
overexploited throughout the Sanctuary. The mangrove whelk Terebralia palustris and the
truncated mangrove snail Cerithidea decollata are very abundant and ecologically important in
the mangals and also provides shells for hermit crabs that are major scavengers in that
environment.

The giant clams Tridacha squamosa and T. maxima need to be properly surveyed in terms of
abundance and conservation status, as do the cowries Cypraea spp., wedge mussels Donax faba,
horse mussels Pinna muricata, fan shells Atrina pectinata, sand oysters Pinctada imbricata and
beaked clams Eumarcia paupercula. Intertidal zonation on rocky reefs along the marine coast
needs to be studied and compared with the pattern of zonation on Inhaca Island.

Phylum Echinodermata: starfish, brittle stars, sea urchins, sea cucumbers, sea lilies, feather

stars, sand dollars: The echinoderms provide very rich opportunities for research in the fields of
taxonomy, biology, ecology, sustainable exploitation and conservation status.
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The species that are most deserving of further study are the snake sea cucumber Synapta
maculata, beaded starfish Pentaceraster mammillatus, crown-of-thorns starfish Acanthaster
planci (if it occurs), sand starfish Astropecten monocanthus, spiny brittlestar Ophiocoma
valenciae, heart urchin ?Lovenia elongatum or ?Echinocardium cordatum, short-spined sea
urchin Tripneustes gratilla, needle urchin Diadema setosum, black tufted sea cucumber
Holothuria scabra and the sand dollars Echinodiscus bisperforatus and E. auritus.

The needle urchin Diadema spp. has been used internationally as an indicator species for marine
habitat degradation (the greater the degradation, the higher their numbers), and should be
monitored to determine whether its population is increasing or decreasing.

Phylum Chordata: sea squirts, salps, jawless fishes, sharks, rays, bony fishes, turtles, snakes,
birds, whales, dolphins, otters, dugongs: Exciting opportunities also exist for further research on
various vertebrate animals.

The most important candidates are:

Fishes: the commercially important game fish and reef fishes, whale shark Rhincodon typus,
manta ray Manta birostris, devil firefish Pterois miles, coelacanth Latimeria chalumnae, black
tilapia Oreochromis placidus, glassy Ambassis spp., lesser sandshark Rhinobatos annulatus, sea
horse Hippocampous spp., bigfin mudhopper Periophthalmus sobrinus, blue-line herring
Herklotsichthys quadrimaculatus, white sardine Sardinella albella, Indian scat Decapterus
russelli, barred flagtail Kuhlia mugil, flathead mullet Mugil cephalus, cowfish Lactoria
diaphana, milkfish Chanos chanos and the queenfish Scomberoides spp.

Reptiles: The five species of marine turtles.

Mammals: The dugong Dugong dugon, the four species of dolphins and the Cape clawless otter
Aonyx capensis.

2.9 CURRENT UTILISATION STATUS OF MARINE BIOTA
2.9.1 Field survey

The specialist’s field visit took place from July 1-16, 2002. The three-man survey team travelled
and by car, speedboat, dhow, on foot, Cessna 210 and by helicopter. Systematic observations on
numbers and types of fishers and type of craft used were made from the Cessna and the
helicopter. Most days were spent in the vicinity of the three main villages where fishers are
based, namely Marape, Chihunzuene and Chigonguine as well as coastal sensitive sites around
the Peninsula. The latter included the Inhamambane estuary on the east coast, all three main
fishing villages (Chigonguine, Chihunzuene and Marape) and their environs, the sand peninsula
and the sand spits, the mangrove stand immediately south of Chihunzuene, etc. Two meetings
took place in the town of Vilanculos with local stakeholders and from the Bazaruto Archipelago.
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2.9.2 The marine and coastal component
For a detailed description of the marine and coastal component, see section 2.8 above.
2.9.3 Assessing the current levels of utilisation

An assessment of the current levels of utilisation of the marine resources of VCWS would be
important because of two main reasons:

e Biologically the area is a true gem, both in terms of its species diversity, its range of
ecological habitats and its beautiful and largely intact scenery. From a local and
global point of view the natural heritage represented on the Peninsula and in the
surrounding waters is well worth conserving.

e Furthermore, the Peninsula is home to a population of local inhabitants several
thousand strong ( about 9000, Thompson pers comm) that depends on the natural
resource base for their livelihood. It is therefore important for their future well being
that these natural resources be utilised in a sustainable manner.

2.9.4 Sustainability of utilisation

The following quote from the consultant’s report (Odendaal, 2002) clearly states the seriousness
of the problem that has been identified:

“o it does not require a trained eye to recognise that the San Sebastian Peninsula is on
a trajectory that will lead to the exhaustion of these resources as well as the degradation
of the coastal and terrestrial habitats unless a substantial intervention is forthcoming”

Notwithstanding these concerns, it would seem as if human activity in the coastal and marine
environment around the Peninsula is at a low to intermediate level compared to many coastal
areas in the Western Indian Ocean, for instance most coastal areas in Madagascar where it is
considerably higher (Odendaal 2002)

2.9.5 Fisher’s profile

During interviews with the fishers themselves, augmented by casual observations, it was
endeavoured to obtain the following information in order to compile a socio-economic profile for
the fishers (structured sessions with formal questions were avoided):

e Personal data (including availability of foodstuffs to the family)

e Patterns of resource use (types of resources utilised; methods employed;
ownership/access to boat; operate alone or collaboratively; fishing site(s); regularity of
fishing

e Estimation of resource abundance (stability or otherwise of resources; surmised reasons
for observed changes)
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e Basic resource economics (subsistence fishing or are products sold; prices realised; is
income enough to satisfy basic needs; availability of markets; level of satisfaction with
career)

e Data on other fishers (how many fishers operate from the village/shoreline; how many
dhows are used for the purposes of fishing; awareness of the Fishers Association in
Vilanculos

e Opinion on the VCWS (awareness; awareness and opinion of resettlement; how can the
situation regarding marine resources be improved)

Extensive gathering of personal economic data was avoided as other consultants were appointed
to deal specifically with socio-economic aspects. Whenever possible, time was spent with
interviewees in fishing situations over a period of several hours, for instance by going along on
fishing forays. This allowed for much information to be gathered in a non-intrusive manner.

2.9.6 Results, discussion and management implications
2.9.6.1 Conversations and interviews

Mozambigue is in the process of decentralisation and will soon start a process of integrated
development planning at all levels of government. The ministries of Agriculture and Rural
Development, Public Works and Education will play a large role in the development of the
integrated development plan for the Vilanculos district. The planning process is required to be
participative and organisations such as the Fishers Association and the Hotel Association will be
playing an important role. It is important for the VCWS, as it is for other land development
initiatives and protected areas, to be part of the development planning process to ensure the
integration of such areas into district level planning.

The local representative of the Endangered Wildlife Trust/World Wildlife fund was a source of
much local knowledge. Fishing was the major industry after tourism and the area exported fish in
200 kg containers to Maputo on a daily basis. He stressed that effective management urgently
had to be put in place as reserves were declining; however, such a management system had to
take the needs of the local population into account otherwise it would not work.

2.9.6.2 Observations on the effect of the social environment on the sustainable use
of marine resources

In a region where poverty is rife, malnutrition is noticeable, jobs are almost unavailable, produce
markets inaccessible or absent and access to schools and primary health care facilities are
limited, the fishers appear to be the worst off, at least in comparison with those people who own
mashambas and cultivate the land. Any incentives relating to more sustainable marine resource
use that will also improve individual income are likely to be eagerly accepted. People were eager
to engage in discussions on development and initiatives that would stimulate economic growth.
The malaise and apathy that sometimes overtake heavily disadvantaged communities and can
become their worst enemy appeared to be absent.

2.9.6.3 Reliance on marine resources

152



Somewhat conflicting results regarding the local people’s dependence on marine resources were
obtained by came to the socio-economic survey (Thompson, 2002) and the brief survey
undertaken by the marine resources team. Thompson (2002) for example found that many of the
VVCWS fishers originated in Vilanculos and noted that a decline in bartering of fish in exchange
for staple foods is causing some fishers to desist from fishing, whereas no such trends were
determined during the current marine resources survey.

Almost all non-fisher families also catch freshwater fish and bartering with open sea fishers does
take place. However, the latter have lost much of their market due to the increased reliance on
freshwater fish since the floods several years back that increased the number and probably
increased the longevity of seasonal lakes (Thompson 2002).

An extremely strong reliance on marine products by the people who live along and near the shore
was found. For people who lived along or near the shore, had no job or other income generating
activities, as was the case with almost everyone, and who did not own a mashamba inland, the
main alternative appeared to be to find what they can from the sea. Several fishers bluntly
pointed out that they had no schooling, and had no other alternative but to fish as their fathers
did. Some even said that they hoped that their children would enjoy more options and that is why
a school tended to be high on the ‘wish list’ of many people that were interviewed.

Almost all the interviewed fishers had no other income except fishing, and some people ate
almost nothing except fish, salt and water (cassava or other vegetable material could only be
enjoyed rarely). Some people who cultivate land also fish in the open sea, or mashamba owners
who have sons would enlist them to also fish for additional income. Some of the poorest of the
poor would collect oysters to cook and dry and then sell for a little income to other local people.

Reliance on marine products are extremely strong for some people who not only have fishing as
their only income but also almost as their sole source of food.

2.9.6.4 Pressure on Marine Resources
(1) Types of Resources Utilised

Virtually any living marine resource that is not poisonous is taken. They are discussed below in
different categories. However, unlike so many other tropical areas, the resources taken are not
from coral reefs as the only reefs in the VCWS are on the east (open sea) side of the elongated
sand peninsula and thus difficult to access by non-motorised craft.

The observed fish catches almost entirely consisted of species frequenting the estuarine or surf
zone and seagrass beds. Species included thornfish (Terapon jarboa), purse mouths (Gerres
acinaces), wolf herring (Chirocentrus dorab), ladyfish (Elops machanata), remoras (Echeneis),
Hemiramphidae family, white-spotted robot fish (Siganus sutor), wrasse (Labridae family) and
slender soapies (Secutor insidiator). Inshore reef fish were observed in catches in Vilanculos but
not on the Peninsula.
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The mostly women harvesters who work on the exposed flats during low tide collect big shell
molluscs such as Murididae family, small shell molluscs such as Naticidae family, oysters of the
Pteriidae family, boxfishes of the Ostraciidae family and swimming crabs of the Portunidae
family. In the middens turtle shells were also found as well as the remains of small sharks and
rays. Crayfish is eaten but mostly sold. Sea cucumbers are harvested but sold and not eaten.

(2) Techniques in Resource Utilisation
A wide range of techniques are employed in harvesting, including:

Harvesting by hand of oysters, crabs and other intertidal organisms
Diving for sea cucumbers and crayfish

Seine netting

Gillnets, both of monofilament and multi-filament materials
Traditional stake nets, known as gamboas

No spearfishing equipment was seen anywhere on the Peninsula, probably because the reefs are
difficult to get to as they occur on the open sea side of the sand peninsula and would thus be
inaccessible to the inhabitants of the Peninsula in their dhows.

Unfortunately uncontrolled semi-industrial fishing does take place, especially by mainlanders
who work under contract, and commercial fishing activity has been noticed at night near the
mouth of the estuary. Long lines have been found on a number of occasions in the mouth of the
estuary.

(3) The Bay of Vilanculos

Pressure on marine resources in the broader area of the Bay is impossible to estimate informally.
However, indications are that considerable pressure exists. On July 6, flying on a trajectory from
Vilanculos to Bangue and reaching 1000 m over Bangue, 30 — 40 dhows were visible. On this
day the estuary along the east side of the Peninsula was filmed and three dhows with about
fifteen people were noticed fishing with a net that extended almost right across the mouth of the
estuary. The water was shallow enough for most people to be walking in the estuary working the
net.

On the same day, 17 dhows were spotted in a semicircle with Vilanculos at the centre and
extending 5 km out to sea, as well as 23 dugouts apparently engaged in fishing. Although this
single observation cannot be quantified, the situation around Vilanculos and the Bay of
Vilanculos was reminiscent of the situation in 1993 around the town of Maroansetra and the Bay
of Antongil in Madagascar where marine resources have drastically declined over the last
decade. (Odendaal, 2002) There is every reason to believe that Vilanculos and the Bay of
Vilanculos have the same in store unless urgent mitigating measures are taken.

On 16 July 18 dugouts were spotted from the air near Marape working a shoal of fish; and on a

semi-circular trajectory to Vilanculos 39 active fishing dhows were noted. However, the numbers
of fishing boats appear to be varying greatly from day to day. Such one-off aerial counts are of
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course meaningless unless they can be compared with time series, but at least they provide a very
rough datum point for comparison in the far future.

More convincing evidence of pressure on the marine resources come from conversations with
local fishermen along the beach in Vilanculos who are of the opinion that catches have been
decreasing, as well as from the large number of reef fishes with spearfishing wounds that
obviously (and sometimes by admittance of the bearer) have their origin in the Bazaruto National
Park (BNP) and from the small gauge but long nets (in excess of 100 m in some cases) that are
being used from the beach in front of Vilanculos. Unhappiness among fishers about the
establishment of BNP that at least some of them view as an attempt to deny them access to the
resources on which they depend, also serves as an indication of the limited nature of the
resources.

During one survey along the shore in Vilanculos a total of 73 fishers in four groups fishing with
two boats and four nets (14,16, 29 and 14 individuals respectively) were observed. The boats
were used to lay the net that was then drawn in by hand by people in the water at low tide. These
fishers were active along a section of 1.5 — 2 km of shoreline in a band about 200 m wide and
were wading between knee and waist deep in the water.

A highly disconcerting observation was the number of reef fish, including large parrots (family
Scaridae), that were collected by the use of spearguns on the archipelago (by admission of some
fishers in the BNP itself). This resource will not last long and the unsustainable removal of these
reef fish will have serious ripple effects throughout the finely balanced and highly sensitive coral
reef ecosystem. Fish is exported daily in 200 kg refrigerated containers to Maputo and there are
plenty of stories of plundering by foreign vessels (Asian and South African), especially at night
on the outside of the Bay.

None of the situations presented above presents a conclusive picture about the state of the marine
resources in the Bay of Vilanculos. However, the picture was reminiscent of situations elsewhere
where the resources dwindled dramatically over the course of a decade or so, for instance in parts
of Madagascar. Considering that the decline of fisheries in the Western Indian Ocean is well
known, the precautionary approach should be taken namely that everything possible should be
done to get effective fisheries management in place over the wider area. The establishment of the
BNP is a good start, but the fishers association and other role players, particularly consumer
groups (including hotels and exporters) and government enforcement agencies, should be united
in a common strategy to prevent the continuing decline of marine resources.

(4) The Vilanculos Coastal Wildlife Sanctuary

That marine resources are declining in the VCWS is indisputable. The exact rate of decline is
difficult to measure, especially during such a brief survey, but it should be considered so
extensive that dramatic changes will be visible in a matter of a few years. The signs of decline
are already abundant. The assertion that marine resources in the VCWS are declining and that
rapid and pervasive action is needed is based on the following observations:
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Of the more than 20 fishers interviewed on the Peninsula all made it clear that catch size
of netted fish have been declining and that there are marked differences in catch size
between 5-10 years ago and the present. While previously fish was abundant, the fishers
now sometimes go hungry and have too few fish to trade for other forms of alimentation
and materials.

Net gauge is generally very small. There are basically two types of net, one being
monofilament nylon and the most popular one (because, as one fisher put it, you can
catch everything with it no matter how small) and the other being a multi-filament
polypropylene net The arrival of small gauge monofilament nylon nets in the hands of a
hungry local population in shallow water marine habitats can be considered the start of a
fairly rapid decline in marine resources as observed elsewhere in the Western Indian
Ocean. Odendaal (2002) witnessed a dramatic decline of artisanal fisheries due to a
change from traditional (woven stationary and drag traps) fishing methods to nylon
netting in the Northeast of Madagascar from 1992 to the present.

Sea cucumber fishers, of which 4 with a mean involvement of 4,75 years were
interviewed, all agreed that sea cucumber numbers are declining. The holothurians are
easy to collect with a mask and snorkel and experience elsewhere, particularly
Madagascar, points to the distinct possibility that their numbers can decline over the next
decade to the extent that sea cucumber fishery will become defunct.

Oysters are collected from exposed mud banks during low tide. The size of middens
along the shore and as far as a kilometre inland is testimony to the abundance of the
resource in the past. Interviewed harvesters all agreed that the resource has gone down
greatly over the last few years, and the in situ damage inflicted to the oyster beds were
witnessed at first hand.

Sensitive breeding areas such as the Inhamambane estuary are hard hit. During an aerial
survey on July 6, 2002, a total of 3 dhows were recorded between Chihunzuene and
Lenene islands with approximately 15 fishers in the water working a net, or nets laid out
at right angles to the longitudinal axis that spanned almost right across the very shallow
estuary.

In addition to sea cucumbers, excess marine resources in the form of dried and salted fish
is being exported to the market in Vilanculos. How long this has been going on could not
be established with certainty, but older fishers indicated that exporting excess fish did not
always happen; perhaps with marine resources declining everywhere, including the
mainland, and with human numbers rising, a flow of resources to where consumer
numbers are the greatest could be expected.

Apparently an increasing number of fishers are hired, to be remunerated either in cash or
by share of catch, by boat owners from the mainland who supply them with materials to
fish in the Bay and in the VCWS waters. Four of these migrant fishers were interviewed.
They were poor and two of them did not even have contracts or a clear understanding of
how their labour would be rewarded, and hence would be at the mercy of the boat owner.
Coastal inhabitants have been observed to consume even the smallest creatures, some of
which are considered unpalatable or undesirable elsewhere, including puffer fish and box
fishes that have only tiny amounts of muscle on them. Hunger is endemic on the
Peninsula and it can be expected that the “reality of the stomach” reign supreme.
Unfortunately, quantitative baseline for the marine resources of the VCWS does not exist.
However, the observations above indicate that the marine resources are under severe
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threat and that without intervention the situation will likely worsen considerably over the
next 5-10 years.

e To the fishers themselves the causes of the declining catch were generally clear. All but
one fisher ascribed the main cause as there being too many people fishing for the same
resource; several also added that fish are being robbed from their waters by foreign
vessels; lastly, it was said that the number of fishers coming from the mainland,
specifically from Vilanculos, to fish in VCWS waters has increased (this is in contrast to
a remark by another consultant that there is a rumour that the establishment of the VCWS
has led to increased pressure on the BNP).

e Potential solutions to the problem were less clear to the fishers. One sea cucumber diver
called for intervention by government, especially in terms of patrolling to make sure that
size regulations are adhered to; several others felt that an effective association would be
helpful in encouraging its members to adhere to size and other regulations; a number of
fishers thought that the only real solution to taking pressure off resources of the shallow
waters will be to assist them to fish in the open sea. Sea cucumber fishers are thoroughly
aware of the effect that middlemen have on the price of the product and several suggested
that the prices should be regulated.

o All the fishers except one also ascribed the decline in catch size to there being too many
fishers using the same resources

2.9.7 Notes on marine resource economics

The survey team did not have the time or the opportunity to make an in-depth study of local
resource economics, but the following observations were made and led to the conclusions listed
below:

(1) Sea cucumbers

Of the two species of holothurians that are harvested, a smaller one locally known as Areapreta,
fetches about US $1,25 each, while the larger one known as Makwalokwato (Holothuria scabra)
fetches about US $2,08 each in the cooked, salted and dried form. An unconfirmed price of US
$10,00/kg for dried Makwalokwato was quoted as being realised by one harvester. Catches
observed from two cucumber-harvesting boats at Marape contained 7-9 holothurians caught by
two or three divers and one deckhand. Apparently slightly more get caught in summer. A typical
catch therefore fetches US $12,5 - $20,8, and if diving take place 20 days out of a month, which
may be optimistic for the wet season, the total income per boat per month will be about US $250
- 420. This income will normally have to be divided amongst four or five people, and will also
have to cover all costs including maintenance. In another instance it was estimated that a Marape
cucumber-harvester earned a maximum of about US $85 per month (calculated at 2 — 5
cucumbers per day and 20 operational days per month). These operators concentrate solely on
cucumbers and have no other income.

A full census of cucumber divers operating on VCWS was not possible, but it is unlikely that

there are more than 10 divers who spend all or most of their income earning time on this activity.
However, according to one harvester “many” women and children also engage in this activity.
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Numbers of the sea cucumber resource is seemingly dwindling and during dives by the team
relatively few (in comparison with the Seychelles or Masoala, Madagascar in 1993) were
observed. It would seem as if the harvesting of this very slow growing resource has already
reached unsustainable levels.

(2) Fish

With regard to the resource economics of fishing the following categories of fishing activity
were observed, or noted down from conversations, mostly from the three main villages namely
Chihunzuene, Marape and Chigonguine, as well as observations from the eastern shores:

Chihunzuene

It appears that the fish caught by the approximately six dhows, each typically with four or five
crew, operating in this area is utilised primarily for subsistence reasons. According to the fishers,
the catch has been getting poorer during the last decade or so, and it happens often that they
barely catch enough for them and their families to eat. Surpluses from good catches are bartered
for cassava, or may be sold in Vilanculos in dried form. One more progressive local inhabitant,
however, not only farms with coconuts, cassava and millet, but had about 20 kg of fish on the
drying racks that he would sell for about US $0,35/kg in Vilanculos. This entrepreneur is assisted
by four of his sons.

Marape

The situation in Marape appeared to be much the same as in Chihunzuene. The fisher population
may be slightly larger (some seven dhows) and there is seemingly more activity as a result of this
being the embarkation point for the shuttle between the Peninsula and the mainland. The
following cases may be regarded as typical of the Marape region:

e Inone case of a dhow with seven fishers (with the owner of the dhow residing in
Vilanculos), each fisher received a small pile of fishes while two women were cleaning
the rest to be dried and salted, and for this work they were to be paid in fish. The total
catch was estimated to be 30 - 40 kg, of which about 20 kg would be sold with the
proceeds going to the owners of the boat. The total value of the catch to the owner
therefore would be about US $7,00. A multifilament net was used with a gauge size of
1.5cm.

e An older fisher that has been operating in the Marape area for more than 20 years, alleged
that the fishing stock has greatly decreased during this time, apparently due to
unsustainable pressure on the resource by too many fishers. These sentiments were
echoed by two other locals, who also had only fish to eat.

e Migrant fishers from the mainland, who can be considered semi-industrial operators on
account of their being hired by boat owners in Vilanculos rather than merely fishing for
subsistence purposes, were encountered on two occasions at Marape. In one case two
fishers were based near Marape for two weeks and appeared to net about 15 kg of dried
fish per day. In the second instance the catch of a migrant fisher crew was examined, and
the value of the six species of fish caught by them was estimated to be around US $25,00
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when fresh (they caught the fish during the afternoon and was about to leave for
Vilanculos during the night to sell the fish on the market the next morning). Pricing
would be fairly accurate as the fish was sorted into groups and each species and group
priced independently. The catch consisted of (local names) lakanje ($0,42 each), mokanje
($0,42 each), chipakanje ($0,42 for all), mogobwe ($0,42 for all) and pescado ($0,50
each).

Chigonguine

Discussions were held with various fishers as well as an informal forum of villagers. In
everyone’s opinion the size of catches have decreased. People use nets only, and sell their excess
in Vilanculos in the form of salted dried fish. There are 9 dhows and approximately 40 fishers in
the village. At night, lights on the sea from big boats have been noticed, apparently engaged in
fishing activity. The most important fish caught are sardines, small mackerel and sometimes
barracuda. The men fish while females wait for their husbands and then may trade some fish for
cassava with families concentrating on agriculture.

The Eastern Shores

Sporadic bouts of intense fishing activity with long nets take place in the mouth of the
Inhamambane estuary (noticed during the aerial survey, as well as observations by E Leason of
Lenene Island Lodge). In this shallow lagoon such activities can be considered highly
destructive. Local fishers complain that the resource has drastically declined, and they are hard
pressed to catch enough for personal consumption. The fish resource inside the estuary has
dwindled to a level where it can barely be considered an economic resource beyond providing
subsistence to the local people living along the western shore of the estuary.

(3) Crayfish

According to one professional crayfish harvester operating in the Marape area, three other
Marape fishers also specialise in crayfish. The interviewed fisher has practised the profession for
five years and on a good day can catch up to fifteen, but usually less than 10 and sometimes
nothing. He is quick to point out that he catches only the large ones, indicating that some
awareness regarding regulations do exist. Crabs and oysters are also collected when conditions
are not ideal for crayfish. According to him the crayfish resource has decreased considerably and
people come from Vilanculos to buy crayfish from him. A crayfish fetched about US $1,00 -
$1,50 each from buyers from the mainland, but their local value was much less because of the
lack of a market. He therefore can allegedly earn as much as US $15,00/day catching crayfish.
The resource, however, is certainly not plentiful; during a dive with the fisher at a 3 — 4 m deep
spot where the crayfish occur, none could be found over a period of 45 minutes.

(4) Oysters
An examination of the oyster catches of two female harvesters at Chihunzuene showed that each

collected about 100. The morning’s catch involving about 8 women was estimated at 900 — 1000
oysters that were being shelled at the edge of a midden 40 m x 12 m in extent and containing tens
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of thousands of shells. Closer examination of the midden contents revealed Conus shells, crab
shells, clams, sand oysters, other oysters, cuttlefish remains, a box fish, a turtle shell, a garfish
and a stingray tail, but 99% of the midden consisted of sand oyster (Pinctada imbricada)
remains.

On another occasion the team accompanied a group of eight women harvesting oysters on the
tidal banks 1000 — 1200 m to the west and inshore of Chihunzuene. Spring tide has just passed so
that the banks were more or less maximally exposed. Five groups totalling 27 women were
observed in the area opposite Chihunzuene and slightly south of the village to about the
mangrove islands. One group reworked the same area as the primary group that the consultant
accompanied, and which consisted of eight women. The groups worked a strip of about 100 km
wide and 3 km long. The marks on the substrate where they collected oysters were clearly
visible. They took everything that could conceivable be eaten. Species harvested included
boxfishes, small snails, crabs, conchs, etc. White razor clams, apparently poisonous, were not
taken. The outing lasted three hours. It was estimated that the eight women collected 800 — 1000
oysters that were then shelled on the shore. The women collecting oysters at Chihunzuene will
probably have a ready market in the new residential properties that will be constructed directly
opposite the mudflats where the oysters are found. The exact effect that this new market will
have is not clear, but a dramatic increase in the prices of the oysters can be predicted. It is even
possible that the women will only need to collect oysters on demand, while still generating an
appreciably higher income.

According to local harvesters who have been born in the region, the number of oysters has
dropped considerably during the last decade, but especially during the last few years. The oysters
are mostly used for personal consumption, but excess salted and dried oysters are currently sold
for about US $0,20 per 500g tin.

(5) Fishing as an economic resource

The various categories of fishing listed above, are very important to a number of people and for
some represent their only livelihood. Monetary gains are however relatively low, and may
dramatically be increased by the creation of a local market. Should other options become
available, for example employment opportunities, it will have an obvious positive economic
impact whilst at the same time lessening the current unsustainable pressure on the marine
resources.

2.9.8 Estimation of fisher numbers

The survey team was not in a position to undertake a full census of fishers, but a rough
estimation can be made based on information provided by the fishers themselves and on the
number of dhows that were counted in the VCWS. The estimates below are thus only
provisional; however, they do provide some idea of the size of the fisher population. It is
unlikely that the number of fishers exceeds 140, and the number of active bona fide resident
fishers (migrant and occasional fishers excluded) will probably be less than 100.

| | Locality | Fishing dhows | Fishers (est.) | Verification |
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1 | Marape 7 + some canoes 28 Julius,
Jeremiah,
Carlito, Azaria

2 | Chihunzuene 6 + two canoes 24 Gustavo,

3 | Chigonguine 9 + some canoes 40 Divani, Mindo

4 | Other areas Some dugouts 30-40 Chief Sinao,
aerial survey

Total 22 122-123

An aerial survey gave similar results in terms of the number of dhows counted, which relates
closely to the number of fishers. The six extra dhows that were observed were carrying materials
to Dugong Lodge and were recorded in Areas A and B (see map). The motorised boats were
mainly from tourist lodges.

Sector | Dhow Motorised Dugout Fish
Traps

A 14 0 2 0

B 11 2 0 0

C 3 7 2 3

D 0 1 9 8

E 0 1 0 0

F 0 1 0 0
Total |28 12 13 11

CHAPTER B3: THE AGRICULTURAL ENVIRONMENT
3.1 INTRODUCTION
The VCWS has, for agricultural purposes, been divided into three areas, as follows:

Area 1:Area under concession within game fence (the Reserve).
Area 2:Area under concession outside the Reserve
Area 3:Area outside VCWS, but bordering the concession area.

Area 1 accommodates all the tourism-based and biodiversity-related developments, including
infrastructure such as lodges and residential estates, in addition to housing, wildlife and game.
This area is separated from the Area 2 land by a game fence. Local communities previously
residing and utilizing resources within this area have been (and are being) resettled on Area 2
land.

Area 2 still falls within the concession area, but is not to be utilized for tourism sector
development. It is this area that is the focus of the Terms of Reference of the report with regard
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to sustaining the local economy. In addition, Area 2 houses the schools and clinics and plans are
underway to develop a community harbour and a local market.

Area 3 land falls outside of the concession area, but is adjacent to Area 2. As such, some
consideration must be given to this area in order to maintain community and cultural boundaries
and to prevent conflict by the provision of resources and assistance to some individuals and not
to others.

3.2 INVOLVEMENT OF COMMUNITIES

The same underlying principle applying to the other community-related developments included
in the BMP (marine, fresh water, terrestrial wildlife) will also be applied to the agricultural
project: the community must take full ownership of the project and must drive the development
programme. This implies that the views of the local community must be paramount when
making decisions concerning them, and that the necessary channels and structures mist be
established to make it possible. Furthermore, any agricultural development initiative should
take cognisance of the capacity of the community members to participate effectively, and their
willingness and ability to adapt to new agricultural production technologies.

3.3 IMPLEMENTATION PRINCIPLES AND FOCUS

The sustainable small-scale agricultural development programme must dovetail with the
broader objectives for VCWS and with the other community development projects as embodied
in the BMP. Its main elements will thus include the following:

e Organic farming methods (permaculture or sustainable conservation farming) will be
employed and will bring the Sustainable Agricultural Programme (SAP, see below) in
line with the overall biodiversity objectives for VCWS. (For a more detailed description
of organic farming see below)

e A holistic and integrated approach to the development of people and their social
infrastructure will form the backbone of the SAP.

e The recognition that agriculture (and fishing) plays a central and anchor role to the well
being of the local community.

e An appreciation of the social disruption, also affecting subsistence farming, occasioned
by the development of the VCWS and the need to focus on the development of affected
people through the judicious application of resources to be provided by the VCWS.

e The promotion of environmental awareness amongst the local community and the need
for them to grasp and apply the principle of sustainable resource utilization.

e Job creation through direct participation of farmers and through indirect economic
activities arising out of the farming and fishing enterprises.

The VCWS agricultural initiative would be comparable to a Sustainable Agricultural Programme
(SAP) and would, of necessity, be a long-term undertaking. As in any other long-term
development programme it would be essential to structure, implement and review the progress in
the light of long-term objectives. The implementation of the programme would evolve around a
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phased approach, with each phase targeting a particular focus area or goal that contributes to the
long-term objectives, as indicated in the following table.

Anticipated focus areas during the long-term SAP

Focus Aim Yearl | Year2 | Year3 | Year4 | Year5 | Year6 | Year7 | Year8

Action research XXX
Initiation of programme XXX
Formation of Farmer’s Association XXX
Improvement in yields X XX XX XXX XXX XXX XXX XXX
Conserve/improve soil fertility X X XX XXX XXX XXX Xxx XXX
Marketing of surplus produce X XX XXX XXX XXX XXX XXX
Value adding to produce X XX Xxx Xxx Xxx XXX
Provide agri-services and support X XX Xxx Xxx XXX

Legend

X Low-level focus

XX Increasing focus

XXX Maximum focus

During the initial stage of the SAP, the main focus will be on action research (to obtain baseline
data), initiation of the programme and the formation of a farmers association. It is expected that
during this stage, an appropriate farming system will be identified (in consultation with the
farmers association) as well as applicable crop and animal production models. The focus for
subsequent phases will then shift to the other aims outlined in the table.

3.4  METHODOLOGY
The agricultural survey/study included the following activities:

= Literature reviews
= Scoping exercise in the form of a three-day reconnaissance visit to the sanctuary
= Interviews with knowledgeable persons, organizations, farmers/ fishers and interested
community members or role players (refer to the full survey report in Volume 4 of the
BMP for details)
= Field trips to the sanctuary to obtain first hand knowledge and to:
-Consult with and interview some the community members to obtain background
information on the farming and fishing practices, as well as living conditions.
-To acquaint the team with the area and to obtain background knowledge of the area.
-Undertake soil sampling, soil profile description and analysis.
-Undertake visual evaluation of the soil and water situation in terms of the natural
resource potential.
-ldentification of and investigating suitable conservation/sustainable-farming
methods.
-Analysis, assessment and evaluation of data to formulate a strategic agricultural
development plan.

During the brief scoping exercise (January 2002) and the subsequent site visits
(August/September 2002) it soon became apparent that, primarily due to the lack of baseline
data, it would not be possible to draw final conclusions and to select a formal or final structure
and system. The agricultural development process that is outlined below takes cognisance of the
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lack of knowledge at this early stage and sets up a procedure and phased system that will in time
lead to the identification and selection of a fully appropriate and feasible SAP. The short-term
agricultural development programme outlined below is in the meantime fully compatible with
the aims, vision and objectives for VCWS.

35 NATURAL AGRICULTURAL RESOURCES
3.5.1 Climate

Climatic factors such as precipitation, temperature and evaporation rates would have a major
influence on the SAP for the sanctuary. For a brief description of these factors, see Part B above.

The mean annual precipitation (measured over 15 years) for the nearby town of Vilanculos is
901 mm, with nearly 80% concentrated during the period November to March. The mean
maximum temperatures vary between 31°C (summer) and 25°C (winter). No frosts are
experienced. The annual evaporation averages 1083mm, which means that there is an obvious
water deficit that needs to be taken into account when considering dry land cropping
opportunities and practices. Drought is not a common feature but when it occurs it obviously has
a negative effect on crop production in the area.

3.5.2 Soils
See also Part B above.

Soils have been sampled on two occasions: The first time during the scoping exercise (randomly)
and the second time during the last site visit (systematic). All the soil samples, including the
systematic samples discussed below, were analysed at a laboratory in South Africa. The results
of the soil analysis can be seen in the full specialist report (See Volume 4 of the BMP: Specialist
Reports)

Only a limited number of soil samples were taken and the results and recommendations must be
seen as indicators and are not representative of the whole area. A detailed soil survey, especially
of the agricultural area, will be undertaken during the implementation phase of the SAP

(1) Soil Information (random)

Topsoil (0 to 300 mm) samples were taken on different farms (machambas). Samples where
taken from the following production areas:

Maize fields
Groundnut fields
Two profile pits.

The profile pits were photographed and samples where taken at depths of 0 - 300 mm, 300 - 600
mm and 600 — 900 mm.
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The topsoil analysis indicates a neutral pH between 6.1 — 7.01, a and a low availability of
calcium (Ca), magnesium (Mg), phosphor (P) and potassium (K). Although the subsoil
indicates a presence of acidity, it would not be necessary to treat the topsoil with lime fertilizer
(see discussion below).

The profile pit analysis however indicates a more acid pH of 5.21 — 5.78. This acidity is due to
the water level fluctuation in the sub soil horizon. Acidity is the result of the replacement of the
basic plant nutrients such as calcium, magnesium and potassium with hydrogen and aluminium.
This replacement is a natural phenomenon and is caused by heavy rain and accelerated leaching
due to the sandy soils. The profile pit was also low in calcium, magnesium, phosphor and
potassium.

(2) Soil information (systematic)

A number of soil pits and topsoil samples were systematically sampled and analysed. The full
results can be seen in the Specialist Report (Volume 4 of the BMP).

The following five samples are probably indicative of the general soil situation for VCWS, but
will be augmented by a more comprehensive soil survey during the implementation phase of the
SAP:

Sample 1: Profile pit at a newly established and slashed field. The organic matter was still fresh
and had not been burned yet when the samples were taken. The results can be summarised as
follows:

Soil pH: Soil is slightly acid (virgin soil).
Resistance:  Topsoil is low indicating free cations in topsoil.
Cations: All cations are low in the soil below 10cm. In the case of potassium the

status is extremely low, is deficient for crop production and needs to be
addressed. The sodium content is high in ratio to the other cations and this
could also impact negatively on crop production.

Phosphate: ~ Very low quantities of P, needs addressing.

Aluminum:  Normal in topsoil but too high in subsoil. Needs liming.

General remarks: The soil has a poor fertility below 10 cm. The cation ratios indicate
imbalances in nutrients and this will impact negatively on crop production. To rectify
this soil for crop production dolomitic lime is needed (1000kg/ha), as well as K
applications of 500kg/ha (KCI) and P applications of 1000kg/ha (Supers 10.5). If
chicken manure is available it will substitute the K and P applications, and could be
applied at 5 tons/ha. (Note: The planned organic farming system that will be used on
VCWS may rule out the use of inorganic substances. A decision in this regard will still
have to be taken, weighing the probable short-term need for inorganic substances with the
longer-term requirements for conservation/organic farming)
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Profile pit at a newly established field

Sample 2: Profile pit at an old field. Shifting agriculture was not practised and the same field was
used year round. The results can be summarised as follows:

Soil pH: Soil is moderately alkaline.
Resistance:  Topsoil is low
Cations: Cain this soil is sufficient and Na is again high in respect of the other

cations. Both Mg and K are low and deficient.
Phosphate: ~ Very low and deficient.
Aluminum:  Normal.

General remarks: Soil has a poor fertility. The cation ratios indicate imbalances in
nutrients and this will impact negatively on crop production. To rectify this soil for crop
production soil pH should be lowered (below 7). Acidifying Nitrogen products like ASN
may be considered. K applications of 500kg/ha (KCI) and P applications of 1000kg/ha
(Supers 10.5) would be needed or, if chicken manure is available, it could be applied at 5
tons/ha to substitute the K and P applications. (Note: Refer to the remark about
inorganic/organic practices above)
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Profile pit at an old field

Sample 3: Existing field that has been worked for 4 years and rested for only two years. A maize
crop was planted in June 2002. The fallow (resting) period was insufficient, as can be seen in the
poor maize stand on the left of the photo. The yellowish colour indicates a shortage of plant
nutrients, as is confirmed by the results of the analysis:

Soil pH: Soil is slightly moderately alkaline.
Resistance:  Topsoil is low
Cations: Cain this soil is sufficient and Na is again high in respect of the other

cations. Both Mg and K are low and deficient.
Phosphate: ~ Very low and deficient.
Aluminum:  Normal.

General remarks: Soil has a poor fertility. The cation ratios indicate imbalances in
nutrients and this will impact negatively on crop production. To rectify this soil for crop
production soil pH should be lowered (below 7), and the soil treated as indicated above
for the previous two samples.

Sample 4: Topsoil samples where taken from the neighbouring farm that also planted maize in
June 2002 This farmer however has rested the field for a four-year period. In the photo it is
clearly evident, as this maize crop is healthier and has access to nutrients in the soil. The plant
colour is an indication that sufficient nitrogen was available for the plant development. The soil
analysis also confirms this and is as follows:

Soil pH: Soil is alkaline.

Resistance: ~ Normal
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Cations: All cations are low but sufficient. Na in relation to the other cations is
normal.

Phosphate: ~ Much better than the previous sample but still deficient.

Aluminum:  Normal

General remarks: The increase of nutrients is due to burning of the natural vegetation.
Although some nutrient imbalances still occur this soil could sustain a small crop. K
applications of 500kg/ha (Potassium Chloride) and P applications of 750kg/ha
(Superphosfate 10.5) or, if chicken manure is available at 5 tons/ha to substitute the K
and P applications, will be needed. (Note: Refer to the remarks about inorganic/organic
farming above)

Maize crop planed in June 2002: Left fallow period of 2 years; right 4 years

Sample 5: Newly slashed field, before the plant material was burned. The results of the soil
analysis can be summarised as follows:

Soil pH: Very alkaline
Resistance: ~ Topsoil is low
Cations: Ca in this soil is sufficient and Na is again high in respect of the other

cations. Both Mg and K are low and deficient.
Phosphate: ~ Very low and deficient.
Aluminum:  Normal.

General remarks: Soil has a poor fertility. The cation ratios indicate imbalances in
nutrients and this will impact negatively on crop production. To rectify this soil for crop
production soil pH should be lowered (below 7), and treatment as indicated for samples 1
to 3 would be needed.

Concluding remarks

From the soil analysis results it is evident that the soils sampled were very poor for agricultural
production. The soils have a low nutrient status and are generally unbalanced. This situation
would impact negatively on the planned SAP, and could be addressed as follows:
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¢ Identify areas with more fertile and suitable soils for crop production. However, given the
restricted area available for agriculture and the current land use patterns in the settled
areas, this option would probably have very limited application value. Furthermore,
fertile soils may be impossible to find.

e Alternatively, the poor soil fertility may be regarded as a given, and steps taken to
improve the quality of the soil as outlined above. Farming practices need to be evaluated
and new techniques and strategies, such as organic farming, implemented.

(3) Soil classification

The two soil types identified from the soil analysis are Eutric Planosol and Rhodin Ferralsol
types. Both are sandy soils with poor water retention capabilities but excellent water infiltration
tempos.

Eutric Planosol is a highly leached soil type, which consist of an orchic topsoil horizon
overlaying an E- horizon. The yellow colours in the E-horizon gives an indication of a
fluctuating water table, leaching nutrients from the topsoil. The soil structure is poorly
developed with leaching of soil colloids. Due to leaching of nutrients and temporary but
frequent water saturation this is classified as a very poor agricultural soil.

Rhodin Ferralsol is a well-developed soil type, which consist of an orchic topsoil horizon
overlaying a yellow - brown apadale sub-soil horizon. The apadale horizon consists of well-
developed soil but with a poorly developed soil structure. The yellow colours give an indication
of periodic temporary water saturation, but not to the same extent of the E-horizon mentioned
above. The Clovelly soil type of Rhodin Ferralsol is for instance suitable for maize production.

3.6 CURRENT AGRICULTURAL PRODUCTION PRACTICES
3.6.1 Demography

The demographics of the people living in VCWS has been surveyed during the comprehensive
social study (see Part F), and provides indispensable information for the deployment of the SAP.

The implementation of a successful SAP and more specifically the preparation of the planned
Strategic Agricultural Development Plan (SADP, see below), would need to harness information
on the number of households involved, the composition of the households, levels of training,
levels of education and literacy, income streams and numbers of agriculturalists, to mention only
a few.

3.6.2 Current agricultural practices

3.6.2.1 General remarks

The principal land use activities in the area are subsistence farming and the utilisation of natural
resources. The crops planted include inter alia the following:
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Maize — as ‘sweet corn’ and ‘maize on stalks’
Groundnut

Sunflower

Sorghum

Beans

Cassava

Sugar cane — primarily for alcohol production
Fruit trees — papaya, mango, orange

Cashew nuts

Coconut palms

Animal husbandry is practised on a limited scale and includes small-scale poultry, pig and goat
farming.

It is safe to say that the larger part of the population in the VCWS area will in future still rely on
agriculture or to a lesser extent fishing for their livelihood. A relatively small number of the
population will be accommodated in the tourism and conservation part of the VCWS
development. It is foreseen that most of the present farmers will continue farming within the
boundaries of the VCWS, whilst some have or will have to be moved out of the Reserve or game
area to the community development area.

The area south of the temporary fence line are densely populated and used by the local
population as machamba land. These households are spread out and mostly situated near water
on the fringes of the lakes and pans. At present the land appears to be fairly heavily cultivated,
with some large machambas that appear very neat and orderly.

The climatic conditions are such that cash crops (maize etc.) can be planted throughout the
summer months.

Some farmers make use of rotational cropping, where maize will follow the bean and groundnut
planting. Inter-cropping is also practiced. Both these methods when practiced correctly can be
very successful and can enhance yields and prevent the build-up of insects and diseases. Some
fishermen supplement their income with crop/animal productions while the same is true for the
farmers of which some can supplement their income with fishing.

Both farming and fishing are primarily done on a subsistence basis. The household cash income
is however dependent on the sale of surplus products in mainly the town of Vilanculos. Normally
the household first of all lives off the land or sea and pay for clothes, schools and household
needs from the surplus income, if any.

3.6.2.2 Current cultivation practices
The sandy soils of the area are of recent marine or aeolian origin and are so deficient in plant
nutrients that the annual harvesting of crops on the same field cannot be sustained. To

overcome this problem of rapid nutrient depletion the farmers, not only in this region but over
large areas of central and southern Africa, have developed and adopted a slash-and-burn or
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shifting cultivation system over many years. This system requires little or no outside help and
can be handled by the average family, and is universally practiced in VCWS.

The natural vegetation cover is rich in organic material (biomass) and in mineral nutrients. When
the natural vegetation is cut down and burned and crops planted, the small quantities of nutrients
and organic matter in the soil are soon depleted or leached from the soil. In the photograph this
slash-and-burn effect can be seen on the soil and natural plants.

This slash and burn method involves three major steps:

1) Cutting and burning of trees and natural vegetation with their ashes left on the soil.

2) Growing crops on the cleared area for a period of 1 to 5 years, thereby using nutrients
left from the burning of the natural vegetation. After the cultivation period the soil is
depleted of nutrients and minerals.

3) Fallowing the area for a period of 1 to 4 years thereby permitting re-growth of the
natural vegetation and trees that rejuvenate the soils. Nutrients are accumulated in the
plants and nitrogen is released into the soil. The cutting and burning is then repeated and
the cycle starts again. During this fallowing period crops such as sugar cane and cassava
are left on these fields.

What is disturbing is that in some cases the farmers, forced by the need to provide food for large
families, practice a system where the land is fallowed for very short periods (1 — 2 years) before

cultivating it again. This leads to lower crop yields and greater exposure to erosion. The negative
effect on the soil nutrients can clearly be seen in the photo.

Slash-and —burn field with fre

e

st planted maize cr

The advantages of the slash-and-burn technique are:

e The conservation, accumulation and recycling of nutrients.
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e Erosion control due to natural vegetation covering the soil, especially during fallow
periods.
e Burning and killing of weed seeds, unwanted insects and disease organisms.

Various techniques exists and can be applied to enhance soil fertility as an alternative to the
existing sla sh-and-burn system, for example mixed tree crops, modest inputs of fertilizers and
lime, the selection of acid tolerant crop cultivars and the inclusion of legumes in crop rotations to
help sustain crop yields.

Another alternative, which is related to the mixed tree crop, is alley cropping. This involves the
growing of food crops in alleys, borders of which are formed by fast growing trees or shrubs.
This woody species are usually leguminous and fixes nitrogen in the soil. The hedgerows are
pruned to prevent shading of the food crops. The mulch is then used as a source of nutrients for
the food crop; it helps to control weeds, prevents excessive water run-off and thus erosion and
reduces evaporation from the soil surface. A possible plant to be considered that is suitable for
the above-mentioned system is Leucaena leucocephala. It can either be used as a food supply to
animals or as mulching.

The best alternatives would be determined during the planning phase of the preparation of the
Strategic Agricultural Development Plan (SADP) as outlined below.

3.6.2.3 Current grain storage and seed selection

The VCWS farmers store their harvested grain in silos made out of local material with a thatched
roof. This method allows insects and pests to eat and multiply in the food supply. Before planting
the next crop, grains are selected and those without visible insect damage are used as seeds for
the new planting period. The quality of the seeds that are stored by the farmers are very poor and
this is one of the main reasons why they have to plant up to 20 seeds per planting hole. Even then
seed germination is normally very poor. For proper care, seeds need to be stored at specific
temperatures and must be kept disease and insect free.
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Numerous maize plants planted in the same hole
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In the past, vegetables were apparently also cultivated locally, but due to the lack of seeds, very
little has been planted during the previous years. Should the quality of the soil be improved as
recommended above, vegetables could be successfully cultivated on these soils.

3.6.2.4 Animal husbandry

Animal husbandry involves mainly chickens and goats and is practiced on a very limited scale,
primarily for the provision of meat and very seldom for commercial gain. The poor quality
grazing and the land tenure system are not conducive to the keeping of large goatherds and
therefore the individual farmers only have a few animals. The goats are normally tied to a tree
branch to keep them from gracing freely and from eating and damaging crops.

3.6.2.5 Soil tillage

Land preparation is mostly done by hand hoeing or sometimes done by oxen. In both cases
only the topsoil is cultivated.

3.7 AGRICULTURAL AND RURAL DEVELOPMENT OPPORTUNITIES AND
CONSTRAINTS

Notwithstanding the development of the VCWS and all the opportunities that it brings about, the
major part of the population in the VCWS area will in future still rely on agriculture or fishing
for their livelihood. It is foreseen that most of the present farmers will continue farming within
the boundaries of the VCWS, even though some will have to be resettled out of the Reserve area.

Some of the most obvious opportunities and constraints to rural agricultural development in
VCWS may be listed as follows.

3.7.1 Opportunities

Farming is an established and respected culture in the region. Most if not all of the current
farmers grew up to become farmers, and in many instances that is probably what they really want
to do. They only need some guidance and assistance to really become successful farmers.

The natural resource potential of the land is high enough to allow sustainable agricultural
practices under properly managed conditions. The project offers a unique opportunity to
establish organic farming. The following data (in tabular format) indicates the removal of
nutrients (nitrogen N, phosphorus P and potassium K) from the soil during cropping, and the
potential to recover these losses by means of organic composting. (See below for a more detailed
discussion on organic farming)

Maize crop fertilizer requirements to produce 1 ton of marketable product

| ITEM | Nitrogen kg | Phosphorus | Potassium kg |
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kg

Grain 15 3 35
Whole plant 27 4.5 20
Potential to be recovered 44% 33% 80%

through composting

Bean crop fertilizer requirements to produce 1 ton of marketable beans

ITEM Nitrogen kg | Phosphorus Potassium kg
kg

Beans 30 40 5.2 11.8

Whole plant > 50 8 28

Potential to be recovered 30% 35% 57.85%

through composting

The current developments in the Vilanculos area such as the VCWS and the Sasol gas pipeline,
will most probably create larger markets for produce and commaodities to be sold by the local
population. Improved infrastructure and services (access, transport, market etc) that will result
from the VCWS development will facilitate sustainable rural development, including agriculture.

3.7.2 Constraints

The following list shows serious constraints that the local small farmers (and fishers) may
encounter and they and/or VCWS will have to cope with:

3.8

Poor infrastructure: almost no roads, no electricity and no telecommunications.

Lack or inadequacy of production inputs: Good seed and plant material (vegetables,
grains and fruit trees), day old chickens and fertilisers.

Present inadequate level of training and experience of farmers with regard to good
farming practices.

Transport of produce to markets on the mainland is dependent on dhows.

Depletion of the natural resources by present farming practices, which will have a long-
term negative impact on future production.

Possible lack of training and extension services to farmers.

Undue emphasis on sugar to alcohol production as an income source will lead to social
problems in the area (or it could have resulted in that already).

Lack of market information for the commercial exploitation of potential crops such as
vegetables, cashew nuts, coconuts and fruits.

Lack of permanent employment opportunities

Lack of income generation activities

ORGANIC FARMING

According to Schrock (1998) organic matter improves soil tilth and prevents soil compaction and
crusting. It increases the water-holding ability of the soil and provides a more favourable soil
environment for earthworms and beneficial microorganisms. It slows erosion, and in later stages
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of decay, organic matter releases nitrogen and other nutrients to growing crops. Carbon dioxide
from decaying organic matter brings minerals of the soil into solution, making them available to
growing plants. Many soils of the world have been ruined, mainly because they have been
depleted of organic matter from prolonged cultivation without proper soil management (as is the
case in VCWS).

Sourcing organic matter in the VCWS area would be somewhat problematical, with a preferred
source such as animal manure not freely available locally (due to the absence of cattle in the
sanctuary and in the region). Other local sources that could be exploited would be compost (to be
produced by the farmers), green manuring (growing a cover crop and to till it in), and sawdust
(from the sawmills in Vilanculos).

While some materials, such as manure, add organic matter as well as fertility, other organic
fertilizers are not suppliers of organic matter. One of the major benefits of organic fertilizers is
that they break down slowly and are less likely to release nutrients rapidly enough to burn plant
roots if used in large amounts (Schrock 1998). The availability of nutrients from organic
fertilizers depends on their breakdown by soil organisms, which in turn depends on weather and
soil conditions. Release of nutrients is much slower when the soil is cool or heavily saturated
with water. Also, breakdown slows during drought unless soil is irrigated or heavily mulched to
keep in soil moisture and keep temperature more constant. Many of the organics have a
fertilization lag and their nutrients are not available to plants until the organic matter has
decomposed.

Some commonly used sources of organic fertilizers such as dried blood, hoof and horn meal and
fishmeal (all sources of nitrogen), bone meal and rock phosphate (sources of phosphorus), and
seaweed (source of potash) would be difficult to obtain in the VCWS region.

Environmentally friendly techniques can also be applied to control diseases. The planting of
disease resistant varieties would be preferable, whereas crop rotation also helps to prevent the
spread of plant diseases. All-in-all organic farming is a much-preferred technique to be applied
in a sensitive area such as VCWS.

3.9 KEY ENVIRONMENTAL ISSUES AND IMPACTS

The existing and resettled communities and the nature of their agricultural practices have an
unavoidable a negative impact on the natural and socio-economical environment. Important
impacts may include:

e Loss of natural vegetation: The natural environment cannot indefinitely sustain the
current slash-and-burn practices by the subsistence farmers. The need to provide food
for the relatively large families forces the average farmer to shorten the fallow period,
therefore the soil is not allowed to be rejuvenated and this leads to lower crop yields
and greater exposure to erosion. Normal population increases will inevitably also lead
to more and more fields being opened up.
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o Loss of habitat for wildlife: While some animals, for example certain bird species as
pointed out above, may benefit from the agricultural fields, the opposite would
generally speaking be true for most species of wildlife.

e Loss of access to natural resources: Local people currently use the natural resources
of the area for:

Fuel wood

Building material

Food source

Craft material

The agricultural fields are obviously non-productive as far as these resources are

concerned. More fields will increase the demand on the remaining natural areas.

O O O O O

3.10 KEY ISSUES INFLUENCING FUTURE AGRICULTURAL DEVELOPMENT

The following issues, whether in isolation or collectively, will have a determining influence on
the future development of the agricultural project:

e Resource potential. The nutrient-poor sandy soils of the area have a low potential for
rain-fed cash crop production as presently practiced by the farmers.

e The relatively low experience and training levels of the present farmers with regard
to agricultural production will influence the rate at which development can take place.

e The implementation of the organic farming technique must be regarded as a long-
term investment in sustainable resource use and may not in the short term adequately
address the urgent need to enhance soil fertility.

e The poor infrastructure in terms of roads and communication will have a negative
effect on the cost and availability of production inputs (fertilizers, seeds and
pesticides) as well as the sale of produce (market access).

e The number of people and families residing in the area are unknown but it is evident
that the resources can probably only sustain the present population. Future
population growth, whether natural or an influx from outside the area, will negatively
affect the sustainability of the agricultural base.

e The establishment of effective community structures to enable the communities and
VCWS to enter into a co-management or collaborative management system (see
below) would be a prerequisite for a successful community agricultural project.

e The intervention of the development support by the VCWS will be necessary to make
the area socio-economically sustainable. The nature and duration of this support will
have to be long-term, to ensure that an acceptable level of self-sustainability would
indeed be reached.

These key issues form the basis for the proposals to follow (see Part D, for the Strategic
Agricultural Development Plan (SADP).
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PART C: AIMS, CLASSIFICATION, VISION AND OBJECTIVES
AND THREATS

CHAPTER C1: PURPOSE AND ECOLOGICAL SIGNIFICANCE OF THE
AREA

Mozambique is poorly represented with official protected areas. The country of 801 590 km? has
only a relatively small number of protected areas of any note, as was indicated above (Part A).
Accurate sizes are not available for these protected areas, but it is estimated that these areas
constitute less than 2% of the total surface area of the country, which is significantly below the
internationally recommended portion of each state that should be designated in a natural
protected area system.

Most of these protected areas are poorly staffed (or not at all in some cases), all of them are
inadequately funded (if at all) and, with the possible exception of Gorongosa National Park and
Niassa Nature Reserve, poorly managed. Mozambique, with an annual per capita income of less
than US $90, is one of the poorest countries in Africa and can, notwithstanding a progressive
conservation policy, not channel adequate financial and other resources to the protected area
system.

During the civil war of the 1980’s, when civil order largely collapsed, the abundant wildlife of
Mozambique was subject to such severe over-exploitation that mere remnant populations
survived. Although no figures are available to illustrate the extent of the population crash of the
national herd, it may be described as a conservation catastrophe of global proportions. The
following figures indicate the alarming decline of wildlife numbers for Gorongosa National Park
since the outbreak of the civil war (Lambrechts, 1999):

Pre-1981 numbers 1997

Elephant 7000 19
Buffalo 18 000 13
Hippopotamus 5000 10
Wildebeest 2 000 ?
Zebra 18 000 13
Waterbuck 20 000 944

The only area that escaped most of the destruction, was in far northern Niassa and Cabo Delgado
provinces, where healthy populations of for example elephant and buffalo survived.

The extensive system of so-called Coutada’s (hunting blocks), have suffered the same fate as the
protected areas and the rest of the country. The Ministry of Tourism allocates these Coutadas to
private concessionaires on a contract basis, granting them the right to conserve and utilise the
biodiversity resources of the area. However, the wildlife in these blocks has unfortunately been
decimated to the point where sustainable and economically viable use is only possible in a mere
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handful of the areas. At the moment, these areas therefore make a minimal contribution to the
restoration and conservation of the country’s depleted wildlife resources.

The relative paucity of formally protected areas in the country was not considered as a serious
problem prior to independence in 1975, because most of the sparsely populated and more remote
rural areas harboured large free-ranging populations of wildlife in any case. However, after the
abovementioned collapse of the national wildlife herd, this shortcoming has become more
apparent and of much greater significance. The rehabilitation of existing and the establishment of
new protected areas have thus assumed great importance if the current precarious situation with
Mozambique’s wildlife has to be stabilised and turned around. A new national park, the Limpopo
bordering on South Africa’s Kruger National Park and the first step in a planned huge
transfrontier conservation area, is currently in the process of being established.

The establishment of VCWS is the first major protected area development involving a private
sector initiative. Although the sanctuary is only 42 000 ha in extent (including 19 260 ha sea) and
thus seemingly insignificant, it will nevertheless play a significant role in a number of respects:

e The biodiversity of the sanctuary, outranking that of extensive and world-famous
African protected areas such as Kruger National Park and East Africa’s Serengeti,
makes the area of global conservation significance.

e The marine and fresh water wetlands of VCWS would greatly enhance the
conservation status of Mozambique’s extensive but poorly conserved wetlands.

e The conservation status of the almost 3 000 km coastline of Mozambique is very
poor, as was pointed out in Part A. The addition of VCWS, with an estimated 120 km
shoreline along the Indian Ocean coast, the Inhamambane Estuary and the bay of
Vilanculos, would make a significant contribution in this regard.

e VCWS would greatly enhance the potential of the Bazaruto Archipelago — Quewene
peninsula complex to be proclaimed as a UNESCO World Heritage Area (WHA).
The Mozambican government have already indicated their desire to have the
Quewene — Bazaruto area nominated as a WHA.

e VCWS would, especially in Mozambican terms but even on a global scale, be a well
staffed, adequately funded and properly managed protected area. Although accurate
figures are not available yet, it is estimated that the mean annual biodiversity and
related aspects budget for the first five years would compute to about US $2 000 per
kmz, which is far higher than the estimated global mean budget of US $766/km?
(James et al, 1997). However, it must be borne in mind that in the event of the VCWS
being enlarged, this budget would not change appreciably and the mean budget per
km2 would be correspondingly lower. It also seems highly likely that the budget
allocation would be considerably lower after the first five years, when most of the
major research projects would have been completed, all the structures put in place and
the necessary equipment provided. The spending would even then probably still be
much higher than the mean for sub-Saharan Africa of US $143 per km2 (James et al,
op cit, 1997).

The conservation status and ecological significance of VCWS would be greatly enhanced by the
inclusion of further land to the south (See Part E). The areas to the south are very sparsely
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populated and are largely uninhabited, whereas the vegetation has been less subject to man-made
influences than the northern portions of the Quewene peninsula forming the current sanctuary.
An area of not less than 20 000 ha but even as large as 40 000 ha will be considered for
inclusion. The area is especially rich in f fresh water wetlands.

The planned wildlife re-introduction program (see above) will be the second major wildlife
relocation exercise ever undertaken in Mozambique, after the recently established Limpopo
National Park. Although the numbers to be relocated are going to be relatively low, it would be
indicative of an upswing in conservation fortunes in the country. The relocated species could
also in the medium and long-term act as a reservoir for the relocation of animals to other
depleted areas.

If the BMP and the subsidiary OP’s are properly implemented, then VCWS would be the best
managed protected area in Mozambique and would rank in the upper echelon on the African
continent. As such it could serve as an example for others to follow.

The comprehensive research projects and ecological surveys that would be launched as soon as
the proposed GEF grant becomes available, would contribute sorely needed knowledge on the
biodiversity of the region in particular and the coastal regions of Mozambique in general.

CHAPTER C2: MISSION FOR VILANCULOS COASTAL WILDLIFE
SANCTUARY

To ensure the effective conservation of the unique and fragile natural marine and terrestrial
resources by means of low intensity, rigidly controlled and environmentally sensitive commercial
development to the benefit of the local communities, investors, the region and the people of
Mozambique.

CHAPTER C3: OBJECTIVES
3.1 PDFBPROJECT OBJECTIVES

The PDF B project objectives support two major thrusts, namely the restoration of the area’s
unique biodiversity and the creation of a diversified sustainable local economy. The seven
objectives as listed in the PDF Block B proposal to secure the current GEF grant are:

= Effective and strategic protection of the threatened species and promotion of the
sustainable use of terrestrial and marine resources;

= Restoration of the terrestrial faunal biodiversity;

= Active involvement of the local communities in the management of the wildlife
sanctuary;

= Equitable sharing of the benefits of biodiversity conservation with the local communities,
including ownership of wildlife;

= Development of a diversified local economy based on the sustainable use of the area’s
resources;
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3.2

Development of low impact ecotourism facilities and activities, to finance the
establishment of the sanctuary and provide a revenue stream for the community
development activities;

Support for the formulation of local government policy on sustainable tourism
development.

NEW OBJECTIVES

During the planning phase leading to the compiling of the BMP, the following new objectives
were formulated. These objectives do not materially alter the meaning of the previous objectives,
but should rather be viewed as a refinement to bring it in line with modern concepts and
principles.

3.2.1

BIODIVERSITY/RESOURCE MANAGEMENT OBJECTIVES

To investigate and pursue the proclamation and maintenance of a Category VI protected
area, managed mainly for the sustainable use of the natural ecosystem, with elements of
Categories V (protected area managed mainly for landscape/seascape conservation and
recreation) and 1b (protected area managed mainly for wilderness protection) according
to the IUCN (1994) classification system. (See boxes C5.1, C5.2 and C5.3 below)

To perpetuate in as natural a state as possible, representative samples of physiographic
areas, biotic communities, genetic resources and species to provide ecological stability
and diversity.

To secure and maintain the habitat conditions necessary to protect significant species,
groups of species, biotic communities or physical features of the environment where
those require specific human manipulation for optimum management.

To protect natural and scenic areas of regional, national and international significance for
spiritual, scientific, educational, recreational, tourist and/or investment purposes.

To eliminate and thereafter prevent exploitation or occupation inimical to the purposes of
designation.

To promote sound management practises for sustainable production purposes.

To manage visitor use for inspirational, educational, cultural and recreational purposes at
a level that will maintain the VCWS in a pristine or near pristine state.

To investigate and pursue the proclamation of VCWS and the region as a World Heritage
Area and a Ramsar Wetland if international significance.

To monitor and evaluate all activities undertaken on VCWS to ensure that these take
place in accordance with internationally accepted guidelines and standards and at a level
consistent with the realisation of the objectives.

To provide opportunities for education, interpretation and public appreciation at a level
consistent with the foregoing objectives.

To undertake and/or provide opportunities for applied research at a level consistent with
the foregoing objectives.

'3.2.2 COMMUNITY AND REGIONAL DEVELOPMENT OBJECTIVES
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3.2.3

3.24

To maintain the harmonious interaction of nature and culture through the protection of
landscape and/or seascape and the continuation of traditional land uses, building practises
and social and cultural manifestations.

To support life styles and economic activities which are in harmony with nature and the
preservation of the social and cultural fabric of the communities concerned.

To bring benefits to, and contribute to the welfare of the local community through the
provision of natural products and services.

To encourage and support scientific and educational activities which contribute to the
long-term well being of resident populations and to public support for environmental
protection of the area.

ECONOMIC SUSTAINABILITY

To ensure that revenue generating development and economic activities are viable,
profitable and in harmony with nature.

To provide for the funding of specific socio-economic and related biodiversity
conservation initiatives out of income derived from the abovementioned ventures.

To encourage and seek donor funding to enhance the attainment of socio-economic and
biodiversity-related objectives.

OBJECTIVES RELATING TO INTERNATIONAL CRITERIA AND
CLASSIFICATION

The objectives stated above are in line with the international management objectives applying to
the IUCN’s criteria for the three relevant categories of protected areas (IUCN ibid), as indicated
in boxes C5.1, C5.2 and C5.3 below.

In addition to the proposal to designate VCWS as a Category VI (IUCN, 1990) protected area,
two additional international instruments also appear to be appropriate and desirable:

Wetlands of International Importance, designated in terms of the Ramsar convention (see
discussion below)

World Heritage Area, designated in terms of the UNESCO guidelines. (See discussion
below)

Box C5.1

Management objectives for a Category VI Protected Area: Managed
Resource Protected Area (Protected area managed mainly for the
sustainable use of natural ecosystems)

e To protect and maintain the biological diversity and other natural
values of the area in the long term

e To protect the natural resource base from being alienated for other
land-use purposes that would be detrimental to the area’s
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biological diversity

To promote sound management practises for sustainable
production purposes

To contribute to regional and national development

Box C5.2

Management objectives for a Category V Protected Area: Protected
Landscape/Seascape (Protected area managed mainly for
landscape/seascape conservation and recreation)

To maintain the harmonious interaction of nature and culture
through the protection of landscape and/or seascape and the
continuation of traditional land uses, building practises and social
and cultural manifestations

To support lifestyles and economic activities which are in
harmony with nature and the preservation of the social and cultural
fabric of the communities concerned

To bring benefits to, and contribute to the welfare of, the local
community through the provision of natural products (such as
forest and fisheries products) and services (such as clean water or
income from sustainable tourism)

To encourage scientific and educational activities which contribute
to the long-term well-being of the resident populations and to
public support for environmental protection of such areas

To maintain the diversity of landscape and habitat, and associated
species and ecosystems

To eliminate where necessary, and thereafter prevent, land uses
and activities which are inappropriate in scale and/or character

Box C5.3

Management objectives for a Category 1b Protected Area: Wilderness
Area (Protected area managed mainly for wilderness protection)

To ensure that future generations have the opportunity to
experience understanding and enjoyment of areas that have been
largely undisturbed by human action of a long period of time

To maintain the essential natural attributes and qualities of
environment over the long term

To provide for public access at levels and of a type that will serve
best the physical and spiritual well-being of visitors and maintain
the wilderness qualities of the area for present and future
generations
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3.3 DIVERSITY OF OBJECTIVES

The diversity of objectives as outlined above, is far more complex and diverse than would
normally be expected of a relatively small protected area such as VCWS. The sanctuary after all
constitutes only 0,04% of the surface area of Mozambique and should therefore seem to be
insignificant.

However, the following aspects all contribute to the fact that VCWS plays a far bigger role than
would otherwise have been the case:

e The extremely rich biodiversity of the area and the surrounding region make it a
globally significant biodiversity hot spot.

e Mozambique has a dearth of operational, well-managed, well-staffed and adequately
funded protected areas, especially along the coast.

e The depleted biodiversity of the VCWS would need to be restored, providing an
example for similarly depleted official protected areas elsewhere in the country to
follow.

e The natural resources of the sanctuary would need to be utilised in a sustainable
manner to the benefit of all role players, including the local people residing in the
area.

e The development of VCWS would make a highly significant contribution to the
economy of the region.

e The local communities residing in the sanctuary would need to be accommodated in a
fair and equitable manner, within the framework of the vision and objectives of the
VCWS.

e The interests of the developers of, and the investors in, the sanctuary would need to
be served.

e The conservation, development and sustainable use of such an important protected
area has been entrusted to the custodianship of a private company with no government
control or even direct inputs. The government has furthermore identified the VCWS as
a model for any similar developments that may be contemplated elsewhere.

The custodianship of the VCWS that was entrusted to EAW therefore does not come cheap, and

goes with a huge responsibility and accountability. The management of very few public
protected areas anywhere in the world are faced with such a complexity of objectives.

CHAPTER C4: MANAGEMENT AND CO-MANAGEMENT
PHILOSOPHIES

4.1 MANAGEMENT
In order to realise and maintain the management requirements for Categories VI, V and 1b

protected areas as indicated above (boxes C5.1, C5.2 and C5.3), as well as the vision and
comprehensive objectives of VCWS, management intervention would be needed at various
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levels. The conservation and sustainable use of the biodiversity and natural resources of VCWS
would be the primary focus of management attention.

Adaptive management

Equal in importance for management to focus on realising the objectives of VCWS as embodied
in this and other plans, would be the need to realise and acknowledge that no plan is cast in
concrete and that management intervention would constantly have to adapt to new knowledge
and even new priorities. To ensure that management adhere to a long-term approach and that the
necessary level of flexibility is maintained, the so-called adaptive management (“learning-by-
doing”) approach (Kelleher, 1999) has been adopted. Since the policy of co-management has
been accepted (Lambrechts 2001) for VCWS by EAW (see section 4.2 below), the only
management philosophy and approach with any hope of success would be that of adaptive
management.

42 CO-MANAGEMENT

In the case of both marine and terrestrial resources, the local people inhabiting the VCWS would
be actively involved in the management of these resources (see Part D for the management
philosophies and procedures that would be followed for marine and terrestrial resources
respectively). The local communities would thus be regarded as partners and not merely as
passive bystanders (Lambrechts, 2001).

The advantages to be gained by actively involving communities are evident from the following
quotes (SustainAbility & IFC, 2002):

“Businesses can reduce ... reputational and political risks by engaging with stakeholders.
Understanding the concerns and interests of employees, customers ... and politicians
helps a company to manage environmental and social expectations better”

“Community understanding of private sector activity, sometimes called a ‘local license to
operate’, can be a major factor in a firm’s operations”

According to Kelleher (1999) the benefits arising from the involvement of local communities,
are numerous and are of value to both the implementing agency (in this case the VCWS) and the
community themselves:

= More effective management due to the harnessing of local skills and knowledge

= Lower enforcement costs because of voluntary compliance

= Shared management responsibilities lessen the burden of the agency (VCWS)

= Mutual action against resource exploitation by outsiders

= Increased mutual trust between the two parties leading to a greater commitment to
implementation of decisions

= An increased sense of stability and security leading to a long-term vision and
sustainability of the project

= Less likelihood of disruptive disputes

184



= Easier integration of conservation efforts and ideals with the social, economic and
cultural concerns of the communities.

If co-management works, it generates a virtuous circle in which the local people become
volunteer guardians of the protected area, but it is unfortunately a time-consuming process to
establish, and it may be vulnerable to corruption and pressure from vested interests, as well as a
lack of an established ethic of local democracy (IUCN, 1999). These potential drawbacks will
need to be acknowledged and reconciled in the VCWS model.

In the case of VCWS a combination of a bottom-up (strong involvement of the local people) and
top-down (company driven) approach will be used (Lambrechts, 2001). The best model for
VCWS would be one where the advantages of both systems are harnessed, by going as far along
the path of full partnership as is consistent with the achievement of the VCWS objectives. On a
continuum ranging from full VCWS control on the one hand to full control by the community on
the other, the VCWS model would lie about in the middle, with shared control.

Co-management

This formal sharing of authority and responsibility between VCWS and the local communities
would entail a system of joint management of the marine and terrestrial resources of the
sanctuary, and is known as co-management or collaborative management. Marine and terrestrial
resource management plans for the VCWS as embodied in this BMP, would employ and build on
the proven elements of a management partnership, i.e. recognise the best context for the
development of the partnership, launch the partnership by means of an acceptable process, define
and implement an agreement that will clarify all the essential elements of management, and
finally the management structure or institution that will be set up to implement the agreement
(Kelleher, 1999).

An essential prerequisite for setting up an effective co-management structure, would be to
involve all the stakeholders, and especially the local communities, from the onset of the
programme. Unfortunately, most of the community-related recommendations contained in the
2001 Bio-Business Plan for VCWS (Lambrechts 2001b) have not been implemented. These
recommendations will again be included in the BMP, albeit cloaked in a somewhat different
format (Thompson 2002 and various sections elsewhere in the BMP.)

CHAPTER C5: PRINCIPAL THREATS

The VCWS is faced with, and have to deal with, a variety of threats. In addition to the following
list of real or potential threats that may impact negatively on the realisation of the vision and
objectives for the sanctuary, specific topic-related or secondary threats are also listed in various
other chapters and sections of the BMP:

e Proper management of the complex biodiversity resources of VCWS, would require
an in-depth knowledge of the interaction and interdependence between the various
systems and with man. Although certain baseline studies have already been
undertaken, for example the surveys that led to the compilation of the BMP, a number
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of aspects have been identified where knowledge of systems and/or processes are
inadequate or even non-existent.

The local communities residing in the VCWS will have to adapt to a new way of life
in many respects. They will, possibly for the first time ever, be subject to rules relating
to the sustainable use of biodiversity resources. Many of them will be employed for
the first time, and virtually all of them will have to cope with an appreciable
improvement in their standard of living. Should the communities find it difficult to
adapt to these rather abrupt socio-economic changes, it will have a negative impact on
the management and operations of VCWS. Unfortunately, a number of crucial
recommendations in the Bio-Business Plan (Lambrechts, 2002b) that would gave
addressed some of the community-related or social problems, were not implemented.
It is rare indeed for a private sector company involved in a nature-based commercial
venture and operating within the constraints of profitability, to be entrusted with full
custodianship of such a unique and globally significant protected area. The holding
company EAW, and the development company GeoAfrica, are thus faced with
challenges that few if any of their peers have ever been confronted with.
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PART D: CONSERVATION, UTILISATION AND
MANAGEMENT OF BIODIVERSITY RESOURCES

CHAPTER D1: THE BIODIVERSITY OF THE VCWS IN
PERSPECTIVE

The contribution that a properly developed and managed VCWS can make to the conservation of
Mozambique’s biodiversity resources is evident from various chapters and sections of the BMP.
These facts and figures will not be repeated in the following discussion.

Some of the more salient aspects can be highlighted as follows:

The current state of Mozambique’s terrestrial biodiversity resources, especially the
wildlife, is generally extremely poor. Only isolated remnant populations have survived
two decades of unsustainable over-exploitation. Although VCWS is almost
insignificantly small with a total terrestrial area of only 22 707 ha for phase | (with the
potential of another 17 000 ha being added during phase I1), the proposed wildlife
reintroduction progra