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INTRODUCTION

Arising from the recommendations o¢f a Mangrove
Workshop held in Suva, February 1983 (Lal 1983) the
Cabinet of the Fiji Government endorsed the formation
of Mangrove Management Committee and directed that a
Mangrove Management Plan be' drawn up (CP{(83)1l61 -
Appendix 1). This was considered a matter of urgency
andT pending its preparation there were to be

restraints on further mangrove reclamation.

The project 1is overseen by the Fiji Government,
through the Mangrove Management Committee, as a joint
project between them and the South Pacific Regional
Environmental Programme of the South Pacific

Commission.

Dr Dick Watling was assigned as Mangrove Consultant

from April - September 1985 with the following main

terms of reference (Appendix 2}.

- To formulate a set of c¢riteria which will form
the basis of a broad =zonation philesophy in

conjunction with the Mangrove Committee.

- To critically assess individual areas with the

assistance and advice of government officers,

In the context of the above and recognising a shortage
of funds allocated to the projeci, the Manarove
Committee directed that Phase 1 of the Project be
confined to the study of three priority areas - the

Rewa, Ba and Labasa Deltas (LD 30/88).



SUMMARY OF THE REPORT

Fiji's mangrove resource is estimated at 38,543 ha.,
approximately 10% less than the present official
figure. 2,457 ha or 6% of the original resource has

been reclaimed.

The mangrove flora is comparatively simple being
overwhelmingly dominated by 3 species and a putative

hybrid. The latter is of great scientific interest.

The 7 principal uses are categorised as: Traditional
Uses, Sustgnance. of the Capture Fisheries, Fuelwecod
Production, Shoreline Protection, Sewage Processsing,
Preservation for science/education and aesthetics,

Conversion for alternative uses,

Mangroves have a national importance which is greater
than that for individual or sectarian needs. Gf major
significance is its role in the sustenance of coastal
fisheries, the ‘'mangrove associated' fishery being
valued at over $20 million in 1983, The principal

recipients being coastal subsistence consumers,

Major threats to the resource are poorly conceived
and/or executed large-scale reclamations, piécemeal
and ecologically unsound develoﬁments in peri-urban
locations, pollution and spoil disposal from dredging

for flood mitigation.

Mangrove reclamation is a valid development option
when in the national interest. To ascertain this a
broad socio-economic evaluation not a conventional

financial analysis, is required.

¥4
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A statement for National policy is proposed (p25) and
a plan for mangrove mahagement based on a zoning
system is deté&led. A hierarchical system is
apprgpriate to ensure a degree of flexibility in
management in those areas scheduléd for Development or
sustainable management whilst ensuring maximum
protection - for the majority of the resource. No
restriction on traditional rights or utilisation of
mangroves 1is proposed, At this stage the =zoning
system is intended as a planning guide but it requires
endorsement at the highest 1level to be an effective

aid.

The plan is applied to the mangroves of the Ba, Labasa
and Rewa Deltas which constitute approximateiy one
third of the national resource, They are major
concentrations of highly productive mangroves which
reguire a high level of protection. Zonation is based
on consideration of the existing mangrove vegetation
which is mapped into alliances reflecting probable
differences in productivity, and the existiné
utilisation both . traditional andg contemporary,

together with the national interest,



MANGROVES IN FIJI - AN ASSESSMENT

Area of the Mangrove Resource

The area of Mangroves in Fiji has been variousiy
reported as between 19,700 ha (Saenger et al 19823) anc
49,777 ha (Fiji Government as cited in Richmond an¢

Ackerman 1975)., The present estimate is that 38,54:

ha remain of an original resource of aproximately

41,000 ha with 2,457 ha or 6% converted to other

uses. (Details in Appendix 3).

The Mangrove Vegetation

The Fijian mangrove vegetation is floristically
simple. Three species and a putative hybrid of the

family - Rhizophoraceae overwhelmingly dominate the

vegetation - Dogo Bruquiera gymnorrhiza; Tiri

Rhizophora stylosa; Tiri R.samoensis; Selala R.X

selala. Appendix 4 gives details of Principal and

Common species, references and Fijian and specific

names.,

The Legal and Management Framework

Following British Colonial tidal law, the Government
recognises the Mean High Water Mark (MHWM) as the
legal boundary between land and foreshore. All land
above the MHWMIbe%ongs either to the Crown, Fijians as
Native Land .or bprivate owners as Freehold Land. All
foreshore below MHWM beleongs to the Crown and no
ownership of resources therein is recognised, However
the Right to uéé the fishery resource bélohgs, where
existence of traditional rights is recognised by the
Native Fisheries Commission, to. the Customary Fishing
Rights Owners. This subject is still a matter of

widespread concern and debate (see Anon 1979),
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In 1933 all Mangroves were constituted Forest Reserve
and wers mnanaged by the Forestry Department but in
1974 a Cabhinet Decision deproclaimed all Mangrove
Reserves, (Legal Notice 52 of 1975), afterwhich all
Mangroves came under the jurisdiction of the Lands &
Survey Dept as an integral part of Foreshore ., The
same Cabinet paper (Cp 14204} ) instituted
recompensation for loss of Fishing Rights. Prior to
all reclamation approvals, an Independent Arbitrator
hears submissions from all interested parties
(Apnlicant, Lands & Survey Dept.,, Town & Counktry
Plannineo, Fisheries Dept, Native Fisheries Commission)
an? then Aetermines the level of compensation mpavable
by the Applicant to the Customary Fishing Rights
Owners. At pregent all compensation pavments are held
by the Fijian Affairs Beard as trustee for the
Fishing Rights Owners. On  application from the
OWners, Ithe Board may wvay out sums not exceeding
£2,000, The balance may bhe invested in consultation

Wwith the owners with a view to earning interest.
0On reclarmation of foreshore, the land remains Crown

Propertvy. (See Anon 197%2; Lal 1983 fcor greater

detail).

Fijian Fishking Biahts

The Native Fisheries Commission was constituted in
1938 to determine the ownership of native customary

fishing riaghts threoughout Fiji.

The communal units ‘owning Fishing Rights which the
Mative Fisheries Commission recognises are either the
Vanua or Yavusa.

1

Fiitan Fighing Rights and the ‘'ownership' of Mangroves

are inter-related {Anon 19%79) and whilst the legal

aspect is aolear, the 1ssue has important bhearinags on

Mangrove management.

(W1}
.



3.5.1.

Uses, trends in use and economic considerations

Recently there has been increased awareness of the
importance of mangroves but & continued reliance on
conventional economic analysis does not adequately
evaluate the diverse services Mangroves provide, and
so their true value continues to be under-rated by

many policy makers.

seven major functions of Mangroves in Fiji are

identified and evaluated.

Traditional use

The majority of indigenous Fijians are coastal
dwellers and a large proportion of these have access
and utilise mangrove areas. 1t is not surprising
therefore, that such communities have a profound
utilitarian knowledge and dependence on mangroves.
Research by Fisheries pepartment has shown that 863% of
fish species caught in one mangrove area are
recognised locally and consumed (Lal, et al 1983).
Various crustaceans and melluscs, are, in addition
important food items, Mangroves also provide
firewood, building materials, dyes and medicines {for
a detailed list of Fijian uses S5ee pillai (in press)

and world uses Cruz 1982, Saengar et al 1983).

The direct and indirect products of mangroves are
free, continually supplied and self-sustaining, as
such they are important determinants of the guality of

1ife for coastal communities.

6“\
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3.5'2.

3.5.2.1.

Traditional use of mangroves will not diminish with
improved 1living conditions and the development of
coastal communities. On the contrary, there will be
an increased reliance on an indirect product - coastal

fisheries, not only for food requirements but more

specifically for income generation.

"......In many parts of Fiji tiri land
is an important resource; it is an
important means of sustenance to the
coastal people because it provides both
fish and crabs and is alsc an important
source of firewood and building
materials. 1In this regard its value and
significance to the coastal communities

is just as important as other lands

(Par 43 - Report of the Committee
Appointed to examine the nature of
Fijian Fishing rights. 1979, Council
of Chiefs, Lakeba, Lau 1978.

Capture Fisheries

The association between mangroves and capture

fisheries.

The association and dependence of tropical coastal
fisheries on mangroves 1is now well known but rarely
fully appreciated by planners and policy-makers. A
factor in this 1is the paucity of substantive data,
much still relies on correlation and inference but is

nonetheless valid.

(See Appendix S for a summary of the function and
values of the mangrove ecosytem.)



Mangrove associated fish and criustacea derive
esgsential nutrition, either directly or indirectly
from the wprimary or secondary productivity of the
mangrove ecocsystem during at least a portion of their
life-cycle. . Whilst as a habitat mangroves provide
essential safe breeding or nursery grounds., Inshore
and offshore (in this report defined as coastal waters
away from mangroves) fisheries frequently harvest the
same fish or crustacean species but at different
stages of their life-~cycle. Good Fijian examples of

such species are the Damu Lutijanus argentimaculatus

and the Great Barracuda, Sphyraena barracuda.,

Research on the productivity of Fijian mangrove
communities is limited but the results are directly
comparable with the wvalues published for overseas
mangroves {(Baines 1979; Lal et al 1983). (Appendix 5

provides details).

Total plant biomass production in mangrove forests can
exceed 20 tonnes ha ° yr“l. Part of this
production estimated at 3-4 tonnes haql, largely in
the form of leaf and twig litter is tidally exported
into adjacent waters (Macintosh 1987, It is this
considerable primary production which forms the basis
of the mangrove ecosystem's crucial role in the

sustenance of both on site and off site Fisheries.

Limited research in Fiji has shown that over 60% of
commercially important fish are mangrove associated at
some stage of their life-cycle (data updated from Lal
et al 1983). More rigorous research in Florida, USA
revealed a figure of 80% and in eastern Australia

67%.

Elsewhere positive correlations have been established
between the area of mangroves and fisheries yvields
from adjacent waters (Macnae 1974; Martosubroto and
Naamin 1977). Evidence of the dJdirect effects of
reclamation on capture fisheries are diffieult to

obtain as they are complicated by other factors.
8t
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In the case of the Malacca straits, extensive mangrove
reclamation for industrial purpeses has been
paralleled bv a substantial drop in catches per unit
of fishing effort {Khoo 1976). Removal of mangroves
can result in an offshore fisheries decline from

50-80% (Baines 1979).

Fiji's inshore artisanal fisheries supply almost  the
éntire domestic consumption of fish (imported canned
mackerel is the important exception), whilst the
product of offshore fisheries, predominantly Tuna, is
ezvorted. Both fisheries (the Tuna fishery via Bait
fish availability) are ultimately dependent upon a
common resource and the . mangrove ecosystem that

sustains that resource (Table 4a pd0}.

Economic considerations and trends,

Fiji's artisanal fishery is in a state of rapid
development, Retween 1979 and 1984 the quantity of
fish retailed domestically increased at an annual

rate of 14.6%, This was a result of increased

catching effort. Over the same period theére was an
annual increase of licensed fishermen of 9.3%. More
significantly the number of licensed fishing launches
and half-cabin boats {(used by commercial as opposed to
part-time fishermen) increased 24% annually.
{Catculated from Fisheries Department Statistics in

Annual Reports}.

This rate of increase cannot be sustained
indefinitely; the level at which it can be sustainably
maintained without overfishing will depend to a large
part on the productivity (in situ and exported) of the

manqgqrove ecosystem.



Tahle 1.

Whilst - development of the artisanal fisheries for
retail is a nationai priority, s0 to 1is the
miintenance o©of the guality "of 1life for coastal
communities who depend on subsistence fishing for

their protein requirements.

Retailed fish production still falls far short of the

estimated capture for subsistence consumpticn - 4%% in

1983, Whilst imports of fishery products (notably

canned mnackerel} exceed retailed fish production by
31l% (1984). Even at present for every two kilograms
of fish caught and consumed here, just under one 1is
imported, If naticnal expectations are te he
fulfilled without increased impcrts, it is clear that
the fisheries base and mangroves which sustain it must
be carefullvy preserved. Table 1 gives a financial

breakdown of Mangrove-associated fisheries in 1883,

f-Retail value

Mangrove associated fish 3,642,900
Mangrave associated crustacea etc 437,471
Subsistence fish preoduction 17,520,000
Suhsistence crustacea etc production 225,000
TOTAL _;1:;1;:;;1
Mangrove area, (38,543 ha)- 5 565 /ha.

A financial hreakdown  of Manarove associated
fisheries for 1983. (Appendix 6 provides details).

10,



3.5.3.

3'5-3.1.

Wood Production

In Fiii, as in many countries, mangrove is one of, if
not the most highly prized fuelwood both for domestic
and industrial consumption (Forestry Department Annual
Reports). The wood burns well even when freshly cut,
splits easily and 1is very heavy ({(specific gravity
averages 0.9 for local species). It has a very high
calorific value 4-4,300 kcal kg, ang it leaves little
ash. Mangrove wood 1s an exceptional source of
Charcoal as it burns steadily giving off intense heat

without sparking.

Formerly Mangroves were of major importance as a
source of fuélwbod, Figqure 1. In 1952, over 50,000
m3 was harvested and processed by the Forestry
Department who initiated Werking Plans based on sound
management principles of sustained yield for the
industry (see Marshall undated). However, the demand
for fuelwood declined dramatically with the
availability and convenience of imported fuel oil.
The decline through the 1950's and 1960's stabilised
at a fluctuating level around 5,000 m3 yr“ after
1967, and precipitated the disappearance of a managed
fuelwood industry. Today there are two active
concessionaries in the Rewa Delta operating in c¢.l1l0 ha

coups and other licensees, {Forestry Department},

Whilst domestic use of Mangrove in urban areas almost
certainly declined in parallel with the natiocnal trend
and is today the only major use of the wood, it is
clear that the volume of wood taken is far in excess
of Forestry Department figures as illegal felling is

cemmonplace and unchecked (Swarup 1983),

11,
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3.5.3.2.

3.5.4.1.

Trends and economic considerations.

It is estimated that there are 18,000 ha of Mangrove
which could be managed for fuelwood. ‘Taking a

conservative figure of Sm3 ha_l yr_l as the

annuizal increment, 90,0001113 of fuelwood «could be
harvested annually on a sustainable basis with a 30
year rotation, causing a minimal disruption to thé
productivity of the resource (Frith 1978}, However,
when the fisheries value of mangroves was considered
in a economic analyéis Johnston (1277} concluded that
mangroves do not compete favourably with inlangd

firewood sources and are too valuable to use as fuel.

The average annual growth rate of demand for fuelwood
is 3.3% yr ({(Department of Energy Report, 1982), but
Mangrove is not considered a viable future source
given the available wastewood and potential of inland
firewood plantations (Director of Energy,

Pers.Comm, 1985},

Nonetheless the potential remains and shquld be
considered in any economic analysis of the mangrove
resource, At present Dogo retails for approximately
$2S/m3 in bulk or upto $150/m3 when split and sold
in small bundles. The annual, sustainable production
of 90,000 m3 can thus be valued at between

$2.25-13.5milliomn.

Shoreline Protection
Function

Mangroves do not act as ‘'land-builders' as is often
claimed, rather they are ‘'stabilisers' of sediments
being naturally deposited by physical processes, They
do provide considerable protection to areas on their
landward side by ameliorating the erosive action of:

waves and currents.

12,



3.5.4.2.

They cannot prevent all flooding but do mitigate its
effects. The coastal protectioﬁ mangroves afford is
roughly proportional te the width of the mangrove
belt. Very narrow, fringing mangrove margins offer
minimal protection, whilst extensive stands not oniy
prevent wave damage but reduce much of the flooding
damage by damping and holding flocodwaters. {Odum et al
1982). tndonesia has recommended a 400m ‘green -
belt' to be maintained, (Rurbridge and Xoesoebiano
1982) whilst a minimum of 50-100m is recommended by
Tang {1976) and Rabanal (1976} in Malaysia. Despite
the very freguent cccurrence cf cyclones in Fiji, the
current practice 1is to maintain a belt of 9-30m,
rabanal (1981) recommends a ‘Buffer Zone' of 50-100m

along rivers and 100-200m along the seacoast in Fiji.

Mangroves also protect coastal coral reefs from land
erosion or disturbance. The stabilising, sediment
trappiﬁg function of mangroves reduces sediment and
silt loads which are a major cause of coral reef
mortality. Thus they help maintain clear, coastal

waters.

Economic considerations.

The economic benefits o¢f mangroves: in shoreline
protection cannot be estimated directly but must be
considerable. The rehabilitation of '‘new' seawalls in
North-West Viti Levu following cyclones in i983 and
1985 was $345,320 and $127,700 respectively (D&l

figures}.

13.
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3.5.4.3.

Stability of the Mangrove area.

- A belief prevalent in Fiji, 1is that Mangroves are

active land-builders, accreting substrate and hence
‘marching out into the sea'. This belief is used to
argue.ih favour of reclamation, in that the area of
mangroves is constantly increasing by growth at the

seaward edge.

There is no evidence that mangroves have such an
ability in Fiji or elsewhere and the belief is based
on a misconception of the growth form of mangroves

(see 3.5.4.1, and Carlton 1974).

A close comparison of aerial photographs of the 1950°'s
and 1978 of the Ba and Labasa deltas, reveals no
detectable change in the seaward edge of the deltas.,
Changes in the course of the Ba river itself are
significant, with apparently natural loss of mangroves

in some areas and an increase in others.

In some areas on the southern coast of Viti Levu,
colonisation by mangroves of recently deposited silt
is taking place which must not be _ponfused with
possible accretion of substrate. This - silt is
suspected to be the product of the landslides
following Cyclone Meli in 1980. '

Hypersaline mudflats form 6.6% of the mangrove area of
the Ba and Labasa deltas {(but are insignificant in the
Rewal. Only superficial <c¢onclusions following a
comparison of aerial photographs is possible because

of the poor definition of the earlier series.

_However, it-is clear that the location of the mudflats

have remained constant but there are indications that
stunted Tiri may have colonised some areas but this

needs confirmation.

14.



Sewage Processing

Mangrove areas are proving extremely important to
Fiji's Sewerage and Sewage Treatment Programme. With
the exception of Nausori, all of PFiji's wmunicipal
sewerage plants are associated with Mangroves either
as sites for the processing plants using oxidation
ponds or for disposal of the effluent which may be

directly into the Mangroves or in their vicinity.

Approximately 150 ha of Mangroves is presently or is
planned for use in the Programme but - less than half
of this will be converted for pond construction (Green

Pers.Comm) .

-The use of Mangroves areas in the Programme 1is

principally a cost saving factor -~ $2.3m were saved in
the 8 ha TLautoka Plant by comparison with a

conventional sewerage treatment plant (Green 1983).

Eutrophication caused by waste products of mans

activities, of which treated sewage disposal is a
major source is likely to increase concurrently with
population growth and development. 1In some places it
has lately come to be appreciated as a major problem.

Sewage discharged near reefs has killed coral in the

U.S.Virgin Islands and in Hawaii (Salvat 1977: Banner

1974},

Whilst the disposal of sewage effluent after secondary
treatment inteo Mangroves may be environmentally sound
{(but this has not been unequivocably demonstrated)
there are dangers if domestic sewage 1is contaminated
with industriai wastes and toxic bioaccumulation
occurs., In additien, secondary sewage treatment does
not remove most toxic wastes which are potentially
harmful to both marine 1ife and human consumers of
contaminated seafood, nor does it remove most viruses
which are potentially harmful to swimmers (Westman

1974; Miller 1978).
15,
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3.5,6.

Preservation for aesthetic, research, education or

genetic resource requirements,

At present there is Jlittle appreciation in Fiji of
Mangroves for their aesthetic appeal or for the need
for preservation of some argas of mangroves for their
genetic resource or habitat value to wildlife other
than fish. A single 3ha Nature Reserve is being
aguired at Samabula, Suva by the National Trust for

Fiji.

However, hundreds of thousands of people visit
Mangrove Parks in other parts of the world and with
increasing education and awareness, there will be a
similar demand in the future in Fiji, as well as

reserves for scientific needs.

The flora of Fiji's Mangroves is simple (Appendix 4)
and so its genetic diversity is not great. However,

the hybrid Rhizophora X selala is of great scientific

interest and is found only in Fiji, Tonga and New
Caledonia with Fiji holding the greatest resource of
this hybrid. WNo terrestrial vertebrate is known to bhe

confined to mangroves in Fiji.

No pecuniary value can be placed on the aesthetic. and
scientifiec functions of the Mangrove but some sectors
value them highly. Whilst still small minoﬁities
these sectors will grow rapidly'“with increasing
education and enviromental awareness, as they have

done in other countries,

16.



Mangroves are of great interes£ to many tourist and
can be incorporated into tourist developments.,
Contrary to a widely held popular belief Mangroves do
not harbour hordes of 'sandflies'. These are in fact
biting midges Culicoides sp.and the common species in
tropical and sﬁb-tropical Australia have very
restricted breeding requirements within the intertidal

zone, Developments in Australia where Mangroves have

been felled to rid@ the area of ‘'sandflies' have

ironically created optimal breeding conditions for

biting midges (Reye 1973, 1977).

Conversion for alternative uses.

Background

Approximately 2,500ha of mangroves have been converted

or 6% of the original rescurce (Appendix 3}. Much of

this was reclaimed for cane cultivation -by the CSR’

Company at the turn of the century but recently
applications have increased dramatically (Fig. 2) and
some large reclamations for agriculture have also been

approved.

The general ¢trend is large numbers of private

applications for small area reclamation for

residential and business purposes and large area
government schemes for agriculture or industrial

subdivisions.

Fijian mangroves are attractive to developers for
several reasons - all cities and most towns are on or
near the coast with easy access to mangroves, the
latter are flat and the technology of conversion
simple., More importantly mangroves being Crown Land
are unalienated and negotiations for 1leases are
straightforward, and until recently when Fishing
Rights Compensation.payments increased markedly, were
cheap by comparison with adjacent land,

l?.
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3.5.7.2,

The applications féceived by the Dept. of Lands &

Survey for Foreshore reclamation in recent years.
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Agriculture

By far the greatest loss of Fiji's mangroves has been
conversion for agriculture. Yet at best, mangrove
sails can be ponsidered a marginal resource for the
sdstained development of agriculture. Flooding,
salinity and the formation of acid sulphate soils are
major management problems of mangrove reclamations in
Fiji. Cyclones to which they are very vulnerable make

sustained management in Fiji more precarious.
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Too often the technical ease with which large areas of
mangroves can ostensibly be reclaimed has diverted the
attention of peclicymakers away from the very many
failures and real difficulties involved in bringing
mangrove seoils into sustained productivity. The
schemes at Raviravi, Penang, Navakai and even Dreketi

are salutary examples of the problems.

Nonetheless Fiji is achjeving some good sugar cane
vyields on reclaimed land, specifically those areas
originally converted by CSR at the turn of the
century. The recent rehabilitation of the Tabucola
seawall and subsequent development of successful cane
yields can not be taken as an example of productivity
‘on'recently reclaimed mangrove soils, Buring its many
Years under continual sugar production (since the turn

of the century) the soils have undergone considerable

pedogenesis.

Experimental results show some cane varieties can give
acceptable yields on reclaimed soils (see Ellison &

Sugrim {1983) for Raviravil}.

The present view of FSC is that reclamation is
economically wviable but only on a iarge scale in
excess of 50 ha using salt tolerant varieties of sugar
cane, The present policy is to consolidate,
increasing yields within the existing cane perimeter

(Krishnamurthi, in litt.).

However, some mangrove areas specifically the Ba Delta
have been considered in the past for cane land, andg,
will no doubt, be looked at in the future. The last
such exercise was by the Lands Department in 1973 who
identified 5,241 ha. that could in part (55% was

proposed) be reclaimed for agricultural use.

19.
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©3.5.7.3.

3.5.7.4.

Rice is being grown on  reclaimed mangrove land at
Dreketi (150 ha). Acid sulphate soils and poor

drainage have been major managemént problems.

In South East Asia there is considerable research into
varieties suitable for mangrove soils and with Fiji's
position as a rice importer, it is believed that
further large scale reclamations for rice cultivation

may well be considered,

Aguaculture

A pilot penaeid shrimp project is underway on
reclaimed land at Raviravi. If it proves commercially
viable it will expand on already reclaimed land

there. Further mangrove conversion is not envisaged,

It is unlikely that major Aquaculture development will
be considered for Fiji Mangrove areas and specifically
not for artisanal aquaculture. However, if any
aquaculture development 1is to take place in the
mangrove, then the first sites to survey and utilise
if suitable, are the mudflats at the centre and
landward edge of mangrove areas, as first advised by
Rabanal (1981), such mudflats are extensive -in the
mangroves of the Dry Zone (6.6% of the combined total
of the Ba and Labasa deltas). UtiliSing these sites
first will have least affect on the overall
productivity of the mangroves and the ﬁonds will be

protected by the surrounding mangroves.

Tour ism

Mangrove reclamation for tourism development (c.200
ha) is significant and given the expected and planned

growth of the tourist industry, is likely to place

increasing demands foi cunversion in the future.
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Some tourist developments already appreciate the
attraction and visitor interest in mangroves - Regent

of Fiji, Vunaniu.

Urban

The location of all major urban areas'in Fiii near to
the coast and to maﬁgroves has ineviﬁably placed great
demands on them for reclamation and this is
increasing. Urban development and its associated
pollution will always mean that adjacent mangroves are

compatatively vilnerable, consequently their

.contribution to the national mangrove resource is

diminished.

Conversion of some areas is necessary and the present
pragmatic appreach is appropriate. Adpplications and
pressure' on urban foreshore areas will increase
dramatiéally unless 'private' reclamations are curbed

in favour of socially oriented government schemes.
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MANGROVE MANAGEMENT IN FIJI

The National significance of Mangroves

Except in subsistence communities, the traditional
view has been that mangrovés are worthless unless
reclaimed for alternative uses., This is essentijally a
'private viewpoint' which originates in ignorance of-
the ecological and socio-economic value of mangroves
together' with the use of conventiocnal economic
analyses which do not adequately evaluate the diverse

benefits mangroves provide.

Because of its ecological role and the nature of its
products the mangrove will always be more valuable to
society as a whole, than to individuals. 2 mangrove
development programme viewed favourably from society's
(a socio-economic) perspective is not likely to be
attractive from a private (or pufely financial)
viewpoint especially since each private development
generally affects a very small fraction of the total

resource and is therefore deemed to be inconsequential.

Since the total mangrove resource in_Fiji is Crown (ie
the Nation's) Property and Government alone is
responsiblie for its administrative, Government would
be failing in its duty if any management or
development programme was not in the§national interest
alone. Private dJdevelopments, however convenient or
financially attractive should only be entertained if
they comply with stated national goals., This is both
logical and practical and made more socially
imperative by the existence of Customary Fishing
Rights. HNo matter how large compensation payments may
be at present, they will be viewed as insignificant

several decades hence.
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It is clear that mangrove resource use conflicts
require a strong National Policy which emphasises the
socio-economic wvalue of mangroves. Since Government
is custodian, Jjudge and often developer, the policy

must be clearly stated and unequivocal.

Existing and potential threats

By comparison with many countries in South-east Asia,
the threats to Fiji's mangroves are slight and
manageable. But the resource is very much smaller and

thus more vulnerable,

The direct (in situ),.legal uses of the mangrove today

. - crab fisheries, limited managed felling for fuelwood

and traditional functions have negligible effect on
the overall productivity of the resource. They are
fully compatible with the major national function of

the resource -~ the sustenance of capture fisheries.

The existing and potential threats to the resource are

- lack of enforcement of requlations prohibiting
unlicensed mangrove felling for . commercial
purposes. This in turn develops, if not actively
encourages illegal squatting which is é serious
but localised problem at present and is likely . to

increase.

- poorly executed {and perhaps conceived)

large-scale agricultural reclamations eg Raviravi.
- lack of defined policy in peri-urban reclamationsg

resulting in 1illogical piece-meal development,

vulnerable to abuse.
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a conflict -in the 'evolution' of traditional uses
with rural development of subsistence communities
eg. 1illegal use of nets up creeks/rivers;
overfishing as a result of commercial rather than
subsistence needs; more widespread felling of

mangrove for non-traditional purposes.,

pollution. Total lack of suitable regulations
and enforcement of existing ones with no single

authority responsible.

estuarine dredging for fleod mitigation; the
siting of dredging spoil may cause fatal
siltation in mangroves, and dredging may affect
drainage patterns. 2Any major dredging works in
mangrove areas should be preceeded by a thorough,

environmental impact assessment,
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5.1.

5.2.1.

THE PLAN

National Policy

The goal of National Policy for Mangroves should be
explicitly stated:

Mangroves are an important national asset.

Primarily as a resource base for capture fisheries.

Secondarily as a renewable source of products which'

contribute significantly to the quality of 1life of

associated coastdl communities.
Rec¢ognising this.

The mnatural processes of the ecosystem should be
preserved wherever possible thereby allowing the
sustained harvesting of its renewable products and the

preservation of future development options.

Conversion activities should be minimised and

permitted only in the national interest and after a
detailed socio-economic comparison with the expected
loss to the capture fisheries and other renewable

uses.

Management Considerations

Administration

The present procedure whereby all matters relating to
Mangrove Management are reviewed by the Mangrove
Management Committee with their recommendations then
being considered for decision by the Lands & Survey
Dept, 1is appropriate. Although it is clear that
eventually the Mangrove Manangement Committee will
have to be incorporated into a wider Environmental
Protection 2gency which is an urgent national
reguirement. Decisions on Mangrove Management cannot
realistically be made in isolation, as adjacent
ecosystems eg Lagoons~coral reefs, intensive
agriculture etc, have important bearings on mangrove
management .,
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The present composition of the Committee lacks
scientific expertise and this should be remedied but
only if suitably qualified scientists, actively

involved in mangrove research can be found.,

The Ministry of Rural Development should be considered
for representation in the Committee. Certainly it

should be aﬁare of the work of the Committee and

informed of all plans.

The role of the Lands & Survey Dept. as both custodian

and lessor of the Mangroves requires a very strict and

even-balanced approach to management eSpecialiy where

conversion may be involved,

Conflicts of interest will be politically charged and

will require careful, balanced consideration.

There have been some obvious and unfortunate

R L T et B Eo- co T

breakdowns in communications Wwith developments

affecting mangroves being undertaken without Lands &

Survey Dept. being infdrmed. Good inter-departmental

communication is essential.

The dereservation of Mangroves in 1974 meant that
responsibility for Mangroves and the enforcement of
regulaéions passed from the Forestry Department to the
Lands Department. It is apparent that there has been
little or no enforcement of regulations governing the
cutting of Mangroves since that time. Illegal felling
is logally seriocus and in parf. encourages illegal
squatting which has developed 1into - a national
problem, Licenses for mangrove cutting are issued by
the Forestry Department upon the consent of the
Director of 1lands & Survey. Administration and
enforcement of regulations is the Forestry
Department's responsibility but it has no legal
framework under which to prosecute offenders in- such

locations.
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This whole area is in need of a review with 'the
objectives of improving communications and
strengthening the administration so that regulations
are enforced. Licenses for fuelwood cutting should be
available. However all felling should be carefully
managed and this should be a Forestry Department

responsibility.

Mangrove Management Plan - sequence of priorities

Preparation of the Plan should continue in the

following order:-

1) Identification of vulherable mangrove Jlocales:

{5.2.3.) ie per iurban localities, tourist
development sites, and the preparation of a zoned

map for each.

2) Reclamation guidelines. It is necessary for the
Hangrove Management Committee, through the Lands
Depart. as the issuing authority, to lay down
certain requirements when reclamation pérmission
is granted to protect remaining mangroves or as
the basis for refusal,

Outéide expértise from planners, engineers and
ecologists will be required to assist in drawing
up these guidelines, The following is a

provisional list of guidelines required:

- width of mangrove belt (Buffer) to be left
for shoreline  protection, ie seawalls,
roads, riverbanks, buildings ete.

- seawall _conétruction, roads - drainage
requirements, prevention of giltation.

-  waste disposal, drainage and poliution.

- siting of jetty's.

- dredging access canals,

27.
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5.2, 3.

3) Preparation of gzonation maps for remaining

mangrove areas.
The following reviews are necessary:

1) A reﬁiew of the Fishing Rights - Compensation
procedure to investigate if there are any ways in
which the process can be speeded up and be less.
expensive to carry out, and any possibilities of
standardising payment with regard to

location/zonation,

2) A review of Mangrove Management for Fuelwood, the
respective roles of Forestry and the ILands &
Survey Dept. with regard to the issue of
licenses; on site management  and control;
prosecution of offenders; revenue rates and

beneficiaries.

Customary Fishing Rights

Compensation payments for Customary Fishing Rights
loss on reclamation have recently increased markedly

and are now approximately $2,500/ha.

High compensation payments may well attréct Some
Pishing Rights Owners to 'sell' their Fishing Rights.
It must be recognised that Fishing Rights Owners only
hold the right to fish in situ, whilst Mangroves also
serve a national function both in situ and off site.
Mreement for reclaﬁation or schemes initiated by
Customary Fishing Rights OwWwners, where compensation is
waived, should not be considered as a license for
reclamation to proceed. The National interest should
prevail. <Conflicts of interest occur and are likely

to increase,
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For example two recent and possibly inappropriate

decisions are cited.

M the Wairabetia reclamation Tribunal, it was claimed
that much of the Customary Fishing Rights Owners'

Mangrove was already polluted (Agricuiture Tribunal,

FR 4/85}. The inference being that a greater value

should be placed on the mangroves scheduled for

reclamation.

in such cases the valid gquestion is not as to the
level of compensation but whether to permit
feclamation at all, in both the National and the long

term interest of the Fishing Rights Owners.

At Votua, Ba 51 ha of Mangroves are being reclaimed
for agriculture. The scheme was initiated by the
Fishing Rights Owners and will be developed by them.
Considering the experience of the Government
reclamation at nearby Ravifavi, the efficacy of such a
community development is questionable. Fur ther
consideration would have revealed that the Mangroves
are probably some of the most productive in the Ba
Delta, and that the Benefit Ratio (Area of land
brought into cultivation: area of Mangrove lost} is
effectively 1. (Contrast the adjacent Sarava scheme
where the Benefit Ratio is over 10 - 296 ha protected
for 29 ha of Mangrove mostly mudflat and stunted Tiri,

lost).

Waiving of the compensation-payment at Votua (n.b.

$1106,000 - 49ha at Wairab?tia) may have been a major
factor in the reclamation approval. Undoubtedly the
national interest would have been better served in
conserving these productive mangroves for the capture

fisheries benefits.

29.
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5.2.4,

5!2‘4.1'

Zonation
Background

Mangrove distribution within Fiji is not uniform (Map
1)} and the mangrove vegetation itself varies from one
locality to another, This is most marked between the
mangroves of the dry, leeward coasts anéd those of the

wet, windward coastlines. Recognising this and since

the benefits that mangroves provide are received

either in situ or in  adjacent or offshore waters,
management of the mangrove resource should be directed

at a local, rather than a broad national level,

Initially, Fiji's coastlines should be divided into
management 'locales' and a suitable framework already
exists in the 1:500,000 series, but demarcation
between locales should be by natural features
approximately defined by the 1:50,000 grid. In this
context the BPa, Labasa and Rewa Deltas would eaxh
comprise a single management locale. The goal should
be to balance management activities especially
conversion between locales, thus preventing localised

disruption to the resource becoming too severe.

The manérove vegetation should be <classified in
alliances. For the present the alliances are
characterised by an assessment of their standing
biomass which is considered to be the best gross
estimate of their productivity. A conventional
vegetation map would be too detailed and of limited
management use. The alljances are intended as
practical management units which are sufficiently
broad and therefore few in numbet to enable any
mangrové area to be characterised and therefore be

compared with any other.
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When prepararing a zonation plan, the alliances should
provide the basic mapping unit, on which a
consideration of potential and existing uses and
threats are superimposed. At present the alliances
are _subjectively characterised, empirical data on

their productivity status is urgently needed.

A hierarchial designation of zones is proposed so as
to allow a degree of flexibility within the 'Managed’
and ‘'bevelopment' scheduled =zones whilst affording
maximum protection for the majority of the resource.
Table 3 illustrates a Use-Compatability Matrix for the

proposed zones,

It.must be emphasised that the scientific data base on
which this suggested zonation system is formulated is
very limited and in its present form is a gquideline
which will require refining. any development
application whether for conversion or managed
harveasting of a renewable rescurce should still be
considered on its own merits with reference to

'

National Policy.
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5.2.4.2.

5.2.4.2.A.

5.2.4.2.8.

5.2.4.3.

5.2.4.3.A.

Primary Designation - Mangrove Reserves
Resource Reserve

Mangrove areas identified as being of primary
importance specifically in the sustenance of the
capture fisheries, but for other reasons’ too which

would become known ‘on completion of detailed

research. Areas selected on the basis of suspected

high productivity or diversity, dgenerally rather
little used and with limited access. The obijective is
to prevent any activities which might dJdeletericusliy
affect the resource. This should include appropriate
zoning of adjacent land and ceastal areas to ensure

the in;egrity of the area.

National Reserve

Areas of major scientific, educational or aesthetic
interest. The objective is to provide full protection
for the areas.

Secondary Designation — Managed Resource Areas.
Traditionral Use Zone

Mangrove areas which are subject to continual use and
are required for the sustainable subsistence needs of
rural communities. In some localities Traditional use

Zones will be effective 'Buffer Zones' around Resource

Reserves,

33.
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Wood Production Zone

Mangrove areas which have potential either through
location on species composition, to be managed for
" commercial timber or firewood. Exploitation should be
managed by the Forestry Depa;tment and based on
specific Working/Management Plans. Potential Weod
Production Zones should be regarded as Resource

Reserve until they are managed for wood production.

choreline Protection Zone

Mangrove areas which are clearly reguired for the
protection of adjacent land - roads, seawalls,
agricultural land; or adjacent offshore reefs from

inland erosion causing silt or pollutant dispersal.

Planting of Mangroves should be carried out in

vilnerable areas which have lost their mangrove flora.

Tertiary Designation - Development Zones
Sewage Processing

There are two components to the Mangrove areas
required for sewaye processing, a -relatively small
site converted during the construction of the
oxidation ponds and a larger dispérsed area which is
likely to receive the effluent. Monitoring for
possible health hazards in the latter area is

essential.
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5.2.4.4.B.

5.2.4.4.C.

5.2.4,4.D,

Urban

Areas primarily destined for conversion in peri-urban
environs. Conversion should not be seen as the only
development option. Designation of some mangrove
areas as 'open space' - to enhance the waterfront, for
local coastal protection or for aesthetic and
educational purposes would be important. However, the
zones should not be considered as eésential -£t0 the
national resource and their destiny should to a lérge
part be controlled by the plans of urban authorities.
The latter should appreciate or be made aware of the
aesthetic, conservation function in addition to thé

conversion option.

Tourism

The development of the tourist industry is a national

'p:iority and as such mangrove areas will be considered

for conversion if associated with development sites.
Tourist operators are increasingly aware of the wvalue
of mangroves as tourist attractions and this should be

encouraged in the preliminary planning period..
Agriculture
Areas which should be converted for agricultural use,

Projects involving large scale clearance of mangroves

will always be considered on their own merits and

' decisions made -at the highest level. They cannot be

zoned forfin'advancé. At present only those areas cut
off from salt water by sea wall construction are zoned
for agriculture. Mangroves should not be clear-felléd .
along the banks of creeks in such'aréas, as they will

survive for many years in;fresh water and will help

prevent bank erosion.-
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THE MANGROVES OF THE BA, LABASA AND REWA
DELTA - A ZONATION PLAN.

Introduction

The Ba, Labasa and Rewa Deltas support some of the
largest concentrations of the nations mangroves, a
combined total of 10,683 ha or 28% of the national
resource. Being deltas of significant river systems
they have a ’'continual supply of nutrient rich
freshwater, a major factor in their overall
productivity which enables each to sustain an
important and distinct capture fisheries. . They
constitute the major and most important concentrated

mangrove resource in the country.

The Ba Delta

The Ba Delta supports the largest contiguous stand of
mangroves in Fiji, some 3,995 ha of which 281 ha is

mudflat, on a classical alluvial fan.

The watercatchment of the Ba river is approximately
940 km2 or about 10% of the area of Viti Levu, all
of it in the dry, leeward zone. The total volume of
water discharged is in the order of 1,636 million mﬁ
yr-l (Kammer, in litt.). The delta ‘receives an
average annual rainfall of 1,905mm and experiences a
pronounced dry winter. The dry, seasonal climate has
a profound effect on the mangrove -vegetation which is
readily observable and has important management
implications. The more elevated - and less
well-drained mangrove areas which are pootly flushed
by high tides become hypersaline és a result of the
high evaporation rates and insufficient washing by
rainfall. Such areas alse receive less nutrients with
the result that they become less productive mangrové
habitats. |
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: 6-2.1.

6.2-1.1.

Large areas of 'stunted' Tiri are evidence of this and
where the salinity level increases above which even
mangroves can tolerate, bare mudflats -result. These
bare hyper-saline mudflats have negligible
preductivity, but they do support a limited faunq and
flora and do have a ‘habitat' value for fish and
crustacea during high tides. Saline mudflats are a
characteristic feature of dry =zone mangroves, but

virtually absent from the wet zone.

Mangrove flora of the Ba Delta

Floristically the Ba Mangrove community is the least
diverse of the three deltas. Notably there is a
complete absence of a Dogo dominated forest.

T™wo major mangrove alliances have been distinguished
both of - which contain one or more distinct
associations. (See Appendix 8, Map 1),

The Tiri Alliance

Rhizophora stylosa forms an almost pure closed shrub

forest on the extensive less-well drained flats behind
the river and creek banks., The canopy height varies
dependent on location. The least well drained areas
often surrounding or adjacent to hypersaline mudflats
are stunted with a canopy height of less than 2m.
Elsewhere ;he canopy height increases to Sm. In some
localities R. stylosa is mixed with and occasionally

replaced by R.samoensis,
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 6.2.1.2.

On the seaward banks, R.stylosa shields ill-formed
levees supporting R.samoensis, Selala, is found in a
distinct association which is similar to but less well
developed than the Seaward Alliance of the Rewa Delta
(6.4.1.1}. A thin belt of R.stylosa. Some small Dogo
and occasional Dabi with a taller canopy height of
upto 8m. In some localities Selala appears and can

dominate assuming the character of the Selala Alliance.

Another distinct association of the Tiri Alliance
(which could be considered another &alliance) is found
along or near the main river bank in upstream
locations. This is dominated by vigorous R.samoensis
with a canopy height of 5-Tm, occasionally forming
pure stands but more frequently as a mixed open forest
with some R.stylosa but principaliy emergeﬁt Selala.
landward species such as Sinu, Tavola and Ivi appear
as the association merges intoc a terrestrial forest

dominated by the Rain Tree Samanea saman on poorly

drained scoils.
The area of the Tiri Alliance is approximately 2,472

ha or 62% of the total.

The Selala Alliance

This is an open forest alliance dominated by the
Selala hybrid. It is found to varying extents on
almost all the river and creek banks and associated
watercourse levees, Dogo and Dabi occur infrequently
with either R.stylosa but most commonly R.sampensis.
The canopy 1is very uneven and varies between 6-12m
which is a reflection on the vegetative vigour of
Selala and its mergent growth form.

The area is appzokimately 1,243 ha or 31% of the total.
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6.2.2.

6,2.3.

Soils of the Ba Mangroves

Map 4 (Appendix 8) is a soil map of the Ba Delta. All

_the soils a-f are gimilar and were previously termed

rsaline soils of the Mar ine Marsh’ {mwyford and Wright
1965). They can best be distinguished on the basis of
different drainage conditions, imperfectly drained -~
a, poorly grained - b, ¢, d and very poorly drained -
e, £ prainage is the main causal agent of
pedogenesis {soil development) in the mangrove
enviroﬁment. petailed physico-chemical data is

available for all soils (V.Seru -rand use, Ministry of

Primary Industries)

In terms of wuse potential these soils are best

_regarded as "problem soils™ mainly due to  salinity

from seawater, di€ficulty of drainage, high acidity
and sometimes high organic matter levels., Such soils

are costly to improve.

Mangrove ptilisation in the Ba Delta

The Ba Dbelta mangroves sustains one of the most
important offshore fisheries. Figures. for produce
marketed at Ba (Table 4b) in no way relate to the real
production as much of the produce js retailed in other
outlets and other urban areas, especially Lautoka

Market.

The Customary Fishing Rights Holders for the entire Ba
pelta are 3 Yavusa all resident in Votua village which
had a population of 420 in 1976 . These Yavusa have a
record of vigorous protection of their Fishing
Rights. 8 other vilages with a total population of
1,654 are located around the delta and utilise its
products extensively, and ‘to a lesser degree do the

non-Fijian farming community.
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vable 4a : Fishery Production in tonnes

classification 1979 1980 1981 1932 1983 1984

2075.60 2514.80 2649.58 2913.80 3561 .67 3960, 32

Nonfish 211.70 998.40 1132.81 1500.26 1953.24 1821.40
Rural Schemes - 14.00 79.04 99.40 143.82 121,76
Subsistence 13800.00 14000.00 14200.00 14400.00 14600.00 14800,00
7070.85 8284.00 9769.81 7818.64 7859.16 6582.61

84.12 47.60 110.59 144,57 114.56 95.18

:-isc products 233.41 278.33 266,72 297.06 401.60 429.40

24175.68 26137.13 28208,54 27173.73 28634.05 27810.67

Table 4b : Municipal Market Fish Sales

Market _ 1983 1984

Weight  Value Weight value
{tonnes) 3 (tonnes) 3
“Suva _ 89,25 206 168 47.81 119 525
“ausori 11.72 . 27 542 23.00 52 440
266,13 509 855 252,91 7 553 844
116.27 220 913 173.07 260 060
209.77 293 678 261.79 313 200
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There is no legal commerical wood production in the
delta but illegal cutting for sale is taking place.
In some highly visible sites this illegal felling is

causing severe destruction.

Hassal (1984) reports recent illegal reclamation of
the Mangrove edge. This appears to be based on a
mis-interpretation of data maps and aerial photographs
used. There has been negligible reclamation outside
the Raviravi project but a substantial Jloss of closed
terrestrial forest on the landward edge of the

mangroves.

Comparison of 1954 and 1978 aerial photographs reveal

. substantial changes to the Mangrove vegetation along

the main river banks of the Ba river with considerable
erosion and deposition, The comparison also reveals
changes in the extent of hypersaline mudflats, whilst
constant in location their size changes as a result of
recession or invasion of Tiri. The trend at present

points to a reduction in size.

Three sea walls on the delta have recently Dbeen
constructed. Loss of mangroves including extensive
mudflats was 159 ha with 466 ha of agricultural land

being protected and thus brought into production.

The Ba Delta has long been identified as a site for
large scale reclamation €£or agriculture {see Baines
1979). In 1973 the Lands Department identified
2,367.5 ha {or 55% of the gross Delta area) as
potential for reclamation. At present FSC have no
plans for expandirg the cane perimeter and are
consolidating to improve yields. A Ba reclamation
scheme was considered as recently as 1982 but

rejected,
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It is clear, however, that FSC do have the capability
of producing acceptable cane yields on reclaimed

soils, so the option will always remain.

'Specific Management Considerations

The Mangroves of the Ba Delta sustain a major national
fisheries and primary importance should be given to

this function,

Any large scale conversion for agriculture should only
be considered after a very detailed socio-economic
review of the Raviravi reclamation has been
undertaken. Why and at what overall cost is it still

idle 14 years after reclamation ?

Further peripheral reclamation might be considered
closing the boundary with sea walls. This serves the
impor tant function of delineat ing the
mangrove/foreshore boundary.  If such schemes are
proposed an important consideration is the ratio of
land protected by the sea wall (ie brought into
cultivation) to mangrove 1lost. The ratio fof the
Sarava sea wall was 1:10 with 1little mangrove as
opposed to mudflat reclaimed. In strong contrast -
the Votua sea wall ratio was 1:1 with over 50 ha of

very productive Mangrove reclaimed.

No industrial or other urban satellite from Ba Town
including municipal rubbish dumps should be
considered. None exist at present and if situated at
the top of Ehe delta, any pollution problems would be
potentially serious, The existing integrity of the
delta from Ba town with the exception of the Sewerage

work, should be maintained.

Ay dredging works of the Ba River should be preceeded

by a thorough impact assessment.
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6.3.1.

6.3.1.1.

The Labasa Delta_

The Labasa Delta lies in the Leeward 'dry' zone of
Vanua Levu, receiving a mean annual rainfall of 2309mm
(1910-1980 annual av.) and experiences a distinct dry
season which is less marked than at Ba., The delta is
an alluviai fan from three river sources,_the tabasa,
Qawa and Wailevu which drain the fertile Labasa plains
and adjacent foothills, an area of approxima;ely
460km2. The combined annual dischargé of the rivers
is of the order of 1065 million m3.y-l (Kammer in
lite)

The total mangrove area is approximately 1,558 ha

" today but was formerly more extensive (6.3.3.1),

Mangrove Flora of the Labasa Delta

The Mangroves of the Labasa Delta are floristically
more diverse and the greater biomass per unit area
indicates greater productivity than those of the Ba
Delta., The seasonal, dry climate has resulted in the
characteristic formation of hyper-saline mudflats with

adjacent stunted Tiri in the less well-drained areas.

Two alliances are distinguished (Map 2, 2ppendix 8}

The Tiri Alliance

A closed shrub forest of the poorly drained flats well
behind the river bahks and the seaward edge, generally
with hyper-saline mudflats at their centre.
R.samoensis dominates the association forming pure
stands in most places especially towards the qen;re.
Dogo and Selala are increasingly found at the outer
edge wheré . the Alliance merges with the Dbogo

Alliance, - The. canopy height declines from 5-8 m at

' the periphery to 1-2.5m near the mudflats.

The area of the Tiri Alliance is approximately 404 ha

or 25.9% of the mangrove area.
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The Dogo alliance

Dogo dominates this Alliance and in many areas forms

pure stands of 10-15mm canopy height. Selala and

.R.gamoensis either separately or combined form a

distinct, Q}gorous association of limited extent along
the river and creek banks, canopy heights may reach
15. They are more in evidence in a mixed association
with Dogo on the seaward fringing stands off Wailevu
and Tabucela. R.stylosa forms a fringing belt along
many parts of the seaward edge but is occasionally
displaced by pure R.samoensis. Conversely R.stylosa
occasionally replaces R.samoensis in its moré usual
riverbank locations. The more landward species Dabi,
Sagali at S8inu are locally common especially at the
head of the delta where there are some small pockets
of typically terrestrial vegetation.

The area of this Alliance is approximately 2749 ha or

68.6% of the total.

Scils of the Labasa Mangroves

There is no soil map yet prepared for the Labasa
Mangroves but they have been investigated and are of
the same types as those found in the Ba Mangroves

(6.2.2), Twyford and Wright (1965},

Uses of the Labasa Delta Mangroves
Historical

There has been major reclamation of Labasa Mangroves.
At the turn of the century the CSR Company.built three
major sea walls of Wailevu, Tabucola and Nasea.
Considerable areas of mangrove must have . been
cleared. Baines (1979} quotes 2,713 ha and ILal
(1983a) 2,250 ha but neither attribute their source of

information.
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D&l calculate that 1,292 ha of land is protected (ie
lies below the 2m contour line) by the three sea walls
{Ernest 1983 and confirmed by Patel, D&I pers comm
1985). 2An examination of Orthophotomaps (1:%,000) of
the adjacent Tabia estuary as well as the Lautoka and
Rewa Mangrove areas indicates that no substantial, if
any, mangrove vegetation is found above the 2m contour
and so 1,292 ha is an absolute maximum figure for the
area of mangrove reclaimed. A more reasonable

estimate might be 650 ha.

This constitutes approximately 30% of the original

resource which is a significant loss,

Examination of 1954 and 1967 aerial photogtaphs reveal
evidence of extensive felling for Dogo fuelwood.
Initially ‘scattered areas were. almost clear felled,
but this practice was replaced by managed coups Wwith
regularly spaced seed trees being léft. No production
records are avéilable,but bakeries in Labasa and the
CSR crushiﬁg mill are known to have been the major
consumers of fuelwood. It is probable that production
mirrored the naticnal trends (Fig 1) with C8R

converting to oil burning equipment from 1955,

Regeneration of Dogo has, in most instances been
excellent but there are visible differences in canopy
height and stand structure; subjective observations
indicate a greater frequency of densely spaced
thin-trunked Dogo in some cut over stands when
compared with unfelled stands, In. some cut over
stands there appears. to be an increased frequency of

Selala regeneration with a more disrupted canopy.
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Existing Utilisation.

The Customary Fishing Rights Owners of the Labasa
Delta east of the Wailevu River is the Vanua of Labasa
" whose 20 Yavusa live in 7 villages with a population
of approximately 500 (1976). The Vanua of Wailewvu
comprising 6 Yavusa of 408 people own ‘the Traditicnal
Fishing Rights of the mangroves to the west of the
Wailevu River. Neither Vanua's Fishing Rights areas
extend far offshore, they are comparatively limited in

extent.

labasa is now a major and the fastest growing fish
supply centre in the country, much of the produce
being retailed in Viti Levu; as with Ba, the market
figures are no indication of true production (Table 4b
pd0). lLabasa is patticularly well known as a rich

source for the Mangrove dependent Qari.

Labasa Town is the rapidly growing capital of Vanua
levu and has a shortage of available land for
development. Inevitably mangrove reclamations have
heen considered and to date nearly 60 ha have been
converted or approval granted to .development
regquirements close to the town. Included in this is
24 ha for the Sewerage Oxidation ponds much of which

is for effluent disposal and will not be cleared.
Specific Management Considerations

The Mangroves of the Labasa Delta form an important
productive unit which contribute dgreatly to the
rapidly growing fisheries centred at Labasa.

The Delta has already been extensively modified by

reclamation for agriculture. Further major 1losses

should not be considered,
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6.4.1.

Any pollution from Labasa waﬁ and the FSC Mill are
both discharged at the head of the delta, all of which
is therefore exposed and vulnerable if pollution is
not controlled. Fish kills as a result of Mill

discharge are of almost annual occurrence.

All heavy industry should be cited at the Qaloyago

industrial site and not at Vakamasuasua.

The Town Council Rubbish Tip is in serious need of

better managemernt.

any dredging work within the Iabasa Delta should be

Ipreceeded by a thorough impact asgsessment.

The Rewa Delta

The Rewa River drains approximately 2,980 km2 or
about one third of Vviti Levu and discharges of the

order of 7,897 million m3 of water a year. It has

been estimated that perhaps 1600 tonnes of suspended

sediment are transported to the month of the river
each year {Kammer, in Litt). This alluvium has formed
Fiji's most fertile and productive delta with

approximately 5,130 ha or mangrove.

Mangrove Flora of the Rewa Delta

1t is probable that the Rewa pelta would be more
extensive if it was not situated on the windward side
of Viti Levu and so exposed to the continuous, erosive
action of wind and wave. One consequence is that much
of the delta wmangrove is in packwater locations.
These Mangrove communities are the most diverse in the
country and the high, regular rainfall which the delta

receives prevents hyper-saline mudflats forming.
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There are areas of shrub Tiri, but they are limited by
comparison with those of the leeward mangrove stands.
The landward vegetation element jis strong and in many
locations there is a ¢linal integradation of

terrestrial closed forest into the mangroves.
Six alliances have been distinguished,.
The Seaward Alliance

This alliance is a mixed fringing forest, found
predominantly on the more exposed seaward banks but
also extending up some of the larger creeks and
rivers, R.stylosa (2.4m canopy height} often forms a
single belt on the seaward edge with taller trees
abruptly Dbehind mixed with Selala, Dogo and
R.samoensis having a closed canopy height of 5-12m.
Leves in these sjituations support in addition Dabi,
Sinu and other landward species including coconut.

Area -~ 248.8 ha, 4.9% of the total area.

The Rewa Tiri Alliance

An extensive formation of the northern Rewa Delta

consisting of R.samoensis dominated shrub forést with

a canopy height of 1 - 4m, Stunted Dogo, Dabi and
R.stylosa are commonly present. A distinct

association of this alliance is a fringing forest of
predominantly R.samoensis in the less exposed coastal
areas and along river banks, the closed canopy varies
between 5-%m, Area - 741.9 ha, 14.5% of the total

ared.
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6.4.1.3.

6-4.1'4.

6.4.1.5.

Dogo Forest

This is an uniform closed forest of almost pure Dogo
with a canopy height of 9-15m; some well developed
stands are lﬁﬁ or more in height. Within the forest
occasional Selala occur with Dabi and Sagqali. Both
the iandward Mllijance and mixed Alliance merge
indistinctly inte the Dogo Forest in many locations.

Area - 1820 ha, 35.6% of the mangrove area.

Mixed Alliance

The Mixed BAlliance is a heterogenous open forest of

variable and mixed composition with an uneven canopy

height of 5-15m. pogo and Selala are the dominant
species, sometimes forming small discrete stands. R.
samoensis occurs commonly and also forms limited pure
stands, occasionally stunted. The presence of Dabi,
Ssagqali, Sinu and landward vegetation varies greatly
with location. small areas of Boreti fern are
included in this alliance. Area - 1491 ha, 29.l1% of

the mangrove area.

Landward alliance

A heterogenous closed forest of mixed composition
forming the floristically most diverse mangrove
alliance. Found only in the least exposed situations,
the presence of an extensive epiphytic and climbing
flora indicates that the alliance 1is stable, well

drainéd and well protected from storm damage.
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6.4.1.6.

6.4, 3.

The most common tree species are Dabi, Dogo and Sinu

with a canopy of 10-12m. B,Samoensis and Selala occur

more rarely and on creek banks. Other common trees

are Terminalia littoralis, Heritiera littoralis,

-Inocarpus fragiferus. Ficus obligqua, Hibiscus

tiliaceus, Pandanus pyroformis and Cocos nucifera.

Area = 645.4 ha, 12.6% of the mangrove area.

Boreti Alliance

Some large areas of poorly drained flats support a
dense growth of the Leather Fern or Boreti,

Acrostichum aureum, Area - 182.4 ha, 3.6% of the

Mangrove area.

The Soils of the Rewa Mangroves

Map 5 (2ppendix 8} is a soil map of the Rewa
Mangroves. The so0il types are the same ‘problem’
s01ils as described in 6,2.2. Rdy & Richmend {in prep)

maps the Recent (Holocene) geclogy of the Rewa Delta.

Historic and existing utilisation

In pre-European contact times, the Rewa Delta is
believed to have supported one of the densest
populations in the Pacific. & populatidn which had
evolved in close association with the mangroves and

developed a mutual indirect dependence.

The population today is smaller but is still by a far
the largest mangrove associated commuhity. In 1976,
there were nearly 9,000 Fijians living in over 100
village communities dispersed through the delta. The
structure of Customary Fishing Rights ownership is

well established between 5 Vanua and 4 Yavusa.
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The Delta sustains an important artisanal fishery both
in situ and offshore which supplies not only the delta
communities but much of the needs of greater Suva with
its approximately 70,000 inhabitants. Table 4a (p40)
gives production figures for fish and crustacea at
Suva and Nausori markets. Production figures at Suva
mar ket have declined from 342 to 52 tonnes from 1976
to 1984, the majority of produce is now retailed

through other outlets.

Formerly the Rewa Delta was an important source of
Mangrove for industrial and domestic fuelwood. In
1945 the 'Suva area' produced 20,089 tons (Forestry
‘bept’ 1945)., In recent years approximately 5,000 'm3
is extracted for domestic needs, There are only two
managed coups with licensed concessionares but
formérly a working plan had divided the lower delta
mangroves - principally Dogo Forest and Landward

2lliance jnto coups. {Map 7, Appendix 8),

Illegal felling of mangroves 1S a sericus but local
problem, Access difiiculties probably iimits this
illegal felling at present. However the recent
construction of the Waidamu seawall and the- proposed
Rewa Delta seawall will dramatically improve access
and illegal felling may well become a more serious

problem.

The design of the Rewa Delta sea wall should be such
as to cause minimal loss of mangroves but some loss is
inevitable and since over 1700 ha of Jland will be
brought into sustained aéficulture, the loss must be

considered socialiy and economically acceptable.
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6,4.4,

The sea walls and their effect on agricultural
production may well stimulate considerable development
of the delta communities and an increase in requests
for localised areas of wmangrove conversion - roads,
jetty's village improvements etc can.be'anticipated.
If properly designed these should have minimal effect
in the resource but poor design changing drainage

patterns can have serious repercussions.

Specific Management Considerations

The Rewa Delta should be recognised as the most
proeductive Mangrove Community in Fiji and the primary
concern should be to preserve this productivity for
both the in situ and the offshore fisheries which
sustain the subsistence and economic needs of the

delta communities.

The possible impact of the present floocd-mitigation
dredging of the Rewa River, on the mangrove ecosystem
downstream was inadequately evaluated. This was an
oversight and it is even more important that it should
not be repeated if further dredging is to be
undertaken downstream where, argueably, Fiji's finest

mangrove stands are found.

Illegal commerical felling of the mangrove is likely
to increase with the access provided by the sea - wall

construction programme.

The high population density and anticipated community
development will increase pressure on the Rewa
Mangroves, with traditional uses evolving into more
non sustainable activities. Increased management will
be required but an appropriate educational/awarehess

programme will be vital.
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Increased agricultural development will increase the
risk of pollution from indiscriminate chemical use

which should be monitored.

A wood production zone is identified even though'qpt
presently required. With increased éccess from the
sea walls the two present concessions in the delta
should be re-located to sites where they can be better
supervised. The potential of the Dogoe Forest for
fuelwood supply should be fostered as it is a valuable
resource and development option and in the meantime
its role as a productive Alliance for the captive

fisheries would be maintained.
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APPENDIX 1

CABINET DECISION

Extract from Minutes of Meeting held on 12 August, 1983

Mangrove Management Plan: CP(B83)161

APPENDIX 2

Cabinet decided:-

that the recommendations of the mangrove workshop be
endorsed; '

that a 2zoned mangrove map be drawn up urgently and that
cutside funds be sought from the South Pacific
Environment Programme (SPREP) or other relevant agencies
to. undertake the required work; and

that there be restraints on further mangrove reclamation
pending the preparation of a detailed mangrove management
plan, but that those projects in progress and those
already approved should proceed.

{I.Q.Lasaga)
Sectetary to the Cabinet
15/8/83

MANGROVE MANAGEMENT PLAN FOR FIJI

Terms of Reference for present Project

a)

b)

<)

d}

To formulate a set of criteria which will form the basis

of broad zonation philosophy in conjunction with the
Mangrove Committee,

To critically assess individual areas with the assistance
and advice of government officers.

10 co-ordinate the drafting of the =zonation plan for
presentation to the Mangrove Committee.

To supervise the printing of the plan upon Cabinet
approval.
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APPENDIX 3 THE FIJI MANGROVE RESOURCE

The Lands Department estimates the original area of mangtove to have
been 45,288 ha (LD33/41) based on the 1:50,000 series (DO 560-2).

Table 1 compares the Lands Dept. estimates with the present
estimates based on 1:20,000 aerial photographs for the Ba, Iabasa
and Rewa Deltas, which are considered to be the more accurate
estimates. This comparison involves just over a quarter of the
total mangrove resource.

Locality Lands Dept - Present Lands Dept
1:50,000 estimate over-estimate
Rewa Delta 5,492 5,130 + 362 ( 7.1%)
Ba Delta 4,487 3,714 4+ 773 (20;5%1
Labasa Delta 1,549 1,473 + 76 { 5.2%)

Average cover-estimate 11.03%

Table 1. & comparison of the mangrove area in Ba, Rewa and Labasa
Deltas between Lands & Survey Dept. and the present project
estimates. (Hectares).

It appears that the Lands & Survey Dept. figures overestimate the
mangrove area by approXimately 11%.

The Lands & Survey Dept. estimate did not take into account the
Mangroves reclaimed by the CSR Company for .sugar cultivatien.
There are no records available of the area involved but a maximum
of 1,292 ha in the labasa area may have been reclaimed although it
is thought that nc¢ more than half of this may have actually
supported mangroves (6.3.3.1). Smaller areas were reclaimed in
Western Viti Levu and a total of 750 ha is considered a reasonable
maximum estimate. '

Thus the original resource is considered to have been 41,000
(40,974) ha.

Lands Department records indicate that to September 1985, 1,707 ha
of mangroves have been reclaimed which if the 750 ha CSR figure is
added give a total of 2,45?_ha2 or 6% of the coriginal resource.

Aproximately 38,543 ha are considered to remain of the original
measured rescurce.

Notes: 1. This estimate does not include the mangroves of isléndé]
hot  included in the 1:50,000 map series {see Map) ie the Lau

Group, Yadua, Vatulele etc.

2., No figures for T.C.L. reclamations are indludggj;gd
estimates of illegal reclamation. S
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APPENDIX 4 MANGROVE VEGETATION

Principal species of the Fijian Mangrove.

pogo . Bruguiera gymnorrhiza (L. )Lam,

Tiri {(wai) Rhizophora samoensis {(Hochr.)Salvoza Tomiinson, 1978)

Tiri (tabua) R.stylosa Griff.
Selala R. x selala {Salvoza) Tomlinson Putative hybrid of

R.samoensis and R.stylosa

Dabi Xylocarpus granatum Koenig
Sagali Lumnitzera littorea (Jack) Voig+
Sinu gaga Excoecaria agallocha L.

Kedra jivi na

yvalewa kalou Heritiera littoralis Dryand.

Common non-exclusive Mangrove species. (* - introduced species)

Xylocarpus jnophyllum Symthea lanceata
Calophyllum inophyllum Barringtonia asiatica
B. racemosa annona glabra¥*

Intsia bijuga Inocarpus fagiferus
Abrus precatorius Entada phaseoloides
Pongamia pinnata Derris trifoiiata

Vitex trifolia Clerodendron inerme
Thespesia populnea Cerbera manghas
Pandanus pyriformis Hibiscus tiliaceus.
Ipomea brasilensis Fpipremnum pinnnatum
Grammatophyllum elegans Cocos nucifera
Bulbophyllum longiscapum Oberonia heliophila
Ficus obligua Colubrina asiatica

Hoya australis Paspalum distichum
Sciropendron qhaeri Stenochlaena.palustﬁis
Acrostichqm aureum Pyrossia adnascens
Davallia sp. Lycopodium phlegmaria
Culcita Straminea Nephrolepsis hirstula
L krifoliata Vaginularia angustissima
Phymatosorus scolopendria Asplenium australasicum

Vittaria elongata
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Less common, non-exclusive Mangrove species,

Ficus vitiensis

Premna taitensis

Artyra brackenridgei

Abrus pracatorius

Terminalia littoralis

M. umbellata

Canathium barbatum

Metroxylon vitiense

Mabaranga SP.
Passiflora foetida*

Brachiara paspaloides®*

Thuarea involuta

Mikahia micrantha*

Merremia peltata

Psidium guajava*

Solanum torvum*

Dillenia biflora

Dysoxvlum richit

Thespersia populnea

Ipomea tuba
Morinda citrifolia

Ochrosia oppositifolia

Atuna racemosa

Alleurites mollucana

Flagellaria indica

Freycinetta caudata

Pennisetum polystachon

Annona reticulata*

Ipomea gracilis

Barringtonia edulis

Piper aduncum*

Pittosporum richii

REFERENCES FOR FIJIAN MANGROVE VEGETATION: -

Baines {1979); Garnock-Jones

{1978): Hassal (1984); Parham 11972);

Pillai (in press); Richmond & Ackerman (1975): Tomlinson (1978}.




APPENDIX 5 - The function of the Mangrove ecosystem, {From
Baines {1979) - Chapter 3}

THE MANGROYE ECOSYSTEM: ITS FUNCTIONS AMND VALUES

A bare coastal mudflat is made up of soi] which has been washed from the land, cirrisd by
streams to the sea and worked by waves Into deposits along the coast. These deposits contain
materials (nutrients) which, had they remained within soil on the land, could have been used
as plant foods for the growth of forests or agricultural crops. The erosion of this soil is
partly natural and {s partly a result of man's activities, notab1y forest clearing, grassland
burning and overgrazing by goats and cattle.

The few marine organ{sms which Tive in mudflats are able to make only Timited use of these
nutrients for food. However, where mangroves grow on mudflats they cam absorb these nutrients
and process them into a form which can be used as food by a much greater variety and number of
animals than exists on bare mudflats.

Mangroves are much richer fishery areas than are mudflats. Also, where they occur along a
coast adjacent to reefs and Jagoons they fmprove the fisheries productivity of. those reefs
and Yagoons,

The principle whereby mangroves process basic nutrients inte fish and crab food is, in some WAYS ,
simtlar to a human's acquisition of protéin. Humans cannot use any of the nitrogen which makes
up elghty percent of the atmosphere. They need nitrogen, but can cbtain and use it only in the
form of nitrogen-containing protein from plants or animais,which in turn, have received nitrogen
indirectly from the atmosphere.

Mangrove plants, then, are very important processors of the potential food supplies of mudfliats
into forms which can be used by various marfne animals. Some of these anfmals - fish, crabs
and shellfish - can then be eaten by man, '

The foodstuffs processed by the mangrove plants are {n the leaves, twigs and stems, As Teaves
fall onto the mud surface below they are quickly broken up and fed upan by a large number of
different marine animals. Some of these are microscopically small. These, in tuen, may be
eaten by targer animals - perhaps small fish. These small fish may then be eaten by larger
fish, perhaps large encugh and tasty enough for man to eat. And so the potential foodstuff of
the mud deposit has been processed by a chain of animals, ending sometimes in man. Ecologists
describe this sequence as a “food chain”,

Sometimes a food chain may be long, many different animals being involved; sometimes, short.
Some crabs, tike kuka, shred and eat mangrove leaves d1rect1y.' These crabs may be eaten by
humans. In such & case it 1s a very short food chain from tree to cooking pot. Some of these
food chain reiationships are shown in Figure 1. -

An understanding of primary and secondary production is important for proher allocation of
mangrove rescurces for different purposes. Speaking simply, the production of plant material
by mangrove plants, with the assistance of emergy from the sun and raw materials taken from
the mud in which they grow, is called primary production. The growth of fish, crabs, shellfish,
insects and other animals which feed on this primary material is termed secondary producticn.

S0, a hea]thy; growing mangrove forest has high primary production and is able to support a
greater number of animals than can a thin forest of stunted tiri. In ather words, the
secondary production of seafood in and near a well-developed mangrove forest can also be
expected to be high,

Mangrove forests not only provide food for animals and assist in the rapid recycling of this
food so that much higher numbers of animals can be supported than on bare mudfiats. They also
create a more comfortalile climate for anfmals, The harsh, hot conditions of mudflats exposed
to the sun do not exist in mangrove forests.
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A greatly simplified diagram of some "food chains" among the mangroves
of Fiji, showing some of the links between man, mangroves and the
animals which are his food. Man himself may also be food; note the
link with gio. Isalala: small fish; nuga: rabbit fishy wra: prawn;
dic: oysteri mana: mangrove lobster; kuka: crab; gqart: mud crab;
saqa: trevally; g¢ifo: shark.)




Further, the tangle of mangrove stems and roots, coupled with variously shaped, sized and
connected channels and pools provides protection for many animals. OFf particular importance
in this regard are the fish, for which mangrove areas are impertant nurseries providing, as
well as ready supplies of food, protection from predatory fish and rough seas.

Hot only those fish generally recognized as ‘mangrove-associated’ use mangroves as nurseries.
A number of fish which are regarded as resident in lagoons, around reefs or in the ocean do,
tn fact, depend on mangroves for their development fnto the mature specimens which may be
caught by fishermen Jong distances from mangrove areas. Wherever mangroves are destroyed fish
numbers, inshore and offshore, will decline,

Just as there 1s a continual flow of nutrients and other substances from land surfaces into
mangrove areas, sc¢ there is a movement of fish food from mangrovéé into Tagoons and among reefs,
This often 1s demonstrated vividly by long bands of floating mangrove leaves drifting on an
ebbing tide from, say, the Yunivadra mouth of the Rewa River across Laucala Bay to the reef.

But some of this important transfer of food is less easily seen, being 1n the form of migrating
fish or microscopic marine animals and plants. Thus, it is important to recognize that the value
of mangrove extends beyond the areas they cccupy; they contribute also to the fisheries
productivity of adjacent waters.

Mangroves can be valued in terms of those of their products, 1ike fish and crabs, which have a
market value in dollars. Some estimates of the economic value of mangrove areas on the basis
of their marketable produce are discussed iater But there is also a number of
"intangible" values which carnot be expressed in terms of money, even though they contvibute
greatly to naticnal development. Some of these have been discﬁssed here. These, with others,
are summarised below:

" prevention of coastal erposion; -

* protection of Tand and habitation from storm areas;

* protection of juvenile fish, crabs and prawns‘from rough weather and predatory animals;

* special characteristics of mangrove areas which render them particularly suitable as
spawning and nursery areas for food species which may later mature and be captured in
reef - lagoon areas;

* transfer of energy and nutrients through floating of mangrove leaves to idjacent water
masses of river, lagoon and reéef for use by food animals in these areas;

* the trapping of sedfments resulting from soil erosion, thus protecting coral reefs from
disruption by sedimentation and enabling the sediment nutrients to be repeated]y‘recyc1ed
1n the mangrove ecosystem for use by marine animals this resulting, eventUa1ly, in the
seaward extension of the land mass {natural land reclamat{on},

* the cultural significance of an ecosystem alongside which some human communities have
evolved and on which they continue to be dependent.
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FIJIAN NAME

Kawakawa
Nuga
Ssaga

0go

Saku
Kabatia
Kanace
Busa
Kake
Salala
Yavula
Kaikai
Dokonivudi
Matu
Sevaseva
Ba
Uculuka
Tovisi
Qitawa

Balagi

MANGROVE ASSOCIATED FISHERIES

(Data from Fisheries Department 1983)

Miscellaneou52 9p0.0

1983 Subsistence estimate

Mangrove associated

Average Market Pri.ce4

TOTAL

$ : R

: %; 13 i
3 28 3L L > -
44.55 99,87 144,42 2.65 382.7
18.7 50.6 69.3 2.91 201.7
60.82 99.96  160.78 2.39 384, 3
65.97 73.57  139.54 1.74 292.8
10.64 20.07 30.71 1.71 52.5
33.53 39.07 72.6 2,16 156.8
91.92 204.77  296.69 2.14 £634.9
17.95 21.01 38.96 2.09 81.4
21,50 67.35 88.85 2.16 191.9
81.77 89.88 171,65 02,10 360.5
5.92 22.59 28.51 1.51 . 43.1
20.13 34.51 54.64 1.78 97.3
6.05 6,05  2.00 12.1
11.78 20,12 31.9 1.94 61.9
44,80 44.8 2.37 106.2
5.83 36,31 42.14 2,45 103.2
2,05 25.06 27.11 2.28  61.8
3.62 24,47 28,09 1.53 43.0
13.31 13.30 1.93 25.7
36.65  36.65 1.90 69.6
74.74  164.74 2,00 329.,5
TOTAL 33642.9
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14,600,000 kg
60%

8,760,000 kg
32.00/kg
417,520,800
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B. NON-FISH
Fijian Name
Kg 8/kg 3 % 3 Value
Value Consumed Consumed
Moci 3090 3.00 9,270 50 9,270
Qari 46290 5.10 236,079 10 23,608
Kuka 36140 2.40 86,736 5C 86,736 -
Mana 29000 2.48 71,920 50 71,920
Kaikoso 119520 0.28 33,4686 50 33,466
TOTAL 437,471 225,000
C. SUMMARY
Value of Retailed Fish 3,642,900
Value of Subsistence Fish 17,526,000
Value of Retailed Non-fish 437,471
Value of Subsistence Non-fish 225,000
821,825,371
Area of Mangroves 38,543 ha
value/ha 3566/ha
Notes «
1. Source Lal et al (1983) and Fisheries Department
unpublished Data.
2. Miscellanecus 90 tonnes. 50% of named fish in Market
surveys are ‘'Mangrove associated'. 187,31
tonnes are termed 'Miscellaneous' (1983) 50%
of 187.31 = 90 tonnes. Similarly for fish
retailed in 'Other Outlets' but the figure
is 37% not 50%.
3. Average Market Price - Suva and Lautoka Markets.
4. Average Retail price of all 'Mangrove associated' fish in Suva and
Lautoka Markets.
5.

Based on Fisheries Department surveys.

67.



'
/‘ *
*

QI"

A joint. project of the
Iji Covernment and the
South Pacific Commission

1. B. Ravuru, Government Printer, Suva, Fiji—1985






