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INTRODUCTION

The Maldive Islands or 'Maldives' form the central and
largest emergent part of the Laccadive Chagos Ridge which
extends southwards from west of southern India to near the
centre of the Indian Ocean, and consists entirely of atolls
and associated coral structures. During at least the last two
centuries, coral rock has been used in the Maldives for
building and other construction. Prior to the 20th century,
building in coral rock was limited to mosques, shrines, and
tombstones; but the use of coral has increased over the past
80 years, so that it is now the main construction material on
the capital island of Male and on tourist resort islands. In
addition, coral rock is in demand for use as hardcore in
road construction. It is predicted that, over the next two
years, some 43,000 cubic metres of coral rock will have to
be mined from existing reefs to meet the demand for 'ag-
gregate' to surface roads in the capital of Male alone.

The Government of the Maldives, aware of the conflict
between the use of corals for building and their conserva-
tion for such purposes as maintenance of fishery resources,
a rapidly expanding tourist industry, and land stability, are
actively seeking alternative construction materials. This
paper describes the environmental impact of mining activ-
ities on coral reefs around North Male Atoll (cf. Fig. 7), and
also discusses the possible alternative mining and con-
struction techniques that are available for future use, given
the need to conserve and protect existing reefs from further
destruction.

BACKGROUND TO THE SITE

Within the chain of atolls comprising the Maldives (Fig.
1), the atoll types vary from open structures with numerous
islands, 'faros', 'patches', and 'knolls', in the atoll lagoon
(e.g. Male and Alifu Atolls), to almost closed structures
with few lagoonal knolls and patches (e.g. Addu and Rasdu
Atolls). Faros are defined as ring-shaped reefs rising to the
water's surface and each with its own lagoon; patches are
structures rising to c. 40 m above their base and capped
with wave-breaking corals; and knolls are structures rising
c. 20 m above their base but failing to reach the sea's surface
(Spencer-Davies et al., 1971).

The outer edges of the more open atolls are composed of
islands, faros, and patches, while the outer edges of more
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FIG. 1. Location of the Maldives in the Indian Ocean (inset) and the
position of the national capital Male in the chain of atolls compris-

ing the Maldives.
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closed atolls may have a ribbon-reef structure and/or a
series of islands developed along the peripheral reefs for
much of their length.

PRESENT MINING TECHNIQUES

Coral rock is extracted by manual labour from shallow
faros around North and South Male Atolls. Sites chosen for
extraction have mainly been those faros that lie inside the
atoll; but more recently the mined sites have also included
the leeward sides of the outer atoll-rim faros. A typical faro
has an atoll-like structure with an outer surface of growing
coral and an inner sandy lagoon whose depth (approxi-
mately 15 m) is generally shallower than the surrounding
atoll lagoon floor (20-60 m) on which the faros are based
(Fig. 2). The shallow reef comprising the upper rim of the
faro provides the site for mining coral rock. The rim of
growing coral is generally found in 1-2 m depth of water
and has the tops of living corals breaking the surface at low
tide. The coral rims vary in their areal extent but the shal-
low reef area may measure up to 80 m across the rim at any
point around the faro (see Fig. 2).

These shallow reefs are composed of both massive and
branching coral species which together produce an irregu-
lar topography. The dominant genera include Porites, Po-
cillopora, Acropora, Platygyra, Goniastrea, Favia, and Fav-

ites. Reef slopes which are dominated by branching and
foliose coral species (e.g. of Acropora and Montipora,
respectively) are not used as sites for coral mining.

Mining of coral rock is carried out by a group of islanders
from Maamigili in Alifu Atoll. The miners choose the most
suitable site which lies closest to the ultimate destination of
the coral rock, and remove robust branching and massive
corals from the shallow reef-top. They then break up living
corals into lumps of manageable sizes, using iron bars. The
lumps of coral rock are then lifted by hand into local fishing
craft (dhonis) and transported to the destination (Fig. 3). In
this manner living coral is exhaustively stripped from shal-
low reef-tops of faros (at approximately 1-2 m water-
depth), leaving a bare and relatively smooth surface. When
once a site has been extensively mined of suitable material,
another is selected, the miners moving to ever-increasing
distances from the destination.

The lumps of mined coral are left for a period in the
open, for the combined action of rain and sun to clean the
rock of its formerly living materials and leach out the salts
(Fig. 4). The coral is then broken manually into irregularly-
shaped nodules of approximate dimensions of 10 x 7.5 x 7.5
cm. These nodules are used by the building industry in the
construction of houses, multiple-storey buildings, and
walls between properties (Fig. 5). Until recently, lime
cement (derived from corals) was employed to bond the
nodules, but this has now been replaced by the use of local
fine coral sand and imported cement. Use of nodules is,
however, still generally preferred to any other alternative in
the construction industry, due to a belief that nodule-built
houses offer a higher degree of permanency and that such
structures are cooler than those built with any other mate-
rial.

BIOLOGICAL EFFECTS OF CORAL MINING

An assessment of the type of corals selected for construc-
tion purposes was carried out in January 1986 at a site in

FIG. 3. Transport of coral rock bv dhoni to the island capital of
Male.

FIG. 2. Aerial view of typical faros in North Male Atoll. In the
foreground are two faros with surrounding fringing reefs while near
the centre of the photograph and beyond are larger faros of which

the near-central one is c. 1,000 in in diameter.
FIG. 4. Mined coral accumulated on the reclaimed reef-flat of the

capital, Male, for natural bleaching by sun and rain.
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FIG. 5. A typical wall showing the use of coral blocks in the con-
struction industry.

West Male where corals collected for a building pro-
gramme were being stored and weathered. At this site
corals were stacked in lots of approximately 1,000 m3 (Fig.
4). Using ten lots of recently-collected corals, genera were
identified along a 7 m side of each plot. Fig. 6 indicates the
dominant coral genera collected. It would appear that mas-
sive 'boulder' corals predominate in the collections,
namely Porites lutea, Goniastrea retiformis, and Platygyra
lamellina.The branching coral Acropora humilis is also
collected in some quantity, although it is the dead coral
rock on which the Acropora is based that is really selected—
the living colony being discarded on collection.

During the survey, seven sites in North Male Atoll plus
one in South Male atoll were visited for underwater sur-
veillance (Fig. 7). A summary of the sites and their history

8 <

o o
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o o
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PLATYGYRA

ACROPORA

FAVIA

ASTREOPORA

CYPHASTREA

FIG. 6. Dominant coral genera identified along 7 m side of each lot.
Mean values (n = 10) are shown ± standard deviation.

NORTH
MALE
ATOLL

SOUTH
MALE
ATOLL

FIG. 7. Location of survey sites in North and South Male Atolls.
Solid areas indicate islands, broken lines indicate areas of shallow

coral-reef.

with respect to mining activity is shown in Table I. At each
site, 3 x 10 m transect lines were established on the shallow
reef-top. Coral cover (both dead and alive) was then mon-
itored, using methods described by Loya (1972). In addi-
tion, two separate 15-minutes' surveys were carried out to
monitor numbers of coral genera and reef-fish families,
respectively, which could be observed in an area of approx-
imately 20 x 10 m2 on the reef-top.

Living-coral cover ranged from 11 to 60% of total cover
at shallow-water sites which had not been subject to coral
mining (Table II). Sites mined respectively 16 and 10 years
earlier (i.e. Sites 1 and 2) showed very low coral cover
(approximately 0.5% total cover), while a site mined only 5
years earlier displayed approximately 1% cover and a rela-
tively high diversity of corals. Generally speaking the con-
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TABLE I

Summary of the Histories of Sites Visited in North Male
Atoll.

TABLE III

Fish Families Recorded at Each Site During 15-minutes'
Survey of Area Approximately 20 x 10 Metres.

Description

Submerged reef N Male
Atoll
Submerged reef N Male
Atoll S Kuda Bandos
Submerged reef N Male
Atoll N Villingilli
Submerged reef N Male
Atoll 50 km north of
Male
Submerged reef N Male
Atoll 50 km north of
Male
Submerged reef N Male
Atoll
Submerged reef N Male
Atoll
Submerged reef S Male
Atoll

Sile No. 1

Used for coral mining at
least 16 years earlier
Used for coral mining at
least 10 years earlier
Used for coral mining in
recent years
Control: not used for coral
mining

Control: not used for coral
mining

Control: not used for coral
mining
Control: not used for coral
mining
Control: not used for coral
mining

TABLE II

Percentage of Living and Dead Coral Cover and Number
of Coral Genera Measured Along Three 10 m Transect

Lines.

Site

1
2
3
4
5
6
7
8

Mean

% Living Coral

<0.5
<0.5

1.0
11-30
30-60
30-40
20-40
16-50

Mean

% Dead Coral

60-90
60-90
50-70
38-90
30-50
60-70
40-60
40-60

Average

No. of Coral Genera

2
4

12
10
14
11
16
14

trol sites were characterized by mixed coral communities
dominated by Pocillopora verrucosa and Acropora humilis,
which are coral assemblages that are characteristic of high
illumination and moving water in the Indian Ocean (Ros-
en, 1975). Only at sites that had been subject to intensive
mining activity was coral diversity markedly reduced—
such as Sites 1 and 2, which supported only two and four
coral genera, respectively, with small colonies of Pocillo-
pora verrucosa dominant, but not abundant, at both.

Reef-fish diversity (assessed as the number of families of
reef-fishes encountered in an area approximately 20 x 10
square metres on a 15 minutes' search) broadly paralleled
coral cover and coral diversity values on the shallow reef-
top. Reef-fish diversity on the adjacent reef-slopes of
mined areas, however, may be high (Dawson Shepherd,
pers. comm.), and it should be recognized that the relation-
ship between reef-fish diversity and habitat is likely to be
complex, with such factors as the proximity of deeper wat-
ers, reef slope, type of reef, etc., often of critical importance
(Table III).

POMACENTRIDAE
SCARIDAE
ACANTHURIDAE
LABRIDAE
MULLIDAE
CHAETODONTIDAE
BALISTIDAE
SERRANIDAE
HOLOCENTRIDAE
GOBIIDAE
SYNGNATHIDAE
APOGONIDAE
AMPHIPRIONIDAE

X X X X X X X X
X X X X X X X X
X X X X X X X X
X X X X X X X

X X X X X X
X X X X X

X X X
X X X X
XX XX
X XX

X XX
X X

X

The diversity of reef fish was lowest at sites that had been
subject to intense mining activity 10 or 16 years earlier,
with herbivorous pomacentrids and acanthurids dominat-
ing the counts. At these sites, fish were feeding on a film of
filamentous Algae which covered the dead coral-rubble
substrate. The total numbers of fishes observed (i.e. adults
and juveniles), and also reef-fish diversity, were low in
shallow waters at these sites—despite the proximity of an
actively-growing coral-reef slope.

It was quite clear from this survey that very little recov-
ery had taken place on reefs that had been mined inten-
sively fully 10 or 16 years earlier. On these reefs all colonies
were small, the dominant species being Pocillopora verru-
cosa—a coral recognized as a 'pioneer' species (Grigg &
Maragos, 1974). Assuming a relatively fast growth-rate for
this coral of 6 cm per year (Porter, 1974), the oldest coral
observed in the present survey of mined reefs would only
be between 1 and 2 years old—even on reefs that had been
mined 16 years earlier.

The type of substrate produced during mining activity is
one primarily composed of dead coral branches and rub-
ble; it is quite likely that when once the reef structure has
been damaged by mining, the rubble produced is very
mobile, and consequently newly-settled corals may be sub-
ject to mechanical abrasion and even smothering during
vigorous water-movement across the denuded tops of the
faros. Such circumstances could account for the limited
settlement of corals which was observed, and for the appar-
ent absence of any colonies more than 2 years old. Meas-
urements of maximum diameters of all colonies of selected
genera encountered in a 30-minutes seach of an area of 20 x
10 metres, revealed an expectedly wide variety of sizes of
coral on undisturbed reefs (Fig. 8), with some Porites heads
estimated to be at least 50 years old. At mined sites, maxi-
mum diameters of colonies were much reduced when com-
pared with those recorded at control locations.

Given the limited literature on recovery-times of reefs
that had been subject to natural and Man-made damage
(Grigg & Maragos, 1974; Pearson, 1981; Done, 1987), it is
difficult to predict the length of time needed for intensive-
ly-mined sites to recover anything like their original coral
complement. Computer simulations of simple reef-sys-
tems consisting of only six species, have predicted that the
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FIG. 8. The range in colony diameters (cm) of selected coral species
at different reef-sites. Values are obtained from surveillance of an
area measuring 20 x 10 metres at each site, and are the results of

measurement of at least 20 colonies for each species.

average time for an undisturbed reef to reach a successional
climax was 17 years—assuming the dominant species to be
the fastest-growing species (Maguire & Porter, 1977). Con-
versely, if the dominant species was the slowest-growing
species, then the time taken to reach climax or equilibrium
would be of the order of 200 years. Grigg & Maragos (1974)
estimated that a reef community consisting of twelve spe-
cies and dominated by slowly-growing massive corals in
Hawaii would reach a climax within 50 years.

In considering the recovery of reefs after disturbance, it is
important to bear in mind the successional stage of the reef
as well as the frequency and intensity of the disturbance
(Grigg, 1983). This at least applies to reefs in Hawaii, which
are frequently subjected to environmental disturbances,
and it is likely that the observed patchy distribution-pat-
tern of the corals is largely a function of interaction between
disturbance and recovery. Grigg concludes that if reef com-
munities are subject to disturbances more frequently than
the time-constants of recovery, then such patchy distribu-
tion as he described will result.

The literature also contains examples of cases where no
recovery has followed severe damage of a reef (Wood-
Jones, 1907; Hedley, 1925; Rainford, 1925; Stephenson et
al, 1958). If the physical condition of the reef is drastically
changed, it may become impossible for coral larvae to
recruit, settle, and survive. However, as those early studies
were not well documented, it is impossible to determine
whether non-recovery was due to a permanent change in
the environment or to marginal conditions for coral growth
prior to the disturbance (Pearson, 1981).

Furthermore, Man-made damage of the kind described
above may lead to effects on human health. Ciguatera fish
poisoning has been described as a result of reef damage in
French Polynesia (Bagnis, 1987). Such effects could be cri-
tical to an island nation that is dependent upon its fishery
industry.

PRESENT AND PROJECTED EXTRACTION OF CORAL

Prior to 1979, no figures are available for the quantities
of coral rock mined in the Maldives, but since 1980 the
Department of Public Works and Labour has exercised
control over all mined coral rock that has been used in
Male. The Department acts as an intermediary, buying in
supplies from the Maamigili miners and selling them to
private builders, thereby controlling the market price. In
addition to the supplies that are brought directly to the
Department, tourist islands have been required to deliver
to Male an equal quantity to that used by each resort in its
main building phase. This procedure was adopted to main-
tain a stable price-structure as the tourist resorts were pay-
ing up to three times the Male price.

Fig. 9 indicates the quantities of coral rock extracted
during 1980-85 in the Maldives and the projected figures
therafter. All extraction figures were calculated from re-
cords obtained from the Department of Public Works,
Male. In North and South Male Atolls, a minimum of
54,000 m3 appears to have been extracted over the last 13
years. A further 43,000 m3 would need to be extracted over

6000r

| g | Mali construction

M Resort buildinj- Mile contribution

^gffj Resort building

K/>1 Estimated future consumption for Male building

| | Road construction-Male

Q 4000

1979 80 81 82 83 84 85 86 87 88 89 90 91

FIG. 9. Quantities (m3) of mined coral extracted during the period
1980-85 andthe projectedextraction figures to 1995. Theuseofthe

mined coral is also shown.
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a 2-years' period for the proposed road-building pro-
gramme, and this would be superimposed on an estimated
14,000 m3 for construction. This latter figure excludes any
special projects, e.g. extra housing and a national stadium,
which, if built using coral aggregate, would place further
large demands on that resource.

ESTIMATED CAPACITY OF NORTH MALE ATOLL TO SUPPLY
CORAL ROCK

A further factor to be taken into account in the extraction
of coral rock is its supply capacity. Notwithstanding that
mining from the reefs is by manual labour, this work
depends on the skilled work-force of the Maamigili islan-
ders. There are only a total of about 17 boats available for
mining work. All of these currently operate out of Male;
but while some are diesel-engined, many of the smaller
dhonis are still reliant on sail. With such a small available
work-force, supply can be very erratic.

The removal of such large quantities of living coral sub-
strate from the faros of North and South Male Atolls
requires examination of the total available material. The
following assumptions have been made in calculating the
total available material:
a) Suitable faros are restricted to those inside the atoll

because of the danger to atoll integrity of removing
material from the outer faros.

b) Knolls and coral patches are unsuitable sites for the
miners because of difficulties of access.

c) Island reefs are unsuitable for exploitation because of
the destructive effect on visually attractive reefs close to
tourist resorts.

d) The total number of suitable faros in North Male Atoll
as estimated from Admiralty Charts and limited aerial
photographs is sixty. Twenty of these are within a 16-
km radius of Male.

e) The average faro size for all sixty reefs is 600 m diamet-
er, with a workable rim-width of 60 m.

f) Fifty per cent of the rim consists of areas of growing reef,
the remainder being either unsuitable branching coral
(e.g. Acropora formosa) or sand.

g) On this growing reef, coral cover averages 30 per cent of
the area and would yield 0.3 cubic metres per square
metre.

In North Male Atoll the total available material is esti-
mated at 610,000 m3, with 200,000 m3 within a radius of 16
km of Male. The fact that these estimates are broadly cor-
rect is borne out by calculations of material extracted from
North and South Male Atolls (to date 95,000 m3); also on
observations on the mined sites in the south end of North
Male Atoll, and the realization that the closest sites which
the miners can now find to Male are on the outer reef faros
at a distance of 16 km. It is probable that the difference
between the recorded quantities of 95,000 m3 used in Male
and for resort construction, and the 16 km-radius from
Male estimate of 200,000 m3, is the unrecorded quantity
removed in the vicinity of Male for construction during
and prior to the 1970s. Given these estimates, it can be seen
from Fig. 10 that all suitable sites in North Male Atoll
would be worked out in a maximum of 30 years. Together
with observations on the speed of reef recovery, this would
mean that North Male Atoll would be barren of all shallow

600
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capacity estimate
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FIG. 10. The volume of coral extracted to date and the projected
extraction figures to 2015, in thousands ofm3.

submersed reefs by the year 2014, with minimal or no
recovery at all within that period.

The capacity of other atolls within the Maldivian chain
to produce suitable substrate is linked to the atolls' struc-
tures. The northern atolls of RAA, BAA, NOONU and
SHAVIYANI (Fig. 1), being open in structure and similar
to North Male, are likely to yield a similar quantity of
material per unit area. On the other hand it appears that the
more closed atolls found mainly in the southern part of the
chain (e.g. VAAVU, THAA, LAAMU, and GAAFU),
would have little or no available material without recourse
to the outer reefs.

ALTERNATIVES TO CORAL ROCK IN THE CONSTRUCTION
INDUSTRY

The clearest alternative to the use of coral rock in build-
ing construction already exists, namely hollow concrete
blocks. It is a testimony to this form of construction that
the most highly prestigious building in the Republic of
Maldives, the Islamic Centre, was recently constructed out
of solid concrete blocks.

One of the present objections to the use of concrete
blocks is that they are not as strong as coral nodules. It is
considered that this objection is likely to persist because
the manufacture of these blocks, being in the hands of small
private business, is not subject to any form of quality con-
trol. In the interests of cutting costs, manufacturers use a
very low cement:sand ratio (1:7). It is also likely that the
extracted coral sand is inadequately washed with fresh
water prior to use, consequently leaving salt impurities.
Additionally, curing of blocks is not subject to sufficient
care. All three factors will weaken the end-product. The salt
impurities will also leach out through any plaster-cement
finish, causing efflorescence and peeling of decorative coats
of paint.

Independent consultants have already recommended
that a satisfactory mixture to achieve the required strength
in building blocks would be a cement:sand ratio of 1:3 (for
stronger outside foundation blocks) or 1:5 for blocks which
would be faced or covered. Other factors favouring the use
of concrete blocks as an alternative to nodules include their
cheaper cost and the practically unlimited supply of coral
sand as a basic ingredient.
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However, in the case of concrete and road-fill material,
no suitable alternative to crushed coral exists in the region.
Given that coral rock extraction will, therefore, need to
continue into the foreseeable future, as the use of imported
aggregate would undoubtedly prove too costly, an alterna-
tive mining strategy needs to be examined. One solution
would be to consider selecting a single faro, knoll, or patch,
in the atoll and, using blasting and dredging, extract the
dead coral rock which makes up the main part of the
structure. Taking an average-size faro of 600 m diameter,
with a rim width of 60 m, a central lagoon depth of 15 m,
and a surrounding lagoon floor at 45 m depth, the yield
would be 1.5 million cubic metres of coral rock if dredged
to 15 m, or 10 million cubic metres if dredged to the lagoon
floor. The former quantity would satisfy the whole con-
struction industry requirements for 112 years at present
rates; the latter would satisfy requirements for 712 years.
Before such a solution was implemented, however, a fea-
sibility study would need to consider both the economics of
such a proposal and the environmental impact of carrying
it out.

Observations on mined reefs in the Maldives show that
recovery over the last 10 years has been minimal, and
therefore suggest that recovery times may be much in
excess of 50 years. Indeed many of these reefs may not
recover at all unless some attempts are made to re-establish
corals at these sites. It is also clear from the study of
reclaimed and dredged sites and those where less-intensive
mining has taken place, that regeneration of corals is occur-
ring. It is quite probable that the rate of recovery is depend-
ent on the intensity of the disturbance which initially took
place.

Alternative building materials are available in the form
of concrete blocks. Use of these blocks is more cost-effec-
tive than use of coral rock; however, there is a lack of any
quality control, which would be needed to promote the
widespread use of concrete blocks as a substitute for coral.
Recently, recommendations have been approved by the
Government of Maldives for the execution of a feasibility
study on mining an inner atoll faro which could potentially
provide building material for as long as the next 500
years.
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SUMMARY

Demand of the construction industry for coral rock in
the Maldives will soon reach the limit of supply capacity
using existing collection techniques. It is estimated that, at
the current rate of consumption, the supply of living coral
rock from inner atoll 'faros' in North Male will be
exhausted within 30 years. Current mining practice has
already necessitated the collection of living coral rock from
outer atoll 'faros' which actually protect the integrity of the
islands against the erosive influences of monsoon
storms.

Biological surveys of mined sites (compared with con-
trols where no mining activity has taken place) indicate a
dramatic reduction in coral variety and abundance and in
some cases an almost total depletion of living coral after
mining. At intensively-mined sites, diversity and abun-
dance of coral-reef fishes is also markedly reduced, with
some reef species commonly used as baitfish entirely
absent. The time taken for reefs to recover from mechani-
cal damage has been shown by other research work to be
extremely variable, with some cases showing no recovery
in some circumstances. Shallow-water reefs that have been
colonized by slow-growing 'massive' corals, such as those
which have been mined in the Maldives, may take a mini-
mum of 50 years to recover to their former state—under
optimum conditions.
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