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18. ENVIRONMENTAL DAMAGE AND CONSEQUENCES

P. S. B, R, James, C.S. Gopinadha Pillai,

INTRODUCTION

The atoll environment, ingeneral, is a
relatively restricted ecosystem whers the impact
of interference of man and nature will mani-
fest conspicuously within a short time, The
habitat is fragile, diverse and easily vulner-
able and the effects of adverse factors on such
systems are often of very serious consequences,
Almost all inhabited atolls of the world to-
day are facing environmental stress both in
the terrestrial and aquatic habitats. The post
Worldwar 1] activities on the Indo-Pacific
atolis, such as active settlement, extensive
cultivation of crops, military establishments,
atomic tests, oil exploitation, poilutions of
various Kkinds, over oxploitation of resources,
wanton destruction of fauna and flora, intro-
duction of exotic plants and animals, dredging
and construction activities among the man
made factors: cyclones, sea erosion, El-Nino,
posts and predators coupled with natural
senescence of corals among the natural factors
are the major agents that have effected not-
able changes in the physiography, morphology
and biotic communities of the atolls all ovar
the world. Lack of large buffer zones around
oceanic islands is a major impediment in the
replenishment of the fauna, if subjectsd to
depletion due to causes sither natural or man
made.

Many of the aceanic islands are threaten.
ed, endangered or modified. The protection
and conservatian of various atolls needs dif-
farant approaches and this can be achiaved only
with the understanding, co-operation and sup.
port of the local people and administrators
(Dhal, 1985).

The Lakshakweep atoils are no exception
to this global phenomenon of deterioration of
reefs and their environs, The post independent
years have witnessed brisk developmental
activities in these atolls which have visibly
jmproved the living conditions of the inhabitants
but not without side effects on the marine and
terrestrial habitats (Pillai, 1983; 1985, 1986¢
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Pillai and Madan Mohan, 1183). Pillai (13989)
has pressnted a detailad account of ths envi.
renmental damages in the Minicoy atoll based
on his observations both in the terrestrial and
marine habitats over a period of 15 vyears,
Wells (in lit} has presented a status report on
the ecological problems faced by these atolls
stressing the need for conservation of the
islands. During the present survey attsntion
was paid to the ecological conditions in man.
islands including factors such as siltation,
death of corals, bio-erosion etc.,, and their
consequences. These observations are reported
in the present communication.

CHANGES IN SURFACE MORPHOLOGY

Ever since human settlement, the natural
surface morphology of the islands appears to
have been altered, The surface soil was remov.
ed in many places and dumped to form
hillocks as sesn in Minicoy by early settiars
1o make the land cultivabla, Lime stone and
Sand stones were mined in large guantities as
'n Minicoy, Kadnat and Kiltan for construction
work. In Minicoy the eastarn sida has still
sevaral pits from whare lim2 stone is quarried,
In Kadmat island there is solid lime stone
stratum at the central part of the island
which is mined in large quantities for con-
struction work. Kiltan has a sand stone
stratum at a8 depth of about 1 m which was
cut out into large slabs for the construction
of residential buildings (Figs. 1, 2). A large
number of pits and ponds present are all man
made. These longterm activities have changed
the terrestrial face of the Lakshadweep atolls
as in the case of many other inbabited Indo-
Pacific islands.

VEGETATION

. Mangroves are not found in Lakshedwaep
at present. The natural vegetation dominated
by Thespesia and Pandsnus along with many
others are almost lost. Pillai (1983) has
pointed out the recent destruction of natural
vegatatien at Minicoy atell in the last few
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Fig. 2. A dwelling hut consivyeted with sandstone blocks
at  Kiftan.

Fig. 4. The American tenker Transfiuron aground’iat Kiltan
in 1974 |

Fig. 3. Human retyse thrown gt the Miricoy lagoon, 1982,

Fig. &. Transhuron as seen in 18987 January.
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Fig. 8, The blackened intertidal rest Har and dead shore

erabs at Kiiten #s 8 resuit of Transhion ol spitl,
1074 holothurjans.,

Fig. 8. A clorer view of the drea with ges grass and

Fig.- 7. An instance of oil pollution at Minicoy fram

undetecmined source in 1981, Fig- 13 Sen ergsian at the windward side of of Amint fstand,

causing deposition of sand on windward reef flat.

Fig. 8. Interferance of sand flat on rezf flag at the windward  Fig. 11. Ses erosion of very high magonitude at tha lagoon
i side of Amini restricting coral grewth fo the outer shara of Minicoy as sasn in 1332,
zone.
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Fig- 12, Granite bunds and concrete tripods against sea

Fig. 16, Fisiing with cast net and brosking dead and live
erosion at Minicoy Atoll.

corale at Kiltan lagoon.

Fig. 13, The lagonn baach of Chetiat islend. Fig. $6. The ghruby thickets of Thesposia saen in Kiltan jn
1874, None axist today. The vagetation is fast
vanishing.

Fig. 14. Thie northern tip af Kiltan lagoon is almost filled
with deposition of dredged gail.  Local people
search for Octopus along with desd shoals. agricultare,

Fig. 17. Dastruction to recent natural thickets of Pandanus
in Minicoy (1982) for expanding settlement and
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Fig. 18. A thickey of ACropora aspera ot the windward

) Fig. 1. Stones turned upside down snd  lefe-Mincoy reet
reef of Amini igland (south gida). 2 b e

{iat,

2
ko
L

Fig. 18. Mass mortality 10 corals at Mioicoy lagoon as a Fig. 23. The crown of thorn Acanthaster planei.
result of axcessive silting, The giant clom Tricdacrna

- . 3 3 . H
is elso dead in farge numbers {F9B2), v years as a consequence ol expanding  setile.

ment and agricultral operation (Figs. 16, 17)
During a study visit to Kiltan in 1874 thick-
ets of Thespesia were obseived st the north-
ern half. However, none was visible in 1987,
The introduction of cattle and goats into
atolls has also put servere grazing preassure
o the ground vegetation and maost

atolfs in Lakshadweep will shortly face
fodder scarcity unless the level of live stock

is scientificaily managed (Piliai, 1983). On
the whole the natural vegatation of the atolls
is fast vanishing and plants introduced from
the mainland are taking roots.

i ot L THE COASTAL ZONES

astal g istands have
Fig. 20. Hofothuria (Mertensiothuria) feucospifota The CD stal zones of th o
feading on algae to convert in 16 fagoon sand been subjected to many changes, These include

&t Androth. construgtion  activities, sea ergsiopn  and
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poliution of the beaches. Sea erosion is
rampant in many atolls as is evident at
Minicoy, Kavaratti, Amini and Chetlat (Figs.
10, 11, 12, 13). The loss of land to sea in
these tiny isiands is of relatively very high
magnitude  Preventive measures by putting
tripods have already taken shape. But a mare
careful and effective costal zone management
for these islands are called for to protect
them from sea arosion. The effect of sea
erosion is also manifested in the lagoon by
way of the deposition of sediments affecting
the coral growth.

POLLUTION

Coastal zones of the atolis are also sub-
jected to pollution by human refuse (Fig. 3),
excreta and fish wastes. In Minicoy, the lan-
ding places are strown with the wastes from
tunas. The tendency to defecate on the bea-
ches by the local people due to lack of
modern facilities is also a major problem
along the beaches in many islands.

During monsoon, tar balls and oil from
undetermined sources reach the shores of
Lakshadweep and was observed in  Minicoy.
Large quantities of withered oii reached
Minicoy in 1981 and got deposited on the
beaches near the Jetty (Pillai unpub, observ
etion, Fig. 7). But no mortality to animals
was observed.

A large scale oil pollution (Figs. 4.5, 6)
from the American Tanker ‘‘Transhuron” took
place in Kiltan Atoll in September 1974,
There was considerable spillage of oil at the
northern tip of the atoll and large quantitias
got deposited along the intertidal and upper
teef flats and lagoon shore. A long term
study of the immediate and subsequent effects
of this spill on marine fauna of Kiltan atoll
was undertaken by the scientists of C.M.F.R.I.
Approximately 3325 tonnes of oil was
thought to be spilled from the Tanker as
per the estimate of the officials of Indian
oil Corporation who visited the Thanker on
aground, The northern tip of the island was
the worst affected. Upper zones of the reef
flat and the shores were blackened. The south-
ern side of the island along the lagoon
besch was also poluted by oil. Floating oil
was present for a week in the lagoon along
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the shore. !t was furnace oil with a pungent
smell. There was no major fish mortality,
However, intertidal organisms met with in-
stant mortality. After a week of the oil spill
(5th of October, 1974) large number of the
planktonic ostracod Cyprinida dentats was
found dead and washed ashore on the lagoon
side, though vertical and horizontal haulg for
plankton in the lagoon and open waters
revealed no dead plankton soon after the
oil spill. Due to the continued presence of
oil at the low water mark in the lagoon the
benthic and interstitial organisms in the {a-
goon and shore slowly started dying after a
fortnight of the spill. The worst aftected ware
the holothurians MHolothurin pardalis and H.
impetians in the lagoon; many of which were
found dead and washed ashore. H. rigids
was struggling in shallow waters where 0f
presisted. many eviscerated and died slowly,
Stichopus chlorodotus which were profusely
present in Kiltan during 1974 also died in
large numbers (at present there is a marked
reduction in their number in the lagoon).
Polychaetes such as Mesochsetopterus minutes
came out of the tubes and died after 2 wesek
onwards. However, Hippa which weres very
common in the lagoon shores ware healthy
and active even after a fortnight of the il
spill. The beach clam Mactra cuneata started
surfacing on the affected shores after two
weeks and many died, showing that prolong-
ed exposurs to oil is lethal to them, though
they can survive short exposures to crude oil
by rightly closing the sheslis,

On the northern shore, the shore crabs
Eriphia smithi, Leptodius exaratus, Grapsus
aibolineatus, Actaeodes hirstutissimus, Pseudo-
liomera Ieta and P, varofosse were the
species that met! with instant mortality. The
isopod Ligia exotice also faced mass morta-
lity. The hermit-crabs, though found heavily
coated with oil on their shells, ware not
sffected. The intertidal gastropods such as
Celiana radista, Trochus radistus and Orupa
tuberculata were found to be dying after two
weoeks of the tirst oil spill. They all met with
a slow death,

Live corals were not affected by this spil
either on the reef flats or on lagoon shoals.
Oil generally floats on the water and unless
it gets clogged on the coral colonies il
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spills generally do not cause mortality to
corals. However, prolonged and chronic oil
pollution can affect them adversely.

No beach cleaning operation or any de-
tergent was used at Kiltan during this oil
spill. The cleaning was effected by the natural
process of wave action. A team (including
one of us,) (Pillai) egain visited the Atoll
in March 1975 to study the prospect of re-
colonisation of intertidal organisms where mort-
ality was observed soon after the spifl. Though
adult crabs were absent, smaller ones were
observed in rock pools and on intertidal rocks.
This indicated that recolonisation was not
due to the migration of adults but was only
due to the recruitment of larvae after the
conditions were improved, However, in the
intertidal sandy shores there was no notice—
able improvement in the interstitial fauna,
Exeamination of the affected area in 1987
January, nearly after 12 vyears of the Tran-
shuron oil spill in Kiitan, shows that the area
is still having a paucity of shore crabs.

Although there is no rmajor pollution now
at Lakshadweep, the coconut husks kept for
retting along the beach under stones is one
source of pollution. The essence from the
coconut fibres oozes into the sea water kiiling
all the intertidal organisms. It has been observed
at Kiltan and Chetlat Islands that there are no
intertidal organisms under stones where the
coconut husks are kept. There is alsoa coir
factory in Kadmat Island from where consider-
able amount of effluents are let into the sea.

THE MARINE HABITATS

The marine, especially the lagoon habitat in
almost all habited atolls in the Lakshadweep has
undergone drastic changes, Lack of earlier
surveys and documentation of the fauna, except
perhaps in Minicoy and Kiltan, as weil as
paucity of continuous observations by marine
biologists is a major handicap in tracing recent
change, if any. We have such continuous
observations in Kiltan and Minicoy at least for
a period of 12 to 15 years based on which some
conclusions are already drawn (Piliai, 1971,
1983, 1985, 1985, Pillai and Madan Mohan,
1986). Some habitats are threatened, others
endangered, though not fully modified. During
the present survey most of these atolls were
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studied with a view to assessing the effact of
human interference, But as already pointed out,
effective comparison is not possible due to lack
of early information on the ecology and fauna
of most of the atolls. Dredging of the reef flats
at the channels and lagoon bottom. construction
of jettys in the lagoon and near shore, sea
erosion and exploitation of the limited resources
without restriction are the major factors that
have adversely affected the lagoon habitats,

DREDGEING

The deleterious effects of dredging (both
direct and indirect or instant and long term) on
corals was stressed by many scientists (Nashihira
and Yamazato, 1994; Wells, 1956). Pillai (1983)
has pointed out dredging as a major facter that
killed large number of corals in the Minicoy
lagoon. The lagoons of Lakshadweep including
Minicoy, Kavaratti, Amini, Kadmat and Kiltan
were subjected to long term dredging by the
Lakshadweep Harbour Department to permit
entry of the mechanised vessels into the lagoon.
At least in Minicoy and Kiltan it was observed
that dredged soil was deposited on the lagoon
shoals (as in Minicoy; and lagoon reef flat (as
in Kiltan) (Fig. 14) killing corals of extensive
areas. Instances of mass mortality of corals are
still visible at the northern end of Minicoy near
the shore {opposite 1o old Leper's colony) and
at Kiltan. Subsequent sediment transport in the
lagoon is adversely affecting the coral growth,
For some time in the past the administration
stopped ali types of dredging in the Laksha-
dweep, but it was re started in Amini in January
1987. Amini is an island with mostly filled up
lagoon and very few corals and fishes are found
in the habitat. Without dredging itis rather
impossible for the mechanised boats to enter
the lagoon. Since the coral growth is poor
and there is no live-bait fishery associated
with corals the effect of this operation in
Amini will be only minimum. However, in
Kavaratti, Minicoy and as far as seen at Kiltain
dredging has certainly done damage to coral
growth,

Natural cafamities: Natural calamities like
cyclones, storms and tidal waves take a heavy
tall of the fauna of tha coral reefs. Cyclonaes
not only destroy the vegetation but also the
coral reefs and their fauna. An account of
cyclones that hit Lakshadwaeep island has
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been given by Jones (1989). Though the
natural calamities cannot be prevented it is
essential to document the damage done 1o
the reefs and associated fauna after cyclones,

THE STATE OF CORAL GROWTH IN
LAKSHADWEEP

Corals all over the world are fast dying
out due to several reasons. They have domi-
natad the benthic marine commmunities of the
tropical waters for several millions of vyears
and might be experiencing natural senescence
and may vanish from the warm waters in
course of time following the footsteps of their
ancestral-tetra corals. But such an assumption
is no solution to the mass mortality of corals
experienced in several reef provinces all over
the wotld due to many man made causes and
sudden natural calamities Dredging. chrenic
oil pollution, sedimentation, prolonged exposures
El-Ninos, cold water runoff on to the reefs,
exploitation, predators and oversxploitation for
industrial purposes (Pillai, 1975) are some the
major factors that hasten the destruction of
recent reef corals.

Some of these factors are certainly in
operation on the reefs of Lakshadweep and
the deleterious effect is apparent, especially
during the last two decades, concomitant
with developmental activities, Mass mortality
to corals has occurred in minicoy in some
sites as a direct result of dredging. The large
colonies of Lobaphyitia, Diploastrsa and
faviids mentoined and charted by Piliai 1917
opposite the Leper's colony are all found
dead by 1981 as a result of deposition of
dradged soil on them, The Heliopora and
other ramose coral thickets found in 1974
(Pillai unpub.) in Kiitan were mostly found
dead in 1987. Dredging has alse a long-term
consequence on coral growth, The silt and
sediments generated by dredging and thejr
excessive transportation over the reefs and
into the lagoon coupled with saa erosion are
slowly killing many corals,

In Minicoy and Kiltan many massive
corals were found to be dead at the top dus
to silting, and the growing zone of large
massive colonies is confined to the periphery.
Even without human interference this natural
process is taking place on
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reefs to some

exetnt. The small-polyped Acropora which
forms the dominant lagoon coral in Laksha-
dweep, is perhaps, the most sensitive to silting
(Pillai, 1976), This may be the reason for
their large scale death and disintegration in
the recent past. In 1974 the lagoon of Kiltan
was found to have a very luxuriant growth
of Acopora terses, A. aspers (Fig. 17), A
corymbosa: and A, humilis along with large
thickets of A. formosa. However, the present
survey has indicated that the corals of the
Kiltan lagoon have vastly died. Enquires with
iocal people have revealed that there was
intensive interference from the local peoplein
the lagoon habitats in the recent past. The
fagoon fishes found in association with
corals were exploited for food especially by
the women folk at low tide They put small
nets over the coral colonies and break the
branches to drive away the fishes (Fig. 15).
Ouring the low tide many people particularly
women and children turn the coral stones
to collect cowries and other gastropods. Thay
[eave the stones upside down without putt-
ing them back 10 original position. All these
have caused the disintegration of already
dead and live corals throughout the lagoon,
Today, Kiltan lagoon looks depopulated and
is getting filled up fast due to siltation,

During the present studies one of us
{Thomas) made an attempt to estimate quan-
titatively the percentage coverage of dead
and live corals in some sample plots of the
islands both in lagoon and reef flat habitats.
The samplse plots were of the area af approx-
imately 25 sq. m. General observations on the
state of growth of corals was also made as
summarised below,

Minicoy. The damage to corals in the lagoon
of Minicoy has already been brought to the.
notice of the scientific public (Pillai, 1383),
Thomas found that the coverage of corals in
sample plots ranged from & to 10¥, of the
bottom area, Of these 50 to 80 present was
dead - & clear indication of the paucity of
live corals in the lagoon at present. The
southern portion of the lagoon is fast getting
filled with excessive sedimentation, for the
sediments brought by the water current from
the north of lagoon has no escape further into
open ocean since the reef flat is elevated and
remain exposed most of the time acting as
an effective barrier,
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Kavaratti The reef front at windward side of
the atoll has a reasonable growth of ramose
and massive corals, At the southwest of atoll
both in the lagoon and reef there is excessive
deposition of silt causing significant damage
to corals The coral growth in the lagoon is
not rich. The inner side of the lagoon reef has
some coral growth but the top portion of the
colonies are dead due to silting. At the central
part of the lagoon ramose corals are mostly
dead with living layers of over growth on some.
The Kavaratti lagoon has been subjected to
'ntense construction activities. The percentage
coverage of both dead and live corals in sample
plots in both lagoon and reef varied from
10 to 69 percent of the area, of which on an
average 50 percent of the corals are dead. This
indicates more than 5C% of corals of Kavaratti
is represented by dead and disintegrating corals.

Suheli Par: The lagoon is very deep and wave
conditions at the time of visit permitted only
limited sampling. The area is not much sub-
jected to any human interference and mortality
to corals is due to natural reasons. The reef
flats have luxuriant live coral coverage. There
was little sign of excessive deposition of
sediments anywhere. The lagoon and lagoon
reef also have massive and ramose corals.
Percentage of dead corals (estimated from the
top) varied from 5 to 15% of the total bottom
coverage.

Kalpeni: At Kalpeni harbour there is relatively
profuse growth of corals throughout the lagoon.
especially ramose forms. The lagoon reef flats
have massive Porites. The northern half of the
atoll is more rich in coral growth than the
southern half It is one of the atolls that has
not been subjected to much interference and
exploitation of the marine resources. The lagoon
still presents a natural look. Percentage of
dead corals in sample plots ranged from 10to 25
and the total coverage of coral growthis from
25 to 50% of the bottom.

Amini: The lagoon of Amini is very shallow
with vast areas of sea grass beds. It is being
continuously dredged. The lagoon habitat is
unsuitable for any significant coral growth
though occasional ramose colonies are seen,
The inner side of the leeward reef harbours some
corals but at the southern half it was observed
to be mostly dead. The windward side is
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subjected to sea-erosion and there is a vast and
flat (Figs 8, 9) sea grass meadow between the
reef front (algal ridge) and the shore. There is
a fairly rich growth of corals at the northern
side of the windward side. The dominant
species include Psammocora contigua, Pocillo-
pora spp., and Acropora aspera (Fig. 18) the
last mentioned species often forming large
thickets. In Amini, coral growth is richer in the
reef habitats than in the lagoon. There is
excessive silting on the windward side and the
reef flat is mostly covered with sand that
prevents any coral growth near the shore on the
windward side of the island.

Kadmat Island : The Kadmat island is long and
narrow with a vast lagoon. The lagoon is
dredged. There are many shoals most of which
are dead without any live corals. On the sandy
bottom there are patches of ramose corals of the
genera Acropora and branching Porit>s, and in
that sense the coral growth in the lagoon bottem
is fairly rich at many places. The lagoon reef
flat and inner side of the lagoon reef harbour a
fairly rich coral fauna and the present day growth
is very healthy. Massive Porites dominate at
many sites. The northern half, as in other atolls,
is richer in corals than the southern half.
Heliopora is also a dominant genus on reef flats.
From the vast sand flats of Kiltan harbour, sprats
(Spratelloides) are exploited as live-baits for
pole and line fishing for tuna. Octopus is
common on coral shoals and is collected by
local fishermen. On the whole, the present
survey revealed that the coral growth in Kadmat
is still rich though the tesrestial habitat is much
altered due to mining of lime and sand stones.

Kiltan: The marine fauna and coral reefs of
Kiltan were studied in detail in 1974 by the
scientists of CMFRI  One of us (Pillai) also
studied the corals and coral reefs of this island
in 1974 and again in 1975 and the present
survey after a decade made him aware of the
changes that took place both in the lagoon and
reef habitats. On the terrestrial side, mining for
sandstones was more intense and there was a
total loss of natural vegetation. The coral in
the lagoon is mostly dead. All the Acropora
thickets noticed in 1974 were found to be dead
and disintegrating. As already pointed out, the
coral colonies were broken by the local people
to fish from them, resulting in almost total
destruction. Dredging in the lagoon has certainly
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killed many corals and large areas of lagoon
reef flat is (F.g. 15) covered by the soil dredged
and dumped on the reef flat. The lagoon is
mostly filled at the southern tip and there are
few corals. The dominant species of corals in
the lagoon in 1974 were Acropora sspera, A.
formosa, A, intermedia A. corymbosa and
Porites andrewsi all of which formed large
thickets, However, these are not certainly found
there at present in a great profusion though the
species ¢can be collected still from the various
habitats. On the eastern reef flat, near the shore
just opposite the Dak Bunglow, there was a
profuse growth of Acropora in 1974, A re-
examination of the site in 1987 showed very
little corals in this site. The inescapable
conclusion is that the coral growth of Kiltan
was affected due to natural silting as well as
dredging. The disintegration of ramose corals in
the lagoon was hastened by human interferences

Chet/at Island ; Chetlat seems to have retained
most of its natural conditions in the lagoon
habitats. The northern side of the lagoon is
shallow, mostly exposed at low tide, and the
bottomn is covered upto §0%, with large dome-
shaped colonies of Heliopora caerulea, Psammo-
cora contigus, Porites sndrewsi and Porites
{Synaraca) convexa. Other reef corals, thaugh
occur, are not very dominant. The inner lagoon
reef flat is covered predominantly with the
massive coral, Porites. No sign of large scale
death of corals due to excessive interference
from natural or artificial factors was recorded
from Chetlat. The reefs and reef associated
organisms are rich and the marine habitat
presents a healthy look. However, the lagoon
is also getting filled by natural processes. The
open reef flats have a profusion of encrusting
Montipora and Porites. Fishing activities in the
lagoon are very limited and it is learnt that only
during active monsoan, the local people fish in
the lageon for food. Live-baits are not exploited
in any large quantities from this atoll. Sea
grosion is taking place at some sites and preven-
tive measures are being taken by tha local
administration,

The state of coral growth in some istands
such as Androt and Agatti is reported to be
good. In the absence of any lagoon in Androth
the coral growth on the reef flat alone is of any
importance. Agatti is rich in corals and inter-
ference, if any, is yet to ba ascertained.
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PREDATORS

Of recont, the role of the crown of thorns
starfish, Acanthaster p’anci, in the mortality of
corals in various parts of Indo-Pacific has bean
stressed by many authors. A review of the
recent works on this aspect is presented by
Endean (1973). The occurrence of A. planci
was reported at Kavaratti (Sivadas, 1977) and
Minicoy (Murty et &/, 1980). Predation of
Acropora spp. by this starfish (Fig. 22) and
consequent death was recorded at Minicoy and
Kavaratti. However, the number of the startishes
was not in any great proportion to call it a
plague. Recent surveys have not shown the
presence of these predators in many of the
islands. o

BIOFOULING

According to Nair and Dharmaraja (1983)
fouling on man-made objects in Lakshadweep
is not very severe when compared to mainland
waters, The structure and abundance of
fouling community is insignificant though rock
oysters and serpulids are found on jettias and
other coastal installations, as seen in Minicoy,
Kavaratti, Amini, Kadmat and Chetlat. Major
fouling organisms such as barnacles, bryozoans,
mussels and hydroids are extremely rare, Wood
boring bivalves and crustaceans occur that cause
damage to timber structures.

BIOEROSION

Many boring organisms attack baoth living
and dead corals. The major groups tha,
cause ergsion to coral skelston include algas,
sponges, polychastes, sipunculids, bivalves
and echinoderms. The activities of these
organisms on both massive and ramose corals
cause their break down. The sediments that
are produced by the boring activities also
contribute to filling up of the lagoon. Though
many of these agents occur on the resfs of
Lakshadweep, to date no serious study on
their occurrence and role in ths breakdown
and sorosion of calcareous material in  our
waters was taken up. Ouring tha presant study
some observations were made on boring
sponges, molluscs and the role of holothurians
in converting calcareous algae into sand
which are given beiow:
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Sponges:

Many species of sponges are well known
for their capacity to bore into calcareous
objects such as shells, corals, calcareous algae
efc. Studies made in the past have shown
that the sponges etch out minute calcareous
particles of an average size 56 x 47 x 32
(length x width x height) from the interior of
the substratum by the activity of filopodial
structures produced by certain specialised cells
s0 common at the site of boring. These filo-
podial structures grow and form fine crevices
around a future chip. subsequently, these
filopodial structures borne by different such
cells fuse together to form a filopodial basket
around a future chip and then it is pulled
out from the site. Such chips are expelled
through the excurrent stream of water. These
chips contribute much to the mineral fraction
of sediments produced in the reef environment
and in the Fanning lsland, it is estimated
that, such chips contribute to about 30%, of
the total sediment load (Rutzler, 1976 Rutzler
and Rieger, 1973).

The quantity of calcareous chips thus
produced by the activity of sponges vary
congiderably both in time and space. It was
calculated that in Bermuda resf the total
chipping activity of sponge relsase as much
as 260 gm-2 year-t which corresponds to a
coral layer of 0.1 mm thick. In areas of high
sponge concentration this figure may go up
to 3 kg -? year-' (or Imm/year). From these
figures the part played by sponges in the
bicergsion of the reef environmsent can be
well imagined (Rutzler,1975). It has also bsan
calculated that only 2-3¢%, of the eroded sub-
stratum is removed in dissolved form.

Composition of boring sponge populstion in
Lakshedweep: An interesting feature noted
with regard to the sponge fauna, both island-
wise and morphozone-wise, is dominance of
boring species in relation to non-boring ones.
The percentage occurrence of boring species
in the total numbsar of species represented at
each island may be given as follows : Kava-
Fatti-46.4 %; Kalpeni-36.1%; Suheli-48.3%' An-
droth-66.6%: Minicoy-50.0%,; Amini-38.49,;
Kiltan-20.0%; Agatti-60.0%, and Kadmat-58.3%.
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The number of species of boring sponges
recorded is 18 as listed below:

Phyium porifera Grant

Glass Demospongiae Sollas
Order poecilosclerida Topsent
Family Raspailiidae Hentschel

1. Rhabderemie prolifera Annandale
Order Hadromerida Topsent
Family Spirastrellidae Hentsche!

2. Spirastrells coccinea (D&M )

3. 8. cuspidifera (Lamarck)
4, S. inconstans (Dendy)
6. S. aurivitli Lindgren

Famfly Clionidae Gray
6. Amorphinopsis excevans Carter
7. Aks minute Thomas
8. A, Jsccadivensis n. sp.
9. Cliona celats Grant
10. C.
1.
12.
13.
14, C.
15. Thoosa armata Tapsent

vasiifica Hancock
viridis (Schmidt)
carpentari Hancock
ensifers Solias

o oo

mucronata Sollas

Order Epipolasida Sollas
Family Jaspidae de Laubenfels

16. Japis penetrans (Carter)
Order Carnosida Carter
Family Halinidae de Laubenfels
17. Halina plicata (Schmidt)
18. Samus anoyms Gray

In order to get clear picture on the abundance
of the various boring species in each island the
total incidence of each species was estimated
for Kavaratti, Suheli, Kalpeni, Androth and
Minicoy separately, and this indicated that
Cliona celats Grant dominates in both Kavaratti
and Suheli, C. ensifera Sollas in Kalpsni and
C. mucronata Solas in Androth. However,
the distribution pattern noted at Minicoy is
quite different since both C. celats Grant and
C. vastificea Hancock are equally dominant.
Summoarising the distribution pattern of baoth
C mucronsta Sollas and C. ensifera Sollas, it
may be stated that these two are typical coral
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boring species in both reef and lagoon habitats.
At Androth the former dominates while in
Kalpeni, the latter. In these two lagoons the
activity of C. celats and C. vastifice is at a low
level, and it is not known fully at present
whether they are being checked by the activities
of C, mucronata or C. ensifera.

Four species of the genus Spirastrelis are
commonly found in vatious lagoons surveyed;
of which two, viz., S. inconstans (Dendy) and
S. euspidifera (Lamarck), show the tendency to
overgrow the substratum after disintegrating it
totally (gamma stage}. Both of them usualily
make extensive galleries inside massive corals,
It is very interesting to note that both
C. margaritifara Dendy and C. Jjobata Hancock
which have infiltrated into the molluscan beds
of the mainland, mainly along the southwaest
coast (Thomas, 1983) recently, have not yet
made their appearance in the Lakshadweep. it
is possible that these may invade the Laksha-
dweep water also, Attempt to transport pearl
oyster, mussel, edible oyster etc., infasted with
these borers to Lakshadweep, can cause their
introduction. Hence, any consignment of
moliuscs for culture from the mainland or else-
where to Lakshadwesep must be screened
properly before it is despatched,

Hartman (1958) feels that the coral reefs do
not present as wide a variety of clionids as
might be expected. De Laubenfels (1950, 1954)
could report only two species from Bermuda
and five from the Woest Central Pacific, while
Burton (1934) could record no clionids from the
Great Barrier Reef. But the present survey
indicates that the boring sponge fauna is rather
rich and varied in Lakshadweaep,

Damage caused to corals: Analysas of the data
collected from the various islands during the
present survey indicate a very high rate of
infestation in all the islands surveyed. It is
noted that the sponge can bore into both live
and dead corals alike. The death of coral wiil
never affect the activities of the boring sponge
since there is no trophic relationship between
them. Under this situation the chipping of
caicium carbonate material can go on incessantly
even after the death of corais and this will
considerably weaken the entire reef frame-work
making it more susceptible to the wear and tear
caused by waves. Such a weakensad substratum
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will, no doubt, accelerate the activity of secon-
dary borers such as polychaetes, molluscs,
sipunculids etc.

Boring sponges can make extensive galleries
inside the coral, but the magnitude of damage
caused cannot be assessed by exrernal examina-
tion alone. This is because the outer layers of
the coral remain practically uptouched and
mote or less intact except for a few pores for the
excurrent and incusrent papillas to project out.
Atleast some of the massive corals examined
from different islands were in this advanced
stage of boring, and their interior was found
practically hollow except for a few calcareous
pillars stretching across the different tunnels
within the skeleton,

An Acropora colony (partly dead; waighing
600 g with a maximum diameter of 15 cm,
bearing 48 upright branches arising from a fiat
base, was collected from Kavaratti, it was
found that out of 48 branches 34 were infestad
severely by boring sponges. Species-wise break
up of incidence may be given as follows:
C. ensifera on 12 branches; C. cé/ata on 11
branches, C. mucronata on 6 branches; C. vasti-
fice on 4 branches and C. viridis on 1 branch.
Apart from the above mentioned species, other
borers such as polychaetes were found boring on
two branches, molluscs on two and sipunculids
on oné branch. The above details indicate that
sponges, as a group, dominate among the
various groups of organisms that destroy the
branching coral colonies in Lakshadweep.

The assessment of damage caused to the
stalk portion of branching coral is based on
Acropora sp. collectad from Kalpeni. The stalk
portion of this colony has an average diameter
of 5cm and the various boring organisms
occupying the cut end of the stalk were
identified incidence-wise. Sponge infection
could be noted at 8 places, polychaste at &
places, mollusc at 5 places and sipunculid at
3 places. Species-wise Incidance of sponge
indicates that C. ensifera has the maximum
incidence (3 numbers) followed by C. ce/ata and
C. vastifice (with 2 each). However, the inci-
dence noted in the case of C. mucronats is the
minimum (one).

Data collected from massive coral, from
Kavaratti, show that boring sponges form by far,
the most dominant group causing biological
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erosion here also, Only one species of sponge
(C. celats) could be coliected and this species
occupied three different locations inside the
coral. The other groups noted were polychaetes,
molluscs, crustaceans, sipunculids and algas;
polychaetes were noted at two different spots
while the others at one spot each, In an arsa-
wise analysis, C. cefata ranked first,

From poolaed data obtained from the above
three samples it may be concluded that ameng
the boring organisms, the sponge ranks first
followed by polychaetes and sipunculids in™

Lakshadweep reefs.

Activity factor relationship : The factors infliu-
encing the activity of boring sponge in the, reef
envivonment are many. Rutzler (1975) has
experimentally proved that when a coral piece
infested by boring asponge is cut into two it will
stimulate the boring activity in the resultant
bits considerably. Cutting channels across the
reef will produce a similar effect and the
chipping will go on at an accelerated rate atleast
along the cut edges of the channel. llumination
also plays an important role in the accelerated
activity of boring sponges (Rutzler, 1975), The
clarity of water in the lagoons of the various
islands surveyed is rather exceptional and hence
this may be cited as an important factor that
affect boring in a positive way.

In conclusion, it may be stated that the
damage caused to corals by boring sponges is
rather widespread in all the morphozones of the
reefs investigated. !n many cases it was noted
that the infestation may Kill the corals partly
or fully., Localised death of a colony may not
produce any far reaching results upless consi-
derable damage occurs to the stalk portion. In
any branching - colony that occupies the reef
front zone, a dead or disintegrated stalk can
result in the sliding away of the entire colony
into ddeper waters where it will be buried
by sediments But, branching celony which
occupies level bottom will never experience
such a fate since ihe interlocking ef the branches
of adjacent colonies will keep it in position,
even after the total disintegration of the stalk.

Moliuscs :

Appukuttan {per. comm.) informs that the
mytilid Lithephage nigra and graeilis making
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deep and massive burrows at the base of ramose
corals are present in most of the reefs of the
Archipelago. These molluscs are more common
on the reef habitat than in the lagoon. Another
mytilid Botula cinnamomes which makes shallow
burrows was recorded from Minicoy. Its occur-
rence in other atolls awaits confirmation. Yet
another group that burrows into limestone is
the venarid Petricola lithophags and P. diver-
gens. Both these species were collected from
Minicoy reefs. Two spicies of gastrochaenid,
viz. Gastrochaena gigantea and G. impressa also
make burrows into corals. The former is wide.
spread while the latter is recorded only from
Minicoy. While Lithophaga bores the coralline
material by chemical action, the gastrochaenids
act mechanically to make burrows 1.5 to 3cm
deep. Jouannstia cumingii is found throughout
Lakshadweep and this species makes deep
burrows on massive corals; the siphon of this
species project 2 to 3 cm from the burrow. This
is also an effective mechanical borer.

A few wood boring bivalves such as
Teredothyra, Uperotus, Teredo, Lyrodus, Bankia,
Pholss and Martesia were also recorded from
the Lakshadweep waters that cause damage to
wooden structures and timber (Nair and Dharma-
raja, 1983.

Holothurians:

The role of the holothurians in the lagoon
sand formation has to be commented here,

Several species of holothurians like Holothuria
(Ludw'gothuria} stra, H. (Microthele) nobils
and H. (Msrtensiothuria) leucospilota feed on
the calcareous alga Halimeda sp. and convert
the same into largoon sand (Fig. 4). In some
places 500 to 1700 tonnes of sand is known to
pass through the holathurians in an vear. This
will have a direct bearing on the filling up of
the fagoon. In some places fiKe KHtan the
nolothurian Holothuria (Ludwigothuris) atra is
thickly distributed with -7 specimens in one
sq. m. The role of holothurians in filling up

the lagoon with sand insuch places will be
significant.

POPULATION AND ATOLL ENVIRONMENT

Human activities on coral atolls is an
important aspect that needs a detailed study in
Lakshadweep; for the effect of changing
environment on population needs careful
assessment for future planning. As pointed out
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by Weins, (1971) the availability of percapita
land, fresh water, reef area and lagoon for
population are criteria for estimating the popu-
lation pressure in restricted geographical areas
like small atolls. Though reliable statistical
data on these aspects from the inhabitated
atolls of Lakshadweep are still required, it may
be assumed that due to improved medical
supplies, education, sanitation, nutrient food
supply, and recreational facilities in the recent
decades the population pressure in the atolls is
gradually increasing.

CONSEQUENCES OF ENVIRONMENTAL
DAMAGE

Mortality to corals set chain actions and
interactions bringing out visible changes in the
ecosystems, The loss of live corals directly
brings out a depletion of associated organisms
as well as an advancement of algae and animals
that thrive on dead corals, Pillai (1983, 1986)
and Pillai and Madan Mohan (1936} have
described the adverse impact of mass mortality
to corals in Minicoy atoll (Fig. 19). As already
pointed out by Endean (197 4) the coral skeleton,
on death, display a whitish colour due to loss
of living matter and many remain so, for a few
weeks or month. Soon, they get coated by
green filamentous algae and assume a dark green
colour. Subsequently, coralline algas make an
over coat, Dead corals are more vulnerable to
the attack of borers and bioerosion of the
colonies starts at a fastor rate.  Sponges,
sipunculids, molluscs and echinoderms start
attacking the colonies and the resulting calca-
reous sediments cause more sedimentation in the
reef habitats. When ramose corals die and
remain /nsity they act as effective sediment
trappers in between the branches and thus effact
filling of the lagoon, ultimately the corals them-
selves get burried.

Coral associated or coral haunting fishes
such as chaetodons, some humbugs (eg.
Dascylius aruanus as seen in Minicoy) and rock
cod may remain associated with corals when the
{atter die but may disappear as the algal coating
on dead skefstons increases (Endean, 1973),
Most of the live coral associates, including
fishes, abandon the coral colonies. What is
found mostly are borers and a few crustaceans
and molluscs.
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The death of corals in the Minicoy lagoon
was found to have a direct inverse impact on
the coral associated fishes and tuna fishery as
explained in detail by Pillai (1983). Pillai and
Madan Mohan {1986) have noted the micro-
habitat selection of many coral associated fishes
in Minicoy. For example Chromis caeruleus
the blue puller, which is an important tuna
live-bait in Lakshadweep was found to be
predominantly associsted with arborescent
corals like Acropors intermedia, A. formose,
A. teres and A. aspera (Fig. 18) which were very
common in lagoon. The species is also found
along with Pocjlfopors spp. and Stylophora
pistifiata. However, recently Pillai has observed
their presence among farge colonies of Heliopora
caerulea at Chetlat. As pointed out by Pillai
and Madan Mohan (in press) this species co-
exists with Dascyl/us aruanus. It was observed
that mass mortality to the arborescent corals
in the traditional fishing areas of Minicoy
coupled with over exploitation have caused a
marked dwindling of C. caerufeus. It is not
successful with dead corals though D, arvanus
gets adapted to dead corals in the absence of
sufficient living habitat of live corals (Pillai and
Madan Mohan in press:), The resident fishes
such as Archamia sp , Apogon spp; Pristiapogon
and Spratelicides japonicus on corymbose corals
are also found not able to adapt to dead corais.
The overall result is that death of corals causes
a dwindling of many important reef fishas that
are used as live-baits in Lakshadweep. Mass
mortality to corals and dwindling of resident
live-baits may affect the traditional tuna fishery
by pole and line, for they form a steady sources
for baits, while the availability of migrant forms
is unpredictable,

RECOLONISATION OF CORALS AND
ECOSYSTEM IMPROVEMENT

Recolonisation of reefs and lagoon habitats
by hard corals depends on many factors includ-
ing the magnitude of the destruction, modifica-
tion of the habitat, availability of planulae,
nature of water current to favour the inflow of
planulae; recurrent damage to habitat and the
like, When a reef is damaged by catastrophic
events (both natwal and man-made) there
should be some hard bottom still left so that
settlement of planulae can take place. As far
as one could judge, in some of the lagoon of
Lakshadweep as in Minicoy, Kavaratti and
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Kiltan, the interference of sadimaintation is of
high magnitude and there is great s3adimant
transport in the lagoon. Faw naw settlanants
of colonies were sesn in both Kiltan and
Minicoy though over growth of fresh living
layers are seen on many dead and intact coral
colonies. Reafs subjected to human activities
appear 1o have lost capactty to re-generate since
the impact is long lasting (Wells, 1984). Based
on a study of the south Indian reefs, Pillai
(19756} felt that within a period of 20 to 25
years reasonable recolonisation of Acropora will
take place provided the conditions for recoloni-
sation are favourable. As far as Lakshadweep
atolls are concerned even if any recolonisation
on the lagoon is to take place absolutely no
further interference should be there. Dredging
has to be abandoned. Effective measures to
check sea-erosion have to be taken up. Des-
truction to live corals has to be avoided. Itis
rather difficult at this stage to say whether
active re-growth of corals in the lagoon habitat
will take place in future, where significant
damages have ajready taken place.
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