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marina, which are bushy in nature due to high 
salinity, low precipitation and low nutrients22. In 
Egypt, the mangroves are present in the floodwater 
valleys that enter the sea from  the mountains. These 
valleys are mostly dry except during occasional rain 
storms, which supply freshw ater and sustain the 
mangrove life22.

Pakistan coast
Mangroves in Pakistan occur m ostly in the Indus 

delta, with an area o f 2600 km 2 spreading along the 
coasts of Sindh and Balochistan Province . There are 
8 mangrove species in the Indus R iver della region 
and 5 species along the M akran coast dom inated with 
Avicennia marina  (95% ), followed by Ceriops tagal 
and Aegiceras corniculatum 2*.

M aldives
Thirteen species o f m angroves are found in 4.18 

km2 areas of coral islands— Kelai, Landhoo, Gaafaru, 
Kaashidu and Farukolhu. T he num ber varies with 
areas, ranging from 2 in Gaafaru to 7 in Kelai and 
Landhoo2 . Among these, the dom inant species are 
Bruguiera cylindrica, followed by Lumnitzera 
racemosa. Ceriops tagal and Rhizophora mucronata. 
The floral constituents are very  m uch sim ilar to Sri 
Lanka and other G ulf countries24.

H ig h  b io d iv e rs ity  a re a s

Indian coastline
East coast o f  India has larger (about 80%) 

mangrove area than the w est coast (20% ) due to 
terrain and gradual slope as well as the river deltas of 
Ganges. Brahmaputra, M ahanadi, Godavari, Krishna 
and Cauvery. These deltas are nutrient-rich alluvial 
soil where mangroves grow  luxuriant with 60 
species25. Sundarbans forest along the east coast is 
one o f largest mangrove forests in India. Along the 
w est coast, there are 34 species o f mangroves found 
on banks o f estuaries, deltas, backwaters, creeks and 
other protected areas25. Lakshadweep Islands group 
has only a  small patch o f Bruguiera parviflora  on 
M inicoy Island26.

Twenty species10 o f  m angroves are now becoming 
endangered because o f several reasons such as. 
grazing by cattle/goat/cam el; tree felling for timber 
and firewood; human inhabitation and pollution; 
embankment; hypersalinity; siltation; aquaculture and 
agriculture practices; natural calam ities like cyclone; 
and disease problem s10. Governm ent o f India has 
identified 35 m angrove areas ' for intensive

conservation and management. A National Mangrove 
G enetic R esource Centre has been established in 
Orissa w hich has the m aximum species diversity of 
m angroves. Research activities are encouraged on the 
follow ing aspects —  (i) taxonom y and distribution of 
m angrove species, (ii) status o f  endangered species 
and m easures for their conservation, (iii) restoration 
o f  degraded mangrove arcas, (iv) status o f health o f 
mangroves, (v) biodiversity o f  m angroves including 
flora, fauna and m icroorganism s and their 
interrelationships, (vi) studies on aquaculture in the 
mangrove areas, and (vii) im pact of mangrove 
afforestation on the coastal erosion and role of 
m angroves in flood damage control.

S ri Lanka
Sri Lanka has a total area3 o f 120 km2 of 

mangroves, present around the coastal lagoons, with 
23 species2 . T he mangroves are extensive in 
northwestern and northeastern coastlines. T he largest 
patch is in Pulialam-Kalpitiya lagoon. The second 
largest patch is at Batticaloa follow ed by Jaffna 
Peninsula. Nypa fru ticans  is restricted to west coast. 
Xylocarpus  species are widely present in east and 
w est coasts27.

B angladesh
Sundarbans, in India and Bangladesh, is the largest 

continuous mangrove forest in the world and is the 
only mangrove forest infested with tigers. O f this. 62 
% lies in  Bangladesh at the southern end o f the 
G anges River2 . This com prises 44  % o f the 
productive forest o f  Bangladesh contributing about 
one-half o f  forest-related revenue. Salinity plays an 
im portant role in the growth, species distribution and 
productivity o f  the forest and vegetation lends to be 
more luxuriant at lower salinity levels. There are 24 
species o f mangroves, am ong which Heritiera fom es  
and Excoecaria agallocha are dominant, with H. 

fo m e s  alone contributing to 63.8%  o f  the total forest 
produce28.

M ya n m a r (B urm a)
M yanm ar has 28 species20 in an area o f  6,950 km , 

with the major mangrove forests lying in the 
Irrawaddy river delta. Not m uch is known about 
m angrove ecology and biodiversity but H. fom es  is 
likely to become endangered soon29.

T ha iland
T here are 34 species30 o f mangroves, present in an 

area o f  1900 km2, 80%  o f  w hich is present in the west
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coast o f  the Peninsula and the Andaman Sea coast. 
Dominant genera are Rhizophora, Avicennia. 
Sonneratia, Bruguiera, Xylocarpus, Lumnitzera, 
Ceriops and Excoecaria1' . Rhizophora  and Avicennia  
dominate in riverbanks followed by Bruguiera, 
Ceriops, Xylocarpus and Excoecaria  in inland areas 
with drier soils and less tidal inundation. This country 
is rich in Sonneratia grifflthi, which is rare in other 
mangrove areas. T he luxuriant m angroves m ay be 
mainly attributed to high rainfall (4014.8 mm), clay 
loam, and/ or sandy clay sediment30.

M alaysia ,

The area o f  m angroves in this country is 6410 km2, 
— 17% in Penninsular M alaysia, 26%  in Sarawak and 
57% in Sabah51. The m angroves along w est coast 
occupy 96% o f  the total area. The total num ber of 
mangrove species is 40. Nypa fru ticans  is abundantly 
present, but is an endangered species in m ost o f  other 
arcas o f m angroves in the world52. A well-m anaged 
mangrove forest is found in M atang Reserve31.

Singapore

Singapore has 31 m angrove species33, scattered in 
an area o f  18 km2 along the coast, and especially in 
the silt deposited coasts o f  Northern and Western 
parts facing the Johore Straits, Pulau Ubian, and 
Pulau Tekong33.

Indonesia

Mangroves are distributed in 42,500 km2 in 17,000 
islands o f Indonesia34. This high diversity and 
luxuriant growth o f m angroves could mainly be 
attributed to high rainfall o f  4000 mm and high 
humidity32. There are 45 species o f mangroves, 
highest diversity in the Indian Ocean region. 
Aegiceras floridum , a rare species is present in lime 
stone rocky coast. O ther tw o species that are found 
only in Indonesia and A ustralia are Camptostemon  
schultzii and Bruguiera exaristataM.

North W estern A ustralia
There are 28 mangrove species12-35, occurring in an 

area of 4513 km2 . The endemic species are Avicennia  
integra and Ceriops australis'2. Species diversity is 
more in Northern Australia than in o ther coastal areas, 
and is often higher in estuaries andI  o r  in areas of 
higher rainfall36.

M angrove  asso c ia ted  f lo ra
The mangrove ecosystems are in general rich in 

associated flora that includes bacteria, fungi, algae,

seagrasses, lichens, salt-m arsh and other vegetation. 
The diversity o f  associated flora is high in humid and 
wet regions, and it is poor in arid regions. The 
m angrove-associated flora reported in different 
countries o f the Indian Ocean region is given in 
Table 2. M uch more studies are required on the 
m angrove-associated flora, especially the 
microorganisms in the m angrove ecosystems o f  the 
region.

In India, the m angrove ecosystems have 809 
species o f associated flora37 that includes 12 species 
of salt-marsh vegetation, 11 species o f  seagrasses, 559 
species o f  algae, 69  species o f bacteria, 103 species of 
fungi, 23 species o f  actinomycetes, and 32 species of 
lichens (Table 3). In Bangladesh, 330 species o f plants 
have been recorded28. In Indonesia, 189 species o f 
plants that include 80 species o f trees, 24  lichens, 41 
ground-covering plants, 41 epiphytes and 3 plant 
parasites have been recorded3 . In M alaysia. 57 
m angrove associate species are present, besides 9 
species o f  bryophytes and pteridophytes-’9.

In Thailand , 18 species o f  epiphytes that include 
13 species o f orchidaceae (species o f Dendrobium, 
Bullophyllum., and Eria) and an abundant epiphyte 
species —  Hoya parasitica  (Asclepiadaceae) are 
present. Many periphytic algae (Catenella, Bostrychia. 
Murrayella, Gracilaria, Hypnea, Gelidium. 
Acanthophora, Herposiphonia, Laurencia) and mud- 
dwelling algae (Cladophora, Chaetomorpha, 
Enteromorpha, Ulva, Lyngbya, Oscillatoria, 
Phormidium, Calothrix, Hydroclathrus. Ectocarpus, 
and Dictyota) are found in the mangrove forests40.

East A frica coast has 8 salt-marsh and other 
halophytes, 2  lichens, 1 seagrass species and about 17 
algal species19-41. A survey o f  the coastal zone o f Abu

T abic 2— N um ber o f  m angrove-associated flora reportedly 
occurring  in  coun tries bordering the Indian Ocean

Country N o. o f  species G roup  recorded

India” 809 Algae, bacteria. fungi, 
actinomycetes, lichens, seagrasses. 
saltmarsh and other halophytes

Bangladesh28 330 -do-
Indonesia2* 189 T rce species, lichens, ground- 

covering species, epiphytes and 
plant parasites

M alaysia3® 66 Including b ry o p h y ta  and

T hailand40
pteridophytes

18 Including orchids, epiphytes, algae
East A frica1®-41 28 Algae, segrassess, lichens, 

saltmarsh and halophytes
U A .E .41 22 Halophytes



K A TH IRESA N  & R A JEN D R A N : M A N G R O V E  O F  IND IAN O C E A N 111

Dhabi (U.A.E.) identified 22 halophytes, o f  which 9 
are tolerant to inundation o f seawater \

M a n g ro v e-in h ab itin g  fa u n a
Fauna in mangrove ecosystems is large and diverse 

as it includes both terrestrial and aquatic organisms. It 
is composed o f large varieties o f Zooplankton, 
benthos, shrimps, crabs, m olluscs, insects, fmfish, 
birds, reptiles, am phibians and mammals. The muddy 
or sandy sediments o f the mangroves provide habitats 
for epibenthic, infaunal and meiofaunal invertebrates. 
Water channels, w hich exist within the mangrove 
ecosystems support com m unities o f Zooplankton and 
fishes.

A total o f  1511 species o f  fauna have been 
recorded in the Indo-M alaysian region’ and 754 
species in the Australasian region3 of Indian Ocean, 
whereas there is no  information for East African and 
Gulf countries (Table 4). In the Indo-Malaysian region, 
insects are dominant (500 species), followed by fishes 
(283 species), crustaceans (229 species) and molluscs 
(211 species). Am ong other groups, echinoderms are 
represented by a single species, amphibians by 2 
species, coelenterates and ctenophores by 3 species and 
sponges and bryozoans by 5 species3 (Table 4).

The total number o f mangrove-inhabiting faunal 
species37 in Indian mangroves is 3,111 (Table 3). This

Table 3— Toial num ber o f  floral and faunal species in  m angrove 
ecosystem s o f  India17

No G roup o f  organism s No. o f  species
Sub-group total Total

I M angroves (p rincipal species) 39 39
II M angrove-associated Flora: 809

1 Bacteria 69
2 Fungi 103
3 Algae 559
4 Lichens 32
5 A ctinom ycetes 23
6 Seagrasses 11
7 Saltm arsh vegetation 

& o ther halophytes
12

III
1

M angrove-inhabiting Fauna: 
Crabs 138

3.111

2 Prawns 55
3 M olluscs 308
4 O ther invertebrates 745
5 Insects 711
6 Fish 546
7 Fish Parasites 7
8 Birds 433
9 A m phibians 13

10 Reptiles 85
11 M am m als

T otal n u m b er o f  species
70

3,959

includes 55 species o f prawns (1.8 %  o f total fauna), 
1 3 8  species o f crabs (4.4 %), 308 species of molluscs 
(9.9 %), 745 species o f  other invertebrates (23.9 %), 
546 species o f fish (17.6 %), 7 species o f fish parasites 
(0.2%), 711 species o f insects (22.9 %). 85 species of 
reptiles (2.7 %). 13 species o f amphibians (0.4 %). and 
70  species o f mammals (2.3 % )3 . The faunal species 
are found to be present in large numbers in the 
Sundarbans o f West Bengal followed by the Andaman 
and Nicobar Islands31.

The faunal species which are frequently recorded in 
mangrove habitats are shrim ps (Penaeus indicus. 
P. monodon, P. semisulcatus. P. japonicus. 
Metapenaeus monoceras), crabs (Scylla serrata. 
Sesarma and Uca species), molluscs (Terebralia spp. 
Cerithidea, Nerita and Crassostrea  spp.) and finfish 
(Periophthalmus spp.). Information on other 
invertebrates are generally m eager more so from 
mangroves of East African region.

S ta tu s  o f m angroves
T he mangrove ecosystem s continue to disappear 

especially in the Indian O cean region. The universal 
causes o f  the destruction are shrim p culture, wood 
chip and pulp industry, urban development and 
hum an settlements and dom estic uses for timber, 
firewood and fodder.

In dry areas, grazing by buffaloes, sheep, goats, 
camel can also lead to destruction o f mangroves. In

T ab le  -1— N um ber o f  faunal spec ies in m angrove ecosystem s o f  
d ifferent regions o f  the Ind ian  O cean  region

No. A nim al tasa East A frica  & Indo- Australasia3
G u lf coun tries3 M alaysia3

1 Protozoa - 18 -
2 Sponges -  

B ryozoa
* 5 7

3 C oelenterata - 
C tenophora

* 3 6

4 N on-polyehaete
w orm s

“ 13 74

5 Polychaetes - i l 35
6 C rustaceans - 229 128
7 Insects -  

A rachnids
— 500 72

8 M olluscs - 211 145
9 Echinoderm ata 1 10
IO Ascidians - - 8
11 Fish - 283 15
12 R eptiles - 22 3
13 A m phibians -r. 2 0
14 Birds • 177 244
15 M am m als - 36 7

T otal num ber o f  faunal species 1511 754
— N o  record
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areas such as G ulf countries, oil pollution is often 
harmful for survival o f  mangroves. A natural cause 
that results in large-scale destruction o f mangroves is 
cyclones in Bay o f Bengal that gets aggravated with 
human interference43. Diversion o f river water leading 
to hypersalinity in the dow nstream  areas is a  serious 
problem in the Indus delta o f  Pakistan. Cauvery and 
Sundarban deltas o f India. D ue to reduction in 
freshwater inputs, the freshwater-loving species like 
Nypa fruticans and Heritiera fo m es  become reduced 
in population density.

Fish and prawn seed resources o f mangroves are 
largely destroyed. To cite an example, in Sundarbans, 
about 4 0 ,0 0 0  people harvest about 5 4 0  million seeds 
of tiger prawn (Penaeus m onodon) every year, and in 
this process, about 10.6 billion seeds o f other fishes 
and shrimps are killed, which will have impact on fish 
diversity and fisheries resources44.

Field studies are required (i) for resolving the 
disputes in taxonomy o f  species, (ii) for assessment of 
the species under threat and (iii) for evolving the 
remedial measures for the specific causative factors 
responsible for the loss o f  biodiversity and 
degradation of mangrove habitats. For example, the 
problem o f die back disease o f  Heritiera fom es  
causing a severe loss o f m angroves in Bangladesh28 
deserves serious attention.

Trials o f mangrove restoration are taking place in 
many countries, but planting strategies need 
improvement. Very often, m assive plantations are 
made with few species, which w ould further pose a 
threat to diversity. Much more support is necessary 
for mangrove rehabilitation and biodiversity 
enrichment, and for continuous assessment o f the 
impact o f mangrove planting. A m ajor challenge in 
conservation of biodiversity is to evolve the best 
management and restoration o f  mangrove forests 
integrated with improved coastal zone planning and 
sustainable technologies.
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