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INTRODUCTION

A mangrove hasbeen defined asatree, shrub, palm or ground
fern, generally exceeding more than half a meter in height
and which normally grows above mean sea level in the in-
tertidal zones of marine coastal environments or estuarine
margins (Duke 1992). The forests are typically distributed
from mean sea level to highest spring tide level (Alongi
2009). They arelargely restricted to | atitudes between 30°N
and 30°S. Northern extensionsof thislimit occur in Bermuda
(32°20' N) and southern extensions are in Australia (38°45'
S) (Kathiresan & Bingham 2001). They interact and supports
a diverse marine, freshwater and terrestria flora and fauna
(Méacintosh & Ashton 2002). Tomlinson (1986) used amore
clear criteriato distinguish true mangroves and mangrove as-
sociateswhich were largely accepted (Duke 2006). The most
recent estimates suggest that mangroves presently occupy
about 14,653,000 ha of tropical and subtropical coastline
(Wilkie & Fortuna 2003, FAO 2004). Indiahas a coastline of
more than 7500 km including island, deltaic and lagoon. Ac-
cording to the report of Forest Survey of India (1999), the
total areaof mangrove cover isestimated to be 4,87,100 ha of
which, 96,000 hais present along the Andaman and Nicobar
isands. Theremaining 2,75,800 haand 1,14,700 haarefound
along the east coast and thewest coast respectively. Kathiresan
& Bhingham (2001) recognised 65 mangrove speciesglobaly
belonging to 22 genera and 16 families. Mandal & Naskar
(2008) estimated 82 species belonging to 52 genera and 36
familiesfrom 12 different habitats of India.

The present study is based on standardized field work extending over a five-year period using well established
diagnostic identification keys. The paper documents the diversity of true mangroves in seven major and
three minor estuaries of Goa, which house 15 species belonging to ten genera under seven families. Mangrove
associates were also studied along with quantitative analysis, hydrological parameters and sediment analysis
of estuaries in relation to mangrove flora. The present study reports that mangrove cover in Goa has increased
to 2617 hectares from 2000 hectares.

STUDY AREA

Goa, thesmallest Statein India, with an areaof 3702 km?is
located at latitude 14°54'33” N and longitude 74°4'27"E
(southern border) and latitude 15°43' 30" N and longitude
73°40'43" E (northern border) on west coast of India. It has
a coastline, which extends up to 105 km. On the eastern,
southern and northern sides, it is surrounded by Western
Ghats, Karnataka State and M aharashtra State respectively.
Onwestern sideit is surrounded by the Arabian Sea. Dueto
thetidal influence, estuariesin Goa often experiencefeature
like erosion in monsoon followed by accredition at river
mouth. There are 7 major estuaries and 3 minor estuaries,
having their origin in Western Ghats, and all of them flow
into Arabian Seaand Cumbarjuacanal connecting Zuari and
Mandovi estuaries with mangrove area covering around
2,619 hectares. The general featuresof theestuariesaregiven
inTable 1.

MATERIALS AND METHODS

Specimens of mangrove species with the reproductive parts
were collected from different study stations by cutting from
November 2005 to December 2011, and identified by using
keysmentioned in Ecology and Biodiversity of Indian Man-
groves. Quantitative studies were done by quadrat method
and relative mangrovediversity by Naskar & Mandal (2008).
Hydrological parameters and sediment analysis were done
using standard methods.
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Table 1: Data of Goa estuaries.
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Station  Name of Abbreviation  Estuary Water MGR MGR S.S.C. Composition%
No estuary for rivers length area area %
(R) (km) (ha) (ha) Sand Silt Clay
1 Terekhol (MJ) Tk 26 km 349 45 171 62 26 12
2 Chapora (Mj) Cp 30 km 771 145 5.53 65 16 7
3 Baga (Mn) Bg 11 km 12 7 .26 70 23 7
4 Mandovi (Mj) Md 77 km 3567 934 35.66 515 28 205
5 Cumbarjua canal (Cn) Cj 15 375 248 9.46 54 30 16
6 Zuari (Mj) zr 134 5790 1177 44.94 73 14 13
7 Sal (Mj) S 35 325 16 0.61 53 28 19
8 Saleri (Mn) Se 10 8 6 0.22 75 13 12
9 Palolem (Mn) Pl 7 5 4 0.15 54 38 8
10 Tolpona (Mj) Tp 19 50 14 0.53 60 25 15
11 Galgibaga (Mj) Gb 16.5 28 23 0.87 50 40 10
Mj-Majar river, Mn-Minor river, Cn-Canal, MGR-mangrove, S.S.C-(sand-silt-clay)
Table 2: Diversity of true mangroves in the different estuaries of Goa.
S.No. Family Scientific names RT RC RB RM RCj RZ RS RSe RPl RTp RGb
1 Rhizophoraceae Rhizophora mucronata (Lamk.) *xk *EE R FRERE kR kR ok ek ekl ok
2 RhlZOphOraaplCUlata (Blume.) * ok ok * % * ok ok * ok ok *kk * ok ok * % * % * % * % * %
3 Bruguiera gymnorrhiza (Linn) Savigny ** * * * * * * * * * *x
4 Bruguiera cylindrica (Linn.)BI. * * - *x * * * * - - -
5 Ceriopstegal (Peer.) C.B. Rob. * - - *x * *x - * - *
6 Kandelia candel (Linn.) > * > > * * * * * - *
7 Myrsinaceae Aegiceras corniculatum (Linn.) Blanco ** *x *x *x L A S Fr o kR
8 Avicenniaceae Avicennia alba - * - > * *ro - * - *
9 AVlCGI’]nIal’T\arIna(FOTSk.) Vlah. * ok k * ok k * ok k * ok k *kk * ok ok *kk * % *kk *k %k * %
10 chennlaoﬁi(:|nalls(l_lnn.) *k ok *k * * ok ok * ok k *kk * ok k *kk * ok k *kk *kk * ok k
11  Lythraceae Sonneratia alba J. Smith > > > > FRORR kR Kk Ak >
12 Sonneratia caseolaris (Linn.)Engl. *x * * *x * *xo K - - - #
13 Combretaceae Lumnitzera racemosa (Jack.) Voigt. - - - - - - - - oo -
14 Acanthaceae Acanthusillicifolius (Linn.) ok FRE FREkEE L kkk FEORRE L kkx ok
15  Euphorbiaceae Excoecaria agallocha (Linn.) *xk FRE KRR RRR Rk kR kR Rk ok *x

# extinct; Absent; *Rare; ** Common; *** Dominant

RESULTS AND DISCUSSION

During the study mangroves were divided in two catego-
ries. 1. true mangroves, 2. associate mangroves. Estuaries of
Goa were divided into 3 Sub-stations (mouth, mid-region,
upstream region) where station-wise mangroveflora, itsdis-
tribution and variation of different environmental parameters
were studied. Fifteen true mangrove speciesbelonging to 10
genera under 8 families were reported. Fringing type man-
groves are common in all the minor estuaries, whereas ma-
jor rivers have both fringing and mangrove swamps. Man-
grove patches with high density and frequencies can be ob-
served in Galgibaga, Mandovi and Zuari estuaries. A wide
variation isseen in different stations asfar asdistributionis
concerned. Few species like Ceriops tegal, Bruguiera
cylindrica, Sonneratia caseolaries and Baringtonia
racemosa along with Lumnitzera racemosa and Cynomitra

iripa, which werefirst time reported from Goa(Cajy & Bhat
2010), have lesser frequency, density, abundance and they
are confined to certain sub-stations of estuaries. This indi-
catesthat environmental parameters and topography play an
important role in dispersal of seeds and survival of seed-
lings. Species like Sonoratia caseolaris, Acanthus
illicifolicusand Kandelia candel are found abundantly where
salinity isless, and specieslike Sonoratia alba, Rhizophora
mucronata and Bruguiera gymnorhiza are found in high sa-
line condition. Avicennia marina is most salt tolerant spe-
cies found in rocky shore directly facing the seawater at
Vatorem and Galgibaga (Cajy & Bhat 2010). Ceriopestegal
was found naturally grown in Terekhol, Pallolem and
Galgibaga esturies, and it is planted in Mandovi and Zuari.
Maximum RMD (90.62%) was observed in Zuari, Mandovi
and Cumbarjua canal, and minimum RMD (68.75) in
Tolponariver. The mangrove percentage of different estuar-
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Table 3: Diversity of mangroves associate in the different estuaries of Goa.
Family Scientific names RT RC RB RM RCj RZ RS RSe RPI RTp RGb
Fabaceae Cynometra iripa (Kosteletzky) - - - - - - - - - - *
Pongamia pinnata (Linn.) Pierre * *x - *x * *Eox - *ROOF *
Da-rlstrlfollta(Lour) * Kk * Kk * Kk * Kk * Kk * Kk * k% * * k% * * %
Dalbergiaspinosa(Roxb.) * % * % * % * %k * * % * % * % * % * % * % * %
Apocynaceae Cerbera manghas (Linn.) * - - * * *x * * - -
Lecythedaceae Barringtonia recemosa (Linn.) Spreng. - - - - - * - - - *
Barringtonia ramiflora * * - * * * * - - * *
Malvaceae Hibiscus tiliaceous (Linn.) > > * > *ro kR % * * o o
Verbenaceae Clerodendruminerme (Linn.) Gaertn. ** * ** FRELRE L RRR R kR Rk Rk
\/itex nlguda * * * * * * * * * % * *
Lamiaceae Premna serratifolia (Linn.) * * * * * * FERE K * * rxk
Poaceae Porteresia coarctata * * - * - FrE - oo * *
Teridaceae Acrostichum aureum (Linn.) *x * * rhE ko kx * * * *
Cyperm Cyperusrotundus (Llnn) * % * Kk * k% * Kk * Kk * Kk * Kk * Kk * Kk *kk * Kk
Convolvulm Iporm% peS'Caprae(Llnn) RBr * % * % * % * Kk * Kk * % * Kk * Kk * % * Kk * %
Clusiaceae Calophyllum inophyllum (Linn). *x *x ** *x e Rk xx *xx
- Absent; * Rare; ** Common; *** Dominant
Table 4: Substratum and salinity preference of mangrove species.
Mangrove % Species Name Substratum Salinity (%o)
observed range
mTk ’
R. mucronata Sandy-Silty 18-30
mip R. apiculata Silty-Sand 18-25
mEg S alba Sandy-Silty 25-30
S caseolaris Silty-Clay 00-05
= A marina Sandy-Silty 28-35
uij A. officinalis Silty-Sand 05-25
uzr A. alba Sandy-Silty 18-30
B. gymnorrhia Sandy-Silty 18-30
el B. cylindrica Sandy-Silty 18-25
"5 Bruguiera spp. Silty-Sand 05-18
- E. corniculatum Silty-Sand 05-18
A.illicifolius Sandy-Clay 05-25
E. agallocha Caly-Silt 05-20
) ) . K. candel Silty-Clay 05-25
Fig 1. Mangrove pecentage of different Goan estuaries. C. tegal Silty-Sand 10-30
B. cylindrica Silty-Sand 10-25
L. recemosa Silty-Sand 10-30
RMD %
Table5.Reletive Mangrove Diversity (RMD) of different estuaries of Goa.
Haphaga
Toksana Sr.No. Name of Estuary Reletive Mangrove
Paksbem Diversity (RMD)
Saleri
5l 1 Terekhol 87.50
Zuari ) 2 Chapora 84.37
Cumborpacanal  ROR |, Baga 78.12
Mo 4 Mandovi 90.62
rur:::m 5 Cumbarjua canal 90.62
Terekhnl __——" 6 Zuari 90.62
7 Sal 81.25
o 20 40 2] B0 1:uk 8 Saleri 78.12
9 Palolem 87.50
10 Tolpona 68.75
11 Galgibaga 81.25

Fig. 2: Reletive Mangrove Diversity of different estuaries of Goa.
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iesisshowninFig. 1., whilethediversity of true mangroves
and their associate speciesisgivenin Tables 2 and 3 respec-
tively. Salinity preferences by mangrove species are given
in Tables4. Therelative mangrovediversity (RMD) isgiven
inTable5and Fig. 2.

Thevariationinwater pH recorded waswithin therange
of 4-8, and in rainy season freshwater influx is more at up-
stream and it starts gradually decreasing from February to
May in minor rivers due to which the variation in salinity
recorded was 0-34%. Thereisnot much difference inwater
and air temperature of minor rivers, butin major riverslike
Zuari, Mandovi and Chapora there is an increase in water
and air temperature at the river mouth compared to the up-
stream region. When there isincrease in dissolved oxygen,
thereisdecreasein carbon-di-oxide and vice versa. The oxy-
gen content and carbon-di-oxide content is in the range of
3.5to5mL/L and 0.75-1.5 mg/L at NTP respectively. Ver-
tical Extinction Co-effiecient (V.E.C.) indicated that dur-
ing monsoon season light penetrationislessdueto high sus-
pended solid load.
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