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ABSTRACT

Acrial photographs were used to study the distribution of mangroves in the cstuaries of Goa
during 1978-79. The total arca covered by 7 estuaries in Goa including the major Mandevi-Zuari
estuarinc complex, is approximately 12,000 ha of which the mangrove forests occupy ca. 2,000
hectares. About 900 ha of mangroves are found in the Zuariestuary, 700 ha along the Mandovi estuary
and 200 ha in the Cumbarjua Canal.

The mungrove vegetation is represented by 10 genera and 13 specics.  The dominant specicsare
Rhizophora mucronata, Sonncratia elba and Avicennia officinalis. Other codominant species are R. apiculata,
§. caseolaris, Kandelia rheedit, Bruguierc gymnorhiza, B. parciflora, Aegiceros corniculata, Excoecaria agallocha.
Acanthus ilicifolius and Derris heterophylla.  The other associated species are Thespesia  popuinea, Clero-
dendron inerme, Halophila beccarii and Acrostichurm awreum.

Rhizophora mucronata, Sonncratia alba, Avicennia specics are dominant in the polyhaline region
while Bruguiera parviflore, B. g;mnorhiza, Acanthus ilicifolius, Avicennia 2re common in mesohaline region.
In the regions of low sulinity (0.5 to § 9/}, Kandelia rheedii, Sonneratia caseslaris are the only mangroves
secn with their associate species Agostichum Gureum, Ciperus Sp. The fringing mangreves of Goa
region are stable and there scems to be little human impact such as large-scale wood cutting or
reclamation.

INTRODUCTION

Mangrove forests of India have been studied by Champion and Seth (1968),
Navalkar (1939}, Sidhu (1963), Macnac (1968}, Blasco {1975), Blasco ef al. (1974),
Joshi (1976}, Untawale (1978), Mathauda (1957), Qureshi (1957) and Waheed Khan
(1957) for their various aspects. The total area covered by mangrove forests in Indian
territory has been estimated to be 335,000 hectares {Blasco 1977). The purpose of this
study was to provide data on the mangroves of the territory of Goa. Remote sensing
techniques were used for the first time in India to map mangrove distribution along the
Goa coast.

The union territory of Goa is situated along the central-west coast of India and
extends north-south between 14°49’ and 15°50’ N Lat. (Fig. 1}. The segmented coast-
line of Goa is about 120 km in length. Avcrage precipitation during the monsoon period
(June to September) is about 3000 mm while average temperature vanges between 25°C
to 34°C (Fig. 2). Latcrite soils of Goa contain very high percentage of iron and
manganese. . ;

Seven rivers accur along the Goa coast {(Fig. 1}. The Mandovi and Zuari estuaries
along with the Cumbarjua canal form the largest c¢stuarine complex in Goa (Untawale
el al. 1973),
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METHODS

An uncontrolled mosaic of photographs (Fig. 3) of the coastal area of Goa was
initially prepared and swudied. The photographs were taken in 1973 at a scale of
1 : 25,000. A mirror stereoscope was then used to delincate the mangrove vegetation
by tracing their aecrial extent onto Kodatrace. The tracings were then trans-
ferred to tracing paper which was used to prepare the final maps shown in Figs. 4,
5 and 6.

To confirm the findings from the study of the aerial photographs, ficld reconnais-
sance of the survey areas were undertaken. During survey the mangroves .were sampled

and the data used to determine distribution, dominance, association, density, structure,
expanse and general profile of the vcgclati%m.

Fic. 3. Sateltite imagery of Goa region.
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RESULTS

-The Terekhol river is on the border between Goa and Maharashtra. It is about
26 km in length znd covers approximately 349 hectarcs of water area in Goa territory.
Salinity intrudes into this river for approximately 20 km. The mangrove vegetation
occurs along the river bank, covers about 30 hectares (Table 1). Zonation within the
mangroves varies from the coastal region towards the headwaters while most of the
mangroves occur in the bay region near the mouth of the river.  Most of the mangroves
in the latter area are tall and the stands arc dense.  In upstrcam areas the mangroves
occur in isolated patches. : '

TaBLE 1. Physical data for the estuaries of Goa

River _ Riverarca Mangrove arca Mangrove
(ha) (ha) (%)
Terckhol 349.0 30 8.6
Chapora 711.0 100 14.0
Mandovi 5561.0 700 12.6
Zuari 5790.0 900 15.5
Cumbarjua Canal 375.0 200 53.8
Sal 302.0 - 30 9.9
Talpona : 40.0 20 25.0
Galgibag 26.0 20 76.9
Total 13157.0 2600 15.1

Mangroves occupy only about 8,599, of the total water area of the river. Man-
grove species are Avicennia officinalis Lamk, A. alba Blume, Rhizophora mucronata Lamk,
Acanthus licifolius Linn., Senneratia alba Sm., Exccecaria agallocha Linn. and occasionally
Aegiceras corniculata (L.) Blume.  Both Auicennia species were recorded near the mouth
of the river where salinity is very high. Kandelia rheedii W. & A. is found only in up-
stream areas (Shinde and Mustafa 1974) wherc salinity is low. In arcas of lowest
salinity, only Acrostichum aurewm L. occurs.

Chapora river is approximately 30 km and salinity intrusion occurs beyond
Colvale which is about 18-20 km from the mouth. Total watcr area of the river is about
711 hectares and mangroves occupy about 100 hectares (14.069).

Small yet numecrous patches of mangroves occur in the estuary near mouth
region. In the less saline upstream arcas mangroves are more expanse yet limited in
number. _

Mangroves in this estuary are more dwarf than those observed in other Goa
cstuarics. Representative species are Excoecaria agallocha, Avicennia alba, Sonneratia alba
and Acanthus thicifolius. In less saline arcas, upstream of Covale village, vegetation is
composed primarily of Derris sp., Acgiceras cerniculata and Acrostichum aureum. Sedges
are common in which Sonneratia alba too grows.

Mandovi river is about 68 km long and its tributarics account for an additional
109 km. The estuarine portion is 5 km widc at the mouth and 0.5 km wide at an up-
stream region. The open watcr area in Mandovi estuarine sysiem covers about 5564 ha.
Mangrove vegetation occupics about 700 ha. The lower end of the estuary is devoid of
mangroves because of the rocky substratum, strong wave action and strong tidal
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currents. These conditions are unsuitable for the establishment of mangrove seedlings
(Fig. 4). . . ‘
Mangrove vegetation -is first seen as small patches in the creeks of Mandovi
estuary with denser forest occurring in areas like Chodan Island. The distribution of
mangrove species according to the salinity gradient, is clearly seen in this estuary. In
cuhaline areas dominant mangrove species are R. mucronata, A. officinalis and Sonneratia
alba. In polyhaline zone, Kandelia rheedii, R. apiculata, A. officinalis are dominant.
Oligohaline regions are characterised by the presence of Sonneratia caseolaris (L.) Engl.,
Kandelia rheedii, Bruguicra parviflora Roxb., Excoecaria agallocha Linn. and sedges. _

Scveral tributaries of the Mandovi estuary (Mapuca river, Narona river and
Goa river) have formed islands such as Chorao and Diwar. Avicennia, Rhizophora,
Sonneratia and Kandelia colonize the islands. On western part of the Chorao. island,
where Mandovi estuary meets the Mapuca river, an area of about 2.5 sq. km mangrove
vegetation has established. Rhizophora mucronata, R. apiculata, S. alba, K. rheedii occur
in rows on the outskirts of this bunded area. 7

Zuari river and its estuarine area are the largest in Goa. Open water covers
approximately 5790 ha while mangrove vegetation occupies 900 ha. The mouth
region (7 km wide) of the estuary is rocky and subjected to hcavy wave action while
the upstream region is quite narrow (0.5 km). First 7-8 km of this estuary is devoid
of mangroves because of strong wave action, current and rocky substratum. Beyond
this, a small patch of mangroves is dominated by Sonneratia, Avicennia and Rhizophora.
After the branching of Cumbarjua canal, Sonneratia alba is dominant along with Avicennia,
Rhizophora and Excoecaria agallocha. Further upstream, from Borim bridge, mangrove
vegetation continues on both sides of the estuary and is dominated by A. officinalis,
Sonneratia spp. and a few Rhizophora plants (Fig. 6). In the upstrcam arcas, sedges
particularly Cyperus sp. occur and Sanvordem onwards, mangroves are very rare on both
the banks although Sonneralia caseolaris and Kandelia rheedii continue to be present.
Zuari is a negative estuary with more fresh water influence (Untawale ef al. 1973).
Salinity is very low towards upstream region as most of the glycophytes are growing
along the banks after Sanvordem.

The Cumbarjua canal connects thc Mandovi and Zuari estuaries and is
approximaiely 15 km in length and 30 to 40 metres in width. It has about 375 hectares
of open water area and the mud flats on cither side have fringing mangroves iIFig. 5).
Total mangrove arca along the canal is approximately 200 hcctares or 53.33%, of the
total arca. Mangrove vegetation is quite dense and seedling establishment is common
along the canal where weak wave action, slow current and suiable substratum provide
ideal establishment sites. The southern part of Cumbarjua canal has a rich mangrove
flora. Dominant species observed are Avicennia, Rhizophora, Semneratia and Excoecaria.
Height of Avicennia trees ranged approximately 15 to 20 m while Rhizophora ranged from
8 to 10 m (Fig. 7). Acanthus ilicifolius was noticed very common and ranged from 1 to
1.5 meters in height. Near Madkai, Awicennia is the dominant species with its height
from 6-8 m. B. gymncrhiza and B. parvifiora appear along with other vegetation,

Sal, 2 small river in southern Goa, has 302 ha of water area. Mangrove vegc-
tation is scattered in this estuary and covers 9.939; of the total mangrovearea of Goa.
A. officinalis is the dominant mangrove along with Excoecaria agallocha, Acanthus, Derris. A
few plants of R. mucronate, B. gymnorhiza and A. comiculata were scen.  A. officinalis ranged
from 3-5 meters in height (Table 1).
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Fic. 7. Profile showing mangrove distribution along Cumbarjua canal.
MHW-—mean high water level; MLW—mean low water level;

Aa—Acrostichum aurewn, Ai—dAcanthus ilicifolius, Av-—Avicennia sp., Dh—Derris heterophylia, Ex—Excoecar{a,
Kr—Kandelia rheedii, St—Sonneratia, Sc—S. caseolaris, Rz—Rhizophora sp., Bg & Bp—Bruguierasp. =
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~ The Talpona river is 9 km long and has an open water area of 40 ha.  Mangrove
vegetation has covered about 10 ha which is about 25% of the open water area.
The dominant mangrove is R. apiculata which has limited distribution in other estuaries,
Other common species arc A. officinalis, A. ilicifolius, D. heterophylle, A. aureum while
Sonneratia alba, A. cornteulate and E. agallocha are uncommon and arc mixed with other
Mangrove specics.

Galjibag is another small river (16 km) in Goa and has approximatcly 26 ha of
open water area. The mangrove vegetation has occupied about 26 ha, 1.e., 76.9%, of
the total open water area. Rhizophora mucronata and A. officinalis are common and evenly
distributed throughout. Other common specics are Derris heterophylia and Acrostichum
aureum which occur in upstream region of low salinity. In general, the mangrove vege-
tation is quite dense in this estuary compared to the mangroves in. other estuaries of
Goa. :

In both the Talpona and Galjibag Sonn¢ratia alba was observed towards the
mouth region where salinity was high. In the region of moderate salinity Rhizophora
species make their first appearance. Beyond this mixed vegetation of Rhizepnora sp.,
Avicennia sp., Excoecaria sp., Senneratia sp., Acanthus sp. and Aegiceras sp. were noticed while
Derris heterophylla and Acrostichum aureum were present only in the upstrcam region of
low salinity. 1In all of the estuaries studied, mangrove vegetation occurs primarily as
fringing forests along banks. The rotal estimate of mangrove area is approximatcly 2000

ha as compared to a total open water area of 13157 ha in the seven riverine estuarics
(Table 1).

DISCUSSION

Mangroves accur along both the east and west coasts of India. Earlier studies
(Qureshi 1957, Mathauda 1957, Waheed Khan 1957 and Blasco et al. 1974) have pro-
vided some information on the distribution of mangroves in India. Their estimates
of total mangrove cover along the Indian coast varies because of differences in sampling
techniques. Estimates may also vary because of rapid rates of reclamation or destruc-
tion of mangrove area.

The total estimated area of mangrove vegetation in Goa is about 0.3 to 0.539%, of
the total mangrove cover of Indian coast. Goa is a territory, when compared to other
states, having 3701 sq. km area of which about 0.5°%, area is covered by mangroves.
Total 59 species of mangroves have been identified in the world of which 45 species occur
in Indian mangroves (Blasco 1977). In Goa 15 species belonging to 10 gencra and 7
families were reported (Table 2). The dominant mangroves were R. mucronata, S. alba,
S. caseolaris, A. officinalis, A. alba, E. agallocha, K. rheedii, A. ilicifolius and D. heterophylia.
Along the northern-central west coast of India mangroves like R. mucronata, B. gymno-
thiza, Geriops tagal and S. apetala Buch Ham. have been identified and are very common.
Kandelia rheedii and S. caseolaris which are dominant in mesohaline and oligohaline zones
of the Mandovi and Zuari estuaries of Goa, were not observed towards north
of central west coast (Personal observations). S. apetale which was found along the
Srivardhan coast (Personal obscrvations) was conspicuously absent from Goa estuaries.
Similar to polyhaline regions of the Waghotan estuary at Vijaydurg, R. mucronaie and
B. gymnorhiza were common in the polyhaline zone along the Goa coast. However
Ceriops tagal rarely appears in the polyhaline zone in Terekhol estuary. It has been
obsérved that many rhizophoraccae grow better in polyhaline region (Walsh 1967).
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TaBLe 2. Distribution of mangroves in different estuaries of Goa

Species Terckhol Chapora  Mandovi Zuari Cumbarjua Sal Talpona Galjibag
Rhizophora mucronata 4 + BRI 4+ 4+ 4 44
R. conjugata — — — — — —_ ++4+  —
R. apiculate — - ‘ ++ — + — — —
Bruguiera gymnorhiza — — 4+ + ++ + _ —_
B. parifiora — — 4 + + — -
Kandelia rheedii - + +44 +4+ 44 — — —
Ceriops tagal -+ — — — — — —
Avicennia officinalis + 4+ + - + 4 +4++ ++ L+ ++
A. marina — — -+ + + e . _
A. alba + - - + + + — .
Acanthus ilicifolius 44 -t 4 At F A+t 4 4+ 4
Sonneratia alba i+ -4 44 44 -+ + + +
S. caseolaris - — 4+ + + =+ + — —
Excoccaria agallocha - - 4+ +4+ 4 4+ 4+ + + +
Aegiceras corniculata + — —_ — - ++ + —
Derzis heterophytla 1 ++ ++4 +++ -+ A4 54 ++
Acrostichwn aureum + 4 =} + ++ +- - + 4+ +4 ++

— Absent - Rare ++ Common + 4-+ Dominant

Few plants of Avicennia marina were observed in polyhaline region of the Mandovi
and Zuari estuarics. However, the same species were abundant in the polyhaline region
of Vasai river towards west coast off Bombay (Untawale 1980).

Bascd on thce distribution, mangroves are classificed as coastal mangroves, man-
groves growing along the creeks and mangroves growing along the banks of the es-
tuaries. Along the Goa coast, mangrove distribution, in general, is of fringing type
(Untawale and Parulekar 1976). On the basis of salinity gradient and substratum,
the following type of successional patterns were observed in the mangroves of Goa.

Fuhaline zones towards mouth of the cstuary arc characterised by high salinity
(40 to 30°/_.) and strong wave action. The substratum is usually rocky and sandy,
which is unfavourable for the cstablishment and growth of mangrove scedlings. Con-
sequently mangroves arc absent from this zone (Fig. 7).

The polyvhaline zone is characterised by moderate salnity (18-30°/ ) and mini-
mum wave action. Substrate arc of usually sandy clay which favours establishment of
mangrove secdlings. Sonneratia alba, R. mucronata, A. officinalis A. alba, A. ilicifolius are
the most common member in this zonc. Species like A. marina, B. gymnorhiza and B. par-
viflora are also present (Fig. 8).

- -Balinity in the mesohaline zone ranges from 5 to 18 °/  and wave action is feeble.
The substratum is generally silt clay (Table 3). Common species of this zone are §. alba,
K. rheedii, R. mucronata and E. agallocha. Aegiceras corniculata is an infrequently associated
species (Fig. 7). ’

The oligohaline zone of the upstream have salinity below 0.5°%/  (Table 3) which
favours the growth of glycophytes in the exclusion of mangroves (Untawale 1980).
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Tic. 8. Distribution of mangroves along salinity gradients. Symbols zs in Fig. 7

TasrLe 3. Distribution of the mangroves in relation to substratum, salinity and pH

Zone Salinity pH Substratum Mangrove specics
n«"’nn
Euhaline 30—40 7—8 Rocky, sandy No mangroves
Polyhaline 18—30 6.7—8 Silty clay Sonneralia afba, Rhizephora mucronata,

Rhizophora apiculata, Kandelia rheedit,

Bruguiera gymnoriza, Bruguiera parviflora,

Avicennia officinalis, Avicennia alba, Excoe-

caria agollocha, Acenthus icifolins, Derris
heterophyila

Mesohaline 3—18 6.5--7.5 Silty clay Rhizophora iwucronata, Rhizophora apicu-

' lala, Bruguiera parviflora, Avicennia alba,

Kandelia rheedit, Bruguiera gymnorhiza,

Aricennia offciralis, FExcoecaria agallocha,

Acanthus  ilicifolius, Derris  heterophylia

Oligohaline 0.5—5 - 6—7.5 Silt Kandelia  rheedii, Sonneratia caseolaris,

Acrostichum aureum, Cyperus sp., Acanthus

. tlicifolius, Derris heterophylla

Limnetic 0.5 6—7.5 Silt Sonneratia caseolaris, Acrostichum aureum,

Cyperrs Sp.
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Luxuriant growth of Kandelia rheedii (Fig. 9 and Sonneratia caseolaris (Fig. 10) has
been obesrved along the estuaries of Goa coast. K. rheedii which is on verge of extinc-
tion according to Blasco (1973), appcars in abundance in the Mandovi and Zuari cs-
tuaries, particularly in the upstream rcgions. Similarly . caseslaris has a very limited
distribution along the Indian coast, yet was found growing in the upétrcam regions of
both the estuaries. Joshi (1976} and Bhosale (1978} have reported the occurrence
of stray K. rheedii along the Vashisti river near Chiplun, but about S. caseslaris there
seems to be no report along the central west coast.  Mangrove flora of Goa consists only
of two Sonneratia species, i.e. S. alba and 8. caseolaris.  Souneratia apetala occurs along the
northern central west coast. §. acida reported by Bhosale (1978) and Joshi (1976) appa-
rently does not occur in Goa. Other mangrove species like C. tagal and Lumnitzera race-
mosa which occur abundantly along the Maharashtra coast {Joshi 1976) were not
observed from Goa.

F16. 9. Kandelia rheedil -2 mangrove specics on the verge of extinction,
growing along the Mandovi estuary.
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T16. 10. Growth of Sonneratia caseolaris in the upstream region of Mandovi estuary.

Tt is observed that the height of the mature propagules of mangroves and the
tidal amplitude play an important role in the distribution of mangrove specics (Fig. 11).
The production of number of seeds or propagules in different mangrove specics 1s corre-
lated to the sizc of seeds or propagules. The rhizophoraceae members produce larger
sized propagules but in less number.  In Avicennia where the size of the seeds is reduced,
production is more. The extreme case is scen in Derris, Exesecaria and members of Graminae

Frc. 11. Distribution of mangroves in relation to length and weight of propaguces and tidal leves.
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and Cyperaceae where the seed size is very small and the number is much more as com-
pared to other plants.

The estuaries of Goa flow in directions determined by the regional gecomorphology.
At several places these cstuaries have U-shapes {Fig. 12}. In these areas velocity of the

Maximum
erosion R Mangroves

Maximum siltation

ik 443

Fi1c. 12. Zoues of erosion, accretion and mangrove cstablishment along the estuary.
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water current is greater and the rate of erosion is maximum. As a result the estab-
lishment of mangrove seedling docs not take place in such areas. In arcas where eroded
sediment is deposited, mangrove propagules readily get established and result into ex-
tensive dense mangrove vegetation.

Mangroves arc very important coastal ecosystems {Heald and Odum 1970,
Chapman 1978) and many are experiencing incresaing stress such as indiscriminate
cutling, reclamation and pollution. If properly managed, many mangrove areas could
be used for aquaculture purposes {Parulekar and Verlenkar 1980). Beforc many of these
types of exploitation activities are initiated, detailed exploration of mangrove vegeta-
tion along the Indian coast is urgently required. There is need to standardize survey
technigues and this study has shown that remote sensing technique (using aerial photo-
graphy and satellitc imagery) could be cffectively used to survey mangrove forest in
India.
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