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ABSTRACT

_The Marmugao Bay, which is an estuary of the river Zuari, showed
marked seasonal changes in temperature, pH, salinity, oxygen, turbidity
and light penetration. These are largely induced by the south-west mon-
soon. ’ ‘

Primary productivity showed a similar seasonal pattern and increased
by about two to three times during pre-monsoon and post-monsoon
months. Fluctuations in the phytoplankton abundance seem related:
to the cycle of primary productivity. - :

Short-term changes in some of these parameters induced by thc_.
tides and day and night conditions were well marked. These are also”
considerably influenced by the local precipitation and land run-off during
south-west monsoon. ; -

INTRODUCTION

IN regard to waters of Goa region, very little work has so far been done and -
hence not much information is available. With the establishment of the
National Institute of Oceanography at Panjim, Goa, it became possible to
make regular studies on seasonal and diurnal changes in certain oceanographic
parameters of the inshore waters around Goa.

The area selected was the Dona Paula point in the Marmugao Bay
which is an estuary of the river Zuari. It is situated along Lat. 15°27' N
and Long. 73° 48’ E (Fig. 1). On the eastern side, the Zuari river flows
into the Marmugao Bay. On the southern side of the Bay is Marmugao
Harbour. Along the northern point of the Bay, a prominent headland
called Cabo Point marks the western extremity of the main Panjim Island.
The Panjim Island is situated in between the two estuarine systems, the
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Marmugao Bay and the Aguada Bay of the Zuari and Mandovi rivers res-
pectively. North of the Marmugao Bay, facing the Marmugao Port Har-
bout, is the Dona Paula point which marks the south-west extremity of the
Panjim Island. The Marmugao Bay, along its north-eastern side, has a
depth of 5 to 8 metres whereas near Dona Paula at the Zuari bar, the
minimum depth is about 2 metres.
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Fig. 1. Map showing Marmugao Bay and the Zuvari estuary connccted with the Arabian
Sea. Closed circle indicates the station for seasonal and diurnal observations.

During the monsoon months (June to September) the estuary is turbid
due to heavy discharge of freshwater laden with silt from the river Zuari.
The annual rainfall of Goa is about 3,000 mm. of which nearly 80% occurs
from June to August (Fig. 2). The average monthly maximum and mini-
mum atmospheric temperature (Fig. 2) remained more or less umfoxm
except in January.

_In the Marmugao Bay the tides are of mixed semidiurnal type with
maximum range of about 2 metre. Two high-and two low waters occur
in gvery 24 hours period with considerable difference in range and time,
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The observatlons ‘were: made from a smgle statlon nxed féar: ﬂ"ne Donal
Paula jetty (Sty, Fig. 1) ’I‘he depth of Water at the statlon vanes;,_~__‘ ween
3 and 5 metres thh the tldal range E i e e e
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FiG. 2 Smonal varlatlons in atmosphenc lemperature and ramfa]l in Goa from April
1968 to Apn! 1969. s . :

. MATERIAL. AND METHODS

‘Water Sanjples ‘were collected from the surface. For seasonal studies
weekly collections were made in the morning betwéen 0700 and 0800 hours,

whereas during the pre-monsoon and post-monsoon periods for diurnal =

changes, observations were made at three-hour intervals for 25 hours.

Studies on diurnal variations were planned during the spring tide 50 as to

assess maximum differences in the environmental features caused by the

. tides. The ‘seasonal observations were made on 12th— 3th May 1968 and
~on 25th-26th July 1968 ' : :

Since the tides have a marked influence on ‘various phys1ca1 and cheml-'
cal factors of the:estuary, seasonal observations on -different environmental
- features were made under sxmllar ‘tidal condmons ze at the ﬂood $0 as

to permlt a fair companson of the data. : ' 

Al samples were’ analysed wlthm six hours of collectxons A p]astlcr

bucket was used for the collection of water samples. from wluch the tem-

perature was read off immediately. - Other determmatlons 1nc]uded thef"_v

measurement of pH usmg Philips pH meter, salinity using’ “‘Mohr’s techmques o

and Wm}gler § method for oxygen Turbxdlty was measured w1th the help:
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l;-f:_Of a. Turbrdometer The extmctlon coefﬁcrent of light (It) was calculated
from the secchl dlsc reading using tbe ‘equation k& =1-7/D which'is a modi-
~fication over Poole and ‘Atkins (1929) suggeésted by Qasim' ez al. -(1968) for
turbrd waters For estlmatmg total solids during diurnal studies a ‘sample -
- of 100 ml water Was evaporated to dryness at’ about 60° C. in an oven
unul a: conStant Welght WaS obtamed R :

Phytoplankton and zooplankton collectlons -were made by ﬁltermg,
. 75 httes of water through a net of Bolting nylon of 0-065 mm. mesh width
5 'and orgamsms collected were preserved in 3% formalm solution. . These
- were left undisturbed for ‘about a week until ft.l]y settled ‘Later the sub-

‘strate weas made to- 5ml. and examined:. For quantltatxve estimation of

- plankton a subsample was taken and the orgamsms were counted These o

'were computed to the total volume ' of water filtered.

Prlmary productlon was studied by, using ¢ hght - and duk bottles
~oxygen technique. The water sample collected for the purpos¢ was at
first passed. through a codrse plankion net material to remove larger zoo-
plankton organisms and- then this was distributed i1 60 ml. < light’- and -
¢ dark-bottles > which were suspended just below. the surface from a ﬁoat.
and 1ncubated nsitu. for a perxod of 8 hours :

Rate of cqoss and net primary productlon were ca]culated by convert-
’mg the oxygen values- to carbon- assimilation using a factor 0-375/PQ and
akmg the value of PQ as 12 (Stuck]and and P'rrsons 1965)

k Meteorologtcal data on rainfall and atmospherlc temperature were
obtamed from the Meteorologrcal Observatory at Panjim. Predicted tide
time and heights were followed . from the Tide Tables 1ssued by the Captam

of Ports Department Panym Goa ' . C

SEASONAL CHANGES

Tempei amm —The water temperature at the surface 1anges from :26° C.
Cto 31°C. (Flg 3). ‘Two peaks; one dunng October to December and the
other during Apnl—May, were recorded. Marked seasonal decrease occurred
-durrng July—August (monsoon) and January—February (post—monsoon)

ol The monthly vanatlons in the water temperature at the: surface showed
" a double oscillation and broadly’ couesponded with ﬂuctuatrons of the
atmosphenc temperature (Fig. 2) ' , S :

, “Most-of the ‘Bay being shallow the thermal coudltlons of the water
seem to be governed by the atmOSphenc temperature -

~



i
L
Lk ’

0 .  PADMAKAR V. DEHADRAT . .

| pI{.é'—The monthly "‘V'ar_iét_ic')‘ns. of pH are showﬁ : 'i:n:_‘Fig;.f 3. The values
* ranged between 7-8 and 82 in the waters of Marmugao Bay. - Similar range
of pH was recorded by Sankaranarayanan and Qasim (1969) at the entrance
* channel of Cochin Harbour, - = . ... o0t e
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FiG, 3. Seasonal changes in various environmental fact'ors‘_ at. Marmugao. 'Bvay from 'Aﬁrjl‘
1968 to April 1969. e : , ' S

~ High values ofr, pH in Marmugao'ﬂBay '_duri11g‘the'prc-rhbnsoon_ and
- post-monsoon periods and low pH during the south-west monsoon. were
~ poticed.  High pH ‘was associated- with high seasonal temperature, high
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salinity and low oxygen during the periods when the estuary remained
marine-dominated and thus showed a double oscillation in its seasonal
variations, :

Salinity.—Considerable monthly variations of surface salinity (Fig. 3)
from 13-45%, to 35-00%, were observed in the Bay. “These were induced
by the south-west monsoon during June to October when the rainfall is
maximum (Fig. 2). But for the south-west monsoon period, the surface
salinity during high water throughout the year remained. high indicating that
the estuary becomes merely an extension of the adjoining sea. The region
showed a single osci}lation of salinity changes throughout the year.

Dissolved oxygen.—Seasonal changes in dissolved oxygen in the waters
of Marmugao Bay ranged from 3-8 ml/L to 5-5ml/L (Fig. 3). High
values of dissolved oxygen (4-5ml/L-5-5ml/L) was observed from July
to October. This was probably due to the effect of south-west monsoon
From November to April, the values of dissolved oxygen were between
3-3mi/L and 4-5mi/L.

However, the surface water contained dissolved oxygen nearly to a
saturation point and showed an inverse relation with the salinity curve (Fig. 3).
The monthly variations of the dissolved oxygen indicated a single oscilla-
tion.

Turbidity and extinction coefficient.—Monthly fluctuations of turbidity
and extinction coefficient were high. The former ranged from 10 to 19
ppm and the latter 3 to 6 during the period May-August, but low values
of turbidity (2-5 ppm) and extinction coefficient (0-4-1-8) were recorded
from October to April (Fig. 3).

The light penetration was greatly reduced during the south-west mon-
soon because of high turbidity. Lack of correlation between attenuation
coefficient and suspended matter in Cochin Backwater has been discussed
by Qasim eral. (1968). Semi- logarithmic graph in Fig. 4 shows a non-
linear relationship between the turbidity and extinction coefficient in Mar-
mugao Bay waters. In the present observations, the high turbidity values
beyond 10 ppm in Marmugao Bay occurred only during south-west mon-
soon when there was enormous quantity of debris and suspended matter
in the water.

Primary pzoductzwty —Seasonal changes in gross and net production
rates have been shown in Fig. 3. The seasonal increase does not appear
to exceed 2-3-fold. :
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, Two peaks of hxgh pnoductmty Were nouced and these corresponded
: wnth the Pre-monsoon’ (Apnl May).and post-monsoon (December—.lanuary)
_mo_nth_s Durmg the- perlod of ramfall the productmty values Were . low;-g.-j'

o 5 1o 15 TR
‘ ‘ TuRsmrrvppm ; i

Pm 4 Thc relanon bcmeen tutbrdlty and cxuncuon coeﬂicnent of hght

The marked seasonal incréase ‘in’ the producuvlty dunng April andf*
J'muar v coincided with calm and clear water with peak salinity, . But the
pre-monsoon peak -of plOddCthlly occuxred when the - water temperature
was highest.while:the.other peak in Januaxy oceulred when the. water:tempe-
- rature was lowest. of the year. It scems difficult to explam iwo pulses of
hlgh productwlty durmg such eontrastmg temperature condmons

A marked difference between gross and net productlon rate of- phyto- o
planl\ton and mlcrobes in the Bay remamed hlgh all the yeal round..

PlanM on. ~—Thc major phytopiankmh orﬂamcms showed two maXJma
_ durm" the yezr, i.e., a pre-monsoon peak from l"eszazv to Apml and 'a
seeondzu) nse in December (Flg 5) These mo peft}\s commded w1th snm]al o
_nse in mlm:uy ploductlvny - '

On the west coast,. phvtoplankton peak at Bombdy ha1bou1 has been -
reported to be' from September to -February (Gonzalves, 11947) -while. oﬁ' o
- Calicut the maximum bloom was observed from May to September: (George
1953 Subrabhmanyan and Saml -11960).. In Goa waters, ‘the p]anl\ton
maxmmm appears o occur from Foblmry fo. Aprﬂ whlch is. late1 thcgn -
furthe1 1101t11 aud earhel than fll]thel south ' T



of _:phy't_enlankton :‘aud showed a s1ng1e maxlmum durmg March—Apnl
& (F , ; v
“lowed by he'zooplankton peaks, since the former is known to serve as
“food for: the lafter -but in- the present case. the two peaks comc1ded Pro-

5_)‘., "Iheoretlcally speakmg the phytoplankton peaks sheuld be fol- e

bably t1da1 ‘currents and vertical’ turbulence nnght aIso be: partly respon&blej S

rforz thls comc1dence (R11ey and Bumpus 1946)

_ A short-term secondary r1se in Copepoda counts dunng December w1th
. fsudden decrease in January similar to phytoplankton was noted which coin- .
“cided ‘with the cessation of .pelagic fishery (mackerel and sardines) for the - -
f_season in- 'Goa reglon (personal commnmcatlon Dxrectorate of Flsherles o
:-Panpm) : s : , S :

Low concentratlou of phytoplankton and of zooplankton dunng the o

‘fpeak monsoon: season -, (July-August) was an mterestmg feature which =

_j-_appeared to- have dJrect relation with -excessive turbulence, hlgh turbidity,
:l_msumcmnt light penetranon low pH: and low surface sahmty in the Waters
,_of the Marmugao Bay ‘ ,
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ST "Fie, 5' : asonal abundance of phytoplankton and copepods at Marmugao Bay from Apnl
B 1968 to March 1969 S N ' 7 :

DIURNAL CHANGES

Temperature —Durmg pre-monsoon (May) the dlurnal changes of
temperature at the surface of water m Marmugao Bay were in- the range of
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i FlG 6, Dlurnal vanatlons in vanous emhronmemal factors at Marmugao Bay on May 12—]3 -
- 1968 . . L . AR s

L pH ——Observatlons durmg the pre—monsoon penod on- dlrunal varla-,
tions of pH (Fig. 6) as such:in the. hlgher range of 8.and'9-5 were. much\_ o
“higher: than the seasonal values of pH in the area. - But ‘during’ south-west:*]

- -monsoon- (Fig, 7) the diurnal variations of PH. ranged from 7 to"
- ,:correSponded w1th ‘the respectlve seasonal Values " :
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Sahmty —-In May, observanons on the diurnal varlatlons of salinity -

f'.wmch ‘ranged between 35-4%, and 36:1%, (Fig.- 6) showed that the fresh-
. water dlscharge ‘by the river Zuari is little during the pre-monsoon months
-and the estuary is mcre]y an extension of the nelghbounng sea. :
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Fm 7 Dxumal vanatlons in ‘various envuonmental factors at Marmugao Bay on July 25—26
1969 i . :

On the contrary in July, the diurnal variations in surface salinity showed
a wide range of fluctuations from the highest 12-6%, during the flood and
lowest 3-6%, during the ebb (Fig. 7). " Direct relation of the salinity. values
~with the ‘tidal changes indicated a heavy freshwater discharge by the river
Zuari in the Bay during the south-west monsoon.



‘-f.f_,":_"f{_'-,were in the’ ‘range: of 4 ml/L and 4:3ml/L; - The values ‘were: _somew‘
o hlgher during. ﬂood as: we'll as ebb t1de penods but 10Wer durlng‘the int,

Dzssolved oxygerz —In May, the dun'nal vanahons in: dxssolvet (o) 3%:

tldal phases (Flg 6)

EERRREE (Y July, the dlurnal range of dlssolved oxygen was from 4 5 ml/Lg o
5: OmI/L (Flg 7) whlch corresponded with higher. oxygen" ‘values dunng-';_.-,
. -south-west monsoon season. - Diurnal variations of dissolved oxygen showed{:-.,
- inverse. relatlon with water’ temperature whlch vaned w1th day and: mght
”dlﬁ'erenoe in the solar radlatlon eI ST

Turb:dtty -—Turb1d1ty dunng pre-monsoon Was 5 4 ppm (Flg 6) f'and'?f:?
‘dunng south-wesf mensoon 19 ppm (Fig. 7).~ No dlumal chanoes occurred'
_in turb1d1ty values and thus o eﬁ'ect of tlde was obserVed = o

T ataI solza's -—The hlgh range of total sohds dunng pre monsoon from', .
- 46. gm/lOO ml to 55 gm/100 ml indicated the " contribution of -total: salts
’ _"from the highly saline waters. ‘The low range of total solids dunng mon— S
soon from 5 gm/lOO ml to 18 gm/lOO ml ‘was due- to low sahmty

_ Dlurnal varlattons of the total sohds content in water durlng the pre-f,"
,Emonsoon ‘period shOWed 10 relation with the surface - salinity: (Fig. 6);
~ probably because -of the stirring up of sediments by the wind action of the

. waves at the observatlon point. Howevcr during’ the south-west monsoon,

the’ diurnal’ varlatlons in.the total solids showed a clear relation with the
surface salinity in”the area (Flg 7 probably because ‘of consxstently hlgh ’
“amount of ‘suspended matter brought down by the river and land run-off
" as well as due to excessive turbulence. Similar telation of high and low
~ values of the suspended matter with the flood ‘and ebb_ tides in Cochin -
' Backwater have been reported by Qasun et al (1968) and Qasxm and .
Goplnathan (1969) ' '
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