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ABSTRACT

Diurnal changes in temperature, salinity, dissolved oxygen and nutrient
salts at two locations in the Mandovi estuary were studied in different seasons
as a part of the investigations on ecological conditions of the estuaries around
Goa. Temperature and salinity are influenced by tides in all the seasons whereas
dissolved oxygen and nutrient salts (phosphates and nitrates) appear to be inde-
pendent of tidal effects. Silicates, unlike the other two nutrients, follow the tidal
change. Probable features governing the diurnal changes in different seasons

are discussed.

INTRODUCTION

Tide is one of the important physical
tactors governing the environmental fea-
tures of an estuary. Hence it is essential
to obtain informations on the range of
variations of some of the environmental
parameters with the tidal rhythm. The im-
partance of tidal variations, current pat-
terns and magnitude of Ifreshwater dis-
charge at different periods in relation to
the environmental parameters is well docu-
mented (Cameron and Pritchard, 1963:
Qasim and Gopinathan, 1969; Vijayalaksh-
mi and Venugopalan, 1973). Investigations
on the general hydrographical and chemi-
cal characteristics of the coastal waters of
any specific region require a good know-
ledge of the characteristics of the local
riverine and estuarine systems, in order to
understand their impact on the near and
inshore regions.

Two important estuarine systems in Goa
are the Zuari and the Mandovi which have
considerable impact on the adjoining coas-
tal waters: they are also important from
the point of view of fishery resources and
navigation. Earlier, some preliminary inves-
tigations were made on environmental fea-
tures in Mandovi-Zuari estuaries by Deha-
drai (1970). Singbal (1973) has reported a
detailed account on diurnal variations in
Zuari estuary. The present paper gives
further information in specific physico-
-chemical conditions in relation to tidal
cycle in Mandovi estuary.

Mandovi is predominalgly a normal
estuary in whicl} salinities are reduced up-
stream as a result of considerable fresh-
water discharge. It runs along the northern
boundary of the Panaji Island and flows
into the Aguada Bay (Fig. 1). The tides are
of semi-diurnal nature with a range of 2
metres (Indian Tide Table 1971 and 1972).
The time and range of occurrence of the

two highs and two lows show marked va-
riations (Fig. 2).

MATERIAL AND METHODS

Fig. 1 shows the location of two stations
in the Mandovi estuary where observations
were made. In all, five surveys were con-
ducted, diurnal studies were made at sta-
tion A in monsoon (August 1971), in post-
monsoon (December 19871) and in premon-
soon (May 1972) and at station B in De-
cember (1971) and May (1972). Sam-
ples -were collected from surface and
bottom at 3 hourly intervals covering an
entire tidal cycle in different seasons. A
plastic bucket was used to collect water
samples from the surface and a Nansen
bottle from bottom.

Temperature of the water was measured
and the samples were analysed for salinity,
dissolved oxygen, phosphates, nitrates, sili-
cates. Standard methods were adopted for
the analysis of chemical parameters.
(Strickland and Parsons, 1968).

;s RESULTS AND DISCUSSION

Temperature -— The variations in the
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Fig. 2 — Tidal cycle in the estuary during
different periods (August 1971, December
1971, and. May 1972). P A -

“temperature at both surface and .bottom

waters with tides was more or less similar
during -the post-and. pre-monsoon. seasons

With maximum values at the low txde and

~ minfmum during the high tide. (Table 1
- and “Figs. 3-5). However, in the " onsoon
-‘the conditions were reversed’ The tempe-
rature differences between the.surface and
bottom waters during the pre-and post-
-monsoon-seasons were far less than in the
monsoon.p}zlun general, the surface témpera-
ture was/Higher than the bottom tempera-

ture) excepting that few reversals were rio-:

ticed in the post-monsoon season. The: low:
temperature at the bottom was consistent’
with the conditions of ‘incursion of sea’

water and consequent stratification . The
high temperature of surface water. wezs due -

to solar heating of the landlocked e,st;uaty}'

The few reversals in temperature distribi--

tion noted .during the post-monsoon might

be related to the mixing processes. During

the tidal cycle a greater variation was ob- .

sreved at stationB than at station A. THis
is because the station A :is close to the sea

whereas the station B is situated upstream
where brackish " or freshwater mfluence ‘is
dominant. :

salinity — Maximum salinity variations
in the water layers were recorded in the
monsoon season during the  tidal rhythm]
(Fig. 3). During this period (at station A)
the range of variation in. salinity varied

from as low as 2.45°/00 to 18.89°/00. at

surface and from 2.45°/00 to 28.95°/00 at

the bottom.During the other seasons even

though th range in salinity variation was
low (Table 1) the changes were linked: With
the tides. This feature is obviously related

to the extent of river flow during the ebb

tide, (Exceptmg on very few occasions ( F1gs

3, 4, b) the salinity throughout the tidal .

I3

~cycle was. low at the surface and ‘high at

the botto . A few exceptions. were pro-

bably related to turbulence The salini,tyf
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Fig. 3 — Diurnal variations of the physico-chemical parameters in August 1971.
Bottom

Surface

patterns of station A and station B were
similar to those of temperature: maximum
changes occurred at station B especially
during the monsoon. In the pre-and post-
-monsoon seasons the marine dominance
of the estuary is clearly seen from the re-
latively uniform levels of salinity at the
surface and bottom. Broadly, the salinity
characteristics in the Mandovi estuary
agree well with those of other estuaries
(Capstick, 1957; Rangarajan, 1958; Vasisht,
1965; Qasim and Gopinathan, 1969; Singbal
1973).

Dissolved oxygen — The oxygen content
of the water appears to be independent of
tidal variations especiglly at the surface.
However the tidal influence on the oxygen
levels was clearly recorded at the bottom
during the monscon (Fig. 3). In general,
the concentratlon of oxygen was ‘“high
during the ebb tide and low during the

30

flood tide. This feature is perhaps related
to the solubi:ity of oxygen which is more
in fresh or brackish water than in the sea
water. It can alsc be seen that the oxygen
levels increased during the day time and
decreased during the night hours; marked
variations between surface and bottom
were probably also due to biological pro-
duction and utilization. The distribution of
oxygen at station A and B during the.
post-and pre-monsoon seasons seems inde-
pendent of tides. However, even in this
season, variations were noted at station B.

Phosphate — During the . monsoon the
phosphate content of the waters was found
to be very high, due to the effect of excess
land drainage. Observations on the diurnal
changes do not show a clear relationship
with the tides espeecially in the surface
waters. Probably turbulence disturbs the
two layer system caused by the large in-
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flux of fresh water. Highest concentration
recorded at the bottom reflects the effect
of strong turbulence releasing more phos-
phate from the sediments. In the bottom
waters low phosphate content was gene-
rally associated with the flood tide and
high phosphate with the ebb tide. The
phosphate concentration of the waters de-
_creased during post-and pre-monsoon
months. Diurnal changes were also observ-
ed to be more during these seasons than
" during the monsoon period. The changes
appear to be independent of the tides.
Phosphate concentration at the bottom
was always higher than at the surface
during the two seasons excepting on a few
occastons. This might be due to the rege-
nerative activity of the bottom sediments
releasing a greater phosphate in the bottom
layers (Reddy and Sankaranarayanan 1§72).

Nitrate — In contrast to phosphate, the
nitrate concentration was low during the
monsoon month and high during the other
seasons. Diurnal changes of nitrate at sta-
tion A and B do not bear any relation with
-:the tides and were highly erratic.

Silicate — High concentrations of the
silicate were observed during the monsoon
due to the influx of freshwater bringing
large amounts of silicate. Diurnal variations
. followed the tidal changes, unlike phos-
‘phate and nitrate. Diurnal variations were
very high in the post-and pre-monsoon
months.

From the foregoing account it is clear that
significant diurnal variations in physico-
-chemical parameters occur in the esftuary
during different seasons. The variations
within a short distance (stations A and B)

were found to be considerable. This feature
is obviously related to the proximity of the
locations in relation to the estuarine mouth
and the sediment characteristics. Sankara-
narayapnan and Qasim (1969) observed lar-
ge variations in the Cochin backwater at
different locations. Reddy and Sankarana-
rayanan (1972) suggested that such varia-
tions within short distances are largely re-
lated to the regenerative properties of muds
of the estuary. Station A is subjected to
relatively stronger influence of the coastal
waters as compared to station B where the
water remains brackish.eTemperature and
salinity, changes seem to be linked with

the tidal clianges whereas the nutrients -

with the exception of silicg’.s, show erra- |
tic changes which are due to .tides. The :
changes in silicate however, seem to be -
controlled by tides. The nutrient concen-
trations in the estuaries are higher than
the coastal waters in all the seasons and
reach maximum levels during the monsoon
period. 'This feature of Mandovi estuary Is
similar to that of the Zuari estuary (Sing-
bal, 1972) and reflects a limited rate of
flushing during the tidal cycle.
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