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STUDIES ON SEA-WATER OFF THE NORTH KANARA COAST

By A. NoBLE
Central Marine Fisheries Research Institute

STUDIES on sea-water are important in fisheries research as the couditions in the
sea play major roles in the availability of the basic producers and suppliers to the
food chain in the sea and the fish itself, and yet these studies on our inshore waters
are limited and scattered. The temperature, salinity, pH, dissolved oxygen, and the
nutrient salts like dissolved inorganic phosphates, nitrites and silicates of the sea-
water along the North Kanara Coast observed from January 1960 to Détember
1964 constitute this report. Ramamurthy (1963) reports about the studies he made
here during 1954-58,

MATERIAL AND METHODS

The water samples were collected at surface between 6.00 and 7.00 a.m. from 4
fixed stations in the inshore area within a depth of 7 to 11 m off Karwar, Chendia, -
Ankola and Kumta, the latter 3 of which are 10, 32 and 64 km respectively south
of Karwar (Fig. 1). Regular fortnightly sampling was made at Chendia, Ankola
and Kumta. At Karwar the fortnightly collections were taken up to September
1962, and from October onwards collections were made twice in a week. The
temperature readings were made in situ and other characters were studied at the
laboratory. The pH was determined by a Lovibond Comparator using Thymol
Blue and Phenol Red as indicators, the latter being used during the rainy season.
The salinity was determined by Mohr’s method using sea-water from Copenhagen
as the standard. Dissolved oxygen was studied by Winkler’s method. The inor-
ganic phosphates, nitrites and silicates were estimated after Robinson and Thompson
{1948 a, b & c) using Nessler tubes for colour comparison.

OBSERVATIONS

Temperature : The temperature is at its maximum in April or first part of
May in the summer. It registers a fall by the end of May and generally reaches
minimum during July-September (Figs. 2.and 9a) when the south west monsoon is
most active. After the rains, it rises gradually and attains a peak during October-



198 A. NOBLE

January and afterwards registers another fall during December-February, when
cooler weather prevails. From then on the temperature rises reaching high values
in the following April-May, and this cycle is repeated every vear.

.\
'\
- |
1
\
bl
L
b}
\\
™,
",
.
.
b
|
. ARABIAN SEA
«
N .
I P
¥ B By
)
1
\‘ \
5 iy
\ Y
by B
A, }
\%' by
. X |
» Yy N
I e
\ ~
[y LY
“ ,
y
L3
by
.
T
b
L]
b
H
i
/
i
\‘\
1] -
= v w u* ' u wf

Fia. 1. North Kanara coast (Karwar-Kumta) from Admiralty Chart,

The peak occurring in summer months forms the primary and that of the post-
tmonsoon months the secondary one. The fall during the monsoon forms the pri-
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mary one and the secondary fall occurs in winter. However, the months in which
these peaks and falls occur differ from' year to year (Figs. 2 and %a). In 1960 at
Ankola there was no secondary peak and fall and instead the temperature steadily
went up from the low values of September to the higher ones of the summer months.
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Fia. 2. Temperature °C (mean values),

Monthly mean temperatures for the 5-year-period (Table I) show the primary
peak for the coast to ocour in May, the primary fall in August, the secondaty peak
in November and the secondary fallin January. It can also be seen that the primary
peak occurs earlier in south than north and the primary fall vice versa. The secon-
dary peak and fall, however, occur almost simultaneously at all the places. '

Tanee I

Monthly mean temperatures (in °C) for eack cenire as well as for the coast as a unit
Jor the S-year period.

- | Karwar Chendie Ankola | . Kuwmita | Coast

January e .. 21.50 27.55 27.23 27.43 27.43
February .. .. 2152 28.05 28.13 27.81 27.88
March . .. 28.89 28.11 29.21 28.91 29,03
April e .. 30.53 30.15 30.65 30.18 30.38
ay .. o 3072 30.39 30.51 2997 30.40
June - .. 2884 28.62 't 28,70 28.21 28.59
July . .. 26.92 2748 - 26.98 26.96 21.20
August . .. 25.81 26.61 26.73 26.96 26.53
September .. . 2685 26.22 2692 . 26.58 26.64
Qctober .. .. 2138 21.49 2175 278 27.53

November .. .o 2114 - 28.08 27.88 27.80 21.88
December . .. 2736 217 27.92 21.32 27.58
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The values of the primary and secondary peak show good range. The
secondary fall generally does not reach the low level of the primary fall of the mon-
soon season. However, at Kumta (Fig. 2) the fall in January 1962 slightly exceeds
~ the fall in Auvgust of that year. .

The highest and the lowest temperature observed during the 5-year-period along
the coast (Table II) were resiecnvely 32.6 and 23.5°C and that they were observed
in the aorthern part of it. The mean values for the maximum temperatures for the
whole period under study were 31.54, 31.04, 31.22 and 30.66°C ; and the mean
minimum temperatures were 25,08, 25, 16 26.04 and 25.90°C rcspectwely at Karwar,
Chendia, Ankola and Kumta. The maximum values are thus higher in the north
than in the south and the minimum- values vice versa,

The range in temperature between the minimum and the maximum is more at
Karwar, becoming smaller and smaller towards the southern stations, and the res-
pective mean ranges for the 5-year period at Karwar, Chendia, Ankola and Kumta
were 6,76, 5,88, 5.18 and 4,76°C. However, the 5-year mean values of the temper-
ature, namely 28.00°C at Karwar, 28.09°C at Chendia, 28.18°C at Ankolaand 27.98°C
at Kumta show that the temperature along the coast is more or less uniform, though
the maximum and the range decrease and the minimum increase towards the south.

The highest and the lowest temperature values vary {rom year to year. The
minimum values at Karwar and Kumta (Table 1I) show an ascend in 1961 from the
values of the previous year and then fall successively during the next 3 years.
Though Chendia and Ankola exhibit slight changes in this curve the mean values
for the coast as a whole, namely 25,68, 26.78, 25.85, 25.13 and 24.30°C for 1960,
1961, 1962, 1963 and 1964 respectively gave a comparable trend. :

Another charactenstlc feature of the low temperature is that it usually occurs
at first at Karwar and then at the southern stations. In 1960, it occurred at Karwar
in August and at Chendia, Ankola and Xumta in September, In 1961, the lowest
temperature recorded during July-August at Karwar was 26.2°C, first appearing
in the earlier half of July and again in the latter half of August. The low iemperature
during July-August of the southern stations, namely 27.0°C at Chendia, 26.7°C
at Ankola and 27.5°C at Kumta appeared in the first fortnight of July, second fort-
night of July and second fortnight of July respectively, In 1962, the lowest tempera-
ture occurred at all stations by mid-August, The lowest temperature during 1963
appeared in the first half of August at Karwar and at Chendia, Ankola and Kumta
in the latter half of the same month. In 1964, the lowest temperature. at Karwar
occurred in the first week of Octcber. At Cheadia it occurred in the second week
of October and at Kumta by the end of November. At Ankola the temperature
during October and November varied between 26,7-27.8°C and the lowest tem-
perature, 25.7°C occurred in August,

The average yearly temperature (Fig. 10) shows a more or less uniform pattern
of distribution at all places. It is comparatively more in 1960 ard shows a declining
trend during the 5 years under study. The mean values during 1960, 1961, 1962, 1963
and 1964 for the 4 places taken together were 28.46, 28.45, 28.08, 28:01 and 27.32°C
respectively, According to this the values in 1960 and 1961 are almost equal and
the temperature curve for the coast appears to be smoothly declining, From the
average values it may be seen that 1960 was relatively the warmest and 1964 the
coolest year during the entire penod under study.



Tasee H
Maximum and minimum of the various kydrological factors, individual values.
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As already cited earlier, the 5-year mean values of the temperature at Karwar,
Chendia, Aukola and Kumta were respectively 28.00, 28.09, 28.18 and 27.98°C. The
annual mean values for 1960 and 1961 at all these places are higher than the above
ones (Fig. 10). The values at Chendia in 1962 and Kumta in 1963 are also higher.
The average temperature for the whole period slong the entire coast is found to be
28.09°C and yearly values given in the above paragraph likewise show it in the first
2 years to exceed and in the last 2 years to lag behind, with the middle year having
a velue almost equal. The temperature at Karwar and Kumta are a little lower
than S-y)eat mean for the coast and that of Chendia same and Ankola slightly higher

- (Fig. 10),

Salinity : The salinity (Figs. 3 and 9a) attains high values during March-May
and the averages reach a peak generally in April-May, except in 1962 when it
appeared in March.
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Fig. 3. Salinity %, (mean values),

The highest salinitxtecorded (Table]) along the entire coast for the years under
study was 37.54 7/, Average values of the maximum salinity at Karwar, Chendia,
Ankola and Kumta for the S-year period were respectively 35.65, 35.81, 35.45 and
35.77 7., and Chendia where the highest value was recorded appears to have high
average values also, Similarly the anmual maximum mean values for the coast as a
whole, namely 34.17, 35.23, 36.29, 35.57 and 37.09 %, for 1960, 1961, 1962, 1963 and
1964 respectively, show 1964 as having relatively high maximum salinity and the
highest for the coast was observed during this year.
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_ From the peak of April-May which forms the primary one, the salinity falls
stecply during July-August when there are heavy rains, The mean monthly values
for the entire coast for the individual observation centres for the 5-year period -
(Table III) show the primary fall to ocour in August except at Chendia where it
happened to be in July. The peaks at Karwar, Chendia and Kumta as for the
coast occur in April and at Ankola in May. :

TanLe 11T
Monthly mean solinity values (in°[, Y Jor eack centre as well as for the coast asa unit -
Jor the S-year period.
- l | H .

—_— | Karwar ‘ Chendia i Ankola I Kumta || Coast

January v . 32.80 33.42 33,48 3330 33,25
February . .. .. 3135 31.86 34.86 33.82 3372
March . e 13.87 34.43 34.26 34.80 34.34
April .. 35.03 35.24 34.68 315.04 35.00
- May . o 32.90 35.14 35,14 34.58 34,44
June e .- 29.08 32.20 31.01 26.63 29.73
July . . 12.92 24.31 21,93 2.4 20.39
August . .. 7.3 25.11 17.35 21.58 17.84
September .. . 18.4 29.00 21.33 25.56 25,03
October . . 22.94 30.58 30.91 29.97 28.61
November .. .. 31.74 33.18 X ) 34.01 33.05
December .. .. 33.16 3367 33.67 3378 387

The primary fall in salinity was particularly conspicuous at Karwar and of all
the minimum values along the coast, the lowest for each year was recorded here.
(Table II). The average value of the minitoum at Karwar for the S-year period was
3.66 %, as against 16.15, 12,33 and 14,589, at Chendia, Ankola and Kumta res-
pectively. Chendia where high values in the maximum salinity were recorded
appears to have higher values in the minimum also. The range of salinity at Karwar
was great.

The minimum value was the lowest of all at Karwar in 1961, Tt was 0.77%,
and the rainfall during this year was comparatively heavy (Fig. 11). The values at
other places the same year were also lower than in other years (Table 11}, The
annual mean figures of the minimum values for the coast were 17,57, 4.98, 8,32, 12.80
and 14.74%,, respectively for 1960, 1961, 1962, 1963 and 1964.

In September, when the monsoon starts subsiding, the salinity rises. Before it
reaches its primary peak of the succeeding year it showsa definite secondary peak and
fall (Fig. 3?;11 along the coast during the period 1962-63. At other times they are
cither localised, insignificant or absent, ¢ monthly mean values computed for
the coast as a whole for each year (Fig. 9a) show the secondary peak to occur in
November-December and the secondary fall in December-January. The secondary
peak and fall during 1961-62 and 1963-64 are absent in this also, and for the coast
as a whole they are entirely absent. Fig. 3, however, shows some variations with
respect to individual observation centres.

The secondary fali is more common and well pronounced in the south than in
the north. The range between the mean monthly values during the secondary peak
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and the secondary fall is always more at Kumta and in 1962-63 it appeared more
pronounced and the highest range namely 3.07 %, was observed then. The succeed-
ing primary peak in April 1963 did aot attain as high a value as at the secondary ~
peak of November 1962 (Fig. 3), the respective average values during these months
being 34,88 and 35.239%;..

After the secondary fall, the salinity slowly and steadily goes up until it falls
again in the next south-west monsoon season,

The yearly average salinity values (Fig. 10} give a uniform pattern at all the
places. It showed a deep fall in 1961 from the values of the previous year. In the
succeeding year it rose and then remained high during the rest of the period under
observation. The annual mean values for the coast as a whole appear in the same
way and they seem to be 29,69, 26.50, 30.79, 30.85 and 31.28%, for 1960, 1961,
1962, 1963 and 1964 respectively. The mean values for the 5-year period at the
different centres wers 26.95, 31.58, 30.45 and 30.30%;, at Karwar, Chendia, Ankola
and Kumta respectively. Theannual mean values at these places in relation to the
5-year ones given above show (Fig,10) Karwar to resemble Chendia and Ankola to
Kumta, At Karwar and Chendia the annual average values were lower even before
1961, whereas at Ankola and Kumia they fell only during this year. The mean
for the entire coast for the 5-year period under observation was found to be only
20.829... The values at Karwar were lower throughout, whereas at Chendia,
Ankola and Kumta the values during 1961 only were lower to that of Karwar,
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Fig. 4. pH {(méan valucs).
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The pH registers its fall (Fig, 4) and the minimum values (Table I} generally in
July-August. The fall, however, extended to September 1960 at Ankola and it
occutred in October 1963 and 1964 at Chendia, in June 1963 at Ankola and
September 1964 at Kumta, . '

The lowest value observed during the 5S-year-period. for the coast as 2 whole
was 6.9 and it occurred at Karwarand Kwnta in the latter half of August 1961,
The lowesi values at Chendia and Ankola were 7.8 and 7.5 respectively, occurring in
August 1962 at both the places. : :

From the fall the pH starts rising in the subseql.ient months and reaches a peak
during December-March. At Kumta, it remained high during November 1962
to February 1963 without showing a definite peak.

After the peak the pHdecreases and again registers the steep fall by July-August.
The monthly mean values for the coast as a whole for each year (Fig. 9a), also show
the falls to occur in July-August and the peaks in January-April. The monthly
mean valugs for the coast for the 5-year period (Fig. 9a) show the drop in them
in July and the peak in Jannary. . The 5-year mean values for each individual
stations (Table 1V) show that the falis occur in the north later than in the south
and the peak vice-versa. At Karwar, however, the values during the fall and the peak
remain for longer time. : ' :

Tasre 1V
Monthly mean values of pH for each centre as well as for the coast as a unlt for the
S-vear period.
— | Karwar l Chendia Ankola E Kumta Coqst
. ! N

January 8.39 8.42 8.37 8.37 8.39
February 8.40 8.40 3.39 8.19 8.39
March 8.36 8.40 8.38 8.37 8.38
April 8.35 8.36 8.36 . 8.35 8.36
ay 8.31 8.30 8.32 8.25 8.29
June 8.24 8.33 8.28 8.21 8.26
July 7.7 8.23 8.16 190 8.01
August 7.78 8.18 8.13 8.17 3.06
September 8.16 8.24 8.25 8.21 3.21
October 8.19 8.22 3.24 8.28 3.23
November 8.28 8.34 8.32 8.34 8.32
December 8.33 8.36 8.35 . 8,36 8.35

The rise and fall of pH values are gradual (Fig. 4). There was a sudden increase
of pH at Chendia in June 1960, the value attained being 8.6, This is the highest
recorded value for the whole coast during the years under study and it again appeared
once during the peak at Chendia in March 1962. Generally the pH varied between
8.4 and 8.5 during the peak period. But in 1963-64, the values were only between
8.3 and 8.35.

An examination of the lowest value at different observation centres (Table II)
shows that the fall and the subsequent range in pH are particularly deep at Karwar
where it normally varied between 7.3 and 8.5. . At Chendia, Ankola and Kumta the
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variation of pH is smaller, ranging only from 7.8 to 8.6, 7.5 to 8.5 and 7.6 to 8.5
respectively.

The annual mean vaiues of pH (Fig. 10) from 1960 to 1962 at Chendia and
Ankola are higher than their respectivs 5-year averages and in 1963 and 1964 they
are lower. At Karwar and Kumta, there is a tendency for the annual mean values
to increase and decrease alternately in successive years. The annual values for
the coast taken together, namely 8.33, 8.26, 8.31, 8.23 and 8,22 for 1960, 1961, 1962,

1963 and 1964 respectively also show that the pH is comparatively low along the
coast in 1964 and high in 1960.

The mean for the entire coast and period was 8.27. The 5-year annual mean
values at Karwar and Kumta were lower than this and those at Chendia and Ankola
higher (Fig. 10), The pH was the lowest at Karwar and the highest at Chendia. At
Karwar it was above 8.27 in 1960 only, whereas at Kumta it went above that
during 1960 and 1962. The values, on the other hand, at Chendia and Ankola were
mostly higher than 8.27 and it came down of it only during 1963 and 1964,

Dissolved oxygen : High concenirations of dissolved oxygen were met with
in the sea-water during the rainy season, attaining a peak in June-September (mostly
August), Immediately after the rains the oxygen registers a fall during September-
November (mostly November). Between these occur another peak and fall
generally during December-February (mostly February) and March-May (mostly
May) respectively, The peak of December-February exceeded the peak of July-
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Fia. 5. Dissolved Oxygen mi/1 (mean values).
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August only at Chendia twice during the 5 vears of study (Fig. 5). The falls
. of March-May exceeded that of September-November more often and at more places.

~ The monthly average values during each Kear for the 4 places taken together

( Fig. 9a) show the oxygen to peak first in July-August and then in January-Februaty.

The monthly mean values for the 5-year period at each place (Table V) also show

this. The first fall according to this ocourred in April-May (May for the coast)

and the second fall in October-November (November for the coast). The first falls

aﬁ:cmrgléleg to Fig. 9a ocourred in March and May and the second in October-
cember, :

TABLE ¥V

Monthly mean values of dissolved oxygen (mifi) for eack centre as well as Jor the coast
as a unit for the S-year period. '

— Karwar Cherndia ‘ Ankola ’ Kumta Coast
January 4,44 4,58 4,27 4,37 4.39
Februaty 4,58 4.52 - 443 - 4,28 4,45
March 4,12 4.04 4.01 4.09 4.08
April 4,11 3,99 4,12 4.01 4,06
May 417 3.72 3.95 3.82 192
June . 4,41 4,45 4,36 4.48 4.42
July 493 4,56 4.61 4.77 4,72
August 531 4.42 5.04 4.72 4.87
September 4.58 4.41 4.47 4.51 4.49

ber 4.53 3.83 3.87 4.51 4,18

November 4,06 4,13 78 4,34 4,08
December 4,25 4,23 4.21 4.30 4,25

The monthly mean values for the coast as a unit for all the years combined
(Fig. 9a) show the peak that occurs in August as primary and that of February as
secondary. The falls according to this in May exceed slightly over that of
November. But as indirectly stated earlier the November falls exceed the May ones
in certain years and places (see Table V also). ' The monthly mean values for the
coast during 1960-64 (Table V), however, show the fall in May as primary and in
November as secondary. The difference between these 2 falls is very little and 2s
it is prone to change from place to place and from year to year it is not safe to
generalise one as major and the other as minor. The highest and the lowest values
recorded during this study along the coast were 5.66 ml/l at Karwar in August
1964 and Chendia in June 1960, and 2.39 ml/l at Chendia in October 1963

(Table II) respectively.

The annual mean values for the different centres are given in Fig. 10, and the
fluctuations show more or less the same pattern at all the places. The annual mean
values for the coast as a whole, namely 4.27, 4.42, 4.33, 4.23 and 4.40 ml/!
respectively for 1960, 1961, 1962, 1963 and 1964 endorse this ; and show 1961 as
having comparatively more oxygen and 1963 less. The average value of oxygen for
the coast during 1960-64 (5 years) was 4.33 ml/l. The 5-year mean values at
Karwar and Kumta were higher and those at Chendia and Aukola lower (Fig. 10).
The 5-year mean values were 4.46, 4.24, 4.27 and 4.36 ml/1 at Karwar, Chendia,
Ankola and Kumta respectively. Karwar has a high value and other places more
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or less.equal though there appears a tendency for an increase towards the south.
The mean minimum values at. Karwar, Chendia, Ankola and Kumta, namely 3.37,
2.93, 3.16 and 3,46 ml/1 respectively also give more or less a similar picture, The
mean maximuwm values were 5.52, 5.32, 5.24 and 5.20 ml/l at Karwar, Chendia,
Ankola and Kumta respectively and they show Karwar to have more oxygen; but the
values, on the other hand, decrease at other places from north to south.

Dissolved inorganic phosphates : High concentrations of this nutrient salt in the
sea-water occur during June-October. The actual month in which the peak occurs
varies from year to year and differs (Fig. 6) among the observation centres during
the same year. In the 2 southern stations there is a tendency for the peak to oceur
earlier, as they are found in June-September. The only occasion in which the peak
appears in October at south is in 1961 at Ankola. The values fall and become
generally low mostly in January but spread out from October to May. Sometimes
at some places a sub-peak can clearly be noticed during February-April (Fig. 6}.
The falls preceding these are generally deeper but only slightly than the succeeding
ones except on a few occasions as at Karwar, Ankola and Kumta in 1963. This
sacond fall occurs generally during April-May. - :
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The monthly mean values for the S-year period for each place also show
(Fig. 9b) the phosphate to be high during June-October, low during November-
February and again rise slightly in February-April and thea fall in April-May.
According to the 5-year monthly mean for the coast as a whole (Fig. 9b), the major
peak occurs in October and the minor one in March with the first fall in January and
the second one in April.

" The dissolved inorganic phosphaies along the coast varied generally between
0.22-2.06 pg at/l during the S-year period of study, although values as high as 4.17
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pg atfl in August 1962 at Karwar wete encountered (Table II). The range is more
at Karwar than the southern stations, The average minimum values for the 5
years at Karwar, Chendia, Ankola and Kumta were 0.25, 0.28, 0.30 and 0.30 pg
at{l respectively. It equals at the last 2 places, whereas at Karwar and Chendia it
is lower, The maximum values have an inclination to become lower towards the
south and the respective average values at Karwar, Chendia, Ankola and Kumta
were found to be 1,71, 1.15, 0.84 and 0.94 pg at/l. Complete depletion of this
nutrient is not noticed along this coast. '

The occurrence of the maximum values (Table 11) and the major peaks (Fig. 6)
coincides mostly. But the minimum vaiues do not appear simultaneously with the
respective months of fall in majority of the cases. However, they are restricted to
iile periods of falls and are distributed between the fall of November-February and

pril-June.

A comparative examination of the annual mean values (Fig. 10} and the study -
of the mean for the eutire coast i.e. 0.44, 0.43, 0.46, 0.46 and 0.50 ug a#/! during
1960, 1961, 1962, 1963 and 1964 respectively point out that the values in the second
year registered a fall from the first and then went up in the next year and remained
the same the year after. In the last year it again went up. Individually, Karwar
appears to be slightly different from this (Fig. 10) in the fact that after 1962 it fell
again in 1963. In 1964 it showed a slight increase. At Ankola, however, it showed
a slight fallin 1964, The average value of the phosphate for the coast for the S.year
period was 0.46 ug at/l. The values at Karwar and Ankola were lower to this and
at Chendia and Kumta higher (Fig. 10). In spite of the highest values, the value
at Karwar was slightly lower, namely 0.45 pg at/l against the values 0.46, 0.45 and
0.48 pg atfl at Chendia, Ankola and Kumta respectively.

Nitrites :  High concentrations of nitrites in the waters along the coast are
recorded during May-August and again in November-December (Figs. 7-and 9b).
The peaks during the latter period are generally of secondary importance except in
1963 when they were quite predominant. This peak at Ankola appeared a month
earlier than the usual November-December period. The peaks in November at
Kumta in 1960 and at Karwar in 1961 were also slightly higher than the respective
preceding peaks in July and May. Sometimes as at Kumta in 1961 and 1962, a
secondary peak does not appear and instead the values remain low during September
1961 to Kpri'l 1962 and August 1962 to May 1963 respectively. Generally (Figs. 7
and 9b) the nitrites showed very low values during January-April and September-
October (the primary peak occurring in between in May-August) and in many indi-
vidual samples they were totally absent. The monthly mean values for the coast
for the 5-year period (Fig. 9b) show the primary peak to occur in June and the
secondary in December. The falls according to this are in October and February
and appear to be more or less of the same calibre though the latter appears to be
slightly lower. - 4

The variations of nitrites during the 5 years of study was from 0.0 10 8.33 pg ar/l.
This high value was observed at Karwar once in June and again in September 1964
and it forms the highest for the coast for the entire period of study. The occurrence
of the maximum value coincides mostly with the occurrence of peaks. The ocour-
rence of the minimum values at the same time does not strictly adhere to any occasion
and is distributed between the falls during January-April and September-October
but mostly in the second time. o . o
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The maximum values at the different centres (Table IT) as well as their mean,
namely 4.49, 3,59, 2.61 and 1.78 ug atfl at Karwar, Chendia, Ankola and Kumta
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respectively show this nutrient to have higher values in the north and to deplete
succeedingly towards to southern stations. An year to year comparative scrutiny
of these maximum values (Table II) and their mean for the coast, namely 1.94, 1.80,
2.59, 4,03 and 5.25 pg atjl for 1960, 1961, 1962, 1963 and 1964 respectively prove
the last year to have very high values of nitrites,

The annual mean figures also (Fig, 10) show that the values in 1964 were high
except at Kumta where a slightly iower value was noticed. The pattern of annual
fluctuations appears to be more or less the same, The annual average values for the
coast were 0.29, 0.23, 0.33, 0.47 and 0.29 ug at/! during 1960, 1961, 1962, 1963 and
1964 respectively. The S-year mean values at Karwar, Chendia, Ankola and
Kumta were respectively 0.49, 0,56, 0.47 and 0.26 ug at/l. The 5-year mean for the
whole coast taken together was 0.44 pg atfl and the values at Karwar, Chendia and
Ankola were more than this and at Kumta much less (Fig. 10). Though the
maximum values were the highest at Karwar (Table II), the nitrite concentration in
the sea-water was highest at Chendia. It was the lowest at Xumta where the
maximum values were also found to be comparatively small, _
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Silicates : The siticate content attains a high peak generally during July-August
and remains fairly high throughout the rainy season (kigs. 8 and 9b). In the last
year (Fig. 8) the peaks occurred at Karwar in September and at Chendia in October.
After the peak the values fail in September and continue to do so till December,
During January-May (first part only), it reaches the lowest level. In the latter
part of May when there shall be a few pre-monsoon showers along this coast an
upward trend can be noticed and it becomes high at the height of the rainy season.
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The variation of silicates during the troughs is little as it was observed to be
roughly between 2.1 and 8.5 ug at/l. Still lower values were recorded during 1960
(Table ID, and the lowest registered during the 5 years of study was 1.2 ug atfl
at Kumta in the second half of January. The minimum values generally occurred
during February-April. ' -

The highest value for the entire 5-year period was 149.25 ug at/l, notickd. at
Karwar. The maximum values along the coast (Table II) generally appear first in
the north and then in the south. For instance, in 1960, though the maximum
appeared at all the places in August it occurred in the next year at Karwar, Chendia
and Ankola in July and at Kumta in August. In 1962 and 1963, the maximum
values ocousred in July at Kaswar and at the southern stations in August, In the
last year, the values occurred in August at all places except Chendia where it was
observed in October. The maximum values as can be sgen from Table H tend
generally to become smaller towards the southern centres. It was the highest at

_ Karwar and lowest at Kumta.

The annual fluctuations of silicates {Fig. 10) exhibit the same pattern Iat Chendia,
Ankola and Kumta. The values at these places rise and fall alternately in successive
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years. At Karwar, during the last 3 years, unlike other places, the silicate content
kept diminishing, The annyal mean values for the coast as a unit, viz. 12.31, 22.29,
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17.12, 15.82 and 11.71 pg atfl for 1960, 1961, 1962, 1963 and 1964 respectively and
their respective averages of maximum values for the coast 50,35, 97.07, 86.03, 68.22
and 39.40 ug at/l lend support to this. Onthe whole, the silicates were observed to
be more along the coast in 1961 when the rainfall (Fig. 11) was unusually high. The
5-year averages of silicates at Karwar 23.29, Chendia 12,76, Ankola 14.51 and Kumta
12.86 pg atfl illustrate that they attain higher concentrations in the north than south,
and the respective mean maximum values at these places, namely 106,52, 53.74,
66.32 and 46.28 p¢ at/! support this. Consequently the values at Karwar (Fig. 10) ap-
pear to_be much higher than the average for the coast for 5 years which was 15.85 ug
at{l, Onthe other hand, the values at Chendia, Ankola and Kumta appear to be
lower than that for the coast as a whole. The annual mean values in 1960 and 1964
at Karwar and 1963 at Ankola approximate to the 5-year coastal mean, The values
- in 1961, 1962 and 1963 at Karwar exceed the coastal mean. The annual mean
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values in 1961 at all the 3 southern stations also exceed this, ;vhereas during other
years they are lower, ) . o

PHOSPHATE pg at/t
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DiscussioN

As has been observed by Ramamurthy (1963), the surface temperature: of the
sea-water off the North Kanara Coast shows a definite double oscillation and it has
been observed more or less common to our coastal waters by various workers (see
Subrahmanyan 1959). The fall in -temperajure during July-September and
December-February coincide with the south-west monsoon and winter season
respectively.  Of the two, the latter does not generally reach the low level of the
former in the west coast, whereas in the east coast (Chacko ef al. 1954, Ganapatiand
Murthy 1954, Ramamurthy 1953 and Prasad 1957) the primary fall ocours in January
which marks the period of north=east monsopn and the cold climate and the secon-
dary one during June-July corpesponding to the south-west monsoon season.

The major falls of the sea surface temperature in the west and the cast coasts
claim the influence of monsoon on them. However, from the present observation

2
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along this coast it does not appear wholly responsible (Noble, MS), for the lowest
temperature values of the different years are not directly proportionate to the total
rainfall (see Table II for the minimum temperature and Fig, 11 for the rainfall at
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Fig. 11. Rainfall at Karwar,

- Karwar). The minimum temperature at Karwar. for example in 1961 when the

rainfall was the highest was 26.2°C against 25.5 and 25.3°C. of 1960 and 1962,
24.4°Cof 1963 and 24.0°C of 1964 when there was only normai rainfall. Apart from
this, the occurrence of the minimum temperature values and the peak of the monsoon
do not seem to coincide. However, very heavy rain is observed invariably preceding
the occurrence of the minimum tempzrature (Table VI). In the last year when the
lowest temperature occurred, there was no rain at all. The occurrence of the mini-
mum values at a date later to the heaviest rains also shows that the low values are
caused by some factor other than the rainfall. Banse (1959) attributed the low
surface temperature during the monsoon months in the south-west coast of India
to upwelling. - Ramamurthy (1963) also considers it an indicator of upwelling along
this coast, but.it is worthwhile to investigate on this further,

 Tamz VI
Sequence of accurrence of heavy rains and the miimum temperature at Karwar.

Yeais - " Heavy miﬁ.r - - Mininum temperature
1960 . 4th week of July - 15t week of Ausmt )
1961 4th week of June 1st week of July and

.  3rd week of August
1962 2nd week of August - 3rd week of August
1963 1st week of July 2nd week of August

1964 2nd week of July . 1st week of Octo

. The occurrence of the minimum temperature in the monsoon period, as already
mentioned earlier in the observations, first in the north and then in the south along
this coast necessarily implies the movement of a column of cold water in the inshore
area from north to south during the rainy season. As this water drifts to the south
it gets gradually warmer with the consequence that at Kumta the minimum tem. -
perature is generally higher than that at Karwar.
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' The temperature along the North Kanara Coast attains the- maximum in April-
May. In the south-west (Chidambaram and Menon 1945, George 1953, and
Subrahmanyan 1959) and the south-east (Chacko er ai. 1954, and Prasad 1957)
coasts it occurs in May. Bombay (Bal ef al. 1946) has the highest temperature in
June, and Madras (Ramamurthy 1953) and Visakhapatmam (Ganapati and Murthy
1954) in the Bay of Bengal in October,

The salinity is very high in summer (April-May) and low in the wet monscon .
months (July-August). The fall in July-August is likely to be due to the influence .
of rain and drainage from the land and it is very low at Karwar on account of Kali
River (Fig. 1) discharging directly into the Bay. The transition from this low values
to the higher ones of the summer takes place gradually during the post-monsoon
months. In certain vears there appears another fall in salinity during December-
January. This secondary fall when occurring is more emphasized in the south. As
the north-east monsoon is not felt at Calicut, the secondaryfall of December-January
has been attributed to the effect of the coastal current bringing in Bay of Bengal water
around the Peninsula and flowing on the west coast in a north-westerly direction
(Subrahmanyan 1959). The effect of the north-east monsoon is totally absent along
the North Kanara Coast also and hence the secondary fall during December-January
is possibly due to this north-westerly coastal current. Further north, in Bombay,
the secondary fall may be noticed in February (see Fig. 1 and Table 1 of the paper of
Bal et al. 1946) even though the authors made no mention of it. A similar lowering
of salinity appears along the east coast, first at Visakhapatnam in September-October
(La Fond 1954, 1958 & b ; Ganapati and Rac 1958, and Ganapati apd Sharma
1958) ; then in Madras in October-December (Ramamurthy 1953, and Thirupad
and Reddy 1959) and later in the Palk Bay and Gulf of Mammar during January-
February (Jayaraman 1954) caused by a southerly current along the coast, S

It can be presumed from the more steep secondary fall at Kumta in the south
than at Karwar in the north along the North Kanara Coast, that the influence of the
current fades as it flows north. The absence of the double oscillation during some
years, particularly conspicuous at Karwar, is probably because the coastal current
which brings in water of low salinity from the east coast does not come so far north
in these years as to reach Karwar orif if does itis not possibly touching these inshore
waters.

The maximum salinity value-of 37.54%, obtained along this coast during the
S-year period was at Chendia. At Karwar it was 36.82%;, only, While dealing
with the mackerel fishery of Karwar, Pradhan (1956) reported very high salinity
values during October-March of 1948-52 and the maximum values obtained during
these months of 1960-64 comparatively are much low (Table VII). Palekar and Bal
(1957) also have observed a value as high as 38.4 9, during January-May. Values
as high as those recorded by Pradhan (1956) and Palekar and Bal (1957) have not
been observed along this coast at any time during the 5 years of the presant study
and that of Ramamurthy (1963) during 1954-58. . Bal ef al. {1946) observed a value
of 38.4%. in May off Bombay coast and salinity as high as 40-41 %, are recorded in
the Persian Gulf and Red Sea (Sverdrup et @l. 1942} ; and the high values observed in
Karwar Bay by Pradhan (1956) and Palekar and Bal (1957) whera Kali River opens
directly into it and especially in the post-monsoon winter months is probably errors
in estimation. S
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TasLe VII

Maxinum salinity valses (in °1..) at RKarwar

Months - Periods
— 1948.52 I 1960-64
- October "37.8 3378
November 38.0 35.10
" December 387 35.20
* January 384 35.21
February 40.8 35.85
March 379 3596

A comparative study of the maximum records of the salinity along the east
coast, namely 34,09, at Visakhapatnam (Ganapati and Murthy 1954), Madras
34.94%,. (Ramamurthy 1953), Mandapan: area 37.45%;,, (Prasad 1958} and west
coast, namelay 35.897,, at Calicut (Subrakmanyan and Sarma 1960}, North Kanara
Coast 37,549, (present observition) and Bombay 38.40°%;, (Bal ef al. 1946) reveals
a tendency in the maximum values to becoine higher towards the south in the east
coast and towards the north in the west coast. Sea-water with high salinity values
from the Red Sea is reported to enter the Arabian Sea (Panikkar and Jayafaman
1956) and this increase in values towards the north in the west coast is possibly due to
the admixture of Red Sea water. Quite a good northern portion of the Bay of
Bengal may be considered estuarine due to discharge of big rivers into it
(Subrahmanyan 1960) and the increase in value towards the south in east coast can
be due to the influence of the Indian Ocean,

As for temperature, the occurrence of minimum values for salinity and the rain-
fall also does not-coincide, the former always succeeding the latter, The rainfall at
the time when these minimum values appeared were comparatively much less. As
has been mentioned in the case of temperature the local rainfall does not appear to
be the only factor determining the cccurrence of these minimum values also. It
may be largely due to the fresh-water flowing down into the Bay from the river, and
hence possibly depends on the amount of raiafall in the areas upstream. '

Fluctuations of pH is unimaodal, the fall occurring in July-August and the peak
in January-February, Bal er al. (1946) observed the pH in Bombay waters to be
high during April and low in December. According to Thirupad and Reddy (1959)
the pH showad no marked fluctuations in Madras evan though Ramamurthy (1953
observed high values during April-June and December. and low during July and
Yanuvary, But Ramamurthy (1953) himself has suggested the need for more accurate
studies with sensitive methods for reliable vesults. The above studies were only at
single stations for short periods. On the other hand, the present study is for § years
zach for 4 different places.along the coast. .

The range in oxygen mean monthly values along the North Kanara Coast has
been found to be between 3.01 and 5.59 ml/). Ramamurthy (1963} found the range
here to be between 2.75 and 5.31 mlf/l. S o
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At Madras, Jayaraman (1951), Ramamurthy (1953) and Thirupad and Reddy
(1959) found the oxygen to be high during November-Febtuary and low during
May-August. In Gulf of Mannar and Palk Bay (Jayaraman 1934) the seasonail
fluctnations of dissolved oxygen show no marked variations in the various months.
Oxygen was observed to be high during March-April and low during June at Waltair
by Ganapati and Rao (1958). According to Kasturirangan (1957g), the oXygen at
Calicut is low in September and high in November. The period May-September
showed no uniform character for the 4 years of study there, But Subrahmanyan
(1959) observed at Calicut that after the low values in March, oxygen increases in
April-June. A decline in July-August follows this. Again it is observed to increase
~ in September and reach high values in November. The dissolved oxygen along the

North Kanara Coast, however, has been observed to be bimodal, the peaks occurring
during De¢ember-February and June-September and the falls during March-May
and September-November. o

The dissolved inorganic phosphate in teml;;:rate waters has been generally
observed to have a bimodal seasonal distribution, having a major winter and a minor
summer maximum. Along the North Kanara Coast too a double oscillation has
been observed, the values being high during February-April and June-October and
low during April-June and November-February, Similar double oscillations were
observed by George.(1953) and. Rao and - George (1957) at Calicut and by Ganapati
and Rao (1958) at Waltair. . Subrahmanyan (1959 at Calicut, Jayaraman (1951),
Thirupad and Reddy (1959) and Subrahmanyan and Sen Gupta (1965) at Madras
found only a unimodal curve. Subsequent to the minimum in November, according
to. Subrahmanyan and Sen Gupta (1965), the values keep oscillating till the next
peak in June. - But Ramamurthy (1953) at Madras, Jayaraman (1954) and Chacko
et al. (1954) at Gulf of Mannar, Palk Bay and Kundugal Gut and Bal ez gl. (1946)
in Bombay could find no marked seasonal cycle.

Subrahmanyan (1959) tabulated the. range in phosphate values of various places
in the world and he observed the phosphate at surface at Calicut to vary between
0.13 and 1.68 pg at/l and suggested the high fertility of our coastal waters, - Rao
{1957), howsver, found a still higher value ranging from 0.33 to 1.92 pg a¢/! there,
Though the monthly mean values varied between 0.25 and 1.35 ug at/l, the North
Kanara Coast had a wider range, normally from 0.22 to 2.06 g g/l (individual
values). As has already been mentioned earlier in this paper, value as high as 4.17
#g atfl has also been recorded here. Along Indian coasts Jayaraman (1951) has
reported 3.0 ng at/l once from Madras. Sverdrup et al, (1942) report 3.5 ug atfl
from the Pacific Ocean. The data indicate that phosphate values vary over a wider
range and the magnitude of the variation differs from year to year.

- The study of nitrites in our waters is too limited (Bal et ol, 1946, Jayaraman
1951, Ramamurthy 1953, Thirupad and Reddy 1959 and Subrahmanyan and Sen
Gupta 1965), In the North Kanara Coast a definite double oscillation in its seasonal
distribution with the major and minor peaks.in May-August and November-
December respestively has been observed. A bimodal distributiont with high con-
centrations at corresponding periods has.been observed at Madras by Thirupad and
Reddy (1959), and they observed it to range between 0.0 and 0.55 ug at/l,
Jayaraman (1951) also gives the same variation during his studies there. But at
Karwar it has been observed to be between 0.0 and 8,33 ug atfl and at Bombay
Bal ez al. (1946) recorded it to be from 0,32844 to 11.93094 ug at/! (4.60 to 167.1
mg./m?*). These values are sufficient enough to substantiate the high fertility of
the west coast of India over the east coast, = .. '
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. The silicates in the North Kanara Coast is unimodal in its seasonal fluctuation,
the peak being in July-August during the south-west monsoon period. At Calicut
(Subrahmanyan 1959) also the silicate was maximum during the south-west monsoon
{July to September), whereas'in Bombay Bal et al. (1946} observed it to peak during
January-March when there is practically no rainfall at all, High concentrations of
silicates along the east coast, however, were observed in October-January during
the north-east monsoon period (Ganapati and Rao 1958, Jayaraman 1951 and 1954,
Ramamurthy 1953, Thirupad and Reddy 1959 and Chacko ef al. 1954).

It has been observed along the North Kanara Coast itself that the maximum
values of silicates appear in succession from north to south and that these values
diminish towards the south. The successive ooccurrence of the peak period can
possibly be feasible along the west coast as a whole as ii ocours a little later at Calicut
in the south (Subrahmanyan 1959). Dealing with the ocourrence of lowest tempera-
tures along the North Kanara Coast it was mentioned that a cold water column
moves in a southerly direction parallel to the coast. The successive occurrence of
high silicates indicate that this water column is rich in this nutrient salt, Successive
occurrence of high silicates together with low salinity values in a north to south direc-
tion during July-December by a southerly current was suggested for the east coast
by Ganapati and Rao (1958). :

The range in silicates at the various places has been given by Subrahmavyan
(1959), and our values compared to re¢ords of other seas are considerably high.
At Karwar the maximum value was observed to be 149,25 ug at/l and this appears
to be due to the influence of fresh-water from Kalj River. High values were observed
in the inshore areas where such fresh-water influence is found, as for instance, at
Calicut where the Korapuzha opens into the sea Rao and George (1957) obtained
values up to 260.0 ug at/l and the minimum value recorded by them there was also

- high, 20.0 ug at/l. At Calicut, Subrahmanyan (1959) claims that the silicate contents
never go below 5.0 ug a¢/l.  Along the North Kanara Coast, the silicate content, on
the other hand, fell as low as 1.2-ug at/l. Still fower values namely 0.7417 pg at/l
which appears to be our lowest, is recordsd from Kundugal Gut in Gulf of Mannar
by Chacko et al. (1954). :

. Interrelationships of the various hydrological factors are shown in Fig. 12,
The relation between the temperature and salinity is parallel, the occurrence of their
peaks and falls being contemporary. Changes in temperature may be result of
interaction of many factors such as upwelling, effect of the atmospheric temperature,
rainfall and wind force. The fall in salinity during the rainy season can be attri-
buted to the rainfall which as seen in the figure has a distinct and indirect correlation
toit, The relation between pH and salinity (Fig. 12) is also parallel and like salinity
its relation to rainfall is inverse, '

The relations between” pH and dissolved oxygen in the sea-water has been
observed to be direct, the maximum of pH coinciding with the maximum of dissolved
oxygen and vice versa. But Riley and Skirrow (1965) are of opimion that variations
of these are produced by localized concentrations of l}:I-{-im':luencing-substam:ss.
Brackish water, estuarine, tidal and harbour waters and muds and areas of local
industrial contamination may show considerable deviations from the pH ranges
expected in the open ocean, The relation between the pH and oxygen along the
North Kanara Coast is direct except during the rainy season when it becomes deeply
inverse (Fig. 12}, Ramamurthy (1963) feels that the greater decrease in pH at
Karwar during rainy season may be Jue to the influence of the flood watera of Kali
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River, However, it is interesting to note that even-at the southern stations where
there is no immediate influence of river influx the-pH shows the same trend and hence
the phenomenon is to be considered: peculiar fo this coast and that it is effected by
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Fie. 12, Interrelations of the varions factors, The values are the monthly averages
for the five-year period for the North Kanara coast as a unit.

drainage from land. . The i‘elétibh betweeil pH and rainfall as ﬁas been mentioned
is inverse, whereas with regard to dissolved oxygen il; the sca-water it has been

observed to be direct, -

The nutrient salts are abundant during June-QOctoper. The nitrites attajn the
peak just befors heavy rains (in June) and the phosphates just afterwards (in October).
Peaks of silicates occur during heavy rains in August, The relation between silicates
and rainfall ig strictly parallel, with the difference that (Fig. 12) heavy rains occur
much ahead of the ocourrence of the peak of silicatés. Ag the peaks of nutrients do
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not occur contemporarily to the peak of rainfall, it is reasonable to think that these
peaks are not caused by the rainfall though it seems to affect it. Rivar water is
observed to contain very high concentrations of silica (Rao and George 1959 and
Ramamurthy 1963).  Influx of river water and drainage from land appear to contri-
bute largely to the rise in silicates in the sea-water in the inshore area during the
south-west monsoon season,

The silicates show an inverse relation to salinity (Fig. 12). A similar relation
between the two was noticed here by Ramamurthy (1963). It has been observed in
the Bay of Bengal by Jayaraman (1951 and 195:? and Ganapati and Rao (1958).
The inverse relation between silicates and salinity does not seem to be interdependent
and influencing each other but just a coinoidence of the rainy season.

The velations between oxygen and phosphates, and oxygen and nitrites are
interesting. The phosphates and nitrites are Jess when oxygen is more and when they
become more oxygen becomes less. Oxygen in sea-water increases when therz is
increased photosynthetic activity and the nutrient salts in the water are then reduced
due to utilization by plants.. Through decomposition the nuirients increase aftet-
wards and the oxygen begins to fall. Hence when the nutrients aré-more, oxygen
becomes less. The fall of oxygen continues further when it is used up in the
oxidation of nutrients which are abundant in the water. - Consequently there occurs
a depletion in the nutrients also. Though the relation between phosphates and
oxygen is clear as explained above, it is not so well marked with nitrites especially
during rainy season, : R \

 SUMMARY

Studies on temperature, salini{y, pH, dissolved oxygen and nutrients like
inorganic phosphates, nitrites and silicates of the s¢a-water off the North Kanara
Coast during 1960-64 are presentad. SR

The temperature, oxygen, phosphates and nitrites have been observed to be
bimodal in their seasonal distribution with primary and secondary peaks and except-
ing oxygen with primary and secondary falls. In the case of oxygen it is not safe to
designate one fall as primary and the other as secondary. Salinity appears to be
unimadal, but in some years bimodal, The pH and-silicatés are unimodal in their

distribution. o

The temperature and salinity are high in summer and low during monsoon and
again rise and fall (not always in salinity) during post-monsoon months and winter
respectively. The fluctuation in oxygen is just the opposite. pH is high in winter
and low during monscon. Nutrients are high in the south-west monsoon period.
Phosphates and nitrites in them become low in post-monsoon 'season but
show another peak and fall in the winter and summer respectively. Silicates, how-
ever, keep falling till they reach the low level during summer. . -

Fluctuations in some instances are interdependent and influencing each other
but in others just a coincidence. Rainfall, river influx and drainage from land greatly
influence the coastal waters, .The sea-water off the North Xanara Coast has been
observed to be rich in nutrient salts, - A southerly drift of a coastal cold water mass
has been detected during the rainy season and a northerly current has been observed

in winter. -
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