5 .

PRIMARY PRODUCTIVITY IN AJWA RESERVOIR

{I) Primary production by Phytoplankton’at Station A.'/

Open water.

(a) Rate of photosyntheels and diurnel rhythum.

The rate of photosynthesis b} phyfo-¥
‘planktpn at Stetion A was measured in situ on non
isolated natural communities at four—bauriy intervels
round the clock once & wmonth from March' 1969 to liarch
1970. The results are ehown in Tableﬁd,. Readings
were teken at about the fame time every day. The
difference between two successive readinge gave o
four hourly' production during the day hours and the
respiratory velues during the night houi-a.

in attempt ie made to compare the production
rates in the morning, noon and afterncon in the

Table=44 .
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- ‘fable ~ 44

Production rates in the morning, noon and after at

118

Station=-A

1969

Hours 0.800 1200 1600
Karch 24 0.271 0.129 0.029
April 21 0.200 0.087 0.02%
May 25 0.283 0. 054 0.017
dJune 13 0.233 0,075 0,025
July 14 0.092 - 0.065 0.028
August 15 0.120 0;057 0.020
September - 15 0.095 0.077 0.012
Cctober 26 0,072 0,062 - 0.020
November 6 0.185 0.142 0.0%55
Hovember 26 0.120 0.062 0.015
December 27 0.145 0,117 0.020

1970
Janusry T 0.160 0.095 0.042
- January 27 0.190 0.085 0.045
February 19 0.120 0.070 0.025
Harch 23 0.107 0.125 0.045
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From the study of the above tacle it willbe
evident that in all the cases the morring production
values were greater than the correeponding noon and

afterncon values,

Anna Mani et al. (of. Canepati,1970) have measured
the total radiation from the sun end sky in India during
the Internationsl Geogrophioal Yeer at four respective
Stationé viz., Poona, Delhi, Oalcuyta and Nadras and
have found that the forenocon values are slightly
higher than the corresponiling values in the afte&nooa
except in case of’ﬁadraa; where the afternoon valuese
are predominently higher. Gasim et 8l.(1969) have found
that at Cochin the values for thé rate of'photoayntheais
ae measured by derk and clear bottle experiments
progressiYely increased upto 14 hours end then déclined
ebarply. Meximum velues of photosynthesis between 12
and 14 hours corresponded to pegk illumination wﬁieh
under norumsal weather conditions invariably occurs
during the eerly hours of efternoon.This corresponds
to the maximum solar radiation between 12 &nd 14 hours
for Peona (Anna Meni et 81, 1962). But the production

values &t Barode show & slight deviation where the
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production rate is highest between 0600-1000 hours
that is ﬁid-mnrﬁing and not heiween 1200 to 1400 hours. -

(Pigure 9 ) ( See discussion).

Verduin (1957), Yentsch end Ryther (1957), Doty
and Oguri (1957), Ohle (1958), Vollenweider and

NWeuwerck (1961), Copeland, Butler and Shelton (1961),

Copeland end Dorris (1962) and ¥etzel (1965,1970) have
all found pholosynthetic mexima under natural light
conditions to occur in the mid morning. Beyers (1965)
concludes that the lack of uniformitﬁ in the rate of
photosynthebis should be kept in mind by those who
wigh tolextrapolate the diurnsl or smual priméry
productivity measurement from light and dark bottle

or ¢'% experiments of six hour or less in length.

Lerge differences beilween early moming and
lete afternoon rates have been reported by Ohle (1953),
Doty (1959) and Vollenweider and Neuwerck (1961)}
Results in the present work show that veluee from 6 to

" 10 hours ere greater thaen those from 10 to 14 hours.

There is thus need for more detailed study of the .
course of photosynthesis during early morning {just
before and after sunrise), forenoon, afternoon and at -
dexx.
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(b) Gross production, net production and

respiration.

Iwo opposite processes are ati work. They
sre total respiration and gross photoayntheéie.@otal
respiration is the respiration of all orgsanisms, both
macro end micro animele and plants in the ecosystems
vhile gross phétosynthesis is the entire photosynthetic
production of ell primary producers in the ecosystem.
Nelther of these quantities is messuresble in light
beceause they involve chemlcal changes proceeding
simultaneously in both directions.luring the day only
the excess of gross photosynthesis over day time
respiration can be measured; in dark 6n1§ respiration
tokes place; snd it is possible to measure it. The
respiration which tekes place during the light period
is masked by photosynthesis. Hence we get two
measurable quentities, photosynthesis giiring day aend
reepiration as messured in dark. These values for

Ajwe reservolr ere shown in Figure 10 and Table: P

'in the Appendix.
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(1) Ihe rate of respiratory uptake of oxygen

in g?ee water

This 6an~he~eﬁtima§§d from the netural .
rate of decline of oxygen corrected for atmospheric
exchange. The possibilities and difficulties, -in
assessing the lsatter have ﬁeen stated previously.
Under favoursble conditions, it may be avolded (of.
Vinberg 1960, 1963) by considering perlod during which
the saturation level of oxygen in the surface water is
close to 100%. This point 1s often passed at come
time during the night period and during the latter es
8 whole. Considering the effects of conditions promot-
ing oxygen loss to &and gein from the atmosphere the

“average rete of oxygen decline at night should appro-
ximate the average rate of oxygen consumption in
respiratory aotivity in the water.celumn (ecge
Pelling 1957¢0). This formulation implies & constancy
of the consumption rate over the 24 hour period, &
much used assumption which can be quite unjustified in
soxe situations of periodie stratification or low oxygen
tension. Some exsmples of these are given by Winberg

(1955, 1960, 1962).
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Brown.(1953) using isotopicelly enriched oxygen
(018) has shown thaet the respiration is the seme in
light es fham in dark. But Qasim et 8l (1969) have
shown that the'reapiration loss is varieble from
month to month sud therefore 8s pointed by Ryther
(1956) cannot be corrected by common foactor. If the
resplratory srocess is considered quite independent
of photosynthesia and glep thet it oceccurs et the
same rate throughout the day and night anﬁ the values
for the respiratory loss occuring during the night
ere substracted from the day net production, an
egtimate of 24 houra' net primary production called
here as 'adjusted net production' can be calculated

(shown in Table- 45 ).

The escunmption that the rate of respiration
duricg the night is the same &8 during the day does
not Beem unrealistic though the respiratory léseee
during dgy or night do not preclude the resplration
contributed by zooplenkion and bacteria; and therefore,
way not strictly conform to the phytoplankton

respiration alone. .
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The figures for gross and net preduction and
respiration and adjusted net production are given in

Table 45,

These figures ere helpful in estimeting the 1
potential aource‘of organic mat%er which is transferred

t0 next tropic level.

(c) Sessonal changee in production rates :

(1) Monthly changes in production rates.

The monthly values of net and gross
pfoduction at various depth 0-5 m, shown in Flg.
reveel that there is & seasonal e¢ycle in biological
production. Increasing values are recorded in March
to June and lower values in July, through September
and ¥ebruery. The difference between grose and net
production is greatest at 0.0 m and it gradually
diminishes till it felle off steeply at 4.00 anq
5.0 m depths.

The production rates (both gross and net) of
the optimum period is at the most two to three times

the rates of the sesson of lowest production. This
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indicateB that seasonal fluctustions in the prcd@ctién
rates in the §ﬁb£cs are not merked. (Hulbert et 81.1960;
éenzel and Rytﬁer, 1961a; Prasad and ﬁéir,1963; and
Qasim gt 21.1969). This feature is in contrast to
higher latitu&eg wﬁere the seasonel amplitude of )
production durigg spring and -suumer may be fifty tliumes
or more of the autumn or wiﬁter (aymont, 1966).

*b

(ii) Verticel distribution of biologicsl

production.

Thrbﬁgbbut\tbé year, except in June (early

' monsoon) the rate of production (gross as well as net)

diminishes with increazsing depth. In June the maximun
rate: is observed at 3 m depth which can probably be
sccounted for by the ins®lation effect at the upper

.
layers sand surfece.

N

“{d) -Annual production.

The estimated snnual production in the Ajwa
reservoir during fﬁe‘twq yetir veriod is given in Table=-
46. The ennuel aversge gross ﬁraduct;oﬁ i 365 X 2.28 g

0,/u” in 1969 and 365 x 2.62 g 0/ in 1970. Similarly
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’tbe net production for deys averaged 365 x 1.14 g

6,/a° in 1969 end 365 x 1.31 g 0,/u° in 1970. The
estimatec net 24 hour production shows the potentizl
source of organic matter which is available for the

next tropvhic level.

Table - 46

Annual estimates of groes end net primery produeticxn in

1969 and 1970

Annusl production

Year
Groes Het
- 1969 { 9 months) 365 % Z2.28 %65 x 1.14
1970 (10 wonths) 365 X 2.62 365 x 1431

In tbe cese of lake Victoria about 2500 g Oz(ar
950 g using a photosynthetic quotient of 1)/vear is
reperted from the overage dally estimate of about

7 & 0,/m° (Telling,1365).

(e) Phytosynthetic efficiency :

The efficiency of the ecosystem to convert

soler energy into orgenic matter was determined from the
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monthly reasdings of the visible eolar radistion end
the gfqéa production values according 10 Genepati and

Sreenivesan (1970) and the resulte are given in Table-47.

The calculated efficiencies in the several
months of the two years period are shown in Table 47
and Figure |4 slong with the monthly average visible
radistion values. The efficiencies range from 0.23
to 0.69 % in 1969 and from 0.27 to 0.80 % in 1970,
the yesrly average being 0.48 %. Kyther (1962) has
shown thet the cozstal and inshore waters have an
average value of 0.5 ¢; and has discuesed the seversl
factors affecting photosynthetic efficiency of
different marine environments. sanagati\and Sreenivasan
(1970) bave shown that the negnitude of photosynthetie
efficiencies in South Indian reservoirs range from
0.41 to 2.62 ¢. Ganapati and Pathak (1970) found the
figure to be 0.31 % for the two yesr period of 1963
and 1964.
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Table = 47

Photosynthetic Efficieney (column 5) in d¢ifferent months
. of 1969 ome (970

Average Gross Energy for Retio of
daily vi- . produ- gross pro~ columns
sible ra- etion duction ©® 4/2 in
Date diation o /ma / 3.68 Calo- percen-
cel/m2/dey ga 2 ries per tage -
x 103 v ng of O,
1 2 3 ’ 4 5
- 1969 ’
Hereh = 24 2173 %e60 13248.0 0.69
April - 21 2526 255 9384.0 0.%7
Hay - 25 2673 2.99 1100%.2 0.41
August - 15 1912 1.68 6182.4 0.32
September-=15 1796 1.48 5446.4 0.30
Getober - 23 15& 1020 4416.0 0»29
Hovember -~ 6 1632 2.76 10156.8 Q.62
Hovember -26 1632 1.36 5004.8  0.31
December -27 1575 2.07 7617.6 0.48
hverage 2060 . 2.21 8126.9 0.40
1970
January - 7 1552 2.18 8022.4 0.52
January - 17 1552 2'37 8721 06 0;56
Februm" 1§ 1920 1-63 599304 0131
liarch - 23 2173 1.73 - 636B.4 0.29
April - 16 2526 2.54 9347.2  0.37
May - 15 2673 3.95 14536.0 . 0.54
June - 14 2607 Se54 12291.2 0.47
August ~ 9§ 1921 2.88 1059844 0.55
September-15 . 1796 3.01 11076.8 0.61
October - 15 . 1504 %+ 30 12144 .0 0.80

Lverage 2077.7 2.6% 9574 « 1 0.48
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I © Primery Production by hydrophytes (and periphyton)
. at Station .

(a) Rates of photosynthesis and diurnel rhythum.

Consecutive collections at Station B were made
in situ on non-isolated natural communities at four hourly
intervalea. Pigure 9 éhowg thet there was & similar trend
in the production rates though the velues being higher
than thoaé et Station A.The morning rates were highest,
the rates in the noon were lower while the rates in thé

afternoon vere lowest.

The values at Stetions A and B indicete that there

" is a common fector governing these rhythus.

{b) Gross and net production. .

The values for groée end nef productiion and’
respiration and the adjested net production are given in
Table=48.

(c) Seazonal changes in prdduction ratea.

(i) Honthly chenges.
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- The monthly changes in net and gross production
at various depths froﬁ surface 1o Sn, shown in Plgure 11_
eleso reveal e similar seasonal cycle as Stetion A. The
lowest rates were fourd in Pebruary and April, 1870.
Htation B showed mixed processes where both production
- due to macrophytes and periphyton were in progrese (and
phytoplenkton production was also expected a8 1t is not
free from phytoplankton orgenisms. Station B showed the
production rates throughout the year even when only the
old stalks of dead macrophytes were obecerved; providing
the evidence of the presence of phytoplenikton). Wﬁi{e
from July onwards wheﬁ the planktonic produvetion reduced,
there was an increase in values at Staetion B which was

mainly due to macrophytiic production.

(1i) Vertical destribution

Figure'11 and Table X {Appendix) show the vertical
distribution of production &% verious depﬁh, It will be
‘seen the production at 8tation B is higher than a%
Station 4, (Figure 10} nesrly at &ll the depths.The bulk
of the production was, ofecourse, at & nerrow zoneubf

0=-3% m. Meximum production was in the surface leyers of
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water in lete monsoon (October). Even though the
production decrensed progressively from surface to the
bottom, the lowest depth studied (i.e. 5 m) alweys showed

pome production.

(d) Annual Production.

The snnusl aversge gross production is 365 x 3.00
in 1969 and 365 x 2.75 in 1970. Similarly the net produc~
tion 1s 365 x 1.52 in the year 1969 and 365 x 1.42 in
year 1970,

(e) Photosynthetic efficiengy.

Table 49 shows the photosynthetic efficiencies at
“ Stetion B in several months of the year 1969 and 1370,
The minimum of 0.26% was found in April 1970 and waximum
was 0.98 in October 1970. The average photosynthetic
efficiency was 0.54 at Station B.



TABLE - 49

Photosynthetic Efficiéncy in different months of 1969 and 1970

Date - Average Gross Energy for Ratio of
daily produc-  gross,pro- items 4/2
visible tion duction @ in
ra&iagion o 3.68 calo- percentage
Cal/m*/day g Oe/m / ries per mg

x103 day of 9g

1969
Qctober -~ 23 1504 2.96  10892.8. 0.72
November - 6 1632 2.80 10304.0 0.63
November -« 26 1632 2.86 10524 .8 0.65
December - 27 1575 3.52 12953.6 0.82
Lverage 1585.75 3,036 11171.3 0.68

1970
Januery - 7. 1552 3.82 14057.6 - 0.91
dJanuary -~ 27 1552 2.84 10451.2 . 0.67
Fe'bx‘uary - 19 1920 2.08 7554!4 0.39
March e 23 2173 2058 9273‘5 0043
April - 16 2526 1.78 6550.4 0.26
Meay - 15 2673 2.22 G1696 0,30
June - 14 2607 2.42 83905,6 034
July - 15 2631 2.78 1023044 0.3
Septemher-— 15 1796 3.92 14425‘6 0-75
October - 16 1504 4,00 14720.0 0.98
Avereage 2.84 10471.0 0.54

2076.9
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Table - 50

Average proguction rates of phytoplankton, meerophytes

and periphyten in go/u’/day

Tete igg;;;on Macrophytea  Periphyton
1969 - ‘

March =~ - 24 0.515 - -
4Lpril -2t 0,382 - -
Yay - 25 0.448 : - -
June - 13 0.441 - -
July - 14 0.248 - -
August - 15 0.253% - -
September ~ 15 0.222 - -
Cctober -~ 26 0.180 C.444 0.000
November -~ 6 0.413 0.420 0.213
November = 26 0.204 0.429 0.307
December -~ 27 0.309 0.528 0.000
C 1970 :

Jamuery - 7 0.327 0.573 0.265
Januery; = 27  0.356 0.426 -
Februsry -~ 19 0.244 0.312 0.132
Bareh - 23  0.259 0.378 0.180
April - 16 0.382 0.267 0.296
May - 15 C.573 0.333 0.443
June - 14 0,501 0.363 0.492
July - 15 0,294 0.417 0.784
August - 9 0.432 0.438 0.500
September = 15 0e452 0.588 0.316

Cetober -16 0.495 0.600 _ 0.360
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()  Periphyton productivity.

Periphyton éroductivity was estinmated separately,
by suspending the artificiel substrates (glass slides)
in the water at surface and at 2.5 m depth. The
messurenent of ohanges in oxygen content in dark and
light bottles was nof possible becsuse of the
crocodiles (see discussion). Instead the growth of
periphyton on the slides was dried and the changes
in the biomass {(dry weight basis) were considered. As
the mass on the slides is the total biomass less any
removal, 1t gives the net growth, The biomess of the
periphyton, expressed ss fresh and dry weights ig
gi‘;:en in tables 42 anl 4 3.

Second changes,

The biowaes or the standing crop on the sempling
dates is shown in figure 6 { The maximum growth at
surface and at'2.5 n deéth wes found in July. The growth
in November through larch was gradusl while from. April
there was an abru&t rise till it reecned the meximum
in July. In August there was very ﬁigh removal at both
the depths but at surfece it wes higher. The growth or
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the removel were not constent in various months.

Piguree 7 and & show the observed changes
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(increments or the Losses) in the blomsse on slides

on the dates shown. The removel was well evident in

August and September. The cumulative productlvity

of periphyton is shown in Table~ 5/ and Flgure /5 «

Table = 5/

Cumulative Periphyton Productivity in g_/mz/ day of dry

welght
Date Burface 2.5 m depth

October 23 0.000 0.000
November 7 0.528 0.315 \

- Noveaber 27 0.607 0.756
December 27 0,000 0,000
January 27 0.%48 0.387
Pebruery 19 0.246 0.341
Harch 24 0.284 0.504
April 17 0.477 0.840
Hay 25 1.050 0.918
June 13 1.189 0,999
July 15 1.256 2.23%0
August 9 0.604 1.610
September - 19 0.101 1304
Cotober 16 0.1%2 1.467

" Averege (1970 only) 0.479 0.963
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