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WATERIALS AND METHODS

(a) Field Laboratory s

A comparative study of primery praduétivity
of higher aquatie'plants, periphyton snd phytoplankton
in the Ajwa Reservoir was undertaken from March 1969
to October 1970. This investigatlon was carried out
every month for three deye at the reservoir site. A
field laboreatory very close to the inteke tower was
also esteblished in one of the retiring rooms
attached to the reservoir, where the euthor spent
3 days every month dur;ng the perliod of this

investigation.

- (b) Locetion of Sempling Station in the Resservoir

ke shown in Pigu-2-. two stutions herein-
after referred to as Station A and Station B in the
reservoir were estalllshed for initiating the

progremme of primery vroductivity measurements. In
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selecting the two stetions, the main cbject was

to compeared primary productivity ig two biologically
different situatlons in the reservolr. Station A,
locaﬁed near the intake tower, represented & place
where there was practicelly no m&croéhytio vegete-
tion and was the deepest spot in the reservoirg
while Station B represented an equsally deep place
vhere there was abundant macrophytic vegetation st
all timee of the yesar. fhe station D wes locbted
right in the midst of wmacrophytes and the two‘
statione were indicated by two long galvanized iron
plpes driven deep into the bottom and projecting about
& meter above the water surface when the reservoir
level was at 1ts maximum. At Stetion B, & {two square
reter open space was cleared among the hydrophytes
for obtaining samples from different depihe. The
beat was slovily rowed to ithe apot half an hour before
taking the sample each time, mo that conditions at
the Statlon might become normel bvefore the aefu&l
semple colleation. Estimstions of productiviiy mode
at Stetion A represented the primary productlon

essentielly due to phytoplankion snd those uade &t
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B were consldercd as belng due to macrophytes {(and
periphy ton and ?hytoplanglon together to sone

extent).

(e¢)  Methode adopted for estimating primery
productivity by (i) phytoplanktons

(1i) macrophytes snd (1ii) periphyton.

"Primarily the investigetor should try to
select methods which, within the 1limits of the
availeble resources, will give the most meaningful
results when epplied to the particulsr comsunity
$o be etudied. If poseible, however, he should elso
try to apply some other methods to fecilitate
comparisons® (IBP ﬁandbeak Ho.12, 1969, p.114). The
author has adopted simpls, unsophisiicated methods
which are sasily employed according to Ganapeti
and Pathak (1970). The author regrete that he
could not obteined equipments such s# those used by
Totzel (1964) in his comparative studies of primary
production by higher aquatios, periphyton end ph&to—
plankton in Borax leke in U.S8.4, Secondly it wes not
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pessible to use electrieal probes s there wsa no

electric power supply in the field and the hattery

| operated probes were not avellasble in the laboratory.

(i) Phytoplankton :

Fomeroy (1961) bas discussed the edvantages
end disadvantages of the four methods ususlly
employed in determining primary productivity in
netursl waters. Two of them are the most conpmenly
used methods, viz. (i) the claspic method of estima=-
ting oxygen changes in clear end dork botitles end
(ii) measurements made directly in the agquatic
environment shortly aftér dawn and before sunset
i.e. at the begiming and at the end of the period
of illumination taking advantoge of community
wetebolism. In principle, the measurement of

photosynihesis is the seme in both the methods,

. end Talling (1957/ bae discussed the several sources

of error imherent in them, no method belng without
them. He advocates the carrying out of experimentis
relating the diurnsl changes over s period of several

days for two remsons: (a) for checking the
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reliability of the methods end {b) for ecorrecting
sources of lose due to respiretion end gas exchange
across the aslr-water interfuee using the wean rate

of oxygen depletion during the night.

Agein, Telling (1957) has stated that in
shallow water bodies of low trensparency and with
gimple morphometryﬁwith uniform wind aétion,the
most favourable dats are llkely from obmervations
made over several dsys. The observed oxygen changes
during the day should be corre¢ted for (a}
respiration iosaee generally assumed constant ’
throughout dsy end nights (b) for turbulent exchange
with the atmosphere, and (e) for irregularities
from adveotion of other water mess which is generadly
neglected. Gross and net primery pro&uetion, respi-
ratory losses, rate of photosynthesis, sessonsl
changes in production, amuel production and -
rhotosynthetic efficiencies,heve been caloulated
with the dato obiained by second method, that ise,
by thecdiurndhﬁa.changeé in the coumunity metaboliem.

Surveys of primary production were made at intervals
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of about 30 doys as suggested by Sorckin (1969
p.124)s

(11) Hacrophbytes

Westlake (196§) has sdvocated the
determination of éiurnal chenges in the concentra-
tilon of oxygen, or CO, end pH over long hours on
non-isolateé natural community as a2 betier measure
of the primary productivity of plante,'provided
the rate of input @nd output of the substences
neasured to and from other sources other than the
plant is known or known t© be negligible. Following
his sugrestion, estimations of tﬁe total coubined
primary productivity of macrophytes periphyton and
phytoplankton were made\during 19691970 for
Station B, as the mucrophy tes were alweya covered
with a brownish ccatlug of marl-like deposits,
which on treatment end exsmination were found to
consist of hundreds of several species of minute
dietoms. The primary productivity of peripbyton
(which mainly consists of diatom species) was

determined separately also.
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From the biomess of the phgtoplenkton
‘compdﬁént, it wes essumed that its contribution
to primary woductivity was negligible. The
Wirkler method was used in estimetion of dissolved

oxygen 1n both the cases.

(111) DPeriphyton :

Few attempis have beoa made to asegy the
growth rate of netural populations of periphyton
in situ (Vetzel, 1964, 1965, 1969). The data of
this psrameter are often useful in view of the
periphy tic haterogeneity on netural substrates
inepite of the numerous sources of errore in
estimating production of periphyton. & modifiestion
of the method follovwed by Vollenweider and Semean
(1958) was adépted in this investigetion for these
estimates., They vertically . suspeéended gless rods
of known surface area at various depthe among
energent macrophytea‘fur simul ated ealogization'
of periphyton. The rods colonized wifn algae were
carefully pleced ianto botitles of prefiliered lzke
water taken st depths at whick they (rods) were
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- originelly suspended. Periphyton was reuoved from

the rods, hompgenized in a small aliquot of water
end & portion filtered on to & membrene filter for
radio assey. In the present stuny, glaes slides of
blue senl quality were thoroughly cleaned,
sterilized end put in slide boxes open on both

the sides, These boxes were hung by wire from &
borizontal pole at Station B (Figure 1). The pole
was attached to two vertiosl gelvenized iron pipes
driven into depthe et Station B. The slide boxes
with slides were bung below the water surface ot
depthn of 10 ems, 2.5 m. and 5 m depth. These boxes
were adjusted every month to keep them 2t the
respective depthélEach box conteined 100 glass
slides. This incubation experiment was started on

Cotobver 23, 1969.

Once ¢very month {keeping the intervel
constant as fer as posgible )seversl slides were
removed from the boxes and taken to the fleld
laboratory in wlide~mouthed gloss bottlea‘contain—
ing filtered water into which they were cerefully
placed in & slanting position. The growths attached

to the slides were removed later by meane of &

26



Figure 1 Reck with glass slides
suspended in the reservoir
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b;ade, then trensferred to a pre-weigheq filter
bﬁper and dried at 55°C for 1 to 3 hours until two
consecutive weights remained the same. The area of
the slidee was measured and the aversge growth per
unit area was oaléulated. The periphyton growths
consisted essentinlly of hundreds of minute diatoma.
Frow another zliquot, the diatoge were counted for
seasonal variationa in all the monthly colleotibna.
Trom a third aliquot dry weighi, ash welght and

organic matter were estlmated.

The use ‘of nets for collecting phytoplankion
for studies on primery production ie not reconmended
e8 81l the nanpo and ultra plankton is lost from
the sample (IBP Handbook No.12). However, Lund and
Talling (1957) bave pointed ocut the usefulness of
plankton nets when gquaentitstive éstimations by—
other wethods would be lmpossible. Rawson (1953)
also has used & plenkicn net for quantitative
sanpling for estitlishing fundementel relationship

between lake morphometry and production. The author
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consldered it useful for the purpose of this study,
since filtering a few lltres of the reservolr
water wgs not helpful in collecting sufficlient
phytoplenkton. 80, & plankton net of silk bolting
clgth, 15 on in diameter, containing 77 threads to
& centimetre and measuringlnearly 60 omo in length
was used in all these inveetigations, unless other-
vwise mentioned.The net was attached to one end of
@& 6 m long rope and the other end wes tled to a
poet in the boat.The bost wus rowed by four men,
slowly and steadily at a ﬁniform rate between two
fixed points i.e. the inteke tower and the second
landing place 8t & disiance of ebout 200 m» from
the tower. The time taken for rowing this distance
vas about 30 minutes on each occapion. The net was

towed very gently to reduce displacement of water

from the mouth of the net. The net plankton was

carefully washed and the nmeterisl was transferred

t0 a speclmen glases tube and the volume mede o

measure 15 nl end later talken to the field leborstory.

The gollection wes made between 8 and 10 8.m. 6n

every occasion.

08
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At the field laborstory near the intake
tower, the sedlmente were messured efter contri-
fuging for 15 uinutes in & hand centrifuge end
the sediments were made uptc‘a known volume sgaln.
An aliquot pert of the sediments was preserved
with enough formalin to meke & 4% solution for

identifying the plankton organisms later.

Tnmediate examination of the catches always
showed that they consieted largelyuof organic
debris end wmore Zooplankton organisms and very
little of phytoplankton of dimensions greater than
60/u. The organic debris being heavier easily and
quickly settled down, ond the 2Zooplankton organisms
could be seen as white specks evern with the naked
eye in the cleesr water column sbove when the tube
was viewed sgainst light. Ouly a very few phypto-

plankton organisms could be seen with 2 band lens.

{(iv) Extreotion and estimetion of Chloropbyll a

per gram dry weight of seston in the net

plankton.
Since Harvey's (1934) first introduction
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of & method for measgring chlorophyll in msrine
phytoplankton using visuel standerde, many reségrcﬁ
workers (Kozmlenski, 1938; Menning and Juday, 19413
Richarde and Thompson, 1952; Parson snd S%f:ickland,
1963 etc. ) ha{re used eolorimetrig' or spectrophoto-
metriﬁ and fluorimetric techniques. ?or_the
simultsneous determiration of chlorophyll a,b and ¢
a6 well as astecin and non-astacin types of corote-
noide the polyshromatic spectro-photometric methods

of Richards and Thompson as modified later by

Parsone and Stricklend sre widely used. But Vollen-

weider {(1969) suggested that only chlorophyll & is
lmportant in the process of photosyntheésis end
limmologiste should confine themselves only to
chlorophyll e, the most important snd abundant
pigment in the living materiel. Following this su-
geestion only chlorophyll a estimetions have been
npade in this study. ; \

Extrection and estimetion of CGhlorophyll s 3

The plurkton mass from the seston was

treated in a known volume of 90% squeous mixture
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of acetone (the method of Richards end Thompson,
(1953) and the clear supernatant coloured ‘
liquid was used for the estimation of ehl&rcphyll a
using the waveilength 665 m in & Carl Zeiss SPIXOL
Spectrophotomeier using the formula of Talling and

Driver (1963).

Yestlake (1964) hts reported thet in
tropical aquatic communities with an slmost
constant biomecs, it will not be profitanle to
search for the annual mexima. The seasonul changes
of biomass in tropical lckes are very emall or
almo st negligible.There iq no well marked
periodicity.So without the rates of turn over of
the crop of coumunity it would be very dif ficult
1o generalize the validity of the production rates

from the stand ing crops. ,

(v) Biomess of Vegétation @

The distribution of biomaess of rooted,
subtmerged cnd {loating vesetation is related o

environmental conditions. In general, the vertieceal
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. distribution of biommss is determined by weter

depth, and the phye ical charscteristice of the
bottom sediumente.To lnvestigate first the distri-
tution of the standing crop of rooted sguatic

plants, the littoral region was divided into 200
sectore at verious depths and at esch sector sampl-
ing of rooted aguatic plants was mede several times
by means of a locally improvised bottom dredge,
moetly when level of water in the reservoir was
lowent in May.For estimeting the stending ocrop

the whole plants in a constent erea of 1 m by 1 m
were removed ané weighed. In this way, the quanti-
tative relativnships obtained by both the methods
vere teken into consideration. About 100 stations
were picked up &t random at verious depths and

slopes in the liitorel region. The average dry

welght of the aquatlic plents was calculated as 104
of the fresh welght as most of the rooted plants had
ebout 904 water content.For the entire reservoir, the
total weight of the stamding erop in & unit area

was multiplied with the total area, (Jayengaudar,1964).
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- {d) Soler energy and its relation to production :

" The viaihle4portion ef sunlight with wave
lengths of 400 ma to 700 m A is the prime factor for
photosynthetic oxygenstion, snd therefors, the’
knowledge of the geographicel distribution of the
pho tosynthetically active light ie of besle
importence.This value wae not mecsured directly by
meane of & pyrheliometer but was obtained from
Smithosonien Neteorologleel Tables (1951) for the
corresponding latitude of Baroda near which the
Ajwa reservoir is situated (Ganopati,1970). The
values for visible radiation for the particular
latitude corrected for sky clearence factor,
elevation ete., have been taken zs a quantitative
neasure of the energy &vallable for photosynthesis
for the twelve months of the year (Ganapati end
Sreenivassn 1970). The quentity of oxygen prod,v.rced
is given by the relation V.0, (mge per litre per
day) = ¥ x 5/3.68, where V.0, is the welght of -
oxygen, 8 the smount of vis ible solar energy
venetrating a smooth water surface in ¢alories per

sg.ome per dsy, F the effliciency of conversion of
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eilight energy conversion to chemicel energy

expressed a8 a decimsl, 3.68 is the energy in

. gram-calories required to produce 1 mg of oxygen

through photosynthesis.

The utilization of the soler encrgy by slgae
developing in the preesence of nutrients in the
reservoir under study results in the prolifer&tion
of new algal cells and the concomitant production
of moleculer oxygen. A relationship has been
establiched by Oswald amd Gotase (1957) between the
algal cell meterial esynthesiced end the oxygen

released on account of photosynthesis.

(e)  Oxypen-alpel welght retio :

The amount of ensrgy associested with
oxygen production is well established. it has peen
found in the case 0f ¢ hlorella, Scenedesmus and
other plarktonic orgenieme thet the energy required
is 3.68 celories per miligram of oxygen productiong
that the production of planktonic algue per gram is
sasooiated with 1.25 to 1.75 gm of oxygen; and that

34
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the ‘q;ni’c beat of combuatioxi of algae is about 6000
_calofies per gram or 6 calories per miligram. Hence ‘
the ratic of the weight of oxygen released to the
weight of algae synthetised is termed 'p' which'
corresponds to & value of 1.6% (Arceiwala 1964) in
the range of 1,25 to 1.75 gu for India.. ’

(£) Caloulation of Efficiency of light energy

conversion :

The photosynthetic efficiency 'F' has been
'bf;xken as nesrly Jequal[ to the ratio of energy 'H'
(m calories) in the algsel cells produc‘ed per unit
ares per day tc; the émount of §isible éolar energy
's' (in Langley) received at the watertsur‘face
per unit area each day, i.e. F = H/S (Oswald et &l
1957). 'H' can be detérmined from the grose ’
photosynthetic oxygen data by multiplying the values
by .68 or from the algal welght which is cal culated
by dividing the oxygen velues by the 'p' value ‘of
1.63 (Genapati and Sreenivasan 1970).
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(g  Semple collection from the two

Btations A end B s

Semples of surface water were tekken ten
centimeters beiow the surface. Vertical series of
gamples (at 6,00 a.w., 10.00 8.m., 2.00 8.m. 6.00
Pelley 10.00 pomts, 2.00 Bem. and 6.00 a.m. next dsy)

. were obtalned from different depibe by a modified

Winkler's saupler. The temperature was recorded by
means of 8 mercury bulb thermometer celibrated to

& tenth of & degree immediately after the botiles
were hauled up to the surfece. The samples for
diesclved oxygen were teken separately in & similar
way and analysis were ecarried out by Winkler's
wmethod immediately in the field., The water samples
for other tests were stored in airtight polythene
bottles for further anelyeis in the laboratory.

(h)  Estimetion of respiratory uptake of oxygen

and groes and net primery production.

The rate of reespirstory uptake of oxygen
teking place in the water by the aguatic comnunities

wes eatimated from the nocturnal rate of oxygen decline
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from 6.00 p.m. to 10.00 p.m., from 10.00 p.m. to
200 a.me and from 2.00 a.m. to 6.00 a.u. series

. of eamples.fhe everege rate of oxygen decline per

hour at night hae been taken as the aversge rate
of community respiration in water column (Talling

1957 ).

Samples of water werse obteined from 0, 1, 2,
3y 4, 5 metre depths once e month at intervele of
4 hours in 1969 ani at 6 hours in 1970, end included
those teken near sunset end sunrise and the period
of sample collection extended over more than one
diurnsl cgycle of 24 hours. The day series of samples
taken for dissolved oxygen represented the velues of
net photosynthetic oxygen production and the night
samples, the values for respirstion of equatie
communitiess and the sum of the two valuee the groes
production. The exchange of 02 between air and water

wag celculated separately.

(1) Other teosts 3

pi, dissclved oxygen, ortho-phosphate,
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carbong%e, bicarbonate, silicate, nitrate, altrite,
suwoniacal nitrogen {direct nesslerisation) and
hardness were Qetermined at the field laborstory.
All the tests vere done according to the Standard

" lethods (APHA, 1965).

Humerical estimation of plankton was made
by the ‘drop-sedimentation technique' deteiled in
the Stendard Hethods (APHA, 1965).



