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INTRODUCTIOCON

The study of hydrobiology® is of direct use to mankind
in comnection with watér supply and fisheries, In both cases,
the major biological problem is concerned with productivity
bat with the important difference that water supoly in general
requires a reduction of productivity in order to avoid glgal
and other organisms which are likely to cause difficulties in
pre-treatment, filtration, odour and taste troubles, while
fisheries reguire an increase in productivity of all organisms
of the fish food cycle. In either case, i.e., for decreasing
or increasing biological productivity of inland watérs, it is
necessary to know the production of 1life which centres round
the plankton in relation to the water and deep deposits
(Worthington 1939).

Although fundamental studies of natural lskes of the
world have been cafried on for more than a century (Weleh 1935)
Hutchinson 1957), the knowledge thus gained has not been
applied elther to the design, construction, or the management
of raw water storage reservoirs, which serve as the source

of water suoply to large and medium sized municipalities

* " Tn the past and to some extent at present certain terms
have been used loosely as more or less equivalent to the term
limnology, viz. hydrobiology, freshwater biology, aquatic
biology, agquatic ecology and aguatic synecology" (Weleh 1935
p 10). In this paper, the term hydrobiology is used in the
sence of "viological productivity of inland waters and with
all the causal influences which determine it" (Welch 1935).



in India. These reservoirs are nothing tut small artificial
lakes ( created by human ageneies ) which are directly'connec-
ted to conventional water treatment plants, The most imvortant
event occurring in these small bodies of water is a sessonal
thermal-density-viscosity phenomenon " which is so profound
and far reaching in its influence that it forms directly and
indirgctly the substructure upon which the whole biological
framework rests, particularly in the temperate zone" (Welch
1935)., It is, therefore, essential to determine the effects
of thermal stratification on the economic purification of

raw water drawn from storage reservoirs in India.

Problems connected with thermal-density-stratifica-~
tion in reservoirs of moderate depth are many. Generally, the
establishment of a thermally stratified system results in
temporary isolation of an uppermost layer of nearly unifornm
temperature called the epilimnion from g colder, stagﬁating
bottom layer, called the hypolimnion, by a zone of sharp
temperature change between them known as the thermocline,

" the layer of varying thiclkness wherein the fall of tempera-
ture eguals or exceeds 1.0°C per metre”. The resultant bio-
logical changes in the three different gzones are fundamental
for a proper understanding of the reservoir biota. The uoper
zone is often supersaturated with oxygen and abundant algal
growthy which occur in it can cause difficulties in filtration,
and also give rise to tastes and odours in the water supply.

The bottom layer, on the other hand, gradually becomes
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deficient in dissolved oxygen and eventually an anaerobic
condition may be established. Then, it becomes a gzone in which
the water may have an offensive odour, may be rvich in carbon
dioxide, ammonia and Ho3, in soluble forms of nitrogen and
phosphorous and in iron which has diffused out from the bottom
mid, where deaé plankton and organic debris which settle at the
bottom from above undergo putrefaction and are converted into

soluble substances ( Mortimer 1941, 1942).

The change from a thermally stratified gystem to a
homothermal state and vice versa, affects the vertical dis-
tribition of certain microscopic plant and animal organisms;
and sowmetimes ieads to the reservoir water having increased
turbidity, ammonia content, and chlprine demand. According
to Greenshields ( 1961 ) the catastrophic breakdown of
stratification on a number of occasions had seriously affected
the supply of potable water and more than once threatened the
health of a large number of consumers in London. Water
#ngineers are, therefore, seriously concerned with the numbers
of algae at given de@ths, namely, those at which water is
abstracted for water supply. The circulation of the water
should reduce the great surface blooms as well as reduce the
danger of water rich in reduced substances from the bottom

reaching the supoply pipes.

Again the development of algal blooms in raw water

storage reservoirs is, at times, influenced either Dby the
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~onset or by“the destruction of thermal-density stratification.
In some cases according to Ridley (1962) cyclonic weather seems
to encourage the proliferation of certain algse, possibly by
the transport of nutrient substances of biological importance
into the epilimnion from the hypolimnion. Water Work HEngineers,
therefore, as users of large open storage reservoirs as
‘sources of water suovply are directly concerned with the bio-

1 ,
.chemical and biological conditions arising from thermal-
;density~viscosity stratification, because the nartial or
complete destruction of thermal density gradients is often of
‘great significance to subsequent purification procesges,

particularly filtration and disinfection ( Thompson 1954).

Bven in such an advanced country like Zngland there
was no application of the fundamental hydrobiological ovrin-
ciples elther to the design or to the use of storage reser-
viors until the early'fhirtees of this century. Frpm 1935 a
system of‘hydrobiological sarveys to facilitate the management

"of raw water storage reservoifs of the London city water
supply was initiated by Gardiner (1939). Since then, the
thermal, blochemical, and plankton studies of the raw water
storage reservoirs in Ssuthern Bngland have been vigorously
parsugd. Taylor (1955) has given an idea of the activi%ies ol
Metropolitan Water Board, London, in providing a satisfactory
water supply for domestié purposes, particularly from the

stand-point of the effect of the raw water storage reservoirs
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on the éuality of the final product. The latésf ﬁork on the
subject is by Ridley (1962, 1964) which is of far reaching
slgnificance. He has studied the role of internal seiéﬁes in
storage reservoirs and how their amplitude and periodicity
can in certain circumstances, result in rapid and undesirable
changes in the biological and biochemical quality of the
water being drawn from shore outlets. Greenshields (1961i) has
stated that he has been able to solve the problem of wateri
'supply for the next twenty-five years or so for London as a
result of original limnological studies on the Metropolitan

storage reservoirs over the past decade.

So, water works authorities in India should be

. 1nterested to know whether storage reservoirs attacheé to
‘their water works will be thermally stratified or not in summer
as in the lakes of the temperate region., If thermal strati-
fication does take place, then, it is essential to know its
effects on the economic purification of water. What stevs

can be taken fo minimise the problems arising out of thermal

stratification?

Hydrobiological studies on raw water storage reser-
Yoirs will enable us to know the total stock of living micro-
scogic and macroscopic plants and animals. In order to avoid
an increase in the existing stock, what is the annual crovp that
mast be removed? An answer to thesge pfoblems will heln the

Water Works Zngineer in deciding from what levels to draw



water at different times of the day and during the year and
"how far it ig desirable to stock raw water storage reservoirs

with fish and to encourage angling ( Worthington 1939 ).

-

Although there are a large namber of multi-purpvose raw
water storage reservoirs scattered all over India, only a few
of them have been studied. Ganapati (1951,1955,1957,L§59) and
Srinivasan (1364 a %4%) have studied almost all the South |
Indian reservoirs from the View:p01nt of fisheriesy and
practically none of the North-Indiagn reservoirs has been
investigated., Also, no reservoir attached to g Water lorks
has been studied from the view-point of the Water Works Engi-
negr., An opportunity was provided to the authop of this
thesls to examine the conditions of existence in the water
works system of a medium sized municipality which has besen
in continuous operation since 195,., The Barods Borough
Municipality sought advice for controlling algal growths
( in the Ajwa reservoir, the source of water supoly for
Barodal), which they thought were, perhapns, responsible for |,
_ short filter runs in the rapid sand filters at the Nineta
.Water Works. This opportunity was availed to make a two-year
‘detailed hydrobiological study not only on the Ajwa reservoir
but also of the Nimeta Water Works where the raw waéer is
being purified oy pret%eatment and rapid mechanical sand
filtration. The results of these gt@dies form thejsabjeét
matter of the two main pavers discussed below from the view

point of the Water Works Engineer’ and they are entitled :
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Baroda and Ssction By Biology of the Nimeta Water Works at

Barods.

2. CLIMATOLOGICAL DATA  *

( Tables I & IT Appendix )

The data relating to the atmospheric temperature,
humidity, wind velocity, rainfall, hours of bright sunshine
are showin in Tables I & Ii (Aopendix) for 1963 and 194
respectively., They reoresent the data collected everyday
within the Baroda University campus. But the reservoir is
situated about i5 miles away from the University. Since no
meteorologicél data are available anywhere adjoining the
Ajwa reservoir, the only data available for Baroda, is fron

the University, which have besn used for our purpose.

The four seasons in Western India are ¢ cold weather
period consisting of December, Jamuiary and February, hot
weather period comprising March to June; the monsoon season
from July to September and the post-monsoon season of October
and November, The characteristics of the four weather

periods during 1903 and 1964 are summarised belows:

a) Atmospheric temperature ( C): The anmual range
and average values for the monthly meanimaximum and mean

minimum values are given belows:



TABLE NO. 3

———— e e L A oo e S Seaniatet

ANNU AL RANGE ANNUAL AVERAGE
Year Mean Mean Mean Mean

maximim minimam maximum  minimuam
LgbB 30-9""1.1,06 J_So O 27.5 35. l 21.5
_L964: 2, l"d‘.-loo 1004-'27..{. 35-1_ 20, 4

ot e e -

The seasonal ronge and average values for the monthly

mean maximum gnd minimam values are given under

TABLE W0, 2
1956 38

RANGE T Y E R AG R
Seasons Mean Mean Mean Mean

maxlimam minimom maximim minimum
Cold 31.1-35.7 13.0-15.4 32.7 14.8
wegther
Hot
weather 37.3-41.6 19.5-27.5 3.1 24,3
season
Post 35,8-33.9 22, 1-19.0 32.5 20.0

monsoon




TABLE WO, 2

(Contd. )
1364 o L

RANG & T AV ERAGE
Seasons Mean Mean Mean Mean

maximum minimum maximum minimuam
COld %8’1."’3307 100 4."'1308 31'6 120 2
weather
HOt 38.0"'4100 190 3"’27- l 8906 24:0 2
weather
Monsoon 31.3-33.5 25,4-24.6 32,2 25. 1
segson ‘
PO St- 360 2":3404: 219 O" l5¢4 350 3 180 2
monsoon

o .

It will be evident from the above that the maximum
temperature is reached in April or May and the minimum in
Janmiary. It is also seen that there is a gradual increase of
mean maximum temperature from January to April or May, and
from May onwards there is a fall till the lowest temperature
is reached in August; and again there is an increase till the
second lower maximum is reached in October ani again there e
is a gradual fall until the second higher minimum is reached i
in December. Bat the mean minimum values also show the same
trend but with slight changes to the mean maximum values.
Beginning from January there is to begin with a gradual rise
in temperature until the maximum is reached in June, then
there is a gradual fall until the lowest temverature is

reagched in December,
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b) Hours of bright Sunshine per day: The maximum

daily average varied from 10.9 hours in 1964 to 11.2 hours
in 1963, and it was reached in May in both the years. The
lowest figure of 3.0 hours in 1963 and 3.5 hours in 1964

was shown in august in both the years. The values for the

four seasons are shown below:

TABLE NO. 3
------ 1986 3 19 6 4
Seasons (Hours per day) (Hours per day)
Hot weather 9.0 - 11.2 2.0 = 10.9
Monsoon season 3.0 -« B.8 3.5 -~ 8.7
Post-monsoon 9.5 - 8.8 0.2 -~ 9.6

U - o ——— - —— - - Y S AN AN WS B W NS WS G el W S A e M S W TR L e M S B e e W T ve

¢) Rainfall (mm): The records of rainfall in the catch-
ment area extending over a period of 64 years (1830 to 1953)
show that the rainfall was below 10™( 250mm) in two years,
below 15™( 375mm) in four years, below 25"(626mm) in nine years
and below 40"(900mm) in 35 years; and the average fall for the
64 years period was 44" (1100) according to Modak (1955).

The total annual rainfall for 1963 was 1045.1mm and for
1964 was 804.5mm, Monthly maximum fall was recorded in August
in 1263 and in July in 1964. The number of days when rainfall

recorded was 42 in 1963 and 46 in 1964.
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MATSRTALS_AND METHODS

R e et Y e o ot o i k c i e
-l L e

(a) Materigls: For Section A of the main paper dealing
with the hydrobiology)pf the Ajwa reservoir, which serves as
the source of water supply to the town of Baroda, a servey of
the physico;chemical, bacteriological and blological conditions
of the surface water in thg reservolr was undertaken from
April 1963 to December 1964. This survey carried out once in
a month for three days included also specially the measurement
of the vertical distribution of temperature and dissolved
oxygen at different depths from the surface to the bottom in
the reservoir; and pH, alkalinity and oxygen absorbed at 27° C.
of samples drawn from the surface and bottom only. Also every
month sampling was done both at about 5.0 a.m. in the early
morning hours before sunrise and at about 4.0 p.m. in the
afternoon in order to find out the nature of the thermal-

density-gradient- whether it was diurnal, seasonal or neriodiec.

The definitions of epilimnion, thermocline and hypoli-
mnion are based upon conditions in continental lakes where the
range of temperature is higher, and therefore, stability
greater., The annual heat budget as defined and calculated by
Birge (1915) has been used in this paper for the two years,
but taking into account the lowest temperature reéorded for
the reservoir. The heat stored up in the reserVOif has also

been calculated by the method suggested by Munster-Strom (1931)
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for the heat budget from 10m. layer. Here,Ait is the number of
calories necessary to warm a célumn of unit base and height
‘eéual fo the " reduced depth " of the layer from the selected
minimum to the summer temperature of the layer. The "™ reduced
depth " is obtained by dividing the volume of the layer by the

area of the surface of the whole lake.

The seasonal variations of plankton, the nature of the
aquatic vegetation and its relation to the potential fertility
’of the aquatic soil, the vertical distribution of plankton in
the early morning hours and in the afternoon were also investi-
gated. Data relating to the biochemical and biological quality
of the water being drawn from a fixed depth in the rese%voir

for purification at Nimetg Water Works were also obtained.

Section B of the main paper deals with the biology of
the Nimeta Water Works. The biological gquality of the raw
water reaching the water works, the sedimented water and the
filtered water drawn from each of the six rapid sand filters

was also investigated for the same pericd of ghout two years.

P

Finally the remedial measures that should be taken
both at the reservoir and at the Water Works for supplying a
" safe " and aesthetically satisfactory water to the town are

also discussed.

b} Methods of Collections:

i) Sampling routine: " No fixed routine can be






prescribed for sampling; this must be determined by the circum-
stances peculiar to each source of water. As a genmeral principle,
however, it is suggested that examinations should be abbrevia-
ted as much as possible commensurate with the information

sought, so that the maximam number of sampleswcan bg examined.”

( Mammeal of British Water Supply Practice 1964, v 631). 4s the
Ajwa reservoir and Nimeta Water Works are situated at about 80
miles away from the main laboratory at Ahmedabad, the vlaces

were visited only once a month for three days. Perhaps, it may

LR SN R o I

be argued that such infrequent samplings may not give accurate

. information on biological productivity in the reservoir. Buat

atleast a general pattern might emerge in the absence of any
information. By staying for three days at a time in the field
and doing everything that was considered necessary for solving
the problem, it was possible to obtain sufficient data for

arriving at definite conclusions.

Two touring outfits containing all bottles for
collection of samples, apparatus, glasswares, chemicals and
standard solutions for the important tests in the field were
taken in two aspecially designed boxes carefully packed along

with a microscope and plankton net of silk holting cloth,

ii) Sampling noint: All collections and observatinns
were made from a bdat in the Ajwa reservoir, About 100 ft.
away from the draw-off tower in the deepest part of the
reservoir, a 3" galvanised iron pipe measuring about 40 ft. in

length was fixed to mark the spot for sample collection.
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iii) Collection of samples: was made from the surface
and from different depths in the reservoir. First, surface
samples were drawn for bacteriological, then chemical and
lastly for biological tests. Samples from different depths
were drawn for temperature, dissolved oxygen and for sédium,
potassium and calcium estimations. Samples from the surface
and bottom alone were taken for pH, oxygen absorbed and

biological examinations.

1v) Method of eollection: Samples from the surface

were taken a few centimeters below the surface; a vertical
series of samples was obtained from different depths by
means of a two litre Friedinger bottle and the water tempera-
ture was noted by means of a thermometer calibrated to a
tenth of a degree, after the bottle was hauled up but before
running off the contents to several bottles carefully by
means of a rubber tubing fitted to the nozzle and taking the
usual precautions to exclude air. Samples were obtained from
0y 5, 10, 15 and 20 feet, the last depth was about one foot
above the mud. The meteorological conditions in the Ajwa
reservoir on the days of sample collection are shown in

Table No. III ( Appendix).

v) Bacteriological samples: of 250 ml capacity were
collected first taking the usual precautions from the surface
in sterile, clear glass bottles having ground stoppvers

which were protected with a_piece of sterile brown paper tied



round the neck of the bottles. The bottles were not opened
until before the samples were carefully taken and the stopner
replaced immedistely after collection. Samples were inoculated
into media tubes within the six hours of collection and incu=
bated at the University laboratory before they were transferred

to the main laboratory at Ahmedabad for further incubation.

vi) Samples for chemical analvsis: a litre of the
gsample was collected in chemically c¢lean bottles made of good
quality (neutral) glass, practically colourless and fitted
with ground glass stoppers. The bottles were rinsed out atleast
three times before they were filled completely and the stoovper
securely fastened. Special samples for the estimation of
potassium, sodium and ca;cium by flame photometry were
collected in 100 ml polyethylene bottles and in two separate
N.M.F.S5. 250 ml glass stoppered bottles, one for the estima-
tion of dissolved oxygen and the other for the determination

of free COgy carbonates, bicarbonates and pH in the field.

vii) Biological: The question of plankton collection
has been carefully examined by Lund and Talling (4957). They
have pointed out the usefulness of plankton net even if the
organisms are present in very small numbers, when quantitative
estimations by other methods would be impossible. ReaxupdolnR5Hc)
2B BR R R IS EOOEN Vg ori ey 2 D5 r oy ish b x B PBOTyEFi-o0 N B
Rawson (1953, 1955, 1956) has used it for quantitative sampling

for establishing fundamental relationship between lake morpho-
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morphometry and production. Since Lund and Talling (1957) and
Rawson (1953,1955,1958) have recommended the use of plankton
net, it was ccnsidered suitable for our pﬁrpose also. So, 1%

has been used in these studies.

Plankton collection from the surface was made by
means of a plankton net of silk bolting cloth 75 em long,
15 cm in diameter and containing 77 threads to a centimetre.
The net was attached to one end of a 2 ft. long rope and the
other end was tied to g post in the boat. Tﬁe boat was rowed
by men slowly and steadily between two fixed points i.e. the
intake tower and the second landing place at g dlstance of
about 3000 ft. from the tower. The time taken.for rowing this
distance was 30 minutes on each occassion. The net was towéd
very gently to reduce displacement of water from the mouth
of the net. The net plankton was carefully washed, and trang-
‘ferred to a specimen tube to make a2 volume of 15 ml and later
praeserved after a microscopic examination in the field
laboratory by the addition of enough formalin to make a 4%
solution. The sediments were latef megsured after centrifuging
and made up to a known volume devending upon the density of

the organisms in the sediments.

In addition to the surface, haul, plankton from the
surface and bottom layers alone was collected for quantitative
colmparison in the two situations in the following manner.

Fifty litres of water each from the surface and from the bottom



17

layers from the usual place of samvle collection were care-
fully strained independently in the plankton net which was
held in a bucketfull of water and the catches were separately

preserved.

The water lé&vel in the reservoir was read from the
scale attached to the intake tower. The exact depth at the
place of sample collection was noted every time by letting
down a heavy weight attached to a long calibrated rope. The
colour of water was noted as it appeared to the naked eye. A
record of. every sample collected was made and every bottle
numbered by pasting a label so that the information on label
provided identification of the sample at a.later time. Date,

hour, location weather conditions, water level, colour of

7
water etc., were recorded in z separate field note book.

C. Methnds of exanination:

i) Bacteriological: Bxamination for coliforms, E.

vt gl gons At

Coli Type I and Faecal streptococel was done according to
the British technique as detailed in publication No. 71, 1939,

Medical Reports by the British Ministry of Health.

ii) Chemical: pH, dissolved gasees, orthoéhosnhates,
hardness (4DTA), carbonates, bicarbonates, dissolved oxygen,
silicates, nitrates, nitrites, ammoniacal nitrogen ( direct
nesslerisation) and oxygen absorbed»were determined within an

hour of sample collection in the field laboratory. Dissolved
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oxygen was fixed in the boat immediately after collection and

‘later estimated in the field laboratory.

Excepting oXxygen absorbed test, all other tests were
done according to the " Standard Methods ™ (1960). pH was
determined using a Hellige comparator provided with permanent
colour discs, using the indicators phenol red or cresol red.
Percentage saturation of dissolved oxygen values were calcu-
lated from the table prepared by G.C. Whippnle and M,.C.Whipole
from measurements of C.J.J. Fox as given in the " Standard

Methods™,

iii) Biological:According to Lund and Talling ( 1957 )
counting of plankton has three great advantages over other
methods. Algae are observed each time a count is made.
Bstimations of populations whose density is so small can be
measured with equal accuracy; and 1t enables small numbers of
specific algae to be distinguished from others. So, numerical

estimatvion of the organisms was made by the ™ drop-sedimentation®

method as detailed in the American " Standard Methods™.

A drop of the sediment from each tube was firsst
examined qualitatively for recording all species. Later, the
tube was shaken and =z drop of the turbid liquid was examined
in ten fields under the microscone. To maintain uniformity,
the drop was taken each time from the same pipette. Five such

drops for each sample were examined and the average calculated.



Fig.
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A view of the Ajva with the Pavagadh
hill at the back ground.



The frequences of the plankton organisms present in each haul
are expressed in symbols of Fritsch and Rich (19:3). The
numerical values to the various symbols for the entire sample
from each haul are expressed so thac‘frr = 13 rr-= 1-503
r = 50~1003 ¢ = 100-2003 ec = 200-5003; ccec =2y500. The system
of classification followed for phytoplankton is according to
Smith ( 1950). The organisms were identified with the help of
standard keys and reference books. Later, they were also sent
to specialists in Barope and America for confirmation and

correct identification. Their help has been acknowledged.

The meteorological conditions on the days of sample
collection in the Ajwa reservoir are shown in Table No, ITI

( Appendix ).

Section As THA AJWA RESERVOIR

(a) Physicsl Conditions:

-

i) Location: The town of Baroda draws its water
supply from a storage tank or reservolr which is located
near a village called M Ajwa ™ about fifteen miles away from
the town. The reservoir is, therefore, called the Ajwa
reservoir; and also as " Sayaji reservoir™ named after the

/ -
last ruler of the erstwhile Baroda State. The reservoir is
situated about a few miles from the foot of the famous

Pavagadh hill, the most familiar hill of Gujaratv situated in

the western Panchamahals. The reservoir was first formed by
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CONTOUR PLAN OF SAYAJI RESERVOIR AT AJWA @>mc\@>.
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demming the river Surya, with a drainage basin of about 35,2
sé. piles and its storage canacity was 1287 million cubic
feet withithe full storage level (F.8.L,) at R.L, 208 prior
to 1900. Next, the Visvamitri project was completed in 1900
and it added 14.8 sé. miles of catchment area. With the
introduction of this feeder the F.S5.L. of the Ajwa reservoir
was ralsed to the present R.L. 211, &ven after the construec-
tion of this fesder project, it was not possible to raise the
water level to R.L. 211 in bad monscon years. Therefore,
another feeder tank, known as the Pratab Singh reservoir with
a catchment area of 27.64 sq. miles was constructed later.
Thns, today, the catchment area of the LAjwa reservoir is
78,64 sq. miles and the F.S.L. is at R.L. 211, when it has a
storage capacity‘of 1717 million cubic feet., The reservoir is
also provided with a waste welr 800 ft. long at its right and
a valve tower with inlets at R.L. 188 and R.L. 198 at the
deepest part‘of the reservoir for drawing off water for the
water purification works aﬁ Nimeta about five miles away from

Ajwa on the main trunk road to the town.

ii) Morphometry ¢ The reservoir is dammed on one side
only and the length of the dam or embankment is 3.4 miles
(5.47 Km) and on the other three sides, mostly flats. Its
maximim length at full tank level (R.L.211) is 4.05 miles
(6.52 Km), Its breadth is found to be 3.26 miles ( 5.24 Xm).
Its shoreline circumference is 13,5 miles (21.72 Km). The mean

breadth is 1.305 miles (2,1 Km) and the mean depth is 11.32
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feet, the maximum theoritical depth being 30 feet, The area

and volume of water at 5 feet intervals are shown in TABLE No.4:

The length of contours and the area hetween contours in

the Ajwa reservoir are shown in TABLE NO. 53

\iii) Edaphic and Geological factors: The main catchment

area of the reservoir is composed of reserve forests cénsisting
of wild shrubbery and trees., Cultivated lands and plantations
are negliginvle. There is no organic pollution of any kind. The
feeder streams carry a lot of silt during the monsoon season
making the reservoir water turbid for nearly six months in the

year i.e. from July to October.

The regional geology of the area around the 3Sayaji

Sarovar { Ajwa reservoir ) can be summarised as follows:-

Alluvial deposits - Recent & sub-recent.
Basalts of Deccan Trap - Cutaceo ~ Hocene

Sandstones of Bagh beds -~ Cretaceous

Bagh Beds: Stray exposures of these marine Cretaceous

: 4 .
rocks, generally coarse sanstones, are recorded in the area of
a few miles to the eagtof the Sarovar, in the river Dhadhar and
its tributary nalas along the tract between Pavagadh and Gambhi re

pura. ( These exposures are just out side the Catchment area)
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Deccan Trap: The basalts of the Deccan Trap are exposed

_in the Pavagadh hills. This hill,’which lies about 8 miles to
the N, E. of the Tank, constitutes the main watershed of the
catchment area, Numerous varieties of Yolanic rocks, viz. finegw
-griined and amygdaloidal basalts, andesites and bedded tuffs
constitute a layered seéaence capped by a flow of rhyolite.

This exposure of Deccan trap stands out as an isolated hill
surrounded on all sides by the soils and alluviem. On going

' SW, the traps underlie the alluviem, and possibly at the

Sarovar, it is occurring under a thin cover of river deposits.

Alluviem: The Sarovar is situated in the Recent and
Sub~Recent Alluviem, which is most widespread in the area. It
is obvious that the alluvial plain in which lies the Sarovar
is made up mostly of the sediments derived from the Pa&agadh
hill, brought down by the streams originating on the SW slopes
of the hill.

Water Level: Ordinarily the level of water depends

upon the climatic donditions especially the rainfall and temp-~
perature of the lopality in which it is situated and to draw-
off for the town supply. The rain-fall season for this region
is the south-&est monsoon season ( July-September ) when the
reservoir gets filled with the river and rain water from the
water-shed. The water levels on the days of sample collectign

are shown in TABLE NO. 4: (Appendix ).
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The maximum and minimum levels and the seasonal changes

during 1963 and 1964 are shown in TABLE NO. & below:

TABLE NO, 6

ANNUAL _RANGE

Yesr Maximam Month Minimum Month 3ill level
1963 210.92 Sept. 202.93 July 181.00

1964 208. 18 Sept. 204. 55 June 181,00

The water level decreased gradually from January to
June or July when the lowest level was reached. Thereafter, the
level rose up rather abrmuptly to the maximum in September or
October\and later again continued to decrease in November and
December. With the decrease in 1evel{the shore all around
consisting of géadow land and the resulting shallow depth of
water encouraged the development of aéuatic vegetation in

very large areas every year,

v) Colour of Water : varied from dark green to greyish

depending upon the seasons. Green colour of water was dominant
in the months of October, November, December, January, Feb~

raary and March and greyish during the rest of the year.

vi) Temperature Characteristics ( TABLE NO.5 Apvendix )

Temperature of water is an important attribute which has to
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be congidered in the management of a reservoir directly
connected to a Water Works system about which Water Works
dngineers generally pay no heed in India., Its importance has
already been explained in the introductory portion of this
naper. The temperature data collected during 1963 and 1964
from near the intake tower are taken as representative of
atleast the mean temperature conditions in the whole reservoir

and they are discussed below.

Temperature of the Surface water and its seasonal variations.

(The maximum and minimum values and the seasonal variations are

summarised in the Table No.7 ).

Maximum and Minimam values: The early morning and (
afternoon values showed two maxima and two minima. The maxima §
for the early morning series varied bhetween 22.5 and 23.0. The

first maximum was reached in May or June and the second maximum

T ey St TN

in September.. The maxima for the aftemoon series varied

A

between 31.5 and 33.0. The first maximum was-reached in April

or May and the second maximum in September or October.
P~ 'N‘/IAY‘ I/./'w.\{

The values for the minimas varied between (7.0 and £7.0
for the early morning series; and those for the afternoon
series between 20,5 and 28.7. The first lower minimm was
reached in Jaquary for both the morning and afternoon series

——

and the second higher minimim was reached in December for both
C’M
the early morning and afternoon series.
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Seasonal variations: The data are shown in Table No. 8

given below?

TABLE NO. 8

Yt e et iy e s g e b
- R B ETRRE

L T T o i T . TR I I I ]

Year Cold Weather Hot Weather Monsoon Post-monsoon

& - Leason

Time Dec, Jan. & March to July to October &
Feb, June Sentember November

19638 ’

Barly - : :

mOm. 20.7 2700""2800 2795 28-5 26. 2"2500

After- 22.0 98.7-33.0 99.6-31.7  98.5-95.5

NnooN. -

19643

Early j_?.o—iggo 26- 2“'2?&0 2700‘%00 2‘7\1 2“2300

morn.

After- . ) o .

noon. 20. 5-22.0 R 3. 5=-31.7 28.5-29.5 31.8-25.0

4#4:&):::::‘::::::::,::::::::::::::::::’:::

Barly morning series 1963: During the hot weather the
<= A,

highest temperature recorded was 25,0 and it was reached in

May; thereafter there was a fall in the monsoon season when the
lowest temperature of 27.0 was reached in July; and later there
was a slight rise until September. Then, during the post-monsoon
season there was a gradual fall until the lowest temverature

was reached in December,

1964 ¢ During the cold weather the lowest temperature
of 17.0 was recorded in January. Then thsre was a rise in the

hot weather until the highest temperature of 19.00 was reached
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/
in Junej thereaftsr during the monsoon season, the second

“lowest temperature was reached in August and then a rise in
September only to be followed by z decline in temperature in

the post-monsoon season.

Afternoon series 1963 : During the highest tempera-

ture of 33.0 was reached in May followed by a rapid fall in
June to 28.7, But in the monsoon séason there was a rise in
temperature until the second lower maximim of 37,7 was reached
in September. Thereafter there was a gradual fall in the post-

monsoon sesson.

1904 : The lowest temverature of 20.5 was reached in
the cold weather period of January. Then, during the hot
weather there was a rapid rise until the first maximum of
31.7 was rgggged in April. But in June there was a fall of
nearly 2,0° C. During the monsoon season the temperature was
more or- less the same ( 28,5 to 23.5); btut during the post-
monsoon scason there was a rise in October to 31.5 and then a

fall to 25.0 in November

Temperature of the bottom layer and its seasonal

_ Varigtions:

The maximum and minimum values are shown in Table
'NOQ 9'
There were two maxima and two minima for the early

morning and afternoon series. The maxima for the early morning
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series varied between 8. and .0 and for the afternoon
series between 2,5 and 30.5, The first maximum was reached
~

in April, May or June and the second lower maximum in August

or September,

The values for the minima ?aried between 17.0 and
£7.0 for the early morning series and between 18,08-27.5 for
the aftemoon series. The first lower minimam was reached in
January or April for both the morning and evening series and

the second higher minimum in December for poth the series,

i

Seasonal Variations : The data are shown in a tabular

_form belows

"TABLE NO. 10

T etk S i 9 o v e e et
R S A o R . o T o A

L T T R O T T = . T e

" Year Cold weather Hot weather Monsoon  Fusi-monsoon

& Season )
Iime Dec. Jan. & March o July to October &
Feb, June Sepvember Novemper

19638 . .

early 20.7 27(0*8@0 27& 5"%02 260 2-2500

morm. B

After- 21,0 274 5=30e5 28y 2=30s0  27.5-25,5
~ noon

1864:

early 1790"'1900 260 0‘2900 2800"290 b 2?00'*22.9

morn.,

After" 18{0"200 5 260 5‘30’ 2 28@ 5‘% ® 5 23.0-23. 5

noon

T T T T T T T T e R S T N I T S I T T I TR ST I oS T RS T T

Early morning serles 1963: During the hot weather the

highest temperature of 2.0 was reached in May and thereafter
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there was a gradual fall until the lowest temperature of 27.5:
was reached in July. Then, there was a gradual rise until the
second maxirum was reached in’Septembeé. In the nost-monsomn
season there was a further fall which continued into the

cold weather period.

Eﬁﬁém‘ The lowest te;perature of 17,0 was reached In
Janmuary., From January onwards there was a steady rise until
the first maximum was reached in June. During the monsoon
season there was a gradual fall until August and in September
there was a slight rise only to be followed by a graduszl fall

in the post-monsson season.

" Afternoon serlies 1963: During the hot weather the

highest temperature of 30.5 was reached in May and thereafter
there was a fall and then a rise during the monsson season
until the second maximum was reached in Augast. Thereafter
fhere was a fall during the post-monsoon season aﬁd the cold

weather period,

1964 ¢ The lowest temperature was recorded in the

cold weather, and there was a gradugl rise in the hot
weather until the first maximum was resched in April, There-
after, there was a gradual fall during the monsoon season
until the minimum was reached in August, Then, there was a
rise in September when the second lower minimum was reached.
During the post-monsoon season and cold weather there was a

gradual decline in temperature. In short both the surface
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i, -

and bottom.layérs fbllowéd the fluctuations of the atmoépheric>
temperature ( See Table No.VI Appendix),

Thermal Stratification @

a) Two series of temperature measurements were
‘takenz one in the early morning hours and another in the aft;r-
noon of the same day, e?ery month in the vertical direction at.
the deepest place near the intake tower for nearly two yeafs._y
In the subjoined table No.1l (on page :%?') the surface and
ﬁottom temperatures and their differences are shown for gpe'~“

‘early morning series,

From a study of the table No.11 it will be seen that
(a) in September,'63, March,'64, October,'64 and Xovember,‘64,f
"the differences between the surface and bottom temperatures
fvaried between 0.1 and 0.2 iao&anaaxvvééééikvwaﬂzﬁwﬁkand in
ihe remaining months there was no differ=nces at all, In otherA
lwprés, the conditions in the reservoir was practically iso-
thermal in the early morning hours, in the summer and cold
‘weather seasons of 1963 and 19643 and during the other seasons
:a very slight difference in the temperature was noted. So it
would appear that there was complete circulation taking nlace ;}

every day throughout the year in the early morning hours in

the reservoir.

A

Aftermoon series 3 The surface and bottom temperaturés

and their differences are shown in subjoined table No. 12,



— P e

<

: eJjoaldsod 243 UT UeBLX0 PBATOSE TP
| pue eanjezsdmey JO UCTINGTIISTP TEOTIIe4 *IT  °37d

“

| | M _ | | [ { N e 1T f ] | !
‘ N w ‘ * _ “ s Eé -
| ]
361 4 €161 gm.%sésm&.m S\.‘&*\ § Ay \cam“sno \T\Zﬁoﬂqw 4o \:bwuaa}g u\wd\§> i !
' H | } g W —
. h 3 * 4 i H 3 T H
; I 7 , w _ - [ 1] \ ! K
# A “ i t b 4 04 ! 7 ? t ot ?m.
] AN ‘ , _ _ ", / D] ! ; / __ i1
! o / ity ' 7|1 ¢ Pl T { . At e
: L] ! ' | ! \\ : i S i i . S
! : ¢ : ! ' o f t ! ; ; / Ty 5
AV A P i I RN
- Slo $ib ik tio Py sib iy [3E3 31N $i0i Si Sim Sib ot Sjo Sia Sio1 510 5
2-81 | W-LZIOo-bT | b-SZ| $-32) L-bZ] -1 -8 | €521 [-b2] U0 | H-b2| 0I-b2| 6-52 | 8-0€ | L-b1: 9-LZ| §-¥2| P-¥¢
Y t e e r 1 ¥ N h f Y
R | ¥ IR a1t m w
¥ 1 N h ? 1 vt f i I 3 ! h i i : b
, } ! i ! ; ; i i ! oo : ! | ! ! ] :
4 H § « i ; 1 ! H f o H h * i h H rt
; ) ! ) o ) ! / ! e ' ! ! ! ! ' |
; I N BT N : A o I i hi 7 ;
! <) / | 3 j ) \ / ] g RIS “ 3 L !l {
57 St 8 T 9 S$T.5¢ 3T $E St 5S¢ 3v 5¢ §T &% 5T 8¢ ST 5T SHeE at 9F gt Fe ST 5 Jtse hnna h«.mm unmm hawm .&
*w&xmmgm: Ea\grﬁ\& o Mearavay gnqwg\ \.S\ 81 \wégﬂ fo §§3ﬁw@§> _ Heta@au.
| ; |

_

[
'

8

¥E

e e




-~ — — b~~~ G S~

£°02 Pl 79 8°LE R°pT 9°1 G2 1°e2 93BISAY

008 g1l G 08 083 0’8 0°1 0°1g 038 aaque 08(]
0°s g1 TGy 0°g8 068 0°1 G g3 G 9 I9qUBAOY
023 G'g 0*'6z g°ig 083 0°1 G LB G 83 180300
G*1g G0 63 g3 028 G's 8°828 L°1g Jequejdeg
0°1g g0 ‘63 g'63 0°03 G0 008 G*0g s ny
0°8L 040 62 0'ez 0°91 L*0 6°82 962 ATnp
0°st G0 62 G 63 0°9ot L°0 0°s3 L8 eunp
~ . - ~ - 0°st 288 G 08 0°gg Ley
0028 G°'T g°0g AN 0°023 g'g G2 0°'Te Trady
008 0% gUog §*0g - - ~ - yoIByR

- - - - - - - - £xeniqeg
0°1g G 0°sT g0 - - - - daenue p
1807 3003
Ut {3daq ut yadeq

TBU3oy  eousdsJJFq  WO330g  SOEJING Ten3oy eoUeJeJJIQg  WO330g  90BIJANG

(WY §-v) v9eL AV 6-v) &96L ) Yjucy

e e e e e e s e M e G e MM M e e em ke WM B S S e S mm e e ma e mv e - e v em mm e e we m em B en e gm e ER e

8T *ON TIaV]

SE



I~ o e e e e

3s

36

3%

3R

30

28

26

24

22

20

12

o

1963

1964

A M T T AS ONDIYFM AMITASDON

b

Fig.

12,

Relation between the atmospheric and water

temperatures in the reservoir.
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It will be seen from the table No,12 that in almost
all the months of the two year period there yere greater
differences in temperature between the surface and bottom
layers, indicating the formation of a well defined thermal
stratification in ‘the higher ranges of temperature. Maximum
differences were noted in April 'eo3 (3.5°C), and March ‘&4
(4,0 C). The highest differences were recorded in the summer
season. So, it would appear that there was thermal stratifi-
cation every day in the afternoon and circulation or complete
turnover in the early morning hours throughout the year in
the Ajwa reservoir. Also the entire reservoir got heated up
during the coursé of the day especially in the aftermoons as
a result of which the bottom temperature also rose up and
also showed seasonal variations just like the atmospheric

temperature,

ANNUAL HEAT BUDGAT

Eothens dachaun gttt i ueetiniuroefiis e dutr a4

Birge (1915, p167) defined the anmal heat budget of
a lake as, " the amount of heat necessary to raise its water
from the minimum temperature of winter to the maximum summer
temperature™ and it is expressed in terms of the total number
of calories necessary to wam a column of waﬁer of ugit base
( 1 om® and a height eéual to the mean depth of the lake"

/

( Birge 1915, p.171).
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The mean depth of the Ajwa rese:}VOir is 11.32 feet.
The lowest temperature recorded in cold weather was 20,7 and
the maximum sttained was 33,0 in the hot weather in 1963;
and again, the lowest temperature recorded in the cold weather
was 17.0 and the maximum reached in summsr was 317 in 1964.

So, the calculated annual heat budgets for the two years are:

It
il

1963 1.0 x(11.32 x 30.48)x 12.30 C 4243392 g. cal/sq.cm

1964 = 1.0 x(11.32 ¥ 30.48)x 14.70

5072.0 g. cal/sg.cm
(where 1ft = 30.48 cm).

Hutchinson (1957, p. 496-500) has furnished the heat
budgets of the adequately known lakes of the world. The annual
heat budget of Ranu XKlindungan in Indonesia (a lake situated
in the equatorial regions) is given as 3,410 g. cal per sq.cn.

which is considerably lower than that in the Ajwa Reservoir.

Heat storage in the Ajwa Reservoir

The heat budget for each 5 feet 1aye?(Munster-strom 1931,
pe 496-507 cited by Jenkins 1942) is the number of calories
necessary to warm a column of unit base and height equal to
the summer temperature of the layer. This "reduced depth" is
obtained by dividing the volume of the layer by the area of the
surface of the whole lake ( through which, incidentally
all heat exchange with the atmosphere must take place.)

Since the sum of all reduced depths is equal to the mean

depth of the lake, the sum of these heat budgets for the layer
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gives the total heat btudget for the whole column of water as

specified by Birge.

In the table No, 13 ( shown on vage 38 )the heat stored
in the reservoir from March to December,]964 is shown. From
the study of the table it will be seen that the heat stored in

the Ajwa Reservoir is maximum in April and mininum in December.

vii) Hydrogen ion concentration (pH): (TABLE NO.VII

Ihe pH values of the surfacé laver and its

gseasonal variations.

The results of the early morning and afternoon

series of observations are shown belows:

Maxi mum and Minimuim valuess

o

The values for the morning and afternoon series

varied as unders:

Barly morning Afternoon
Maximum 8.3 - 8.4 8.8
Minimam 8.1 8.1 - 8.2

Seasonal variations:

The results are shown in Table No, 14.



TABLE NO, 14

1963 . 1964

Date Harly- After Diff- ' Date BEarly After Differ-
morn ~noon erence: morn -noon  ence
24-4 8.3 8.8 0.5  24-1 8,3 8.4 0.1
245 8.5 8.8 0.3 25¢3 83 8.6 0.3
21-6 8.4 8.7 0.3 28-4 8,3 8.6 0.3
19-7 8.5 8.7 0.2 11-6 8,2 8.8 0.5
30-8 8,3 8.5 0.2 247 8,3 8,4 0.1
25-9 8.4 8.5 0.1 28-8 8.2 8.3 0.1
T24-10 8.2 8.4 0.2  25-9 8.2 8.2 0.0
@11 8.1 8.3 0.2 2-1082 83 0.1
20-12 8.1 8.3 0.2 27-11 8.3 84 . 0.1
18-12 8.3 8.5 0.2

The values were comparatively higher during the first

six months of the year and later there was a slight decrease

in the rest of the year. Lowest values were recorded in the

Cold weather and highest during the hot weather and monsoon

. seasons. Lwo points emegge from a study of the above table,

Compared to the early morning values, the afternoon values show

more alkalinity sand are due to photosynthesis Sy the water

plants., But a pH of 9.0 was never reached, the maximum reaction )
e T s B

obtainable in the case of calcium emwcarbonate. Also " Since

saturated calcium bicarbonate solution in equilibfium with air
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containing about .3.0 parts per 100,200 is close to pH = 8,1,
any pH value over this shows that photosynthesis exceeds
respiration and may be taken to denote approximate saturation
with oxygen, higher values often accomvany supersaturation "

(Atkins and Harris 1924).

pH values of the bottom layer and its seasonal variations :

( The results are tabulated below )

TABLH& NO, 15

e Y e S
> a———

Date ZHarly After Differ- Date dHarly After- Differ-

- e ws e .

morm -1100Nn ence mormn noon. - ence
24- 4 8.2 8.3 0.1 24- 1 8.0 8.1 0.1
24- 5 8,3 8.4 0.1 25 3 8.3 8.4 0.1
2 6 8.3 8.4 0.1 %, 4 8.3 8.4 0.1
19- 7 8.3 8.4 0.1 11- 6 8.3 8.4 0.1
30- 8 8.3 8.4 0.1 24-7 8.3 8.4 0.1
25- 9 8.2 8.3 0.1 28- 8 8.3 8.4 0.1
24-10 8.2 8.3 0.1 25- 9 8,2 8.3 0.1
29-11 8.0 8.1 0.1 29-10 8.1 8.2 0.1
20-12 8.0 8.1 0s1 27.11 8.0 8.1 0.1

W eew el e wmw e MR wr  was e W NS e A W Wl e NGNS e s mmm W ey e W uma e e e e
w— law me e wew eem MM L i e e s Wl e em e e wm e e et e o e oam wam cem s vem on e e
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A

The pH values of the morning samples were slightly \
less than those of the afternoon samples in both the years, '
the differences always amounting to 0.1 unit. Also, they were 2

comparatively lower than those for the surface indicating

that there were other forces at work to bring down the Values.é

More of this under discussion.

Ih

M

oH values of the South African lakes range from
a minimum of 3.7 to a maximum of 9.8 ( Hutchinson et al 1932).
Jenkins ( 1932, p547) has recorded values ranging from pH 8.3
1 in lake Naivasha to pH 12 in the 1ake'Naku’m of the Rift

.. valley in Kenya;

The seasonal and vertical changes in the Madras Red
Hills reservoir ( Ganapati 1964) show that its water was

definitely alkaline throughout the year, the values ranging
between 8.4 and 8.9, Graham ( 192 ) found in the lake

Victoria significant differences between the surface ( 8.5 )

and the bottom ( 7.4 ). In the lakes of Sumatra, Java and Bali, !
Rattner ( 1931 ) found that in almost all the lakes the pH
‘values were.nsver abow® pH 8.0 and those of thg bottom iayers
varied between 7.2 - 7.4, Worthington ( 1930 ) found diumal
-variations from 7.95 to 8.7 in the lake Victoria., Beadle (1932)
found in the lake Baringo a change of 0.1 unit only from 6.30
aems (8:7) to 12.30 pem. (8.8) and of 0.2 units only from 12
mid-night ( 9.4 ) to 12 midday ( 9.6 ) in Lake Rudolf.
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SUMMARY

e e e - 2]
b -

The Ajwa Reservoir of great surface area and moderate

depth is located in a windy region of low humidity.

The colour of water is greenish from Jamuary to July
and greyish from July or August to September or October,

and becomes, again, gresnish from October or November

and December.

The water level is found to decrease gradually from
Jamiary to June or July and then it increases in the
monsoon season until the maximum 1s reached in Sept-

ember and thereafter the level again goes down gratially.

The reseryoir does not develop any persistent thermal
density stratification characteristic of a classical
temperate lake. Heating occurs by day followed by
loss of heat and complete noctursl cooling. So, there
is diurnal stratification in the afternoon and homo-

thermal conditions in the early morning hours.

The entire reservoir water is definitely alkaline tut
there is a slight difference in the degfee of oH, the
bottom layers showing less than the surface,

The surface layers of water are cleafér than the bottom

layers which are comparatively more turbid.
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(b) Chemical Environment and Nutrient Supnly.

General Characteristics of the Water:

( Table No. 8 Appendix )

" Normal fresh waters are dilute solutions of alkali
and alkaline earth bicarbonate and carbonate, sulphate and

and chloride with a variable quantity of largely undissociated
silicic acid (Page 789) which is often present in excess 5f >
sulphate and chloride. There are also a number of minor x
constituents in true solution, some of them being of great j
biologicalinterest, and a variety of colloidal materials both (
inorganic and organic ....." (Hutchinson 1957, p. 552). In ]
. this section an attempt is made to indicate the relative '
abundance of the major ionic constituents and their seasonal

variations in so far as they detemmine the over-gll chemical

characteristics of the water.

viii) Total solids: The total orgsnic and inorganic

materials dissolved in the water as estimated by evaporating
a known volume of the water to dryness has been found to vary
between 224 and 320 ppm; and these figares are within the

permissible International Standards for Drinking Water (1958).

The solids were found in maximum in June or July and minimum
in August or Septeuber. The graph for solids rungalmost counter to
that for the reservoir level. An inverse correlation is seen

torexist between the two.
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| (ix) Alkalinitys Free CO2 occurs in natural waters
‘either chemically combined with alkali and alkaline earth
metals which are found in exceés of the quantities already
combined with strong acids or as free CO2. The chemically

fixed CO02 is found as bound CO2 or monocarbonates and half-
bound or biczrbonates.

All the three forms are of considerable importance in

the household economy of lake waters. The free COo is first
used up by plants in water during photosynthesis. When all

the available free COp is used up, the half-bound Cog is
used upsy and when the first two sources are exhausted, the
fully bound COs or monocarbonates may be utilised ( Juday
et al 1935). o

In the reservoir under study, free COg5 was not
detected at any btime. Its absence may be traced to its utili-
sation by the higher plants, to agitation and evaporation.
The last factor is greatest in shallow lakes of large area,
where evaporation is most effective (Welch 1935, p. 96) as

in the Ajwa reservoir.

Carbonate Alkalinitz in the Surface Layers

and its Seasonal Variations:(Table No.IX Appendix)

The results of the early morming and afternoon
series are shown in a tabular form on page 46 from which

the following inferences are drawn.
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Maximum and Minimum valuegs: The values for the
maxima varied between 26 and 38 and between 36 and 44 pom for

the early moming and afternoon series regpectively.

The values for the minima varied between 14 and 16
and 16 and 24 for the early moming and afternoon series

respectively.

Seasonal variations: The values gradually decreased

from hot weathe? bthrough the monsoon season to the post-monsoon

and cold weather seas>ns in both the years and in both cases.

TABLI NO. 16

7 e ——— - — .

1963 ! 1964

Date Harly After Differ :’Date marly  After Differ-

mOIM  ~-nodn  -ence . morn  -noon  ence
24- 4 28 40 12 24~ 1 20 30 10
24« 5 36 44 8 25~ 3 24 32 8
21- 5 32 44 12 28- 4 26 36 10
19~ 7 20 32 12 11- 6 24 32 8
30~ 8 20 24 4 24~ 7 24 32 8
26- 9 16 24 8 28- 8 16 24 8
24-10 18 24 8 25~ 9 16 32 8
2-11 16 - 24 8 2-10 14 16 8
20-12 16 4 8 27-11 14 20 1S

18-12 16 24 2]

UL T T T T T T e e e I e e e
o S e S e o S S v e o o o S v oo e o S oo v (o o O e S e e v es S oo
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Diurnal varistions: There was a sharp increase in

the carbonate content in the afternoons as a result of phonto-

synthesis, so that the differences were found to be greater

in the first six months of the year.

Carbonate Alkalinity in_the Bottom Layers

and it's Seasonal variationg:

The figares are shown in Table No. 17

TABLE NO. 17

i oy -

196 3 ; 196 4
Date darly After Differ ' Date Harly After Differ-
morn -noon  -ence | morn -noon  ence
24~ 4 28 30 2 24~ 1 20 22 2
24~ 5 36 338 2 26~ 3 24 26 2
21- 6 32 34 2 28~ 4 26 26 0
18- 7 20 20 0 11~ 6 24 26 2
30~ 8 20 22 2 - 7 24 26 2
25~ 9 16 18 2 28~ 8 16 18 2
24-10 16 18 2 26~ 9 16 18 2
2-11 16 16 0 29-10 8 10 2
20-12 15 15 0 27-11 10 10 0
18-12 16 16 0

e T

e e e wmm v e nem e e vew e eae % et e e mem e s s e mme Ay e e rww e v e

It will be seen from a study of the abosve table that

there i3 a gradual increase in the values during the first six
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months in both series. But the differences between the morn-

ing and after-noon values are comparatively lower.
xord

From a study of hoth the tables for carbonate values,
it is seen thats (i) the values for carbonates in the early
morning hours are almost the same from the surface to the
bottom; (ii) by the afternoon a weakly expressed stratifica-
tion is seeny (iii) the diul;nal variations in the surface

layers are greater than in bottom layers.

Juday et al (1935) found that the surface waters
were alkaline to phenolphthalein in all the ™ drainage " lakes
investigated by them. They state:™ This alkaline reaction to
phenolphthalein was due to photosynthetic ‘activity of the
various aquatie plants, chiefly t5 phytoplankton fomms; these
organisms remove some of the half-hound carbon dioxide, thus
leaving a certain amount of normal carbonates in water which
gave it an alkaline reaction.™ Our reservoir is also of the
" drainage " typej; and the water is always alkaline to vhenol-

phthalein from the surface to the bottom.

Biecarbonate Alkalinity in the Surface

Layvers and its Seasonal Variations s

( The results of the early morning and
afternoon series are shown in Table No.18)
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TABLE NO. 18

196 3 : 1964
Date  Zarly After Differ , Date iHarly After- Differ
morn -noon  -ence : morn nonn ~ence
24-. 4 110 70 40 24~ 1 125 98 27
24- 5 110 64 54 26~ 3 118 a8 20
21- 6 136 68 68 28~ 4 119 104 15
19~ 7 138 88 50 | 11- 6 146 116 30
30~ 8 112 86 26 24~ 7 136 106 30
25- 9 108 102 6 28~ 8 138 122 14
24-10 120 104 16 26- 9 144 100 44
2-11 134 116 18 2-10 i38 124 14
20-12 128 106 22 27-11. 144 119 25
18-12 136 106 20

e T BT ... S S T S S S S )
_ e, - L DN S e s st s s o

A study »f the above table shows that g difference
between the values for the two series was noted daring the
two years. In 1963, the afternoon alkalinity was found to be
lower by 4 to 33% than the early morning alkslinity; and in
1264, the range of difference was found to be smaller
( 1.3 to 14% ). The greatest difference was seen in the
summer and monsoon seasons. The difference is Aue to photo-

synthesis.



Bicarbonate Alkalinity in the Bottom

Layers and its Seasonal Variations

( The results of the early morning and

afternonn seriesg are showin in Table N¥o,19).

TABLE NO., 19

1

19 6 3 \ 1964
Date liarly After Differ, Date  dfarly After Differ
morn ~AOONn =ence morn -noon  -ence
24~ 4 112 112 0 24~ 1 125 126 1
24- 5 109 110 1 26~ 3 116 , 118 2
21- 6 136 136 0 28~ 4 120 124 4
19- 7 140 138 2 11- 6 148 150 2
30- 8 114 118 4 24 7 138 138 0
25~ 9 124 128 4 28~ 8 138 136 -2
24-10 122 122 0 25- 9 144 142 -2
2-11 134 134 0 2-10 136 146 10
20-12 128 134 6 27-11 146 154 8
18-12 140 144 4

[l el et B T e T e T T R S

Pl e e R e T T T e T e
- e e en e w e e 2 T TR W omom

From a study of the above table, it is seen that
a difference is noted in both the years between the early
morming and aftermoon series; but the difference is compvara-

tively less than for the surface layers. The values for the
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o ‘ | ol
afternoon series were greater than tgééﬁ for thé‘ear}y~;orn-
ing series in several cases by O to 5%fiﬁ(;963_agd”b‘to’3%
in 1964. The increase noted in the bottom layers may be
attributed to the precipitation of CaC03 from the surface
layers due to photosynthesis and their subsequent conversion
into bicarbonates on account of the }espiratory activities

of the large number of zoo-plankton organisms at the bottom.

{(X) HARDNESS »
(Table No.VII, Appendix)

The figures for hardness varied between z maximum of
189 ppm and a minimum of 129 ppm in 1965; and between 170ppm
and 140ppm in 1964. The maximum figure was found in July 1963,
and in June 1964, and in_both the years the minimum was in
September. There was a gradual increase in hardness from the
beginning of the year until the maximum was reached in Julys
and thereafter there was a sudden fall in August until the
minimum was reached in September and then again there was a
gradual increase in values.

Taylor (1958) has classified waters as soft and hard as
detailed below:

Less than 50 ppm . coe ees Soft
50 to 100 pPpm  «ea cee ess moderately soft
100 to 150 ppm ... ces ese Slightly hard
Greater than 150 & less than 250 pom ... moderately hard
Greater than 250 & less than 350 ppm ... hard
Greater than 350 ppm coe see ese Very hard.
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According to the above classification the Ajwa
regservolr varies between g slightly hard and a moderately hard

water.

The seasonal variation in the values for hardness
is also found to run diametrically opposite to the reservoir

level so that there is an inverse correlstion hetwesn the two.

X1 CHLORTDE

( Table No.VIII, Apvendix).

The values for chloride were found %o vary from a
minimum of 35 ppm in September to a maximuu of 65 ppm in July
in 19635 and again from a minimum of 40 ppm in September to a
maximum of 76 vpm in June in 1964. The figures were found to
increase from January until the maximum was reéched in June
or July and thereafter there was a sudden fall in August or

September and then a gradual rise until the end of the year.

The graph for chloride just like those for total
solids and hardnass showed an inverse correlation with the

reservoir level.

DISS0LVED GASHS

( Taple No, XI, & XITI )

xii) Free CO0y : was not found both at the surface and

bottom at any time during the two year veriod.

xiii) Digsolved Oxyesen: Lakes and reservoirs receive

their supvlies of oxygen mainly from two sources.
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From the atmosphere the surface layers of water get
oxygen by mechanical admixture of air through wind and wave
action, so that wnen the lake water is in complete circulation,
the entire lake is saturated with Oxygan. The’second‘source is
through the process of photosynthesis, when the chlorophyll-
bearing organisms diminish or deplete the suvnly of COs and
increase the oxygen content beyond saturation. So, tﬁe man-
tity of oxygen vressent at any time of the day is the resultant
of the seVerél factors such as diffusion, photosynthesis,
respiration, the chemical processes of decay and of reducing
substances. I the consumption of oxygen by various organisms
present in water and oy decomposgition of organic matter exceeds
the suovply of oxygén derived from photosynthetic activity then
the amount is below the saturation point. But if the latter
exceeds that of the former, then the water is saturated or

supersaturated ( Birge and Juday 1914 ).

The results of oxygen determinations are expressed
in milligrams per litre and alsc in terms of percentage
saturation which was calculated from the table prepared by

Whipple and Whipple as given in the ™ Standard Methods.™

The Oxyegen Content in the surface layer and

its sessonal variations @

The Maximum and Minimuim values:

( Results are shown in Table No. 20)
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TABLE NO. 20 ¢

Time of
Collec- - MAXTMUM MINIMUM
tion 19 6 3° 19 6 4 196 3 196 4

] Value Month Value Month Value Month Value Month
Barly ’
morn 82.41 Dec. 7.64 Jan,. 5.831 June 5,04 June
4“ 5.A - I"I -
After-
noon 9.81 April 8.44 Jan. 5.61 June 5.75 June
4—5Pnhc

i i 1o W Sy S M S St e e S S W, Sk S, S W N U PR . U YN Ot PO il A SO Vo o S S S M S L A O g e 0 A o T T U e S e g e S T o e o T T
==
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It will be seen from the above that the maximum value
for Oxygen is reached in December or April and the minimum

value in June in both the years.

Seasonal variationg:

( The data are shown in tabular form below )

TABLE NO,21

A*Yéar Cold weather Hot weather Monsoon Season Post-monsoon
& Dec, Jan. & Mareh to July to October &
Time Feb. June September November
1963
Zarly- 8.41 7.62~5.81 6.22-7.63 6.63-6.83
morn
noon
1254
Early« 6b23"7.64 7-51‘5004 6001‘6061 6081“7.04
nmorn
After- 7.23-%.44 7.53-5.75 B.21~7.23 7.23-8.61

B R T N R R R R T R R T R R TN T rr———
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From é study of the above it is seen that both the
highest and lowest values are recorded in the hot weather in
both years. Comparatively, the cold weather, and the post-
monsoon season show higher values than the other two weather

periods,

Oxvgen content of the bottom layer and its seasonal Variations:

(The maximum and minimum values are tgbulated below )

TABLE NO.22

Time of MAXIMUM MINIMUM

collection 1963 19 86 4 19 6 3 19 64
Value Month Value Month Value Month Value Month

Barly-

morn 7.62 Dec. 7.04 Jan. 4.23 Sept. 4.61 Oct.

4:“"5 Ath

After-

noon 3.00 April 7.00 Jan. 5.05 June 3.41 Mar.

4-5 P.M.

It will be evident from the above that oxygen content in
the bottom layer was found to be maximum in December and Aprii
1963 and in January 1964 in both the series and minimum in

March, June, September or Qctober in both the years.

Seasonal Variations: The data are shown below

TABLE NO. 23 .
Year & Cold weatner Hot weather Monsoon season Post-monsoon
Time Dec.,Jan. & March to July to Sept. October &

Feb. June November

19 8 3
Barlymorn 7.62 5.00~8,42 6.53=4, 23 5.04~6.62
Afternoon 6.42 9.00-5.05 7.52-6.41 7.04-7.83
19 6 4
Barlymorn 5.81-7.04 5.60~-4.74 5.03-6.04 4.51-6.02
Afterncon 5.81~-7.00 5.83-3.41 4,82-8,12 4,43-5,02




3%

"% From the above it is seen that the bottom layer
was not totally deficient in Oxygen at any time during the two

year period.

Vertical distributions of Oxygen :

(a) Barly morning series: The oxygen values for the

surface and bottom layers with their differences are shown in

Table No. 24. It has to be remembered that the bottom samples

were taken always about a foot above the bottom mud.

In gix out of 16 cases only there is definitely an
appreciable decrease in conéentration in the deep water. In
all other cases, there is no appreciable decrease in concen-
tration. Such a distribution has been called 0 Orthograde ™"
by Abefg and Rodhe (1942, cited by Hutchinson 1957, p. 603).

It is not "™ clinograde ™.

(b) Afternoon series: The results of the sufface and

deep water sampiles are shown in Table No. 25.

In this series there were appreciable differences
between thé surface and bottom samples. Largest differences of
3.42 mg./1. in March and 2.80 mg./l. in QOctober and 3.59 in
November 1964 were recorded. Hutchinson (19567, p.607) says:

" Following in part of the scheme of Thienemann (1228) the
agents of deoxygenation may be classified as (i) animal
respiration; (ii) plant respiration at night, or when the

respiring organism has sedémented below the compensation point
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and is using reserves or is heterotrophic; (iii) bacterial
respiration in the decomposition of sedimenfary organic
matter, and (iv) purely chemical oxidation of organic matter
in solution, either produced in oiffbrought into the lake ".
In the Ajwa reservoir animal respiration appears to be the
main factor responsible for appreciable guantity of deoxyge-~
nation in the bottom layers. Also, the reservoir is full of
carp-fishes, some of which always feed upon the bottom sedi-
ments. They may disturb the bottom deposits which may also
in le Sottorm brpin
have consumed a part of the oxygen dissolvedﬂ At no time

there was a catastrophic oxygen deficiency in the bottom

layers. More of this under discussion.

Secondly, the increased amounts of oxygen in the
e
surface layers will have tolattributed to surface aeration

and/or photosynthesis.

XIV Percentage saturation of Oxygen.

(Tables No. XII(a) & XII(b) Appendix)

" I{ is often gseful to know, not only the oxygen
content of a water sample, but also the content it would have
when saturated with atmospheric oxygen. The ratio of the two
contents usually expressed as " percentage saturation " can
in soﬁe circumstances throw light on the previous physical
and biological history of the sample; and the ratio also
controls the rate at which oxygén is taken up from the air
(32 ( Mortimer 1356). So, the values for percentage saturation

were calculated and are discussed below:
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The percentage saturation in the surface

layers and its seasonal variations:

The maximum and minimum values are tabulated below @

TABLE NO. 28

Time of Maximun Minimum
Collec- 1263 1964 1963 1364
tion Value Month Value Month Value Month Value Month

Early
morn 97.3 Sept. 94.8 April 72.7 June 685.0 June
(4-5
A.M.)

After- ’

noon 130.7 April 102.7 No¥v. 72.2 June 74,7 June
(4-5

P.M.)

The maximum value is recorded in April, September

or November and the minimum in June.

The Seasgsonal Variations are tabulated below:

TABLE NO. 27.

Year & Cold Weather Hot Weather Monsoon Season Post-monsoon

Time Dec. Jan. & Harch to July to October and
February June September November

1963

Early 93.0 94.4-72.7 78.5-97.3 81.0-81.5

morn

After 93,2 130.7-72.2 93.9-115.3 100.0-101.2

noon , .

1264 .

Barly 66.6-78.5 94.8-65.0 77.3-83.4 84.7-81.1

morn ‘

After 81.9-92.9 101.4-74.7 80.0-94.0 95.7-102.7

noon




From the above it is seen that the highest and

lowest values are recorded in the hot weather in both the

years.
The percenﬁage saturation of Oxygen in
the bottom layer and its seasonal variations.
The maximum and minimum values are tabulated
below:
TABLE NO. 28
g;me MAXIMUM MINIMUM

1963 1964 1963 1964

coll- Value Month Value Month Value Month Value Month
On.

Early 86.6 Dec. 76.3 Aug 53.7 Sept. §7.1 Oct.
morn
(4-5
Aoi“i- )

After- 112.6 April 76.3 Aug. 63.8 June 41,9 March
noon '

P.IVI-.)
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It will be seen from the above that the maximas
were recorded in April, Aﬁgust, or December and the minima
in March, June, September or QOctober. On one occasion only

in April '83 the bottom layer was supersaturated with oxygen.

Seasonal variations: The data are tabulated velow:
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TABLE NO. 29

Year & Cold Hot Monsoon Post-monsoon
Time weather weather season season
. Dec.Jan. March to July to October &

& Feb. June Sept. November
1963 '
Early 86.6 62.0-82.5 81.7-69.0 73.8-79.0
morn
After” 71-4 1120 6“‘63.8 820 5-9900 880 1“94-3
noon
1964

Early 60:0"720 2 600 8"70.7 760 3"6407 570 1‘6904
morn

A.fter"‘ 6107"7803 4:109"‘7700 7807"62o0 57.0"58-4
noocn

T e R avw e s e e fEE wem  eew wee e st e mmm  mem mem e e e e W wem vt wmi wmm o wem e e
- e e G e e e ke ot DS e DT 2D N R WM M O Om DRSO -

There was no complete deficit of oxygen during

any. season.

Vertical distribution of percentage saturation:

The percentage saturation values for the surface
and bottom layers with their differences are shown in Table

No. 30 for the early morning series.

From the above Table differencer(> 10%) were
noted in April, August and September 1963 and in March,

April, September, October and November 1964.

The results of the afternoon series are shown in

Table,No. 31.
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From the above table differences{ >10%) were noted

almost in all the months in the gfternoon series.

Ruttner (1926, cited by Welch, 1935, p. 170), has
stated that the respiration of aguatie organisms depends
not alone on the dissolved oxygen content but also in a
significant measure upon the temperature of the surrounding
water, and " that in lakes showing a decline of the dissolved
oxygen in the dececper waters in summer or winter, the tempera-
ture must be considered in determining the respiratory value
of the dissolved cxygen present; and that the practice of
expressing the results of dissolved oxygen in percentages
of saturation is misleading, since from the point of view
of the oxygen demand by organisms, the respiratory value 1is
not taken into account." Unfortunately, the respiratory

value of the organisms was not determined.

IONS INVOLVED IN PLANT ﬁUTRITION

(Tables XITIT,XIV & XV Appendix )

xv) Inorganic forms of nitrogen :

Nitrogenous compounds occur in varying amounts in
lake water, depending upon the nature of the watershed,
the season, the amount of pollution and the abundancelof
plankton life in them. They occur in two forms: organic and
iﬁorganic; Organic nitrogen is found partly in suépension

and partly in solution. Suspended organic nitrogen is

derived from the billions of bacterial cells, phyto-and
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zoo—plankton,vand other floating organic materials in water.-
These can be easily removed from water by.centrifuging or
filtration. The soluble organic nitrogen ( in true and
colloidal solution) results from (a) the decomposition of
dead organic matter by bacterial action and (b) excretions

of aquatic animals.

The inorganic forms of nitrogen consists of ammonium
salts, nitrites and nitrates. Free ammonla or ammonium salts
result from decomposition of organic matter by saprophytic
bacteria; and nitrites are derived from free ammonia and its
salts and become nitrates by the action of nitrifying bacteria.
Free nitrogen and ammonia can be formed also by the action of
denitrifying bacteria on nitrites and nitrates. Therefore,
the total quantity of inorganic nitrogenous compounds will_
depend upon the proporﬁion of nitrifying to: the denitrifying
bacteria in the water. Estimations of free agmonia, nitrites
and nitrates were made regularly on the surface and bottom
samples of the early morning and afternoon series every

month. All the three forms were found to be absent.

Ruttner (1931) who axamined the lakes of Sumatra,
Jawa and Bali found that the ammoniacal nitrogen in largest
amounts in the bottom layers and completely absent in the
surface layers. Hutchinson et al (1932) found nitrites in
traces in all the pans gnd lakes of South Africa. Beadle
(1932) found traces of or none at all of nitrites and nitrates

in the Rift Valley lake of East Africa.
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In the lakes of the English Lake District Pearsall
(1930) could not detect ammonia in the surface layer at any

‘season.
xvi) Phosphate ( POg )

This was also not detected in the surface or
bottom samples of the early morning and afternoon. series

every month, during the two-year period.

Srinivasan (1964) did not find the soluble phos-
phates in the Rivers Bhavani and Moyar and the reservoir,
Bhavanisagar. Also Rao and George (1959) and Ganapati (1940)
did not detect phosphate in the reservoirs studied by then.
Einsele (1938) has shown that under oxidising conditions
phosphate is precipitated in the presence of iron as insoluble
ferric phosphate on the mud-surface and that appears to be

so in the Ajwa reservoir.
zvii) Silica (Si02) (Table No.XIII, Appendix)

{ U . . .
CSilicon is almost universally present in some

» * q" -
more or less reactive form in all natural waters (Hutchinson

1957 p. 788). According to Hutchinson (1957, p. 791) the
data sﬁggest that greater silicate concentration can occuf
in tropical than in temperatess regions; and thatdfhe move-
ment of silica, like that of phosphate but to a lesser degree

is determined by the state of oxidation of the iron present,
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at the mud-water interface, though very little is known

definitely about this " (Hutchinson 1957, p. 792).

Silica was estimated regularly both at the surface
and bottom layers in the early morning and afternoon collec-
tions. The results are ghown in Table XIII, Appendix. The
surface layers were found to contain less than the bottom
layers. Jsxhe sApduce Aopovs The range was found to vary
' between 0.05 and 0.20 mg./1 in the surface and between 0.20
and 0.25 mg./1 in the bottom layers in 1263. In the following
ysar they were found to range between 0.10 and 0.15 mg./l
at the surface and between 0.25 to 0.50 mg./1 at the bottom.
They were found to be greater in 1964 than in 1983.

xviii) Iron:

Iron was estimated qualitatively only. It was not
found at the surface at any time during the two year period;
but the bottom samples showed traces or slightly more than
traces of ferric iron in the bottom samples especially when

the samples were more turbid.

xix) Calecium :(Table No. XIV, Appendix)

Calcium was estimated during 1964 only; and it
was found to vary between a maximum of 13.75 mg;/l in June
to a minimum of 6.40 mg./l1 in Septembar in the surface

samples. The annual average was 10.85 mg./l.
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xx) Magnesium :

Magnesium was not actually determined; but it is
believed to be present in sufficient amounts in the water
from the values of " hardness ". So, it is not likely to

constitute a limiting factor.

xxi) Sodium : (Table No.XIV, Appendix)

Sodium was also estimated during 1954 only and it
was found to vary between a maximum of 61.41 mg./1 in Decem-

ber and a minimum of 45.55 mg./1 in Septenmber,.

xxii) Potassium : (Table No. XIV, Appendix)

————— o~ Ao+ "

Potassium was also estimated during 1954 only and
it was found to fluctuate between a maximum of 3.90 mg./l
in August, September and October and a minimum of 1.50 mg./l

in January. It was not a limiting factor at any time.

xxiii) Dissolved organic matter:(Table No.XV,Appendix)

Dissolved organic matter is present in all lake or
reservoir waters; and may be considered either as alloch-
thonous when the organic material is derived from external
sources or autochthonous when it is developed from within.
The nature of latter varies from lake to lake according as
it is the result of phyto-plankton or aguatic weeds and alsc
according to ‘the species of either involved (Hutchinson

1967, p.882).



The values of pefmanganate oxygen consumed
(Tidy's 4 hours) were deotermined in samples drawn both at the
surface and bottom in the two series of monthly collections.
The results are shown in Table XV (Appvendix). The values
for the surface samples are lower than those for bottom
which were almost always comparatively more turbid. The
values for the surface samples vary between 0.78 and 1.92 ppm
in 1963 and between 1.00 and 1.85 vom in 1964. They increase
from January to June and then decrease gradually till the
minimum is reached in September or October and then, again,

begin to increase.

The values for the bottom samples varied betwesen
1.82 and 5.80 ppm in 1963 and between 1.40 and 2.84 ppm in
1964, The values did not show any seasonal variation as
those for the surface water which varied with the reservoir'
level. The comparatively higher values at the bottom may
be attributed to disturbances of the bottom sediments by

the hundred of carps and crocodiles inhabiting the reservoir.
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SUMMARY OF CHEMICAL CONDITIONS

The total solids are found in maximum in June or
July and in minimum in August or September. The
graph runs almost inversely to that for water

level,

Carbonate alkalinity is found to be higher in the
afternoon series than in the early morning series,
but the values are almost same from the surface

to the bottom in the early morning series.

Bicarbonate alkalinity in the surface layers is
found to be lower in the afternocon series due to
photosynthesisy and it is found to be comparatively
higher in the bottom layers due to respiratory

activities of the microorganisms.,

The reservoir water varies between slightly hard
and moderately hard; and the values seem to

fluctuate inversely with the water level.

There is a seasonal variation in Chlorides and
this graph also shows inverse correlation with

the reservoir level.



7

8.

72

Free COo is absent. The vertical distribution of
dissolved oxygen is not " Clinograde "™ but is -
orthograde according to the type distribution of
oxygen RyrihergxaptoRogbey so that there is always
enough of dissolved oxygen in the bottom layers.
Thé surface water in the reservoir is found to be

supersaturated on a few occasions.

The ions involved in plant nutrition such as
ammonia, nitrate, nitrite, and phosphate are
always absent. Silicates, though found in compara=
tively smaller amounts are present. Sodium,
potassium, calcium and magnesium are present and

are not likely to be limiting factors.

The dissolved organic matter as determined by the
permanganate oxygen consumed ( Tidy's 4 hours test)
was comparatively greater in the bottom layers.

It is of autochthonous origin. ®

A ok 2 A ok R R
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(C) BIOLOGICAL CONDITIONS

(Tables No., XVI & XVII Appendix)

(i) The larger aguatic vegetation:

A rich growth of rooted and submerged hydrophytes
was typical of this reservoir. The hydrophytes in order of

their abundance are listed below:

Hydrocharitaceae: Vallisneria spiralis; and Hydrilla
' verticellata. )
Naiadaceae: Nalas flexilis; Naias marina var muricatas;
Naias major.

Potamogetanacces Potamogeton indicus.

Lentibulariaceae: Utricularia stellaris.

Gramineae: Gramineae sp.

The distribution of the plants in the reservoir
when the water level was lowest is shown in Fig. 5
Vallisneria was seen flowering in November and December
months; and its pollen grains were seen floating in abundance

on the water surface.

(ii) Chemical composition of the dominant plants:

"Since in their growth processes the higher plants
remove temporarily atleast, certain essential substances from

the water and from the bottom deposits, the chemical
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composition of the plants themselves may give some informa-
tion as to kinds and amounts of these substances used. On
the death and decay of plants, a certain return of the
contained material is made to the lake. Very little 1is known

concerning this exchange"(" Weleh 1935, p. 281).

As already stated the four dominant plants in order

-

: . mnarens
of abundance are Vallisneria spiralis, Potamogeton nebass,

Naias flexilis and Hydrilla verticellata. The results of

chemical analysis of ash of the above plants furnished by
Schuette and Hoffman (1922), Schuette and Alder (1928,1922),
%?er and Gorham (1951) and Gorham and Gorham (1954) are

given below in two tabular statements:

TABLE NO. 32
( From Scheutte and Hoffmanj; and Scheutte and Alder )

S—

PERCENT

Constituents
Vallisneria Potamogetan Naias flexi
-1lis

Silieca (3i02) 5.45 0.78 1.89
Ferric oxide (Feg03) 0.81 0.11 0.40
Aluminium oxide(Al=03) 0.57 - 0.23 0.25
Manganoemanganic oxide 0.52 0.08 0.05
(Mn304)

Caleium oxide (Cal ) 8.18 3.38 8.58
Magnesium oxide (Mg0) 1.87 1.38 1.61
Sodium Oxide (Nag0) 0.81 0.28 1.06
Potassium oxide (K0) 5.48 2.08 2.19
Chloride ( Cl1) 1.32 0.55 0.51
Sulphur (3) 0.85 0.82 0.48

Phosphorus (P) 0.23 0.13 0.30

D e e S e T T T R S o R R Y
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TABLE NO. 33

(From Mayer and Gorham)

ASH % MA. Mg, Fe. me. SotiT

dry per 100gm per 100gm. ©pH Loss on
Plant species weight dry weight dry weight ignition.

% dry Wt.
Potamogeton 17.0 48 55 6.80 21
'g n —

PotasTARIA 15.5 185 22 6.80 21
crispus .
Potamogeton 9.4 70 33 6.54 25
natans ;
Potamogeton 15.3 288 303. 5.52 28
alpinus

W e avm s e mw e e Sem e dms ew W MR W W s e YR s e mm Ay mm mr var wmes  wew  wwm v wwe
g s « S G G . o S S~ Jpor S« R S~ S~ S« g S e A R TR e S S 4

It is evident from the above that the annual requirve-

ments for an annual crop of the above higher plants in the
Ajwa reservoir will be considerably high, though they have not
been actually estimated. For purposes of comparision, in Lake
Mendota in Wisconsin, U.S.A., where the dominant plant is.

Vallisneria as in our reservoir, the annual crop of this plant

alone requires a provision of 185, 300 kg of mineral matter,
and that the annual Potamogeton crop requireg some 127,000 kg.
(Welech 1935, p. 281). So, the aquatic vegetation in our
reservolr would have taken away almost all the inorganic
nutrient substances of biological significance leaving practi-
caliy little or next to nothing for the requirements of
phytoplankton. Under these circumstances one cannot expect /

the growth and development of phytoplankton in the Ajwa :
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reservoir. This finding is in confirmity with the observations
made by others. Whipple (1927) has stated that lakes and
reservoirs which are free from the larger aquatic vegetation
are more productive of plankton than are those fich in such
growth. Moyle (1949) found an inverse correlation between
plankton productivity and the presence of larger aquatic
plants in reservoirs. Matheson (1952, p. 789) found little
plankton in Minnesota lakes where aquatic weeds grew to a depth
of 256 ft. While in lakes where heavy water blooms are seen to
take place, few weeds are found to grow beyond 4 ft; and Xge
so the development of plankton is believed to be iimited

by the robust growth of the rooted plants." It is also

quite possible that higher plants may produce substances j
that inhibit ﬁlankton (Langhans in Schreiter 1928)- a view
which receives some support from the studies of Hasler and

Jones (1949) " (Hutchinson 1957, p. 901).

iii) THE PHYTO-PLANKTON

A List of the algae recorded in this reservoir:

CHLOROPHYTA
1. Cosmarium depressum Nag.
2, Cosmarium contractum Kirchn.
3. Odedogonium Sp.

4. Pediastrum simplex Meyen.



Pediastrum, Botryococcu3, Microcystis
and Surirella in the reservoir.



7.

8.

9.
10.
11.
12.
13.
14.
15.
18.
17.
18.
9.

EUGLENOPHYTA

Trachelomonas Sp.

CHRYSOPHYTA

Botryococeus braunii
BACTLLARIOPHYCEAR
Achnanthes exilis (Kuts.)

Achnanthes minutissima (Kutz.)

Amphora beneta (Kuts.) Huszt.

Cocconeis placentula (Ehr ) var. lineata
Cymbella affinis (Kutz.)

Cymbella microcephala (Grun.)

Cymbella tumida (Breb.) V.H.

Diploneis (Cf. D. Smithii) Breb.

Epithemia sorex (Kutz.)

Epithemia argus (Kutz.)

Fragillaria crotenensis Kitt.

Gomphonemg gracile var auritum (A.Br.) V.H.
Gomphonema gracile var dichotomum (W.Sm.) V.H.
Gomphonema sub-clavatum Grun.

Mastiglolia smithii v. amphicephala Grun.
Melosira granulata var angustissima 0. Mull.
ﬁawicula cryptocephala Kutz.

Nitzschia (Cf. N. acicularis W. Sm.)
Nitzschia Kutzingianaps Hilse.

Pleurosigma delicatulum W.Sn.



33.

35,
36.

Rhopa;odia gibba (Ehr) 0. Mull

Surirella tenera var. nervosa A.S.
Synedra ulna (Nitz) Ehr.

Synedra acus (Kutz.)

Synedra acus var. radians (Hust.)
Ansbaena Sp.

Anacystis cyanea (Kutz.) Dr. & Dally.
Cylindrospermum Sp.

Microcoleus chthonoplasteys (Mert) Zzanard.

Oscillatoria tenuis Ag.

PERCENTAGE COMPOSITION OF THE DIFFERENT ALGAL GROUPS

e o o
——
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TABLE NO. 34

S.No. Name of the Algal group No. of species % of the
in each group Total
1. Chlorophyta 4 11.1
2. Buglenophyta 1 2.8
3. Chrysophyta 26 72.2
4. Cyanophyta ‘ 5 14.0
Total 36 100.1

From the above statement it is seen that Diatoms

constituted the largest single group claiming 72.2% of the

organisms. Next in order come blue-greens claiming 14.0 %
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of the total number of organisms. Next come the Chlorophyta
group with 11.1 # of the total and lastly Euglinophyta with
2.8% only.

Quantitative grouping of the organisms.

Although there were 35 species of phytoplankton,
almost all of them were found as réé y Very rare or stray.
The only organism which was not only constant but also
attained maximum (cce) abundance at one time or other during

the period of investigation was Pediastrum simplex, Meyen.

But Botryococcus Braunii was also a constant organism.

Those organisms which were very common (ce) or
Common (e¢) at one time or other during the period of

investigation were.

Cosmarium depressum Nag.
Botryococcus Braunii ; and

Surirella tenera var. nervosa A.S.

The rest of the organisms numbering 33 were

found as rare, very rare or stray.

Periodicity of the most dominant species.

( Table No. XVI Appendix )

The only organism which was most dominant was

Pediastrum simplex Meyen; and it was found in abundance(cce)
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3.

4.

5.
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EXPLANATION TO TEXT FIGURES

A

Anuraeopsis coelata De Beauchanp.

a) Dorsal, most common form. b) Same form ventral.
¢) Same form lateral. d) Form with one-plece
dorsal kells.

‘Anuraeopsis fissa (Gosse)

a) Ventral b) Lateral ¢) Cross-section.
Ascomorpha saltans n. var. indica.

(a) and (b) Contracted animals, lateral n
and dorsal with three balls of excreta.
(e¢) Cross—section (d) "Kauer" dorsal
(e) Lateral, "Sr = Supra rami" (spotted).
Brachionus bidentata Anderson
Form A: (a) Lateral (b) Ventral
(¢) Form Bs nov. f. adorna. (d) Trophi
Brachionus candatus Barrois & Daday

Figures A to E show several forms drawn
to oﬁe scale. The arrangements in B corres-
pond exactly to that.of B. angularis u='"Uncus™,

m= "™Manubriu", Form F= B.caudatus var. aculeatus
(Hauer).
Brachionus forficula Wierzejski

a) Big form, ventral b) Another specimen dorsal
¢c) and (d): Small form, dorsal and ventral
e) Another specimen, forsal.

All figures are drawn to the same scale.

Collotheca mira Husson

a) Animal completely withdrawn into its shell.
b) Animal with extending cilia.
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Rotifer fauna in the reservoir

170 Qe

Fig.
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o/
onlylone occasion, i.e. on 24th July 1964. On 25th September

1964, it was very common (cc) and on June, July 1963 and

April 1964, it was common and on the other dates was either

rare (r),very rare (rr)yor stray (rrrr).

10.
11.
12.
i3.
14.
15.

(iv) THE Z0O-PLANXTON

A List of Zooeplankton organisms recorded

in the reservoir is given below:

PROTOZOA

Arcella

Difflugia hydrostatica
Centropyxis
Lecquereusia

Vorticella
ROTIFERA

Anuracopsis coclata
Anuracopsis fissa
Ascomorpha saltans indica
Brachionus angularis
Brachionus caudatus
Brachionus diversicornis
Brachionus f{alcatus
Brachionus forficula
Cephalodella gibba

Cephalodella megalocephala



Fig.

Fige

Fige.

Fig.
rig.
Fig.
Fig.

Fig.
Fig.

8.

10.

11.

12.

Colurella: Species 1. C. ovalis n. sp.

(a) dorsal (b) lateral

Species 2. C. oxycauda carlin.
Species 3. C. sulcata stenross.
Species 4. C. uncinata (O.F.Muller).

(2) lateral (b) ventral.
Dicranophorus epicharis Harr. & Myers.

(a) contracted animal (b) toes (e¢) "kauer" ventral
(d) fulcrum lateral (e) "™Manubrium™ (f) Uncus.
(g) unci seen from the front

(h) Rami lateral with uncus(¥) and Epipharnyx (£).
(i) (X) separate parts of ramus.

Encentrum longipes Wulfert nov. none.

(a) contracted animal with permanent ovum

(b) Kauer, (e¢) the same lateral, (d) Uncus
(e) Ramus-end.

Filinia or Tetramastix sp. Different views.

(f) Kauev.

Keratella valga f. tropica Apstein. Different

(a) to (¢) Regular, (d) Broad (e) Form with
irregular ornsments. All drawn to same scale.

12 (a) - forma trovica from Germany (Westphalia)

13.

14.
15.

Court. of " W. Koste.

Lecane arcuata Bryce.

(a) Dorsal (b) Ventral

Lecane arcula Harring

Lecane bulls (Gosse).

(a) Var. styrax. H & M.
(b) Big size with long toe
(e) kind of fold pattern






16.
17.
is.
19.

21.
22.

28.
2.
30.
31.
32.
33.

- 35.
38,
37.
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ROTIFERA (Contd. )

Colurella oxycauda
Collotheca
Dicrancphorus epicharis
Buchlanis dilatata
Filinia terminalis
Keratella valga tropica
Leé¢ane arcuata

Lecane arcula

Lecane bulla

Lecane closterocerca
Lecane galeata

Lecane hamata

Lecane harringi

Lecane hornimanni
Lecane luna

Lecane lunaris

Lecane papuana

Lecane quadridentata
Lecane thienemanni
Lecane unguitata

Lecane ungulata
Mytilina ventralis
Notommata

Pidalia
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Fig.

Fig.

Fig.
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21:

22:
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Lecane crepida Harring

(a) & (b) Narrow form, (e) to (e) wide form
Lecane curvicormis nitida Haver.

(a) dorsal (b) ventral

Lecane elachis ( H& H )

1 from B.68 sample

II from C.10 sample (a) dorsal (b) ventral.
Lecane galeata (BRYCH)

(a) Ventral view (b) Lateral view (c¢) from back view

Lecane hamata (Stokes) (a) A specimen with swollen

toes from sample No. B.59,.

(b) & (e¢) Animals from sample No.A 20., all
ventral views

Lecane harringi Arlstrom

(a) Ventral view (b) toe according to A
Haver 19633 (c¢) lateral view (d) view from back,
Lecane hastata (Murray).

(a) dorsal (b) ventral (c) toe

Lecane hornemanni (Ehrbg).

(a) dorsal (b) ventral (c¢) specimen from
Bangweulu Lake, Africa, with rare pattern of
carapace.

Lecane lunaris (Ehrbg,.)

Lecane nana (Murray)

(a) ventral side (b) foot and toes.
Lecane nesli pnov, spec.

(a) & (b) Narrow form (c¢) foot and toes, (4d) & (e)
broad form (f) lateral view.

Lecane nodosa Haver.

(a) dorsal (b) ventral (c¢) vlateral (d) toe from side.
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41.
42.
43.

45.
48.
47.
43.

50.
51.
52,
53.

55.
6.

&7.
58.
652.

32

ROTIFERA (Contd.)

Polyarthra

Pompholyx complanata
Ptygura furcata
Ptygura sp.
Testuninella patina
Tetramastix opoliensis,
Trichocera mycersi
Trichocera ruttneri
Trichocera similis

Bdelloidea
COPEPODA

Allodiaptomus Raol Kiefer

Allodiaptomus cinctus (Gurney)
Mesocycleps leuckart deccanensis Lindberg.
Nauplius larvae

Diaptogus

Heliodiaptomus cinctus Gur.

Harpatctictade

CLADOCERA

Alona affinis
Alona Cf. Archeri
Alona Baird



Fig.

| Fig.
#Fig.
Fig.
Fig.
Fig.
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Fig.
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31.
32.

33.

38.
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Lecane papuana (Murray). (a) to (¢) different
fbrms, all ventral view. (4d) fbot of the fburth
specimen. -

Lecane gawlowskii nov. spec.(a) dorsal view,
(b) ventral view, (c) lateral view.

Lecane perplexa (Ahlstrom). (a) dorsal,
{b) ventral with turned-=in toe. (c) side view

Lecane ploenensis (Voigt). (a) dorsal, (b)ventral.

Lecane schraederi nov. spec. (a) dorsal,
(b) ventral.

Lecane sinuata Haver.
Ventral.

Lecane sola Haver. (a) dorsal side,
(b) other form of toe.

Lecane stenroosi (Meiszner).

(a) elliptical form from the collection B.25. with
normal toes; (b) the same enlarged; (e¢) specimen
from the laka Bangwenla with toe of the same sigze.
n.f. lineata.

Lecane sympoda Haver.
(a) and (b) specimen from B.62 with toes
grown together at basis only; (c¢) fully grown

with toes; (d) and (e) specimen from the lake
Bangwenla, (£) lateral.,

Lecane thienemanni Haver.

(2) dorsal; (b) another specimen, ventrals
(c¢) front rim of a third specimen with dorsal.
Eckdornen. (4) back end with foot and toe.

Lecane unquitata Fadew.
(a) teo Zb? Indian .specimensy (d) and (e) found
in Nigeria;.All views except (b) dorsal.

Lecane unqulatum (Gosse).

(a) ventral view; (b) and (c¢) toes without
Nebendornens (d) second joint with Kittdrusen
according to Cohen-Kadar.

Lepadella kostei nov. spec.
(a) dorsal; (b) ventral,
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5. . -

Fig. 17.d. Rotifer fauna in the reservoir.
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CLADOCERA (Contd.)

60. Alona Cambouei
61. Alona Chydorus
62. Alona Intermedia
83. Alona macrothrix
64. Alona verrucosa
65. Alonella Karua )
66. Bosminopsis Cf Pernodi
67. Cerodaphnia riguadi Rich.
£8. Chydorus Barroisi
69, Daphnia lumholtzi.
70. Diéphanosoma pauclspinosum Brem.
71. Dunhe vedia
72. Macrothrix Baird
3. Moina dubizs Rich.
- 74. Sida S3p.

Percentage ccrposition of the different Groups.

TABLE NO. 36

S.No. Names of the Genera No. of organisms % of the Total

1. Protozoa & Be5
2. Rotifers 44 58.7
3. Copepoda 7 9.3
4, Cladocersa 18 24,0
5. Oligochaetes - -

6. Nematoda - -

7. Porifera 1 1.3
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Fig. 41.

Flg. 42,

Fig. 43.

Fig. 44.

Fig. 45.

Fiso 46.

Fig. 47.

Fig. 48,
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Notcmmata glyphura wulfert.

(a) contracted specimeni (b) Kauer dorsals
(¢) same lateral; (d) and (e) Manubriag (f)
and (g) unci. DR = dorsal part of ramus
(Supraramus)j VR = ventral part of ramus.

Notommata pseudo-cerberus, De Beauchamp.
(a) ventral; (b) lateral; (e¢) Uncuss
(d) only Fulcrum form.

Pompholyx complanata Gosse.

(a) Living specimeng (b) contracted with side rims
turned over; (c) lateral; (d) differently contracted;
(e) and (f) several cross sectionss (g) seen from
front.

Proales indira nov. spec.

(a) fixed specimens; (b) Kaner; (c¢) Uncuss
(d) Manubrium.

Ptygura furcillsta (Eellicott).

(a) and (b) fixed lateral and dorsal; (c¢) radernd
obgerved by Mr. Bumford U.S.A.3(d) specimen from

Singapurej (e) specimen after drawing by H.G.S..

Wrighty (f) to (h) hooks and prongs; (a) and (b)

originalsy (c¢) to (g) according to Wright;

(h) according.to Jennings.

Irichocerca myersi (Haver). (a,b):
(a) and (b) from right and left; (c¢) Kaner

Trichocerca nitida Harrin (4, e):

Trichocerca ruttneri Domner (f, gyh)s

(a) from right; (b) dorsal; (e¢) Kaner.
Trichocerca similis (Wierzejski).

(a) half right; (b) left lateral; (¢) and (4d)
views of Kauner.

Irichotria tetractis (Ehrbg).

(a) Porm from sample B.26; (b) and (¢) form B from
sample C 103 (d) and (e) from. e from sample C.15;
all views excepting (e) and (e) dorsal.

Bdelloides. Rotifer with long neck part,
indefinite.
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g Fig. 178s Rotifer fauna in the reservoir,

b e e e e =,

R




84

It will be seen from the above that the genera’

"Rotifera”™ forms the largest single group constituting about

NP

60% of the organisms recorded for this reservoir. Next in

—

order is Cladocera claiming 24.7 of the total number of
organisms; and next is Copepoda with 9.3% and the last is

Protozoa with 6.6; and Porifera 1.3%.

General grouping of the organisms

according to their quantity:

The Zoo-plankton organisms recorded for the
reservoir have been divided into three groups, Group I
representing those forms which have shown the maximum (cce)
recorded abundance at one timej Group II. representing
those organisms which were very common (cec) or Common (c)
at one time or other and group III. representing those
organisms which were found rare (r), very rare (rr) or stray
(rrr) at one time or other during the period of investiga-
tion.

GROUP~ I. ROTTFERAS

1. Anuracopsis coclata

2. Keratella valga tropica

3. Tetra mastix opoliensis

4. Brachionus falcatus
COPEPODA

5. Nauplius larvae

G, Allodiaptomus Raoi Kiefer

7. Mesocyclops leuckart deccanensis (Lindberg)



CLADOCERA
8. Daphnia Lumholtzi

GROUP IT ROTIFERA

1. Anurgcopsis fissa

2. Ascomorpha saltans indica
3. Brachionus angularis

4. Brachionus diversicornis
5. Brachionus falcatus

6. Brachionus forficula

7. Dicranophorus epicharis
8. Lecane bulla

3. Pidalia

10. Pompholhyx complanata

11. Ptygura furacata

12. Trichocera ruttneri

13. Trichocera similis
COPEPODA

1. Allodiaptomus Raoil Kiefer.

2 Mesocyclops leukart deccanensis (Lindberg)
3. Nauplius larvae
4. Diaptomus

CLADOCERA

1.  Daphnia Lumholtzi
Ze Moina dubia Rich,

3. 3ida sp.
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GROUP III: are those organisms which are not included in the

above two groups. Their number is 52.

Constant forms: The organisms which were conspicuous

by their presence in most of the collections were Keratella

[
valga tropicaj; Brachionus falcatuss Mesocyclops lewpkart

deccanensis (Lindberg); Daphnia Lumholtzi.

AN

PERIODICITY OF THE MOST DOMINANT SPECIES:

( Table No. XVI Appendix )

The most dominant species of zoo-plankton organisms
were four Rotifers; three Copepods and one Cladoceran. The

periodicity of each of these organisms is described bél@w:

1 Anuracopsis Coclatas This rotifer was most dominant

(ece) only in April '643 very common (cc) in October, Novem-
ber and December 1963, Common (c¢) in April, May 1963 and in
July '64; and on other occasions it was either rare (r),

very rare {rr) or stray (rrr).

2. Brachionus falcatus: was fbund to bé most dominant
on two occasions i.e. in October 1963 and 19643 very common
in September and November 1963 and April 19643 common in

August '63, March, June, September and Novembef 19643 and in

other months i1t was either rare, very rare or stray.

3. Keratella valga tropica: was found to be most

dominant in August, September, October and November 1963;



Fig.
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Crustaceans and Nauplius larvae in
the reservoir.
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April, June, July and August 1964; very common in June, July
and December 19633 March and September 1964; and in the

other months it was either rare, very rare or stray. 3§

4, Tetra-mastix‘opoliensis:'was most dominant only

once in July '83; very common in August '63 and July '64y
and on other occasions it was either rare, very rare,

stray or absent.

5. Nauplius larvae: were found in abundance (cce) in

September '863, July '64 and September '64; common in June

and August and rare, very rare or stray in other months.

8. Allodisptomus Raoi Kiefer: was most dominant in

July '63, June '64 and July'64j very common in June '63
and August '63 and common in A»ril, August and September!s4.
On other occasions it was found to be rare, very rare or

stray.

7o Mesocyclops leuckart deccanensis (Lindberg): This

organismy was found to be most dominant in Jyly '63, July
and August '643; very common in June, August, September and
Dzcember 1963 and September 1964 and common in April 1964
and in other months it was found to be either rare, very

rare or siray.

3. Daphnia Lumholtzi: This cladoceran was found to be

most dominant in July and August 1963, only very common in

June, September, October, November 1943 and August,September,

7
October 1964; and common in December 19635 and April, June,
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and July 1964. In other months it was either rare, very rare,

stray or absent.

QUANTITATIVE ESTIMATION OF PLANKTON IN THE SURFACE

AND BOTTOM LAYERS OF THE AJWA RESERVOIR:

( Table No. XVII, Appendix )

This was done on four occasions i.e. on 24th
January, 28th April, 24th October and 18th December 1264 and
the results of the quantitative estimations are shown in
Table No. XVII. Fifty litres of water were strained through

the plankton net on each ocecasion.

A study of the table éhows that the zoo-planktonts
were found in far larger numbers at the bottom than at the
surface; and that the quantity was nearly two to thres times
that recorded for the surface. So, it would appear that the
raw water reaching the NimetaDWater Works contains far more
zoowplankton organisms as it is from the bottom that raw
water is being drawn for purification at Nimeta from the

Ajwa reservoir.
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SUMMARY OF BIOLOGICAL CONDITIONS

The Ajwa reservoir is almost completely filled up
with aguatic weeds, the dominant species being

Vallisneria spiralis, Naias flexilis, Naias

muricata, Hydrilla verticellata, and Potamageton

indicus.

The chemical composition of the dominant submerged !

aguatics would seem to indicate that they have

consumed all the inorganic nutrients of biological

significance leaving practically little for the
basie needs of the phyto-plankton, whose content

is, therefore, comparatively poor.

The total number of planktonic organisms recorded .
in the reservoir is 110 of which nearly 33% alone
are phytoplankton and 67% zoo-plankton. Of the
phytoplankton organisms 62.5% constitute diatoms.
Taking the zoo-plankton oréanisms alone into consis
deration, nearly 80% are rotifers, 24.4% Cladoce=

rans and 9.4% Copepods.

The bottom layers are found to contain comparatively
more zoo-plankton organisms than the surface layers,

especially in the afternoon collections.

e s e ko Kok ok ok ok oK
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(4) BACTERIOLOGICAL CONDITIOQNS:

( Table No.XVIII Appendix)

The surface water was collected both in the morn-
ing and afterncon for this purpose and the results are shown

in Table No. XVIIT.

It will be seen from a study of the results that
the surface water was on the whole of poor quality. Highest
number of coliforms per 100 ml was recorded in July '63 and
in September '64. On all other occasions the number of

coliforms was few, HAVEREROES

E. Coli (Type I) was found on a few occasions i.e.
in July, August, September, October and November in 1963,

and in August, September and November 1964 after rains.

Faecal strepotococci were alsc found in August!s3

and in August and September 1984 after rains.

SUMMARY

The bacteriological condition of the Ajwa

reservoir is far from satisfactory.

sk ok K R K ROk Ok SOk R B
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DISCUSSION OF RESULTS

From the foregoing studies of the biochemical and
biological conditions in the Ajwa reservoir the following
important characteristics of the reservolr emerge and they
require detailed consideration. They ares (i) the high
transparency of the surface water as against the compara-
tively more turbid bottom water; (ii) absence of thermal-
density~viscosity stratification for a prolonged periodj
(iii) diurnal thermal stratification and nocturnal cooling;
(iv) the existence of a p ~orthograde type of vertical
distribution of oxygen; (v) poor fertility of the aguatic
soil; and the resultant poor development of phytoplankton;
(vi) abundance of macrophytic vegetation and zoo-plankton
organisms especially more being found in the bottom layers;
and (vii) the water always being drawn from the bottom

layers for purification at the Nimeta Water Works.

Temperature and biological production:

The importance of thermal conditions in a reservoir
lies in their direct effect upon the biological productivity
of the water by influencing the intensity of the three vital
processes: assimilation due to photosynthesis, regeneration
due to processes of decomposition and transport of nutrient
substances from the bottom to the top during circulation.

The higher range of temperature (17°- 32°C) from the surface
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to the bottom throughout the year existing in the Ajwa
reservoir is bound to accelerate the groch rate of the
organisms in it. This is evident from the abundant growth of
the higher aquatics and of the zco-plankton organisms and

not the phytoplankton, which .require an explanation.

More important perhaps is the indirect effect of
the thermal regime upon the turnover of water; and therefore,
upon the supnly of nutrient ‘substances of biological signi-
ficance from the hypolimnion to the phytoplankton in the well
illuminated layers of the epilimnion. In the Ajwa reservoir
there is neither seasonal stratification nor even the
formation of the three well defined strata of thermal
stratification as in a classical temperate lake,’and there,
-fore there is no stagnation or isolation of the hypolimnion
absolutely for any great length of time. But there is only
diurnal temporary stratification of very short duration of a

few hours every day.

Interest will therefore centre round the diurnal
thermal stratification and whether it obstructs circulation
in the Ajwa reservoir. This may be viewed from the two
standpoints: the qualitative aspect of how completely the
stratification may seal off the hypolimnion from the epili~
mnion and the quantitative aspect of the duration of this
isolation. Several factors such as the stability of the

thermal stratification (due to the effect of temperature upon
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the density), the form and extent of the reservoir surface
and the amounts of rain fa;l and evaporation will also
influence the degree of isolation following upon given initial
temperature gradient. But in the Ajwa reservoir the tempera-
tufe differences between the upper and bottom layers of water
are comparatively little throughoué the year excepting on a
few occasions in the afternoon when the differences are
greater due to the prevalance of bright sunshine and absence
of wind. It is only on these latter occasions that the bottom
layers are isolated for a few hours only, for very soon
nocturnal cooling brings about homo-thermal conditions before
dawn -every day even though the stability of thermal strati-
fication on these few occgsions may be comparatively greater.
So, the duration of isolation of the 'bottom layers is only
for a few hours on a few occasions depending upon the clematic
conditions. Thg clsmatic conditions and the morphometric
features of the reservoir are helpful in preventing the
development of thermal-density-viscosity stratification for

a season or for any greater length of time.

2

Reasons for the Poor Development of the

Phyto-plankton in the Ailwa reservoir.

The absence of a stable thermal stratification
coupled with the presence of a B -orthograde type of vertical
ofdygen distribution seems to be mainly responsible for the

absence of nutrient substances of biologicél importance -in the
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Ajwa reservoir. How this is broughtAis explained below.

Increased bottom temperature in a reservoir may be
expected td increase the ions involved in the plant nutri-
tion in the bottom mud or sediments due to processes of
increased bacterial activity or decomposition. But the
nutrient substances formed in the bottom mud can be trans-
ported to the water column above by eddy diffusion only
under cértain circumstances as explained by Mortimer (1942).
He has shown that redox conditions in the mud controls the
distribution of dissolved nutrient substances in natural
lake systems. He has also demonstrated the controlling
influence of the concentration of’redox potential and iron
and of other dissolved sqbstances in lgkes. Besides, Muller
(1938), Einsele and Vettér (1938); Pearsall and Mortimer
(1939) have shown that the exhaustion of dissolved oxygen
in the hf;olimnion during thermal stratification is
attended by reduction processes and by considerable increases
in the concentrations of dissolved substances such as
silica and phosphate which could not be regarded as primary

products of reduction.

Mortimer (1942 p, 197-198)states: " Reduction of
the mud surface and the assoclated increase in supply of
solutes to the water may be expected to augment plankton

production. Th2 occurrence or non-occurreace of this event
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is determined by the balance between (1) the reducing power
of the mud and (2) amount of oxyzen supplied to the mud
surface. (2) depends on (a) the .volume of the hypolimnion
and (b) the degree of turbulence there. As (a) and (b) are
roughly proportional (Fig.36) it is suggested that in all
but exfremely oligotrophic lakes morphometric (including

climatic) as well as edaphic factors determine the level of

productivity".

It is now possible to explain why there is very
poor’developmentf;hytoplankton in the Ajwa reservoir. It is
evident from the above that seasonal changes in the bottom
sediments or mud of the Ajwa reservoir are correlated with
and largzaly control the seasonal changes in the water column
above. The absorbent complasx in the bottom mud surface,
according to Mortimer (1941, p. 325) is possibly a ferri-
silico-complex, ferric hydroxide, and ferric phosphate. If
this surface oxidised laygr of the bottom mud is not reduced
to a ferrous state at any time during the year, then there
is absence of large variations in the concentrations of
dissolved mubstances in the water. The relatively high
concentration of dissolved oxygen which was maintained at
the mud surface throughout the year in the Ajwa was perhaps
responsible for the failure of the lower layers of bottom
sediments to reducef the ferric complexes in the mud surface,

and to help to transfer the soluble substances from the
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bottom sediments by eddy diffusion to the water column
above. The surface oxidised layer: of bottom sedimmnts acted
as a seal and thus prevented the flow of soluble inorganic
nutrient‘substances of biclogical significance %o the

upper layers of water. Congequently phytoplankton organisms
which depend upon these nutrient substances could not
prolirerate and become dominant at any time in the Ajwa

reservoir.

Ldmnological - role of the higher

submerged aguatics in the reservoir:

It ie the general belief that the submerged
aquatic plants in a lake or reservoir derive their nourish~
ment from the surrounding water and that the substratum
provides only a medium for mechanical support of the plants
(CF. Welch 1235). But the distribution of roocted agquatic
vegetation in nature has been found to be related to the
nature of* the substratum according to Pearsall (1220, 1929).
He found from his studies of the major English lakes that
the distribution of aquatic plants is correlated with the
variations in the distribution of the quality and quantity
of silt which are of two kinds : coarser and finer. Coarser
silts are generally confined to shoreg§ regions and the
finer to comparatively deeper portions. According to hinm,

finer silts are effective absorfpbents of nutrients and
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therefore, contain more phosphates and nitrates taken away

from the water.

He found Isoetes and Nitella primitive group of

plants to grow on coarser silts while species of Potamogeton |\

and Nalas flexilis which are comparatively highly evolved

on finer and richer soils. The above relationship between
types of 3ilts and types of vegetation has been established

for the major English lakes.

In the Ajwa reservoir the dominant submerged\

aguatic vegetation consists of Vgllisneria spiralis,

Potamogetan indicus, Naias flexilis, and Hydrilla vertice-

llata. They are rooted at the bottom and often form large
dense areas particularly in summer when the growths attain
their maximum. The growth of the hydrophytes especially

Vallisneria spiralis and Naias flexilis is found to be

enormous covering almost the entire bottom of the reservoirg
and they are comparatively highly evolved plants. It would
seem, therefore, that the bottom silt or sediments in the
Ajwa reservoir must be finer in consistenéy and richer in

nutrients like potash and phosphates taken away from the

water.

Again, according to Pearsall (1929) more silt
produces more vegetation; and therefore, more organic matter

and more of the products of decay. He has also stated that
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the English silted lakes have a lower Na + K/Ca ratio, more
carbonates, nitrates and silicates in Bolution (Table No.37).
Fhe results of analysis of the Ajwa reservoir water for the

above chemical variations are shown in Table No.36, for 1954.

From a study of the Table No.36 it will be seen ?
that the ratio of Na + K/Ca and carbonates are higher, f
nitrates are absent, silicates and organic matter are very \
low compared to the English " Silted " lakes, where the
ratio of Na 4 K/Ca is lower, carbonates, nitrates, silicates
and organic matter are higher as will be evident from the
tabular Statement No. 37, for the English lakes ( Pearsall

1929, p. 670).

Dominance of Zoo-plankton organisms in the Ajwa reservoir:

It has already been pointed gyt that there is a
dominance of goo-plankton organisms énd that they constitute
nearly double the number of species of phyto-plankton
organisms, which is rather unusual. An explanat;on for this
inverse correlation is needed. Harvey et al ( 1935 ) have
suggested that the gragzing effect of the herbivorous zoo-
plankton is sufficient to limit the phytoplankton population

in time and quantity.

y But this explanation seems to be untenable in the
/// case of the Ajwa reservoir for the phytonlankton organisms

are not found in greater abundance than the szoo-plankton
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organisms at any time during the two-year period of investi-
gation. It has already heen shown that the absence of
nutrient substances of biological significance is mainly
responsible for the poor development of phytoplankton orga-
nisms. Also zoo-plankton organisms do not require dense
phytoplankton growths for successful domination of an
environment. Many of them feed on organic debris which will
be found in the boitom of the Ajwa reservoir, where there
is, apparently, plenty cf plant material and the macrophytes
also are probably supporting sessile growth of the algae,

like the diatoms.

The Character of the Raw Water reaching

the Water Works at Nimeta for purification:

The raw water reaching Nimeta Water Works is
comparatively more turbid, and alkaline with a fair amount
of dissolved oxygen in it. The nutrient substances of
biological significance such as ammonia, nitrate, nitrite,
and phosphaté are alsway absent. Silicates are found in
smaller amounts. The dissolved organic matter as determined

by the acid permanganate test is comparatively greater.

Zoc-plankton organisms are found in far larger

numbers than the phytoc-plankton organisms, the dominant )/

group being Rotifers.



102

CONCLUSTION

The‘author is not aware of the existence of
any published data applying the basic principles of
hydrobiology to the use of a storage reservoir which
serves as a source of water supply and the water works

attached to it in India.*

For economic purification of the water from
the Ajwa reservoir, it is advisable to tap the upper-
most layers of the reservoir water which are compara-
tively clearer, and also secem to contain much less
micro-organisms than the bottom layers from which raw
water is now being drawn for purification at the Nimeta

Water Works.

shofe e e ok ek sl ok e ek R ekl

* In this connection it will be interesting to
read the announcement made on page 11, No.3,
1965 of M"AQUA"™ that the Seventh International
Water Sunply Congress to be held at Barcelona
in Spain on 3-7,0ctober 1966, has invited Dr.
J.W.G.Lund, F.R.S. to present to the Congress
the Lecture on "Limnology and its Application
to Potable Water Supplies?™,
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TABLE NO. XIV

RESULTS OF ANALYSIS OF CALCIUM, SODIUM AND
POTASSIUM BY EEL'S FLAME PHOTOMETER IN THE
AJWA RESERVOIR WATER, BARODA

Calcium Sodium Potassium
24- 1 9.860 52.32 1.50
24- 3 11.50 55,80 2, 39
28- 4 13.50 56.81 2. 32
11- 6 13.75 59.3¢ 2.92
24~ 7 12.00 53.82 2,90
28« 8 7.2 50.59 3.90
24~ 9 6.40 45.55 3.90
24-10 10.C0 51.97 ' 3.80
28-11 - 12.40 59.33 1.95
18-12 12.80 61l.41 3,12

Average 10.85 54.89 2,82
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