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LITERATURE REVIEW

{a) Troplenl Wateras

As compared o the numerous records
avallable for temperate region, only a few studies
have'been published on the inland waters of the
tropios and most of them come from Africe (Hceles
1962, 1964, 19653 Hardéing 1966; Beadle 1966,
Telling 1957,1965, 1966(a), 1969; Talling and
Talling 1965; Vood et al 1969; Burgis 1969a, bj
Dunn 1969; Dunn et al 1969; Gauf 1969a,bJ); In India,
though there are hundreds 6f men-nede lakes, only &
few of them have been studied with reference to
their nutrient and selinlty cycles, heat budget
and/or. populetion dynsmics by Genapati (1940; 1947~
48, 1949-50, 19558, b 19565 1957, 1960) end
Ereenivasen {1958, 19633 1964m,b,c; 1965, 1966,
1968a,b,c; 1969, 19708,b). Still fewer waters have
been examined for their biological productivity
(Ganapati 19703 Sreenivaesan 1963, 1964g,b,; 1965,



1968 ) and Ganapeti and Sreenivesan (1966, 1970, 1971).
Cancpeti and Fathek (1970) have made pfeliminary
measur enents of primery productlon by phyto-plankton
in the Ajwa réservoir at Barode. But they did not
estimete the contribution of higher aguatice and
periphyton to biological productivity and budget.
Misra and Singh (1970) have furnished a very casuel
review of organic production in aquatic ecesystems

in India. In the recent Internatioml Symposium on
Tropical Ecology emphasisz:ng orgenic production
(1971), seven pepers were submitted from India for
eguatic production. The pepers by Gamapeti (1971),
dealt with certain aspects of biologicel produotivity

in several itypes of waters.

(b) Methods of Investigation (General) :

. Sladeckova (1962) has published a
couprehensive review of limnological investiéaxion
methode for periphyton (aufwuchs) community. Zn
exhaus tive review of literature on measurement of

standing crop and productivity of macro-



"%@ytee'b&e been uede by Wetzel (1964). Westlake

’ (1965) has furnished some basic data on the techniques
of prabléms of primary produstiviity measurements in
higher aquetic plante and periphyton.All aspects of
primary productivity in squatlc eavironments are
furnished in the proceedings of an IBPR/PF symposium
(1965). The Manual on Methods of Measuring Friwary
productivity in mguatic environments has also been
subsequently published by IBZ/P¥, Handbook (1969).
As many as 79 preliminary papers for UNESCO-IBP

. Symposium {(1970a) on productivity problems of fresh
_ vaters were submlitted at Xezinere Dolny in Poland.
Another UNESCG-IBP Symposiun (1970b) on eguetic

macrophytes was held at Bucharest,

The brief but detailed review furnished below
on estimation of priwmary preductivity by mecrophytes,
periphyton and pnytgplgnktcn is based esmentianlly on

the sbove exhasuative reviews.

(1) Productiv ity Measurements on Macrophytes @

Vetzel (1964) has described the earlier
quantitsetive methods of sampling macrophytes for



spatinl and temporel dietribution wiihin lakes.
"Cérrélatfana bave been made between the distribution
of standing crop of larger hydrophytes and numerous
ecologlenl faciors. Frequently attempie are made 1o
convert standing crop neasurements to rate estlmates
of productivity simply.by integration of the dry
weight ocurve on & seaeonal basis (Penfound, 1956).
Further conversion is mede on the besis of the

welght of carboW/eres/time.

In recent years, measuremenis of the
chlorophyll content of wmacrophytes have received
attention. Odum, McConnell & Abbott (1954) have
correlated the numerous verisbles of community
distribution both epatiasl and tewmporsel to their
ecology.Several methods of estimsting the relative
rates of photosynthesis of macrophytes in situ
have evolved from etﬁdiaa of cowmpunity metebolism
where the larger squetic plents dominate a perticular
benthic region. Odum (1956) hae described a widely
used method of estimating & rough approximetion of
gross primary productivity of streems from diurnsl

02 curves with correction for oxygen diffusion,



where macrophytes are the major producers under
‘certain situations. & simlilsyr spproech fo |
estimation of the totel metaboliem uses diurnal
fluctuatiéns of €O, concentretion and pH (Qdum
1957, Park, Hood & Odum, 1958). Though these
methods of estimation of conmmunity metsbolism in
flowing waters are rough appfoximations, they
represent & defini te advance ou the »roblems of
in situ mezsurenents in the more diffialt
environmental situations. Oweﬁs and Meris (1964 )
have determined the raites of oxygen consumption

of the major speclies of the plant community of the
River Ivel in order to be sble to calculate the !
oxygen consumption of the plent communiiy end its
effect on the oxygen concenfration of the river
vater. The eff@c£ of oxygen concentration of the
water upon the oxygen consumption of the plant and
also the influence of temperature on these raies
have been studied. Two inches of the apicel portions
of excised shoots wefe used in these studies. They
found also that plants in moving water consuuned
oxygen at a greater rate then those under quiescent

conditions. It has been shown that



different parts of the same plant respond diffe-

rently to changes in the oxygen concentretion.
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Pannier (1958) HEve noted & merkeéd reletion
between 02 consunption and O2 eoneentratian.’They
were also able $0 distinguish two types of plant
groups (8) those plants Qhere corsumption of O,
diminished proportionately with decresse in 02
content and (b) thosg‘plants vhere respiretion

decreased logarthmically with decresse in C, content.

(ii) Investigstions employing 0, concen@ga?ion

changes by macropbytes in the field.

Using apical portions of hydrophytes or

whole plents.

The apleel portions of hydrophytes were
usually removed, placed in flasks of unflltered
surface water and returned for incubation to the
depthe from which they were taken (Nygourd 19583
Gessner & Hammer 1960). Gdum (1957a, 1957b) on the

other hand, enclosed whole plants for incubsiion
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i large bell jars and withdrew periodically weter
samples from the chambers for oxygen anelysis.
Fygesrd (1958) proposed similar studles in situ
but used a slowly circulating system of water

renewsl in the experimental vessels.

The above techniques of 0, measurement bave -
several inherent limltetions and sources of error
when applied to larger hydrophytes. When apicel
portions cf the submerged hydrophytes sre used,
they exhibit greater ameinmiletion values and
decreased coefficients of reapirstion than do the
basal parts as would be éxpecteé.lf, on the other
hend, the mecrophytee are removed from the
gubstratum, brought to the surface to place them
into flasks, and returned to their originsl depth
for incubation, these manipulatione mey cause injury

to the plants.(e.g. light injury) (Nygeard, 1958).

“The &ependéncy of truly rooted submergents
upon the substraetum or on nutrients of the water or
both end in what ratios, is &till questionsble mnd
yet to be fully explained" (Wetzel,1964). Seversl

.other factors cmn increase the. disturbance croused
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by uprooting the plants and placing them in flasks.
Vollenweider and Nauwerck.(1961} have drawn attention
to ppsﬁible increase of bacterial populations on

the newly provided vessel surfaces when they are
exposed to periods gresater than oix hours. At
shallow depth bubble production becomes much more
common (Ramsey 19623 Odum 1957a). Agein, most
epecies of submerged anglosperms contain large
lacunée where apprecisble quantities of oxygen

are stored and are peartially utilized in respiration,
especially during periods of derkness (Welzel, 1964).

(iii) cCarbon-14 and light and derk chember
technigues.'

Vetzel (1964) found considerasble difference
between the estimate of photosynihesis obtained by
the carvon-14 technique and thet obimined by the
light and clear chamber method (the Oxygen method)
of Cdum (1957) and Nygeard (1958). The letter method
(which 1is based nﬁ determination of the amount of
oxygen evolvéa) gave the negative results whereas

the radio-carbon technique showed a slight but
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p1gni ficant net quantity of carvon fixation.

According to Wetzel (1964), tbe oxygen
method (dark and olear bottles) generally gives
greater productivity velues than the carbon-14
tephniqua hecouse the former is a measure of ‘
comupunity metabolien rather then just that of the
particuler plant species or community under
consideration although the lasger plants cen
doninate a particuler ecosyster. The flore of
the sediments and the ultre~plankton influenced
oXygen nmeasurements, even though the water was
prefilﬁered +0 eliminate the mejor plankitonic
orgenisms. Overestimayibn by the oxygen method as
8 result of auteaynthetic processes other than
thoee of the macrophytes is oue of ite mejor

disadvantoges.

Also s Wotzel has pointed out, oxygen
hubbles are formed frequently within the chambers
end trapped among finely dissected leaves even
within a relatively brief incubstlon period in vacuum

prefil tered water. Furthermore, mogst Bpecies of



13

fadtmerged angliosperme contein large lacunse where
apprééiable guontities of 02 axre étored and
partially utilized in respiration, especially during

perlods of darkness.

*Meany of these errors are difficult or .
inpossible to oircumvent in field investigations,
but equipment for C14 determinmtions may not be

avalleble.Also it is ofien desirable to determine
the gross as well éa net production. In such
circunstances the oxygen method may be used but
careful gonsideration must be glven to possible
sources of errors and the results must be inter-
preted with extreme caution" (IBF Handbook No.12,
1969, p.84).

westlake (1969, p.90-91) has stated thet the
1arge diurnel chengee in the concentration of
oxyzen end carbon dicxid§ accompanied by chenges
in pH in the naturel environment of meorophytie
squatic non-lvolated nastural communities may be
used to estimate primary productivity similer to

changes in enclosures used for phy toplankton
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productivity. Accordingly, this method hap been
uged in this study for the same purpcse and it is
detalled under "Hateriasle and Methods".

(c) Productivity messurements of Feriphyton

- {Aufwuchs) : General.

'Aufwichs' is the term applied by Cermans
to the entire seseile benthic community. Some use
the term to indlicate attached orgeniems on submerged
macro-flora, while others use the tera 'Bewuchs' for
st tached orgonisms on glass plates. 'Eplphyte' is
used for orgenisms attached to larger plents both
equatic and terbeg}rial. 'Epilithic elgae’ refers i
to slgae atiached to rocks; and the term ‘spipelic

glgae' to those seen on the surface of sediments.

'Periphyton' originally included those
orgenisms ettached to artificlully submerged objects
and later included organisms groﬁing on the submerged
objects inciuding rooted macrophytes. The sessile
'organiams are counted per unit ares of the artificial

substratum. Cooke (1956), Cmavenholz (1960) and

)



Sludeckova (1962) heve reviewed the subject.

A generally ocommon technique of quanti te-
tively estimating dominant groups of algel
periphyton and succeselonal rates of colenization
is the method originelly adopted by Hentschel, 1915
(Cf. A. Sladeckova 1962). On this method glaas
plates were immerseéAfor varying perlods of time.
Numerous types of materials in addition to glase
plates have been tested &nd compered. Butcher
(cf. A. Sladeckove, 1962) summarised the resulis
of using glass slides for 15 years in river
conditioﬁs releting the distribution of periphytic
‘elgee to the degree of eutrophication, to seasonel
neteorologlcal variatione to varistions in aend
currents. Reimers and Combs 1956 (Cf. A Slodeckovs,
1962) traced the seasonal fluctuations of the dry
residue, the ash énd the orgenic fractione of
periphytic elgae using the method of Nelson (1953)
where gless slides were suspended in a vertical
position along a 1ine‘from surface 4o bottom. A
high correlation was found between the organic

fraction of the periphyton and the tempersature,
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8s the growlng season progressed. Marked differences
in oolonizaticn heve been found with the position

in whieh the plates are held. Gless ig not selective
for the attachment of dietoms (Patrick, Hohn, &
vallece, 1954 ). Grezing can leed to serious altera-
tion of results. Within the limitetions of the
technique the glase slide method is & useful tool
for the estimation of stending crop of = wmajority

of the periphytic organisme (Castenholz, 1961).

Estimations of etanding crop of periphytic
producers by quentitative messurements of chlo;'o—
phyll content have been few. Several workers have
used slides as a wedium for attachment of
periphyton end have estimated st&n@ing crop by
extreoting chloxf'ophyll fros a known area. Young
(1956) used the rate of sccunulstion of chlorophyll
on glaes as an index of productivity of e
Florida spring.few ettempis have been made to quan=-
tify the growth retep of nsaturel populstions of
periphyton in situ.
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| Statietical correlation was found between
broad spectrum of "phytopigument units® and organic

weight.

Methods for meesuring production rete of periphyten ¢

vetzel (1969, p.88-90) has dealt with at
length, the oxygen methods of weasuring production
rates in situ and hus emphsasized the difficulties
irvolved in thie field of -study. ‘

014 techniques have been applied only in a
few cases (Vollenweider and Semaen 19583 Lichel-

berger 1963; and Wetzel 1963, 1964).

(a) Produetlvity Heesurements of Phytoplankcton ¢

_ The litersture relatling to the genersl
principles governing biological productivity of
phytoplankton in netural weters is numerous.
vollenweider (1969, p.41-60) has briefly described
the guiding principles 1nvolve&‘in primary production

processes by phytoplankion in natural weters and
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elso the methods employed for measuring the
preduction rates. Hessuremente are made () on
isolated samples of natural communities end (b)
direetly in the natural environment i.e. on none-
isolated communities taking sdvantage ef the over-
all coumunity metabolism (in these two cuses oxygen
determinations ére made by the eclassic procedure
of the 'Vinkler Hethod' and its various modifi-
cations), Productivity estimates ere also mede from
chenges taking place dur ing longer pericds in bio—
uess. inereasses, nutrient depletion and hypolimnetic

oxygen consumption.Also, G02 sys tem enelyeis and pH

ere
changes/used es the most sensitive indicators of
variations oi the ecomystem. 014 tracer techniques

are sleo emvloyed for the purpose. The details of
these technicues are describeé under the respeative

hecdings in the IBP Handbook No.12 (1969).



