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Appendix=3 List of Fungi

Achlys smricang Humphrey

Ae giffusa Harvey ex Johnson.

Ae. flagellata Coker.

A. proliferg Nees von Esembeck.

Aphanomyces laevis de Bary

Dictyuchus momosporus Leitged

Lufythiue debaryauum Hesse
Ponospermum Pringsheim

E. pundulatum Waterhouse

Saprolegnip dicling fHumphrey

8. terax (Gruithuysen) Thuret

8. parasitica Coker

Absidia gylindrgspora Hageni

Mucor gcircinelloides van Tieghem

M. hiemglis Wehmer

M. plumbeus Bonerden

M. racemosug Fresenius

Ehizopus nigricans Ehremberg

Phoma humicola Gilman & Abbott.
Aureobasidium pullulans (de Bary) Armaud.
Aegerits gandida Pers., ex Fries.
Altsrearia alternsta (Fries) Keissler
Aspergilius candidus Link ex Thom et Church
A pidulans ( Eidam) winter.

A. piger van Tiegham
As sydowii Thom et Chureh.
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A. yersicolor Tirobosehi

¢Cladosporium mmmm (Fresenius) (ries.
£+ herbarum (Persoom) Ligy,

 Guryularis lumsta(wakker) Boedijin.
Fusarium oxysporum Schleehtendahl.

Fo roseum Limk ex Fries.

Geotrichum candidum Link ex Persoom
Glioeladium pemicilioides Corda.
Peniciliium brofeldignus Dodge

E. ghrysogengm Thom

B. Javapicum Beyma.

P+ pigricans (Bainier) Thom

Pe oxalicum Currie et Thom

Pseudotornla helorospors Subram.
Irighoderma harszismus Rifai

I. koningii Oudemans

I. yiride. Pergoon ex S.F. Gray.
Irichothecium roseum (Pers.) Link ex Fries
Jerticillium tenerum (Nees ex Pers) Link
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GENERAL INTRODUCTION




1

GENERAL INTROLUCTION

One of the most ubiguitous problems of freshwaler
beodies t.lthoxr present rate of cuange in response to man
wade perturtations, Any manageuwcnt strategy to exploil
these resources requires fundamental Lkaowledge of Lhe
freshwater ecosysiem siruvcture and function, Achlorophyle
lous micrcorganiems play basic role in the transformation
and ‘eycling of various materials in a given ecosysteun,
Many of the trophbic relations owllined in various models
lay considerable emphasis on these tiny orgenisecs as they
play an important pirt in the ecosystem function, But very
little information i3 available so far regarding the guan=
tification of these organisms and tuheir taxonomic compousi=
tion is further less known,

Freshwater ecosystems comprise about 0,5° of the

3- Although

earth's surface having a volume of 2,84 x los Km
their areal oi& yolu-otrie extent is relatively small,
{reshwater bodies are some of the most productive systeus
on earth, ‘reshwater resources are leasi utilized for their
productive capacities, Primary productivity estimations
based on phytoplankton pholosysthesis have received auple
atteantion of limmologists throughon( the world (Munawar

et al 19723 Kal(f,1967; Vijayraghavan,1971 ), The contribu=
tion of saprebes Lowards the productivily of aquatie

ecos stems has received l;ttle attention (Sorokin and

Kadota, 1972), liynes (1972 ) emphasized ihat a major part

of carton ian the aguatic ecosystems does not emter tue
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photosynthet ic rt:nqion by phytoplankton, This extermal
source of carboa it’nvnillblo for the organisms of higher
torphic levels, The allochthonous carbos pas:-es Lhrough

tite sanme pntthyi as gcarbun fixed by the green cells and,
thereiore, suvula be considered as a part of the total
production Ii néucrotnﬂdtaq the metabol isms of aquatte
ooonyltogg. The extraneous input of carboan is relatively
more pigéktlc:ﬁt in the freshwater lakes surrounded by
terré;gf;i{vveégtatton and receiving litter and surface
rnn-ofT waterqjtrau nejghbouring areas., urther, saprobdes
are more important ds the shallow and scall water bodies
f:!ﬁ%rc the nilochthéuoul organic wmaterial remains in the
ff:irect covitact of Lhe epilimion waler where the liberntlél
of nutrients is faster due tu canstant avellability of
oxygen and is inatantanecusly avallable for the utilization
by the primafy producers, The importance of heteratrophic
aicrosyial populations in the functioning of lake ecoeystems
bas been cloarly‘dcnonstrated by Anderson and Uokulil
(1977). They found that bpiologicsl activity (produeticn/
blomass) im the bacteria is ten times higher than that of

phyloplnlktou;

The primary production by bacteria is not much
fmporiant in naiural ecosystems because of the nonagvalla~
bility of light and anaerodic conditions which are the

preroquisites, The secondary production by C-helerotrophie

uacteria and fungl is quite signi.icant as 2040 percent

of the total organic nutrients are wsed by these organisns



(Eheinhefimer,1974), Apart from the above, Lhese
bacteria can also fix atmospheric €, to the extent of
6 pereent of their biomass production (Sorokin and
Romanenko,1966, and may Lhus contribule oven more tham
the autotrophic production in many lakes reeceiving
extraneous organic materials (Kusmetsov and Romanenko,

1966 Overbeck,197131972).

Sesides being important ‘onu@un and producers
in agquatic habitats, many of the microbes are parasites
of phytoplankions zooplenktons and fishes (Masters, 1976;
Greeny 19743 Scott and 0'Sier,1961), Many soosporic Phy=
comyceles are knowa to regulate the population and
activiiy of the planktonic communiiies by causing serious
diseases (Redfield and Vimeent,1979), Gacteria end fungi
also piay important rele in Lhe sedimentation. Fungi with
the help of their mycelia and many bacteria through
slime production cin bring about some degree of aggrega=
tion /of the particles., Also they truu-lori.-uny erganie
and imorganic dissolved substanmces imte particulate aggre=-

gates through their varicus metabolice activities,

The iionological studies have mainly emphasized Lhe
goological and production bioclegy aspectis, The msicrobio=-
logy and biochemistry of matural waters have received
1ittle attention, Further, most of the studies on the
microbiclogical aspecis deal with the comparison of

varions water bodies differing in trophic states, Only o



few freshwater lakes such as Windermere and Esthwaite
Waters (Jones 1971,1972a,1977) in England, Hazurian end
Mikolajekie lakes in Poland (Godlewska=Lipowa,1974a,bd
B e 2 T D OOW e
1976a,b and Mirror Lake im Usa (Jordon and Likens,1975)
have uLeen studied in detail for the structural and*}ilc-
tional role of the heterotrophic microbial populaticms,
Data on the role of aguatic bacteria and fungi on the

functioning of aquatic ecosystenms in India are still

virtually non-existent,

Procﬁnt study deals with the structural and funce
tional aspects of heterotrophic bacteria and fungi in a
freshwater lake (Wards Lake, located in Shillong.This lake
has beem worked out for various microbioclogical characters
with 2 view to understand Lhe scasonal and spatial distribu=
tion of the microbes in ithe lake water and functions which
they perform in the water body under study. To understand
the structural aspect of the heterotrophic miecrobial commu=
nity the population dynamics of heterotrophic bacteria and
fungi has been studied for a period of two years. In order

to access the role of these organisms inm Lhe lake ecosystiem

the biclogical uctivity of these organisms using enzymatic
and subsirate utilization rate measuremenls and second Lhe .
process of decomposition of extraneous pliant litters in the

lake to know the role of these organisms in decomposition,

Various parts of the investigation have been dealt-

two major ap roaches have been adopted, rirst estimation of/ 3



in separate chaplers each haviang its own introduction,
materials and methods, results and discussicns, The
relevant literature has also been reviewed in the intro=-

duction parts of the different chapters.



DESCRIPTION OF THE LAKE

The study was conducted in ¥ards Lake situated in
Shillong (India) at an altitude of 1460 m (mesel.;, latitude
25,34°N and Longitude 91.,52°5, The lake is a man made
reservoir built in late ninteenth ceantury. The adjoining
slopes of the valley are covered with dense managed grasses
and scattered trees, predominantly composed of pine (g;.,g
kesiya EBoyle)s The lake receives water inflow throughout
the year and had a controlled surface outlet which allows
the excess waler to flow out 4during r.ily months, Throughout
the year the water level does not change appreciably except
duriln Jnlunryffcbruary when the level drops approx. 30 cm.

The batbhywetric map and general morphometiry of the lake

is given in Fig. I,

The sampling stations are shown by bold an;boro 1 to S,
Station 1 is situated im the isolated part of tho.luko. The
average depth of this portion of the lake is 0,80 me This
station is comparatively richer in the nauailrient content.

The water input in the isolated portion flows out to the
wain lake through a surface out flow, The portion of the
lake between station 1 and 2 is shallow and covered with
water lilly (Nelumbo nucifers Gaerin.,. The water at station
2 is comparatively clear anu the depth of the lake is 0,50 me
Station 3 is situated im the main body of the lake where



Figeles Bathymetric map of Ward's Lake,
Shiliong, Values given in the map
represent the depth at each coatour

(stations are shown by bold aumbers,
l-ﬂ).



Fig. I

BATHYMETRIC MAP

OF WARDS LAKE % N
SHILLONG

50-00m

)

P 4

m

s

LENGTH 333m =

MAX. BREADTH 75m o

AREA 23800 m? =

MEAN DEPTH 34m =

MAX DEPTH 6m ~

VOLUME OF WATER 80920m°
SHORE LENGTH 1284m

WOODEN
BRIDGE

/)2:03.0_/

1
ISLAND
1
-0
//
//
/ y

IN LET

ISLAND




depth is 3.-. This station is characterized by the rocky
bottom covered with gravels. The space between Lhe gravels
is occupied by a thin layer of coarse sand particles, Station
4 is situated in the deepest part of the lake and nearesti

to tho‘outlot. The lake bottom at this station is siltl with
a cover of semi-decomposed plant litter composed mainly of
pine needles., The water depth at this station is 6 wm,
Station 5 is situated at the next cormer of the lake where
depth was 0.5 m, The observations of this station were
d.}otod as they did not differ appreciably when compared with
the station 2, The informations coliected on statiom 5

were, however, used when the data were compiled for the

whole lake.

thilorellg sp. and Migrocystis spp. dominmate the

phytoplankton conmunity. The lake also harbours a sizeable
community of szooplakters gnd fishes. The main body of Lhe
lake is free from macrophyte vegetation, Areas between
station 1 and 2 and the extension beyond station 5 are covered
by water lily. The isolated portiom of the lake (station 1,
harbours submerged growth of Hydrillg verticillata (Linn.F.)
Royle. and Utricularia sppe The lake receives nutrients in
the form of leaf and meedle littér of the adjoining vegetation
during fall,

The lake falls in the catefory 72 of classification of
Hutehinson (1957), The lake is also used for recreational

purposes and regular boating is a prominant feature.



Figell. Rainfall and temperature of the
study area (March 1977-February
1979 ), Histogramssrainfall,
Baximum temperaturesclosed circles,
minimun temperaturesopen circles,
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CLIMATE AND SEASONS OF SHILLONG

The climate of Shillong is temperate due to its
altitude, The monsoon from the BDay of UBengal together
with the thick vegetational cover of the region keeps the
area humid aand cool, For major part of the year sky
remains cloudy which also helps in keeping the temperature
down, Rains are distributed throughout the year except
a short period during winter (December=January). Moest of
the rains, however, occur between April and Seplember,

Shillong has four distinct seasons:

Spring March to May

Summer June to Seplember
Autuon Jetober and November
iinter Uecember to ebruarye.

The rainfall and temperature at Shillong during the
course of study is shown in Fig.ll, These data were
obtained from the Cenlral Scismological Cbservatory at

Meath iiome, Shillong~3.

Apart from the seasonal variations, the clivate of
Shillong is unigue in the diurnal variations of light and
temperature conditions, Sudden changes in temperature due

to cloud cover in the after-noons is a common !catu?o.



CHAPTER 1

PRYSICO~CHEMICAL CHARACTERS OF THE LaKE




INTRODUCTION

7o understand the population dynamics and ecosystem
innctton of any biotope the most important aspect to be
worked out is the physico-chemical characters of the system.
The productivily of any ecosystem is stirietly connected with
the available nutritional compounds. Physico-chemical
characters directly regulate the structure and function of
the biological communily of the natural water bodiol. of
many physico-~chemical factors that regulate the population
and activity of the organisms, temperature, pi, dissolved
oxygen concentration, dissolved organic carbon, dissolved
carbon di=-oxide, conductivity, phosphates, nitrate, alkaslinity,
silicate, calcium and magnesium are the most important ones.
These characters contirel and also reflect various bioclogical
procesases im natural waters, Temperature, pi, dissolved
oxygen and dissolved organic carbon values are of particular
significance for the heterotrophic microbial populations,
Present chapter deals with the seasonal and spatial variations
of various physico=chemical characters of the lake water

during the course of investigation,
MATERIALS AND METHODS

The methods adopted for the estimationm of various
parameters are as outlined ian Standard Methods (APHA, 1971).

tater temperature was measured using a wercury thermometer
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of 0,01°C accuracy. 7The water temperature of surface

vater was measured directly by mumersing the lhermometer
knobs The temperature of deeper waters was estimated after
briaging up the taior sample im Van Lorn sampler (Van Dora,
1956). pil was estimated using Systronies digital pii meter,
Conductivitly wae measured using Elico conductivity bridge.
drtho=phosphate values are the soluble reactive phosphate,
The estimations have been dome on every 50 cm depth of the
water columa, Data of station 1 and 2 represent the arith=-
matic mean values of all the depths, This was dome because
depth-wise variation in the values was not remarkable,
Values of surface water, mid-depth water and botton waters are
plotted for stations 3 and 4. All the values were recorded
on weekly intervals, the data included, however, are
averaged for the months., Uissolved organic carbon could not
be estimatled during first year of study because the method
could not be standardized .t.npproprtato time., Later it
was estimated following the method described by Gocke and
Hoppe (1977), The value of oxygen consumed for the oxida~
tion of organic carbon was estimated by permanganate oxida=-
tion method and it was then comnverted to equivalent amount
of carbon by multipiying the velue by 0,375, 1t has been
noted during the course of study that this method underesti-
mated the total value as compared to olher advanced methods
based on gas analyser tochutdno- (Mé%ol and Vaccaro,1964),
The method adapted, however, is quite useful to get comparable

results with the available laboratory facilities,
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HESULTS

- Iemperature

As evident from the Figs 1.1 the water temperature
variod between 10 and 24°C. Thermal stratification was
observed at stations 3 and 4., The oppositle trend of
stratification was noted during Januaryeiebruary shich
results into mixing of the water columa during this peried
of the year, This phenomenon is particularly clear at the

station 4 (Fige lel o

18
"The pH of watler did not vary appreciably and remained

fairly constant, near aneuntrality, at all the stations as
well as at difforent depths, In geseral, it varied between

6 and 7 (Fige 1,2),

Lissolved Oxygen

Throughout the study period the dissolved oxygen
values remained fairly constant at the stations 1 and 2 and
at the surfaco of the stations 3 and 4 except a tendency of
inere”_uent during the spring months, Distinct deptheuise
gradieat was vcceraoé at station 4, The oxygen level at the
bottom of %this station showed an interesting patteran of
seasonal variation. It was fairly high in the =month of
March and decregsed steadily upto July, In the months of

July and August the bottom water was completely devoid of



Figelel, Monithly variation in temperature (°C)
of iake water at variocus stations from
March 1977 to Fgbruary 1979, Circless
surface waters, triangles mid-depth
walers, scuares sbotlom walers.
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Filgele2, Monthly variation in pi values in the
V iake water at various stations from
March 1977 to Fgbruary 1979, Squares:
surface waters,trianglessmid=~depth
waters, and lq‘.t.llbb“OI waters.
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Flyelede Muntuly variagtion in dissolved oxyyen

" concentration (mg/1l) in the lgke water
at various stations from Mareh 1977 to
February 1977, Squares surface waters,

trianyglesimid=depth waters, and squaires
bottom waters,
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Figeled. Monthly variat ion in peraasnganate
oxidisable dissolved organic carbon
concentration (mg/l) in the lake water
at various stations frow March 1977 to
F:br-.r: 1979, Circlesisurface walers,
trianglesimid=depth waters and squaress
bottom waters,
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FigeleS. Monthly variation in coaductivity
(u mho/em) in Lthe ilake water at
various stations from March 1977 v
to February 1979, Circlessisurface
wn(or-, trianglesimid=deplh waters
and squaresibottom waters,
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Appendix table - 1. ;Percem{aé‘é‘bccurreme of varicus fungi 44 ip the lake water at different stations.
‘ | " Number of months of ocecurrance X 100 R

?é_umber of wmonths sanpled

, ~ q Station 1 T Station 2 : i Stalion 3 % : STation 4 ]

vame of furgd s 8oy 5 B 3 J{ s P w ¥ p i i 5 v § a i % 3 ¥y & p
schlya sp. 4.16 4.16  4.16 - e - 4.16 4.6 = - - -
Pythium dabarfangz:zx 20,83 8,33 12.50 - 4.16 164,66 16.66 4.16 | 12.50 4,16 4.16 8,33
e mGHOSyermtlm 37.50 54.16 41.696 31e66 504,00 50400 584,33 37.50 45,83 66,66 29.17 : _3?.50
Pe ultimum K 12650 12,30 4.16 4.16 - - - 4416 - 4.16 -~ -
Saprolegnia sp. - 4416 - - - - 4.16 = - - 8.33 4.16
2¥GOAMYCET LS |

1bs idia cylindrospora - - - ‘ - - - - - - - 12650 -
Cunninghamella sp. 1,16 = - ' - & - - - - - - -
Mucor eireinelloides - - - - 4416 4416 - Be33  4.16 - 4.16 -
ie hiemalis 12,50 - 16.66 16,66 = 3416 - 8433 4,16 12,50 4416 16.66
e plumbeus 4,16 4.16 4.16 - - - - 4.16 1.16 - - -
He racemosus - 12.50 4,16 - 12.50 8433 - - 4.16 4,16 4.16 4,16
tortierellna 8n, | - - - - - D33 - - - - - -
2hizopus Sp. - - - 4e16 - - - - - - - 4.16
_Zygorhynchur:'gs;); - - - ielb - - - - - - - -
ASCOYC TS ’{ |
Chaetomin;m Spe. . - - - - - - - - - - - 8433
LCUTERGAYCITES |
Sphaeropuidnles
Phoma bumicola 4.16 29.106 20,83 1616 4,16 - 416 16465 - 16,66 - 4.16
Phoma sp. 16466 8.33 0,33 - 4016 16460 16466 16,66 12450 - 8433 20,63
Dhoma 8pe L | 4016 4416 416 U Gel6 12030 8433 12,50 = 8433 8433 20.83 16466

!




Gliocladinum pericilloides =

Graphium s%s

Humjcola aé.
‘ I

Monilia sp.

Paecilomycés Spe
r

Papularia T
S P
Penicillium brefeldianum

P.chrysogenum

P. javanicum

P. oxalicun

P nigricans

Phialophora SPe
!

Pseudotoruﬂa heterospora

Scopularionsis sp.

Stilbella sp.
Torula 8poi

Trichoderma harzianum

T. komingi

T. viride

Trichot hecium roseum

Verticillium tenerum

Vert icilliua sp,.

Yhite sterile septate

8,33

4.16

12.50
75.00

8.33

20,83

4.16
70.83
43,16

d.16

8,33

20.83
12.50

12.50

4,16

4,16

66,66

25.00

4.16

20.83
4.16
12.50
4.16

4.16

4.16
8,33
62,50
8,33
8+33
4,16

54,16

“Bel33 =

4416 -

vl =
12.50 12,50
ﬂ.33-. -

87.50 41,66

4.16 =
16,66 4.36

58.33 58,33

4.16 =
8.33 20.83
- 4.16

16466 37,50

8.33° =
R
8. 33 e 'w :-.

4.16 12.50

4.16
. 45.83

4.16

4416
62450

" 8433

4.16 7

37.50
4.16
4416
4.16

29.14

 4elb

4416

4.16
50.00

58433

Be33
'8.33

4.16
4016
12.50

16.66

16,66

16.66

‘8433

33.33

4.16

4,16
12.50

S = Surface, M=4iddle, B = Bottom.
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oxygen. Thereafter, oxygemation of bottom water was noted
and the value increased steadily until November with a
drop durimg December (Fige 13,

Permangnate OUxidisable Dissolved Orgasiec Carbom (PODOC)

The PODOC values were guite high at statiom 1 as
compared to the other stations., The seasomnal fluctuation
was also quite steep in the station I, Almost similar
general tread of ooaoonnlliy was noted in all the stations
except that the values were gquite lowes ODepthe=wise variation
at station 4 was qguite distinet and it was observed that the
PODOC was always highest al botton of this station, At
station 3 also a trend of higher values in the bottom water

was noted but it was not true for all the months (Figeled)e.

Sonductivity

A perusal to Vige 1.5 shows that the conductiviiy of
water shows a distinctl seasonality. During first year of
study the maximumvalues were observed in the spring months
which declined loior and touched to the lowest value in the
months of September-igtober, Thereafter, it remained at a
fairly constant level upto winter in the stations 1,2 and
3 but the station 4 showed a peak value in the month of
November also, ©Ouring second year of study station 1 showed
general pattern of seasomal variation similar to the preced=~
ing year butl stations 2,3 and 4 exhibited g rhythwic behaviour

during spring and summer, however, pre-winler decreasing



Figelaeb, Manthlj variat ion in dissolved o.rboa
dioxide concentration (mg/1) im the
lake water at various stations from

- Mareh 1977 to February 1979, Circles:
surface waters, trianglesjmid=depth
waters and squares bottom waters,
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Flg.l.?.luoatnly variation in soluble orthoe=
phosphate concentration (mg/f) in
Lthe lake water at various stations
from Mareh 1977 to Februagry 1979,
Circlesssuriace waters, triasangies:
wid-~depth waters and squaressboltom
waters.
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trend was quile similar te the preceding year's observations,

Lissolyed Carbon Ui-oxide

Distinct monthiy variation in the dissolved carbon
di-oxide values has been observed at station 3 and 4 where
low values were observed during winters and high values
during summers, Interestingly enough, the deeper walers
contained higher carbon di-oxide and showed qgquite distinet
seasonality as compared to the surface waters, The values
were many fold higher at the bottom waters of station 4 when
compared wilh the surface waters. Almost similar gemeral
trend of variation was observed at the stations 1 and 2

("Qo ‘o‘)-

Jrtho=phosphate

Urtho=phosphate values correspond te the total soluble
reactive phosphates, The maximunm values of ortho=phosphates
in the lake water was recorded during post spring months,.
The seasonality was more distinci at the deeper stations as
compared to the shallow stations, Alwmost similar general
pattern of variation was observed at all the stations, In
gemeral, higher vglues were recorded during spring and suamer
wvhen it also showed a definite increase along depth. During
winter, however, the pattern was either opposite or did not
vary significantly. Throughout the year ortho=phosphate
remained at fairly high level (Fige 1.7 Jo



Figelel, Monthly variat ionm in soluble nitrate
concentration {mg/l) in the lake water
al various stations from March 1977 to
February 1979, Circies surface waters,
trianglessmid=depih waters and squares
‘bottom waters,
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Figele9. Monthly variation in alkal inity (mg/1)
in the lake water at variouvs stations
from March 1977 to Fgbruary 1979, Cirelee:
surface walers, trianglessmid-deplh waters
squares:bottom walers,
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%
The gemeral pattern of seasonal variation of nitrate
. goncentration in the lake water differed during the two years
of the study., During first year higher values were recorded
during spring wmonths which posked in the month of May.
Thereafter, the values declined and increased only im the next
springe During second year just after the Mareh peak the
values dropped suddenly and touched to minimum in the late
spring months, Higher values of nitrate were again recorded
darslq Augn-t-Oetoﬁcr which deeclined in the winters followed

by an increavent with the onsel of next spring (Fige 1.8 ).
Alkglinity

The alkalinity values showed moathly variation which
was more distinct at the stations 3 and 4, The lowesl values
were generally recorded during winler months and highest during
July to September, The patiern of seasonality was not so
marked at the stations ! and 2, The depth=wise variation of

alkalinity was quite distirict and higher values were recorded

in Lhe deeper waters (Fige 1.9)¢

Silicate

Silicate concentration in the lake water varied belween
0,10 and 1,65 mg/L. The general pattera of seasomal variation
was such that higher values were noted during suamer months
and lower values during winters, Statiom 1,2 and 3 exihibited

|

almost similar patteran of oscillation, OGut the station 4 differed



FigelelO, Monthly variation in silicate
concentration (mg/l;, in the lake
water atl various station from
Mapeh 1977 to February 1979, Circles:
surface waters, trianglesimid=depth
walers and squaresibottom watlers,
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Figelell, Monthly variation in eoluble calkcium
concentration (mg/l) in the lake
waier at varicus stations from March
1977 to February 1979, Circlesssurface
waters, trianglessmid=depth waters and
squaressboltom waters,
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Filgeleld, Monthly variation in soluble
magensium concentration (mg/l)
in the lake water at various
stations from karech 1977 to
February 1979, Circlesisurface
waters, trianglessmid=depth
vaters and squaresibottom waters.
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both in the comcentration and magnitude of variations,
in gonor.lyhotto- waters harboured higher ctiloalc concen~

tration than the upper water colummn (Fig. 1,10/,

Lalciwm

Soluble calcium in the lake waler varied with seasons,
Although estimates for the two years did not show similar
variation pattern in general, a teadency of increZment in the
values from March to August (Exeept July) followed by consist-
ent decrease upto January was observed during the year 1977
1978, During second year also the peak values were obuorvcd'
in the months of July=August (except station 1), The only
marked departure was the small peak in the month of April and
a drop in May=June, Not much difference was noted in Lhe
calcium concentrations along depth at stations 1,2 and 3,
But quite significantly the deeper waters at station 4
contained higher comcenirations of calcium (Fige 1s11),
Magnesium

The general trend of variation of magnesium in the
lake water was almost similar to the calecium values, Higher
values were observed during summers and lowesl during the
winters, Almost similar general patiern of seasonalily was
observed at all the stations. Depth=wise distribution atl
deeper stations was such that guite often the bollom waler

contained higher concentrations of magnesium (Fig. 1.12),




s

DISCUSSION

Most of the physico=chemical characters reveal that
the lake is mesotropic having moderate concentrations of the
nutrients., Station 1 is wore eariched in nutrieantls
particularly i- dissolved organic carbon, phosphates and
dissolved ions (conductivity,, The results of the limnolo=-
gical characters are quile comparable with other studies
{Munawar, 1970), Of particular significance is high values
of dissolved soluble ortho-phosphates, This may be ascribed
to the relatively small size of the system receiving high
amount of drainage in the form of surface ruan=off aand through
the illot.'tio wolybdate method of estimation of phosphates
generally overestimates the soluble phosphate concentration
{(JeGs Jomnes,personal communication,, Further, high conceatr-
ation of dissolved organic carbon in the isolated system
(Station 1, is probably because of its nearness to the inlet
and luxurieat growth of macrophytes, fiere,probably the
incoming waters get comparatively rid of excess organic load
due to their microbial degradation and settlement. Thus, the
waters of the large sysiem contain lesser amount of dissolved
organic matter, It appears thal probably this unit of the
lake acts as a sort of settlement reservior and, therefore,

saves the main body (rom eutrophication,

The high values of dissolved organic carbon and

conductivity at the bottom of station 4 clearly depict that
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soluble nutrients are released from the decomposition of
bottom deposits of organic detritus, mainly extraneous
litter, which due to the stratification of the system remains

localized to the deeper layers of water columa,

The seasonality of carbon~di-oxide values secms Lo be
resultant of the microbial activily which becomes more
pronounced in the deeper waters, Comparatively less values
obtained at the shallow stations were most probably because
of the mixing of the water column, Uissolved carbon di-oxide
values also demonstrate the proncunced stratification of the

lake at the station 4,

Nitrate values were also guite comparable to the
nitrate concenirations observed in similar systems elsewhere
(Munawar, 1970}, The steep decline of the spring maxima may
be ascribed to the organiswal biomass, The bound anitrate is
probably again released Lo the soluble form on the onset of
springs when increased microbial activities help the cause,
Similar results were obtained by Rheinheimer (19774a). In
additions to this there may be olher causes responsible for
the dynamics of nitrate such as input from the adjoiing
areas and bioclogical mitrogen fixation which are not accounted
in the preseant study, The values of alkalinity, silicate,
calcium, and magnesium showed a seasonal and depth-wise
variation typical to the natural lakes (Hutchinson, 1937;

Munawar, 1970), The water temperature values were well in
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correspondance with the seasonal fluctuations of ambient
temperatures The temperature gradient was observed
throughout the study period at the deeper stations except
during Jagnuary~iebruary which alse corresponds to the
mixing times of the lake., The mixing of the lake water at
station 4 in the month of January and February is also
demonsirated by the deplh~wise distribution of dissolved

oxygen at this station,

The inter-relationship among various physico=chemical
characters have not been Lried as they were beyond tyo
scope of the present work, The relationships of these
characters with the biclogical charactere are discussed
in detail while dealing with the populations and activity

measurements,



CHAPTER 2

SEASONAL VARIATION IN PLANKTONIC POPULATION OF
HETEROTROPHIC BACTERIA
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INTRODUCTION

The heterotrophic bactorisl population constitutes as
fmportant part of the freshwater community. It is respom=
sible for nutrient release in the ecosystes enmabling
optinum utilization of available emergy rQooare-: for
proper functioning of the ecosystem. Their activity and
quantitative enumeration reflect the hydrologic structure
and nutricnt levels in fresh~uwater lakes (uodlewska=Lipowa,
1978). 1t ie often difficult to interpret the relationship
between bacterial populations and other eavironmental
factora, This fe due to fluctuations in physico-chemical
charactera in time and space which may very often mask
the effects due to biological changes (Jones, 1971;, Earlier
observations (Collins, 1963, have added considerably to
the ecoloyy of freshwater bacteria., Since then, a large
amount of datn has sceunmulated which relates the effeect of
environmental factors on the bacterial population in natural
waters, o»uch findings are in many cases inconsisteat
\ilah, 1071,

Chen (1963, and Fomden (1969, observed a relationship
between bacterial populations and concentrations of phosphate
and nitrate,but this was not noted in the study of uoodbridge
and Garret (1969, A relationship belwees weather conditionms
and bacterial populations was established by Collins (1960,
1970; and Chen (1968), Taylor (194U;, Melebiorri-:antolini
(1966) and Guthrie (1968}, however, did not observe the same.



Depth (0Olah, 19693 Melchiorri Santelini, 1966) temperature
(allen, 1969 )} and dissolved oxygen concentration (Goldman

et aly 1968) have been found to affect the bacterial
population. Jones (1972) states that the decrease in temper~
ature, dissolved oxygen, pi and algal density with inereasing
depth may be responsible for the apparent correlation of

bacterial numbers with these factors,

The relationskhip between phyteplankton and bacterial
populations is complex, Sorokin (1968), Schmidt (1969 ),
Uverbeck and Sabenzien (1964 ), and Overbeck (1965,1967,
1966) while studying the vertical distribution; and Silvey
and Hoach (1964), Schegyg (1966) and Fonden (1969) while
studying seasonal distribution found positive correlations
between phytoplankton and bacterial populations. OUn the
contrary Potaenko and uikheeva (1969), Gerletii and Melchiorri
Santolini (1968), Goldman et al (1968) could not find any
direct relationship. Gunkel (1968)and Jomes (1971, 19723)
have reported that maximum densities of phyto-plankton

preceded those of baeteria.

Jones (1970) studied the effect of various imorganie
and organic components used in media for estimating population
of freshwater bacteria and concluded that casein~peptone
starch wedium (Collins and villoughby, 1962} was the best
among all, He further moted that spread plate method wase

superior to pour plate method.
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Jones (1971, found that temperature, dissolved
oxygen concentration and pi control the bacteorial population
in nutrient rich Esthwaite vaters and in tindermere,
temperature, pH, particulate matter and rainfall were positi=-

vely correlated with the bacterial population,

Jones (1973) found a relatively stable mixture of
several species of bacteria in Slelham Tara. The population
of heterotrophic bacteria inl'-asl-nn during April and May

which declined later,

Jonee (1977, has critically appraised the methodology
adopted for the water bacteriology and with the help of data
collected ai six different sites for five years represeating
bacterial population and a total of elighteen variables
concluded that the same amount of ianformatiom could have
been obtained from five of the regressor variables. le further
emphasized the need of horizontal samplings for examining |
the temporagl variation in detail,

Uwagi=istepne (1971) pointed out that heterotrophic
mierobes regulate the dissolved organic matter either through
breaking down it to inerganic form or through transforming
them into particulate state, lie opined that it was because
of the microbial activity that in spite of conmstant influx
of dissolved organic matter to the waler bodies, the level
of dissolved organic matter concentration in natural waters

is nol subjected to any great fluctuation,



Strickland (1971) reviewed various methods of
.utln.tto..ot microbial activity inm aguatic environments
and concluded that there is no really reliable routine
technique available so far which can be used for a large
ni-bor of samples within a reasonable period of time,

Strzeleayk et gl (1971, reported that heterotrophic
bacteria isolated from diiferent ecological zones namely
planktonic bacteria, epiphytic bacteria and benthic
bacteria showed distinct differeaces in morphology, nutriti-
onal requirements, biochemical aectivity and antibiotic

resistance,

Andronikova and brabkova (1972) studied the effect
of climatic factors on the annual limmnological cycles in
Lake hrasnmoe and based on sufficient data concluded that
annual pattern of most of the processes are largely determined
by the meteorclogical fuctny:/nnd,thorQRoro. may signifie-

cantly vary from year to year,

Cappenberg (1972) observed that the heterotrophiec
bacterial population was maximum in the hypolimmion in the
spring while in the sunmer i¢ was in the melalimnion and '
after the gutumn turnover the distribution of bacteria was

somewhat unifore till the next sprimg sets in.

Melchiorri Santolini et al (1975) measured temporal
and depth-wise distribution of a large number of variables

with an aim to select those microbiological variables which



were most useful to the understanding of the role of
bacteria in freshwatler ecosystems, They identified direect
microscopic count, cultural estimates, primary productivity
and particulate and dissolved organiec carbom as variables

‘clo-oly related with baclerial dynamics.

Berland gt al (1975) estimated bacterial population
which ranged from 5 x 10° to 1.7 x 10% cells per mi,

Berland gt al (19763) opined that bacteria play am important
role in waintaining the growih factors above the limiting
concentrations required for a normal level of primary produc-
tione In a sepera’e study these workers (Berland et gl 1976 b)
found that falty acids and anitrogenous organic substances

were most freguenily attacked by heterotrophic bacteria as

compared Lo other organic substances.

Mikulshi gt a1 (1975) estimated bhiomass of bacteria in
Goplo lake, Poland which varied between the range of 1,01 to

7.82 mge per litre of water.

Overbeek (1973) put forth the supposition that the
lake ecosystem could be subdivided into biochemical compartments
marked by different physiological responses of the bacterial

microflora.

Mdonheimer (1975 ) while emphasizing the need of the
developuent of adeguate methods for measurements of hetetlrotro=-
phie production estimated total heterotrophic production i

higher than the gutotrophic production. i



Chan and Kueh (1976) observed marked variation in
eavironmental parameters bul the heterotrophie population
remained relatively constant. They noticed sunmmer strati-
tlé.tton of temperature, pih salinity and dissolved oxygen
but no stratification of bacterial distribution in water

column was noted,

Godlewska=lipowa (19763 reviewed literature pertaining
to Lhe relation of bacterial population and biomass with the
degree of eutrophy of the lakes., ie arranged the lakes in
trophic gradation and classified oligotrophic lakes with the
density of bacteria im the order of 1 x 10° per ml of water;
mesotrophic lakes with the number of bacteria ia the ramge of
about 2-3 x 100 per ml of water and eutrophic lakes with
the number of bacteria in the range of 4=50 x 10‘ per ml
of water depending on the degree of eutrophication and water
polliution, Lakes with total number of bacteria higher than
50 x 109 per ml of water were included among saprotrophie
lakes, st-(l.r to bacterial population level, bacterial
biomass was also taken into consideration, Im oligotrophic
lakes it ranges from 0,098 to 0.4 mge per litre of walerj
nesotrophic lakes from 0.5 = 3 ag per litre of water, In
polytrophic lakes and in fish breeding ponds.tho bacterial
biomass values may be quite high ranging from 30 to S50 mg
per litre otA-.tor.

Mason (1977) noted peaks of bacterial population in

Spring and in Autuma, The bacterial population ranged



between 0.4 x 10% to 6,8 = xo‘ cells per lilre, Donderski

(1977) estimated the bacterial biomass between the range
of 0,005 mg and 7.82 mg per litre in lake Goplo,roland,.

Akagi gt al (1977, classified agquatic baeteria into
two classes. Uligotrophie bacteria which require extremely
low concentrations of substrate and are generally free
living and heterotrophic bacteria which can survive only
either in high concentration of dissolved organic matter or

attached to the detritus,

Takahashi and Yorton (1977 ) noted heterotroph bloom
in the month of VMay which was just after the phytoyllltton

maxima during March and April.

kaneko gt al (1977, first of all applied the diversity
index to bacterial population and observed that bacterial
populations upte a threshold population size showed an
inverse relation between diversitly nad population size.
Seyond the threshold size, the diversity index did not

correlate with population size,

filckman and Pemn(1977) studied the seasonal and
vertical distribution of planktonie bacteria in a 3.5 m
deep lake and noted extremely irregular vertical distribution
of aerobic bacteria and any pattern could be noted only
when the lake was stratified, lle Turther noted a large

population of facultative amaerobic bacteria.
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Coveney et al (1977) while investigating the
relationship among phytoplankion, zooplankton and bacteria
observed spring wmaxima in bacterial population immediately
following the algal blooms, indicating algal sutolysis
and decomposition products as important substrate for

bacterial growth.

Uonderski and Strzelczyk (1977) reported that the
bacterial population was more numerous in spring and auntuon
and the littoral water harboured higher population as

compared to the pelagial.

Kaper g% al (1978) strongly recommended rapid sample
handling to minimize variastions in the microbial populations

of ~ aguatic environments,

Dutka and Kwan (1970) observed maximum bacterial and
fungal populations in surface microlayer and pointed out
that the traditional bacteriological sample collections at
one meter below the surface invariably underestimates the

population densities.

Schroeder (1910) found more than doubdble increase in
the fish production by using organic manure, The increment
in the fish productiion could not be attribated to any of
the conventional fish foode Through a series of experiments
he proved that the additional fish production comes from
the consumption of the microorganisms that thrive on the
manure in the pond and rapidly coavert it into a high

gquality food,
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Jana (1979) found highly significant effect of season
on the bacterioplaanktion populaiion. Primary produettvttyv
and biological oxygem demand, however, did mot show amy

definite relationship with the bacterioplankton population,

Further studies are meeded to evaluate the effect
of environmental factors on bacterial pop:latton particularly
in the bill lakes of India where environmental factors are
often far from Lhe oplinum and where such studies are
~lackinge Present chapter takes into account the bacterial
population estimates using plate count method and microscopie
count method and relates them to various physico-chemical
characters of the water taking into consideration both

temporal and depthewise variations.

MATERIALS AND METHODS

Lollection of water samples

The subsurface water samples for microbiolegical
snalyses were collected by autoclaved JZ bactleriological
sampler (Zobell, 1941), The bottom samples were collected
from approximately 10 c¢m above the lake bed, The middle
sanples were collected from the midedepth of each sampling
station, The surface samples were collected in sterile glass
bottles from 1-2 c¢m below the surface, OBefore collection
fthe surface film was disturbed and care was Laken as Lo

avoid the contamination of the film, All Lhe samplings were



done between 900«1100 hours. For Other analyses the
subsurface waler samples were collected by a 5 litre
polyethylene Van Doram bottle (Van Dorm,1956), while the
surface water samples were collected directly as above
in pelyethylene bhottles of 2 litres capacity. OBottles
were maintained in a dark chamber and transported to the

laboratory within half an hour of sampling.
o of ¥

within three hours of collection the samples were

inoculated for Lhe estimation of viable bacteria by spread
plate method, Casein peptone starch agar (CPS, Collins and
“illoughby, 1962 was used for the plate couuéf;uetertn.
Aliquot of 0.5 ml in serial dilutions were inoecunlated on
the surface of freshly poured medium in 100 mm dia, Pelri-
plates, Three replicates were maintained for every dilutions.
The plates were kept at 10°C for 12 hours for absorption

of the aligquot and incubated at 25°C for 7 days., The plates
having 30 to 300 visible colonies were couanted., The
composition of wmedium was: soluble casein (BDi) 0.5g,
bacto=peptone (BDH) 0,3g, soluble starch 0,3g, KzHPO4
0.2g, MgS04 0,083, FeCl3 trace (4 drops ol‘n 0,015 solution),
Agar 15,00g in loootﬁxutlllod water, In all the cases,
medium was autoclaved at 15 pounds pressure for 20 minutes,
Petriplates were sterilized in hot air ovem at 175°C for

12 hours and 20 ml of medium was poured im the Fetriplates.
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Microscopic count of bacteria

Direct microscopic count of bacteria was done
following the melhod described by Sorokin and Kadota (1972).
25 ml of lake water was filtered through a 0,22 um pore
size wmillipore filter using Millipore filtration umit
(Millipore Corporation Massachussetts, USA). The water
sanples were fixed in formaldhyde (25 final concentratiom),
The bacteria on filters (millipore filters) were fixed
in formaldehyde vapour, The filters were put in Petriplates
on the upper lid of which was put a filter paper soaked
in formaline. The filters were stained with erythrosin
solution prepared by dissolving 0,5 g of the dye in 96
of ethyl alcohol, For staining, the filters were paut on
a filter paper moistened with stain for 2 minutes, The
stained filters were them decolourized by placing ‘hon
on the surface of a moistened filter paper, The rilters
were transferred Lo fresh moistened filter papers until the
filter was decolourized to a weak pink colour, ¥or the

microscopic examination the filters were placed omn a drop

of immersion oil placed on the surface of a new slides A
further drop of oil was put on the surface of the filter,
The filter, thus made clear and tramspareat, was covered with
a cover glass, Microscopic examination of the preparation
was done with an immersion objective (x100) and ocular(xl5)
in a binocular microscope. A 25 section occular gtid was
used for the counting and 9 sections were counted for each

microscopic fields A minimam of 10 microscopic fields,
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chosen at random at different parte of the filter, were
counted, The waler samples were hand shaken before
filtration, The clumps and aggregates of cells were
counted separately., The volume of water filtered was
adjasted s0 as Lo get an average of more than 5 cells per
sections otvtho occular gride The number of bacteria per
@l of water sample was calculated using formula:

N = Seme 10% cells/mi.
=V

where N = number of bacteria, s = area of the workiag
surface of filter (u‘z). S = area of 1 section in the
oceular counting net measuroed with the objeclive nmicrometer
under the same magnification of the microscope (p“), n =
average number of bgetorla per section eof the occular net

and V = volume of water filtered,

RESULTS

The population estimates of tital (microscopic count)
and viable bacteria (plate count) in the lake watler is
given in the fig 2,1-2.,4 and Tables 2,1=2,4. A general
perusal of the data shows that the total population of
bacteria was 10 to 50 times -oro'thun the viable pepulation
suggesting that only a fraction of total bacteria could be
estimated by the cultural methods The tremnd of variation
in total population and viable population was almost similar

which is evident from highly significant correlation belwcen



Fige2s1ls Seasonal variation in population of
planktonic bacteria in the lake water
at station 1, Broken linesstviable
population, uabroken linesstotal
population, circlesisurface walers,
trianglesinid=depth waters, squares:
bottom waters.
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Fige2,2, Seasonal variation in population of
planktonic bacteria in the lake water
at station 2, Broken linesjviable
population, uabroken lines; total
population, circlesisurface waters,
trianglessumid=depth 'lt.fl;.IQIlr.lf
bottom waters,
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Fige2.3., Seasonal variat ion in population of
planktonic bacteria in the lake waler.
at station 3, Broken linessviable
population, ubhbroken linessitolial
population, circles: surface walters,
trianglesinid~depth waters sqguaress
bottom waters,
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Fige2e4, Scasonal variastion in population of
plaaktonte»bictorla in the lagke water
at station 4, Broken linessviable
population, unbrokem linesitotal
population, circlessurface water,
trianglesinid=depth waters Squares:
bottom waiers,
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Table 2,3.3 Monthly variation in total population of planktonic bacteria (Microscopic
covnt, x 10°, 1977-78, '

Station March April May June July Auge Sept. Ucte Nov, Dec. Jan. Febe

5 113.2 132.3 363,1 64,1 18,6 14,3 10,8 17,7 1.5 1.1 1.6 5.0
| M. 342.4 9‘3.6 830.6 63.2 6902 ‘5.‘ l‘.’ 14.3 lo6 3.7 3.5 703
B8 546,.7 853,33 943.8 330,88 138.6 31,2 28,6 16,8 16,1 3.66 13.6 9.6

s 5.6 20.9 36,4 6.4 8.4 6,19 S0 4.0 1.8 242 1.6 5.4

2 M 6.3 21.90 39,4 34,2 9.6 8.3 8.4 8.9 201 2.3 1.6 G.4
8 11l.4 38.5 403 32.4 10,2 8.6 8.4 7.8 2.2 2.2 1e7 6.9
S 7.0 2.9 34.5 TeJ 5.2 S.l 4.8 4.6 4.5 4.7 200 Se4
3 M 4.0 ‘0.9 3‘.9 31.6 ‘00 1009 2‘.2 506 7.4 2.9 3.0 7.2

BB 12,2 12,8 35,0 31.5 4.4 4.2 3.9 3.5 4.8 3.9 3.9 3.3

S5 11.9 30,2 34.9 21.4 9.8 3.8 7.9 4.2 3.8 3.9 4.1 249
‘ F*) 26.6 33.‘ 3!.‘ 3'.9 609 7.8 ‘08 ‘.2 3.0 ‘.6 2.9 ‘.9
1 9.0 140.1 45.6 32.4 301 28,6 18.4 10.4 7.1 70“ 4.4 4.4

op

S = Surface, M = Middle, B = Bottom,



Table 2.4.3 Monthly variation in total population of planktonic bacteria (Microscopic
comnt) x 10°, 1978-1979,

Station March April oy June July Auge Sept. Uct. Nov, Deec. Jan. Feb.

S 20,8 55.6 130,00 22,5 179 33.9 26,3 343 45.2 4.5 18.2 26.9
1 4 2049 135.5 137.0 1352.4 1603 24.3 24,4 25,6 34.3 38,8 18.4 26,8
B 100.8 125.3 167.2 87.8 24.3 30,6 25.6 26,6 35.8 4.0 19.3 53.3

$ 18,2 9603 103,55 19:4 14e4 8.1 3.3 2,2 1.8 2.8 15.3 36.4
2 M 21.4  117.8 11608 18.3 17,3 3.6 1.4 2.2 3.5 3.8 12,0 12.8
B 24e4 118.5 11948 19.3 18.6 28,0 18,8 13.3 4.0 4.1 25,9 31.8

S 14.2 36.4 62,3 7.5 608 5.8 4.0 3.4 2.3 3.6 10,2 18.6
3 M 13.3 32,0 145.6 118e4 12,6 2.4 2.3 2.3 2,8 0.4 18,5 44.3

B 143 10603 153.4 64.8 13.4 2.8 2.2 2.9 3.4 4.3 10,0 12,8

§  4eq4  32.5 53,0 8¢5 Ted 20.6 402 63 ToB 2.3 0.564 12.6
19.5 7e3 1606 98  6e3 1001 242 11e2 18¢5 6¢5 8o8 12,9
B 36,8 132 120.0 7eS 32,8 6.0 7e2 18,5 40,6 6.2 3.0 12,1

S = Surfacey, M = Middle, B = Bottom,

kg



Table 2,5.3 Monthly variation im viable population of planktonic bacteria (C.P.S.
Plate count) x IO‘. Figures are average of the three depths.

Station Year March April May June July Aug. Sept. Oect. Nov, Dec. Jan. Feb,

1977-78 91.90 176.6 215.5 25.2 37.3 28.9 23.6 10.8 1.5 3.9 3.4 13.5

1
1978=79 111.9 213.3 285.1 49.9 21.4 40,9 28.8 34.4 d2.0 4.1 21.5 S0,8
1977=78 15.90 T0.6 20943 73.5 12,0 9.8 9.1 7.3 1.2 3.5 1.9 9.3
2
1978-79 28.6 163.8 196.0 26,9 21.3 5.2 10.8 6.2 3.1 3.8 21.1 36.0
1977=78 14.7 30.4 146.3 45.2 4.5 %2.1 13.8 3.3 S.5 4.1 3.5 2.4
3
1978-79 13,8 92.0 115.1 17.2 11.9 2.8 1.1 1.4 1.7 2,8 12.5 29.1
1977=786 58.7 148.7 167.9 77.1 16.6 12.4 8.6 4.8 0.6 S.2 0.4 0.6
4

1976=79 13.3 23.2 43.6 6.8 7.2 10.1 1.7 6.3 14.0 2,86 3.6 9.2
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the two parameters (r = 0,99). 1In general, the bacterial
population was high during the spring months (March=iay)
which declined to wminimum during winter (December=January).
During remaining part of the years population remapined

almost within a stable range.

The population estimates varied alorg depth, /Vor
most of the secasons the boitom waters cont;iaod highest
populations, 7This generalization was more correct for the
total counts., The viable bacteria also tollo,bcnne pattern
of distribution but at some samplings it varied deferemily.
Almost similar pattern of seasonality was noted bhoth the
years, A few departures to the previous year's observations
were that station 2 and 3 showed an increment in Lhe
population in the winters, The seasonality ﬁuttoru was
quite clear in the total population estimates but the viable

count showed a rhythmic pattera during the periods of low

populations. The pattern of seasonality is more clear in
the table 2.5 where the values have been averaged for the
stations, . comparison of the values recorded at various
stations reveais that station 1 harboured highest bacterial
population for most of the periods, Other stations did not
vary significantly with each other,

Pgeudomonas, Flavobacterium, Sacillus and jchromebacter
wore identified from the water samples. The surface samples

were always dominated by light yellow to light red coloured
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colonies, The boliom samples contained violet colonies
of Chromobacterium which were usuaily absent from other
depths.

DISCUSSION

Un comparison of bacterioplaankton population estimatles
by two methods it appears that both the methods depicted
similar general trend of population variation with depth and
time., iiowever, the depth=wise distribution of bacterial
population estimated by one method did not always corres=
pond with the population estimation by the other method.

This phenomenon was quite marked al the station 4 where the
bottom waters always harboured maximum bacterial population

by microscopic methods (except in December 1978 and January,
1979) but the same was not true with plate count method, This
may probably o be due to difference in physiological state of
bacteria in the bottom water which for most part of the

year remains comparatively amnoxie -ad:rlch in dissolved
inorganic and organic nutrients (chapter 1,  and therefore,
bacteria living in bottom waters probably de not grow thatl

well on the culture medium when incubated aerobically. Thus,

it may be concluded that the viable count is defiaitely
an underestimation of the total population and probably

this becomes more pronounced in the extremity of the enviro=
nmental conditions. Jones (1977 ) also observed similar

results.
The seasonal variationm in the bacterial population is
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marked by tho.-prtng maxinum and winter minimem, The

high bacterial population during spring also coincides

with the higher values of various inorganic and organie
nutrients (chapter 1) as well as the biological activity
measurements (chapter 4, 7This may very conveniently be
ascribed to the phytoplankton maxima which occurs during
March=April and followed by the peak of bacterial populations.
Similar results have been reported by Jones (1971, 1972a)
Takahashi and Nortom (1977) and Gunkel (1968, The rirst
post winter rains may also contribute te the cause by
bringing in the allochthonous bacteria and dissolved and
particulate organic matter such as pine needles and pollens
from the adjoining areas, The higher values of dissolved
organic carbom during this period proves this.,  The
increased availabilily of food source favours microbial
multiplication which may be further promoted due to rise in
temperature during this period, Similar vesults have beem
reported by Andromikova and Drabkova (1971), Jannasch (1953)
and Potter (1964,

The period that follows i.e., June=Seplember is
characterized by heavy rainfall (Fig. 11} and shows a decline
in bacterial populations which results from an excessive
dilution of the lake water, Similar influence of water
influx on Lthe bacterial population was observed by itnnern.nn

(1977 ). There is further increase in temperature during

this period which favours rapid multiplication, however, ihis
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was not observeds, It was probably masked by the other
factors. The other prbable reason for the sudden decline
of population during post spring periods may be exhaustion
of the available organic and inorganie nitrtoatu by the

phytoplankton and bacterial blooms.

Spring depletion of oxygen in tio lake bottom at
station 4 (chapter 1) may be a result of the microbial
utilization, The bacterial activity is also reflected in
the higher conductivity values during warm periods and low
values in the winter which may be ascribed to the mineraliz~=
ation, The higher values for the nutrieats al the bottom
waters coupled with the higher bacterial population estimates
confirm the association between the two (chapter 1). The
bacteria are probably responsible for the release of nutrients
from the sediments. NoO significant correlation was observed
with most of the measured eanvironmental factors, This may be
ascribed to a wide range of population structure of hetero=
trophic bacteria present at differemt depths and time., Owing

to low level of organisation, fast growth rate and adaptations

to stand unfavourable circumstances, the overall population
of bacteria may not show a response L0 varying conditions,

This results from their fast homeostatic regulation mechanisns
allowing them to reach the ‘maximum persistent biomass'
within a short span of time, The tendency to ‘persist and
grow' im fluctuating eavironments may result in the replace~
ment of populations, change in conmunjtﬁ structure or even

the mode of nutrition, All this may help them in adjusting
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to change in the environmental factor within a very short
span of time, The couwparisoa of bacterial populstion

with dissolved organic carbon estimates shows clear
positive relationship between the Lwo variables althogh the
correlation coefficient value (r = 0,55;p = 0,05) was

not statistically significant.,

The absence of correlation of bacterial population
with most of the factors may also be due to the fact
that these organisms are not dependant upon a single factors
all the year round, Also the factors may not act in

isolation at a given time.

At station 4 three sampling depihs may harbour
different physiological groups of bacleria belonging te
the same or differeat taxonomic groups (Strzelczyk et al
1971, It is assumed that the bottom bacteria are facult=
alive anaerobes which produce uiioahlo nunber of colonies
when incubated aerobically.

The taxonomic composition of the bacterial population
is typical to the freshwater lakes, The dominance of
coloured form in the surface samples is probably aa adapla=
tion to the light intemsity. ;

| it may be concluded that the effect of environmenial

changes on the populations of planktonic bacteria wounld

be significantly evident omly if the changes were well
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beyond their tolerance range. The coincidence of the
spring blooms with the maxima of most of the biological
activity measurements such as 100, alkaline phosphatase
activity, coefficient of heterotropic activity asnd rate
of bacterial production (chapter 4) shows that the
bacterial populations have positive relationship with

the activity measurements,



CHAPTER 3

SEASONAL VARIATION IN PLANKTONIC POPULATION OF VIABLE
FUNGAL PROPAGULES
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INTRODUCTION

Fungal populations in natural waters represent such
a heterogeneous array of microorganisms that it is diff icult
to group them geccording to the habitate The term aquatic
fungi has generally been used for the "fungi living in water”
{Ainsworth and Bisby, 1963), FRKepresentatives of almost all
subdivisions of fungi are found im natural waters (Sparrow,
19683 John-on. 1968 ) The motile zoosporé producing
Phycomycetes are generalily imcluded in aquatic fungi
(Sparrow, 1960). Another important group of agquatic fungi
produces non-motile spores characterized by tetraradiate arms
(Ingold, 1942, 1959, 19763 Nilson, 1964). This group forms
a great bulk of fungus 1ife in well aerated waters of
streams and rivers where they are dominant saprophytes
on oxtr.noon; plant litters. They are not so common in lakes
and pomnds, Most of Lhe dominant soil fungi have been isolated
from the natural waters (Cooke, 19763 Park, 1972). These so
Acalloi “"geofungi” have been reported to be actively involved
in the leaf litter decomposition in natural waters (Kaushik

and Hyne, 19713 Padgett, 1976).

It is an established fact that fungi as a group have
definite edge over bacteria im the process of decomposition of
plant materials ( Harley, 19713 Saito, 1965; Kaushik and
Hyne,1968), They are involved in wmaking it sultable for

bacterial attack and bacteria and fungi together attract
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animals whose feeding breaks down the substrate into smaller

particles, thereby increasing surface area and stimmlating

bacterial growth (Parr et al., 1967),

Fungi constitute gquality food for the aguatic
‘invertebrates. The aguatic invertebrates have a preference
for the leaf area of highest fungal concentration (Barlecher
and Kendrick, 1973 a,b). Studies of ¢illoughby and Sutcliffe
(1976), Marcus and silloughby (1978) and Kossi and Fan (1979)
have clearly dou%;tratod that it is fungi associated with
detritus particles that constitute the bulk of emergy source
for detrivorous aquatiec iavertebrates and not the orgamic part
of it.

sesides being active decomposer of plant litter and
quality food for the aquatic invertebratles many aquatic fungi
are known to be dominant parasites of phytoplanktons, zoo-
planktons and fishes., It has been conclusively shown that
fungal parasites quite often regulate the population of

other aquatic organisms ( Masters, 19763 Redfield and Vincent,

19793 Scott and OUbler, 1962,

Coker (1923) reviewed the literature on taxonomy and
seasonal periodiecity ot,nuaile Saprolegniacease., Uased on his
observations and literature he concluded that spring was the
most tivonr.hlo segson for the organisms. fiie observed
maximum occurreance of Saprolegniaceae during spring and very

few species could be collected during winter and summer, The
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seasonal periodicity of species was regarded to be associated
with environmental factors among which temperature has a

profound effect.,

Forbes (1935 a,b) studied the seasonality of agquatie
Phycomycetes in several ponds and reported winter maxima
which declined later and totally disappeared during summer,
Salvin (1941, studied Lhe effect of temperature om the
activity of primary and secondary szoospores, (e found that
at temperatures below 10°C and gbove 30°C the zoospore

activity was abnormal.

arvey (1942, reported that the small population and
great species diversity were associated wilh nutrieant
dificiency. The nutrient rich area was often poor in -ator-v
molds because the zoospores of Saprolegniaceae may be easily
ln)utod when subjected to high osmotic concentration, iie also
suggested that the altitude has a pronounced effect on the

distribution of the fungi.

Harvey (1952, reported that species of Saprolegnia
and Achlya were absent from the polluted waters whereas

Aphanomyges showed some affinitly for polluted waters,

waterhouse (1942) noted that most of the fungi appear
in September or Octlober, reach to a maximunm in Doeonior to
February and disappear in summer,

Chaudhuri gt 3l (1947) studied the seasonal periodicity
of Saprolegniaceae in tropical waters and found that favourable

growth periods are Uctober to December and February to May.
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Studies on the oxygen utilization by aquatic fungi
have shown that Lhey have greal capacity to utilize oxygen
which may even exceed those of bacteria. rloy‘eaa success=-
fully compete with other microorganisms for organic matter
in solution and oxygen available in dissolved state (Cooke
ete aley 1956),

Through a series of papers Suzuki (im Sparrow, 1968)
has proved that temperature plays the most important part
in the growth and reproduction of Saprolegniaceae which it
exercises through governing the zoospore production which
are the most important reproductive units for the distribution

of the organisms of this family.

Dayal and Tandom (1962) found a marked seasonal
occurrence of Saprolegniaceae. They observed that species
collected during October and November grew vigourously and
produced sex organs whereas those collected in March and april
undergo a period of dormancye. Most of the species remain
dormant during summer and, therefore, their occurrence was
restricted to winter months,

Dayal and Ji (1943) listed tweanty three species of

aquatic fungi from various ponds of Varamasi (iIndia).

Huches(1962) proposed that Saprolegniaceae could be
divided into two groups wilh respect to seasonal periocdicity,
one, with centric and subcentric oospores which showed marked
seasonal periodicity with temperature change, and the other

wilh cecentric oospores does not show any definite pattern

-—
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and also to these the effect of temperature was megligible.
He found that Sgprolegnia spp. were dominant in spring and

Achlys spp. in autumm.

Koberts (1963) studied the distribution of Saprolegniales
in relation to pi and temperature, G5She grouped her isolates
into three categories: winter species, sunmmer species and
constant species based on the period of isolation, She
further observed that typically more species were isolated

from the bottom than from surface waters.

Cooke (1966) isolated species of fungi from acid
streams and suggested that many of these fungi were performing
a useful function by removing waste organic matter from the
waters.

Cooke (1967) isolated hundred twenty eight species of
fungi from various agquatic habitats most of which were 'so
called® terrestrial fungi. He opined that these fungl use
organic wastes as food and their populations increase in

such habitats. B

Srivastava (1967) studied the seasonal variation of
aguatic Phycomycetes and grouped them with respect to
temperature and pH preference. (e observed maxinum number

of species in the winter and minimuw during spring.

Sparrow (1968 ) reviewed literature pertaining to the
oeology.or freshwater fungi and concluded that seasonal

occurrence of tho_fungl seem to be certainly associated with
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temperature agnd its effects, lie pointed out that temperature
may also act indirectly to restrict competition for substra=
tum by other fungi or evem by algae. He suggested that for

temperate regions spring is the best time for the collection

of unusual and rare fungi.

‘Howard et al (1970) described the taxonomic characters
of the members of Saprolegniaceae isolated from Icelands Ji
and Dayal (1971) described the life cycle of jllomyces
Javanicus kniep., Johnson (1971) described the taxonomic
characters of sixteen species of Pythium isolated from Iiceland

Ristonovic (19739 quantified the fungal propagules
in Skadar Lake and found that il varies belween Z0U~-73u
propagules per ml of water. In another study (1973b) io
isolated twenty three species of agquatic Phycomycetes and
discussed the possibilities of their use as indicator of water
pollution,

Clausz (1974) observed that spring and fall were the
seasons for maxinmum activity of Saprolegniaceae, He further
observed that the viability of zoospores is only few hours
which increases at low temperatures and less aerations.

guerehi amd Dutka (1974) described various roles of
fungi in the lake ecosystem and they pointed out possibilities
of the use of terrestrial fungi as a potential indicator
of water pollution and the degree of eutrophication, They
concluded that more gqualitative and guantitative information
on the population of terrestrial fumgl in lake waters are
required for Lhe better understanding of their specific ecolo=

gical roles within the lake ecosystems,
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o (1975a) observed the behaviour of zoospores of
Saprolegnia towards its baits and reported that a large
number of zoospores encyst around the baits. Subsequently
they germinate towards the bait and colonize it. In another
study (19756 he proposed a new medium selective for the
growth of Saprolegnip sp. %hile studying the seasonality of
aquatic fungi Ho (197Sc) observed peaks in spring and fall
and low values in summer and winter, Liu and Volz (1976)
extensively réviewed the literature on the ecology of the
Saprolegniaceae, They considered various physico=chemical
factors and described the effecit of the factors on distribution

and actlively of the organisms,

Fox amd wolf (1977) found that the fungal population
did not vary along depth and in their later studies they
collected only surface waters from the edge of the lake,
Kesults o; their seasonality studies were similar to that of
Hughes (1962),

Khulbe and Bhargava (1977) found that the periodicity
of agquatic fungi is governed by temperature and not by the
seasons. They observed maximum occurrence of watermolds
during summer agad autumn in temperate lakes and during spring
and autuman in subtropical lakes.

Chrzanowski and Stevemson (1979) found significant
positive association between fungi and particulate organie
carbon, Gased on sufficient data they concluded that fumgi
are attached to particulate organic materials., #Hossi and Fam

(1979) studied the role of fungi as food for aguatic inverte~-
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brates and noted that the fungi growing on the detritus
constitute the food of the invertebrate studied not the

detritus proper,

However a paucity of informatioms om occurrence,
distribution and relative abundance of fungi in freshwater
lakes exists, in particular, the Indianm hill lakes have
‘not heen surveyed for the fungi., Tho only study of this
nature was carried out by Khulbe and Bhargava (1977 ).
thyptleartly examined the z200sporic Ihycomycetes and did
not study geofungie It is thought that informations
concerned with Lthe distribution and seasonal variatiom of
geofangl within the aquatic eavironment is necessary. As
they constitute an important part of the planktonic sapro=

phyte community their population estimates and relationsaip
with other microorganisms would be necessary to undersiand

the role of fungi in the lake ecosystems

Present chapter takes into account the gquantitative
and gualitative distribution of fungi in lake water,

MATERIALS AND METHODS

Yiable count of fungal propagulos.

Yiable fungal propagules were estimated by spread
plate count methods UeS ml of the lakewater was inoculated
on the surface of freshly poured Kose Bemgal Streptomycin
Agar (Martin,1950), The inoculum was uniformly spread on
the Agar and the Petriplates were incubated at 25° ¢ 1°C

for 7 days. The total number of fungal colonies was counted



to calculate the number of fungal propagules per ml of
water, The composition of medium was: Dextrose (BOH) 10g;
Bacteriological Peplone (BDH), § gj KHPO4y 1 g3 MgSO4e
Tig0ey UeS g§ Agar (BiH), 20 gj Distilled water, 1000 mlj
Rose Bengal 0,033 mg. 0,100 g of Streptomyeinm (10PL) was
added to the .ltoelavo& medium when the latler was cooled
to 45°C.s The pi of the medium was adjusted to 5,4, Nedium
was autoclaved at 15 pounds pressure for 20 minutes,
Petriplates were sterilized in hot air ovem at 173°C for
12 hours and 20 ml of medium was poured in 100mm dia.Petriplates.
Balting for szoosporic Fhycomycetes

For the isolation of aguatic Phycomycetes baiting
technique was useds 10 begin with, a number of materiais
wercused as baits viz., hemp sceds (Cgumebis sativa L./,
cabbage seeds (Urgssica olerapcia Varegapitata L.) popped

rice, pieces of leaves, grasses, bird feathers, termite
wings, beetle wings and pine pollens. After workiamg out
gquite a few samples the hemp and cabbage seeds were found

to be the best baits because they trapped a board spectrum

of fungij were easy to handle for a number of samples at a
timej gave reproducible results and above all the baits of
almost same chemical and morphological mature could be

used for all the samples, Throughout the course of study two
baitls were used for isolations., For primary isolation from
the samples both type of bails were used, Subeulture, purifi-
cation, and reisolation were done either on hemp seeds or on

corn meal agar (Johmson and Carl, 1972 ),
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Seeds with approximately 150 ml of distilled water
in sepzrate 250 ml conical flasks were aunteclaved at 20
pounds pressure for 15 minutes., The secds were then dissecled
out to get the cotyledons separated, These cotyledons were -
used as baits, faits were put in the field and in the
laboratory. in the former, the baits were placed in Lhe
lake water for 24 hours and were then withdrawn and brought
back to the laboratery. in the latter the water samples
were brought to the laboratory and baiting was done by
setting up trap cultures in Petriplates{100 mm dia)in the
laboratory.

Laboratory uethods.

20 ml of lake water was transferred to previously
autoelaved Petriplatess 10 ml of I NaCl solution and 1 ml
of membrane filter (0,22 um) sterilized Sireptomycin solution
(1 g per 100 ml) was added to ite 10 sterilezed baits were
aseptically transferred to the solution with the help of
a flattened sterile needle so that they float on the surface
and precautions were takem to avoid clumping together of
the baits, The Petriplates were incubated atl room tlemper-
ature (20-26°C) for Lhree days. Later on the bails were
transferred to 20 ml sterilized distilled water in separate
plates, The Petriplates were again incubated at room
temperature ¢ill a visible fungal ayecelium around the baits

was seen. AS soon as 2 bait was noted positive for fungus



it was Ltransferred to S0 ma dia Petriplates cantaining
sterilized distilled water. 2«3 sterilized cotyledons of
hemp seeds were iransferred to this. The fresh cotyledons
were used for the identification, subcuiture and preserva=-
tion purposes. To get the sexual organs the hemp seed
cultures were incubated at 10-15°C for 15 days. A few
cultures were identified by Commonweadth Mycolsgical

Iustitute, Kew, Swirvey, England,

Eleld Mathods

Approximately 50 sterilized baits of each kind were
tied separately in = nylon net (1! mm pore size) slongwith
a sterile glass piece (generally a botile stopper) heavy
enough to hold it beleow the water surface, These pockets
were tied at the llﬂpl!lg.alltioll with the help of a
nylon cordes The baits were brought back to the laboratory
after an exposure of 24 hours, 10 randomly selected baits
of ench Lype was transferred to the Petriplates and further
processing was done as in the ¢ase of laberatory method
except in the place of lake water 20 ml of sterilized dis=

tilled waler was used in this case.

The procedure followed ian the presenti study is a
modification of the wmethod described by Dutka (1978).This
method has an advantage over the simple bailing procedures,
as the bacterial and the protogoan infestation of the seeds
could be avoided to a minimaum,

Only filamentous aquatic Phycomycetes were taken imto

account and the afilacentous forms were not considered. The
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Fige3.2, Seasonal variagtion in the viable
population of planktoniec fungi in the
lake water at statiom 2, Circles:
surface walers, trianglessmid-~depth
waters, squaregtboitom waters,
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Fige3.3. Seasonal variation im the viable population
of planktonic fungi in the lake water
at station 3, Circlesisurface waters,

trianglesimid-depth waters, squaressbotitom
waters,
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Fige3s4, Seasonal variatiosm im vigble population
of planktonic fungi im the lake water
at station 4, Circlesisurface waters,
trianglesimid-~depth waters, squares
bot tom walers,
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preservation of aquatic Phycomycetes was dome in 20 ml
culture tubes on coram meal agare A fully grown colony on
corn meal agar was flooded with sterilized mineral oil and
stored at 5°C in a freeze, For short time preservations

and day te day study the fungi were maistained on hemp seeds

in sterilized distilled water stored in a freeze at 5°C,
RESULTS

Yiable Fungal Propagules (Plate count methed)

A perusal of the data presented in Fige 341=3.4
suggest that the plalktoutc fungal population showed a marked
seasonal variation, iowever, all the stations did not show
the same pattern of seasonality. 7The stations 2,3 gnd 4
showed almost similar trend of population variation while
station 1 showed altlogether differeat trend. Station 2,3
and 4 showed a spring and autuvmm peaks during first year of
study but this trend was not repeated in subsequent year.
The station | showed increase in fungal population from
spring to winter during the first year while in the second
year of atudy a constant decrease in population was observed.
The depth~wige distribution of fungal pepulation did not
vary significantly although qualitative as well as quanti=-

tative differences in the population were observed.

The fungal forms isolated from the lake walers by

plate culture method mostly belong to the terrestrial group

of fungi. [Fythium monospermum, Aureobasidius pullulans,



Fige3e5. Percentage occurrence of various
fungi in the lake water calculated
with the data (360 samples) collected
at all the stations and depths
{(Mareh 1977 = Februnary 1979).
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Filge3.6, Seasonal variation in relative density
(£) of certain dominant fungi in the

lake water at stationm 1 (sprimg 1977
to winter 1979).
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Fige3e.7., Seasonal variatien in relative density
" {/) of certain dominant fuagi in the

lake water at atatiomn 2, (spring 1977
to winter 1979,
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Fig.3.8. Seasonal variation in relative.-
density (.) of certain dominant fungi
in the lake water at station 3
{(spring 1977 to winter 1979),
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Fige3,9. Seasonal variation in relative
density (') of certain dominant fungi

in the lake water at station 4 (sprimg
1977 to winter 1979),
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2hedot aruls sp, Sporobolomyees sp., Lrichossoron sp.,
Aspergillus famigatus, Clsdosporium herbaram, Sectrichun

Sandidam, Penjeilljun shrysogesus, Phislopherg sp. snd
Irichoderms ®op. were the most commonly isolated forms, The
percent age occurrence of various fungi throughout the study
is giver in FPig. 3,5, In general, the isolstes belong to
the forms which produce large number of spores, Fig: 3.6 -
3.9 depict the relative density of dominawk forom, It is
evident that the unicellular yoasts and/or the filamentous
furg§ producing small unicellular spores such as Cladesperiam
berbarum most ly dominate the fungal flora.

A geveral lock at the representation of various
groups of fungi rqndni that «ajority of the fungi belong
to the class Deuteromycetes, Other classes are represant od
by very few species., (uite significantly class Ascomyceten
is represented by only one genus, The monthly variation in
species composition of fungi isolated by plate culture met hod
did not show any marked variation, To scme exteonmt , however,
it appears that a few mpecies of yeasts were more in sumber
during wint or months, Most of the filamentous forms were
isolated thronghout the year, however, the site of occurrence
varied, The percent age uc-rnnobdﬂnnu fungal species
and number of spectes isolated nt/ various samplings are given
in appendix tables 1| and 2. The differences in the number of
propagules of different soecies did net show any patteram of
seasonality, However, thcqunnr of fungal propagules per al

of water ranged frow O te 100.



Flgede10, Monthly occcurrence of various
gocsporic Phycomycetes (baiting
method, in the lake water at

station 1 (March 1977 Lo February
1979).
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Fig. 3.11
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FAge3.12, Monthly occurrence of various
goosporic Phycomyceles (baiting
method, in the lake water at

station 3 (March 1977 to February
1979,
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Fige3.,13, Monthly ocecurrence of various zoosporie
Paycomycetes (baiting method) in the
lake water at the surface of station 4
(Mareh 1977 to February 1979).
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Fige 3,14, Monthly occurrence of various

Figs. 3.15,

zoosporic Phycomycetes (baiting
method) in the lake water at the
wid-depth of station 4 (March
1977 to February 1979),

Monthly occurrence of various
goosporic Phycomycetes {(baiting
method) in the lake water at the
bottom of station 4 (Marer 1977
to February 1979).
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F1g«3s16. Munthly occurremsce of various zousporie
Phycomycetes (baiting method) in the
A lake water considering all statioms
toyetner (March 1977 to cebruary 1979),



Achlya americana

A. diffusa

>

. flagellata

A. prolifera
Achlya sp.
Allomyces sp.

Aphanomyces laevis

Aphanomyces sp.

Dictyuchus monosporus

Pythium monospermum

P. undulatum

Saprolegnia diclina

S. ferax

S. parasitica

Saprolegnia sp.

Fig. 3.16

N T Y I O I A A I O I O O

MAM J JASONDJFMAMIJ J ASONDIJ F
1978

1977

1979



Fige3del7, Monthly variation in naumber of
species of goosporic Phycomycetes
(baiting melhod) and percentage
baits infesited in the lake water
considering all the stations together
{March 1977 to iebruary 1979},
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Leesporie Phycomycetes (Baiting method)

The number of species isolated during spring and
sunmer was much higher as compared to winter wonths
(Fige 3.10=3,13), Seventeen species were toolntcd.throughout
the study period, The maximum in any month was 13 while the
nininum was 2, The surface waters were comparatively rich
in species composition and as the depth increased the popu=
lation decreagsed (Fige 3.13=3,15), Fige 3.16 -unnarlsdo the
data considering all ithe stations together which clearly
depicts the seasonalily of various fungi isolated from the
lakewater. {he number of baits infested was also maximum
during spring and summer months indicating the possibility
of wore fungal propagules being present in the water samples

during the period,

The depth=wise distribution of the fungi at stations
1,2 and 3 was not significantly different and, therefore, the
values were pooled together, No marked variation was
observed when the various stations were compared with each
other except that the station 1 was cuite oftenm rich in
number of species, An over-gll picture of the seasonality
of the fungi in the lake would emerge ounly when the data
~collected at all the stations and depths were combined
together to give the general pattern of seasonality of each
fungi during the course of study (Fige 3.17,.

The fungal species showed a definite seasonsl

periodicity., According to their preference for the seasons
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they could be grouped inte 3 major categories (Table 3.1,

Table 3,1, Seasonal occurrence of zoosporic Phycomycetles
in the lake,

Spring and ‘ Winler species All Season species
summer species

Achlys diffusg Aphanomyces laevis Achlys gmericamg
A-prolifera Aphanomyces sp.
Achlyg sp. Saprolegnio diclinag
Lictyuchus monosporus Seferax

Exthium monospermum Saprolegaia sp.

Aghylay diffusa, Ae.prolifers, Achlya sp., Allowyces spe,
Dictyuchus monosporus, Cythiuve mopospermum, Z.undulatum
and Saprolegnig parasiticsg were isolated during 'aE- periods
of the year (Spring-summer). Aphanomyces lgewis was
consistently isolated during winters, ilowever, on one
occassion (from the bottom of station 4 ) it was isolated

during summer also, J.gmericanag, Aphanounyces sp., 3.declina
S.ferax and Sgprolegnia sp. were isolated in all tho'sonuou-.
Se.ferax and A.gmericang were the most dominmant fungl and
they did not show any seasonal preference. S.parasitica
was always isolated during spring and early summer.S.parasitic:
was also observed to infest the fish eggs and occasionally

the adult fishes were also attacked,
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DISCUSSION

Yiable Fungal Propagules

The results on seasonalily and ocecurrence of fungil
collected by the plate count method suggest that fungl
constitute an important component of the planktonic comaunitly
and the lake harbours a sizeable population of fungi
throughout the year, As evideni from the studies of Kaushik
and Hymne (1968, 1971), Jomes (1974), and Suberkropp and
Klug (1976) fungi are the dominant decomposers of extiraneous
plant litters in the aquatic systems. Thus, it appears,
that a good inoculum of fungi is always available in the lake
waters to colonize the incoming extrancous substirates, Studies
on decomposition (Chapter 5) clearly demonsirate that these
fungi colonize the extraneous plgnt litters and take active
part in their decomposition, Most of Lhe forms isolated are
dominant saprophytes usually found in both terrestirial as
well as aguatic habitats (Cooke, 1976). In general, the
fungal flora isolated by this method is dominated by the

P
terrestriel forms (Das, 1980;.

The dominance of fungal flora by the yeasts and yeast
like forms suggesis that probably they cam remain free floating
in the lake waters and their sedimentation rate is slower as
compared to the forme producing large sized spores, Secondly
such forms are probably better adapted to reproduce and

multiply in the aguatic habitate and, therefore, they may be
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regarded as the resident populations of the habitats,

it may be speculaled that among planktonic fungi the
unicellular forms are more important and the mycelial forms
probably grow only when they get suitable organic substrates.
The occurrence of most of the species throughout the year
may be because of the longivity of Lhe fungal propagules
(spores and conidia) which once produced may remain suspended
in viable state for longer periods (Sussman, i%68), This is m
contrast to the S¢pralogniacoouo zoospores whose active
phase of life is often limited to less then 24 hours (Clausz,
1974 ). | |

Most of the fungi isolated during the course of

present study have been found in other aquatic habdbitats too
(Cooke, 1963, 1970, 19763 cuereshi and Dutka, 1976). Fungi
isolated by plate culture technique are generally regarded
as aliens and depending on their activity and role in the
ecosystiem processes they have been variously classified
(Diek, 1971, 1976) t“hether the terrestrial fungi have any
worth while role in aquatic environmentis has often been
a point of controversy. Cooke (1962, 1963, 1976) has
emphasized that such fungi do play an important role in
aquatic environmenils and they remain active aund perform
similar functions there as in the torrostilai habitats. Park
(1972, 19743, however, differs from Cooke and the former
believes that these fungi are passively accumulated on the

subsirates exposed to the natural waters and play liitle role
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in the microbioclogy of extraneous plant litter decomposition
{“hapter 5 ) suggests that these fungi have some role to
play in aguatic environments. The degree to which they

are responsible for the degradation of plant litter in
aguatic habitats can be ascertained only after a therough

investigations based on the advanced ecological methodology.

Further, it would be important to note that most of
the fungal colonies on plate cultures come from the spores
and conidi2 (varcup, 1955§ Harley, 1971) and plate cultures
technique, therefore, tells little about the real activity
of the organisms, However, this technique is guite useful

for the studies on the fuangal flora and population estimates.

Zoesporic Fhyconycetes

Unlike plate count method the fungi isolated by
balting technique exhibited a definite seasonality. The
seasonality pattern is similar to the studies in temperate
regions ( Coker, 1923; Hughes, 1962; Roberts, 1963). The
spring maxima and winter minima as found in the present
investigation is typical to the temperate waters. In
tropical regions Dayal and Tamndom (1962) and Srivastava
(1967) noted maximum activity of aquatic Phycomycetes
during winter when the temperature was almost similar to the
spring of this region. Liu and Volz (1977), Sparrow (1968

and Hughes (1962, pointed out that temperature is the most
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fuportant single factor which regulates the activity

of watermolds, The positive relationship with temperature
noted during the present study also depicts that the
seasonality of these fungi is probably governed by the
temperature, It appears that during cold months most of
the species remain dormant and they become active when the
temperature increases, Iiowever, lUayal and Tandom (1962)
reported the dormancy period during summer months., Sussman
(1968, has o-ph-nlgod the role of temperature in ithe breaking
of dormancy of the fungal propagules, Temperature sensiti-
vity and spring maxima have also been reported by Clausz
{1974, who points out: " .hether the periodicity of a species
is controlled directly by climate acting on the fungus or
indirectly by regulating abundance of food is a problem

requiring more study”,.

The maximum activity of aquatic Phycomycetes also
coincides with the maximum bacterial population (Chapter 2)
and maximum biological activity estimates (Chapter 4), Also
the organic carbon values as well as other autrient concentr-
atton:‘pOatod during these montus {Chapter 1), It appears
that the activity of tiese forms is also regulated by the
same setl of physico-chemical and biological factors which

govera the bacterial populations and microbial activity,

The depth~wise distribution of fungi reveals that

surface walers are comparatively rich in the fungal flora
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and deeper water harbour less number of fumngal propagules
(Fige 3,13=3,153)s As evident from the methodology, most of
the isolations by baiting method come from zoosporic propa=
gules. Thus, the fungal populations estimated by this melhod
is often a reflection of the activily of zoospores, It may
therefore, bo.surorrod that the zoospore population is more
in the surface waters, It may not, however, be said with
certainity whether the zoospores are produced in surface
waters, Less number of species in deeper waters may be
attributed to the anoxic conditions and higher concentirations
of dissolved substances in deeper waters (Chapter 1) which may
be detrimental for the growth and activity of these fungi
(Liu and Volz 1977; Harvey, 1942),

The seasonal periodicity of various fungi observed
in the present study is similar to the works of other
investigaters (Alabi, 1971). It appears thatl jphanomyces
laevis probably grows better at low temperatures. The "all
season species” may have a wide ecological amplitude and ecan
survive and/or grow in a wide ramge of seasonal conditionms.
The spring and summer species may reguire higher teumperatures
for their growthe Possibility of extraneous fungal propaguies
coming during the spring and summer months {(which also coine=
cides with the high rain fall) through runoff and stream inlet
may also contribute to greater fungal population durimg the

period,
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A comparison of the two methods used for study of the
fungal populations inm the lake water reveals that while plate
count gives guantitative information it tells little about
the aett'tiy of fungi. illowever, it gives information on
occurrence and distribution of viable fungal propagules in the
natural waters. 7Tho baiting methed is quite suitable for
the study of zoosporic Phycomycetes, It reveals their activily
as well as responses to the temporal and depthw-wise variatioas,
it appears that planktonic fungi isolated by plate culture
method remain suspended in lakewaters for quite some time
and they become active only -ain they get suitable subTsiratum,
The actual origin of the terrestrial fumgi in lakewaters has
not been fully worked out (Clauesz, 1974) but their population
variation shows that probably they eanter the lake through
run=off, rain water, streams and air and they béconc anctive

aliens in these environments (Dick, 1976/,

fhe Ascomycetes were isolated from the lake in very low
number which may be attributed to the unsuitability of the
methodology adopted for their isolation and culture. lany
Ascomycetes do not grow on the routine plate culture media and
we do nol have suitable baits to trap them like aguatic
"hycomycetes, Thus, it appears thal the melhods employed in
the present study are not suitable for this group of fungi.
| similar may be the case with the Basidiomycetes, which are

very rarely found in aquatic habitats (ingold, 1976)s The
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groups of fungi presently considered to be rare in aguatie
habitats may be isolated in relatively larger numbers if the
methodology for their isolation and gquantification is

perfectled.



CRAPTER 4

BIOLOGICAL ACTIVITY IN THE LAKEWATER
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INTRODUCTION

Population estimates have been most widely used as
a measure of sctivity of mieroorganisms, However, wany
times they do nol necessarily refleect the actual asclivily
of the gréup of microbes (Stricklamd, 1971}, Populations
of bacteria have been measured by direclt microscopie oouni;
and by plate counl, While the former does not refiect
whether these cells are active or dead the latter always
underestimales the population. and the eocunts reflect
certain ecophysiological groups which cam grow om the
medium used for the culiure, Gemeral awarencss of this
problem has increased and during the lasi two decades
attespls have besen made to measure the blological aclivity
in various environwentls ﬁaslng enzymatic methods (Hofl=
mam and Bﬁfflaﬂﬂ;]cﬁﬁ’ Lenhard,1967; feichardt,1971;
Jones, 1972 a,b) and utilization of sﬁb.tratol (Azam and
liolm Hansen, 1973; Godlewska=Lipowayl974a,b, 19762}
Vaccaro and Jonnasch,19663 dright and Hobuile,196531966),
These methods have been most widely used Lo understand
the involvement of microbiasl communities in the func~
tioning of ertou: ecosystems, Studies on heterotrophie
fetivity measurements of haeterial mieraflora (Wright
and fiobbie,1965; Vaccaro and Jnnuauch,lObé) have shown
that bacteria assimilate organic subsirates in relation
to their concentration, Godlewska=~Lipowa (1974a) measured
coefficient of heterotrophic activity by estimating the

quaatity of oxygean utiliced by bacteria. He repouried
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that the coefficient of heterotrophic activity is a
direct measure of degree of eutrophy and process of

desiruction of organic matter in the asuatic ecosysteus.

Phosphatases are responsibie for pho-’hutq regene~
ration in aquatic environments, In such eaviroameants phose-
phatases, [irst demonstrated by Steimer (1938), are produced
by bacteria (Jomes,1972 a,b) algae (Brandes and Eston,
1956) and sooplankters (Jansson,1976), Phosphatases may
be associated with seston and as free dissolved enzymes
(Berman,1970; Jones,1972a; Uverbeck and Babenzien,1964;
Reichardt gt al 1967), The release of enzymes in soluble
form has beenm often atfiributed to mineral fggtion of
planktonic organisms (Heichardt gt gl, 1967). Phosphatase
activily ‘has been proved to be good indicalor of degree

of eutrophication (Jones, 1972 a),

Several studies have proved that synthesis and
secretlation of phosphatases are regulated by the ortho-
phosphate concentration in the water, Some algal species
when grown ia phosphorus limited conditions produce
alkaline phosphatase, which are capable of releasing
ortho=-phosphates from phosphomonoesters (Fitzerald and
Nelson, 1966), Heath and Coocke (1975) reported that low
Ortho=phosphates concentrations in l;k§ water were asso-

ciated with higher glkaline phosphatase aclivily indicating
an adapiation to release ortho-phosphate from phosphomo=

noesters, They further ophserved that appearance of alkaline

phosphatase was related to the increase in the size of the
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elgal populations and emphasized that this recycling
process might be an additional and significant source
of ortho~phosphate levels and the enzyme synthesis is
largely controlled by the end product repression. The
repression of syatheslis of phosphatases by ortho-
phosphates has also been reported by Felchardt gt al
(1967). In most of the microbial systems phoephuto
starvation has been reported to cause increase in the
synthesis of phosphatases namely bacteria (Lobozy gt al,
1968); friedberg and Avigad, 1557; Moses, 19703 Shah
and Blobel, 1967; Torrisni, 1960) fumgl (Kadner and

Nye, 1969; Schurr and Yagel, 1971) and algeue (Knutsen,
1965; Kuenzler and Perrans, 1965; Liedtka and Chmann,
1969 a,b). Patni gt gl (1977) reported that phosphate
starvation led to an ineressed activity of phosphatase
over a broad pi range from 4 to 10 with a maximum
activity in the alkaline range at pH 9,20 in Chlamydowonas
reinbardi.it hes been aseumed thatl phosphatase may serve
as the trigger for algal blooms in phosphorus deficient

natural waters,

Reichardt (1971) while studying the influence of
various environmental conditions on phosphatase activity
in lske water noted that pH, substrate concentration,
inorganic orthoephosphate concentration, depth and seasons
have pronounced effect on the phosphatase activity, Apart
from above he obeerved diurnal variation in the phosphate
ase activity which followed the trend similar to that of
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the saproephytlic bacteria. The alkalinme phosphatase
activity in lake walers has beewm shown (o be direcily
related to the degree of eutrophication and microbial
blomass. (keichardt gi al,1967; Jomes,1972a; Jansson,
1977 )showed that phosphate was ensymatically released
from particulate matter, e further observed that par-
ticulate matters are importanit source of phosphorus
for planktons and the phosphatases directily degrade
the organic phosphates from particulate matter to

available form.

Healey (1973) bas found that phosphatase activity
may be convendiently used as an ideal indicator of

nutrient deficiencye.

Heath and Cooke (1975) observed direct correlation
between alkaline phosphatase activity snd potential
productivity, They observed a rise in potential produc~

tivity with increase im phosphatase activity.

Verstraete gt al (1976) found that phosphatase
may be useful to characterise the bloaelivity in
aguatic environmenis and they reporied strong ceasonal
fluctuations in the enzywe activity., They observed
maxioum activily im spring and a secondary peak in the
antumn, They further observed s stirong relation between
the mierobial numbers and the enzywatic activities
and reported that phoaphatase activitly is a linear

function of ihe viable microorganisms.
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It is an established fact that heterotrophic microbes
play a fundasental role in the energy trua.}or tarsugh
the food chain. The transformation of dissolved organic
matter into the microbial biomass is one of the basic
metabolic patiways in the lake ecosystem function, Thus
in order to understand the funciional aspects of lake
ecosystiem an estimate of microbial production is of fune
damental importance, Microbial production in present
context implies for the dark assimilation of carbon
dioxide by heterotrophic microbial population. Miersbial
production in natural waters has gathered attention of o
large number of aauatic microbiologists im the recent
past, Studies of Eouauon;o (1964}, Sorokim (1965), Overbeck
(1974, Overveck and baley (1973), husnelsov and Komanenko
(1966, have proved that the average value of €O, incorpo=-
ration for the blosymthesis of bacterial cells was of the
order of 6. of the baclerial biowmass, licrobial preduction
is always coupled with the microbial decomposition of
organic compounds as Lhe energy f{or Lhe process comes
rréu the breakdowa of autochthonous or allochthonous
organic malerials. Thus the microbial production estimates
give a relative picture of microbial activity of these

environments,

The impertance of bacterial producticn in natural

waters has been well understood during last two decades.,

Various studies on subject have reqo.lod that the biomass
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production by heterotrophic bacteria may be of the same
wagnitude as Lhe autolrophic primary production, Kusnet=
sov and i;anka (1966) reported a relation of 01,1

between primary production and bacterial production,
Sorokin (1965) while emphasizing the importance of
bacterial production pointed out:s "Dark bacterial proe-
duction is in principle secondary production because it
derives its energy from organic matter built during
photosynthesis, It is, however, in some respecis more
nearly primary than secondary production becuase it proe-
ceeds nostly vy the utilization of organic matter whieh
would otherwise be practicaliy lost for the direct feeding
of animals, This is particularly true in the case of some
inland waters and certain oligotrophic ocean waters where
bacterial biosynthesis through the oxidation of allochtho=

nous materials is more important than photosynihesis”,

Bacterial biomass and gemeration time arec other two
most important characters of aguatic ecosystems which
directly quanlify the dynamics of bacterial activity and
growth im these systems, While bacterial bicmass largely
shows Lhe netl stock of heterotrophic biomass at any time
the generation time of the bacteria in naturagl waters is
an expression of close correlation between the environumeat
and the microorganism (Donderski, 1977; Hagstrom gt al,
1979},

Prescnt chapter takes into consideration the bioclo=

gical activity of the lakewater measured by various methods



with particular reference to heterotrophic microbial
populations in the lake ecosystem and relates them to
the bacterial population and biomass and the related
physico=chemical characters’'of the water Laking inte

consideration both temporal and depth variat ions.

MATERIALS AND METHODS

General methods of sample c¢ollection and processing
are described in Chapter 3, The estimation of alkaline
phosphatase activity was done folliowing the melhod des=
eribed by Verstraete gt gl (i1976), The only modification
was that the reagents and distilled water were filter
sterilized and aseptic precautions were chserved., Soluble
alkaline phosphatase was measured in the lake water
filtered through 0,22 u pore size millipore filter, Co=
efficient of heterotrophiec activity was determined |
following the method of Godlewska=Lipowa (1974a). Lake
waler was filtered through a 40 mum pore ntqc sieve Lo
remove phyto and gzooplankivns, After measuring the imitial
dissolved oxygen concentration the water was transferred
to six 80D bottles, Bacteriological peptone (BUH) was
added to three bottles to Lhe concentration of 10 mg/L.
All the bottles were incubated at 20 % 1°C in a B
fncubator for 24 hours and dissolved oxygen concentration
was measured, Coefficient of hetrotrophic activity was
calculated by dividing the oxygen consuwption in lakewaler
with peptone by the oxygen consumption im Lhe lakewater

without peplone,
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Estivation of microbial production was done
following the method deseribed by Romamenko and Sorokin
(1972), The rate of oxygen consumption was measured in
8itu by oxygen bottles method in the water filtered
‘through 40 mm pore size filters to remove phyto and zoo=
planktons, Approximate values of rate of microbial
peoduction was calenlated from the rate of Lhe oxygen
consumption by use of the egquation:s P=0,08 D mg C/L/day
where P=rate of microbial production and D=rate of the
o:ygonlco-on-ptlou in mg ozlblday. Bacterial biomass
was calculated from the data on microscopic count using
standard factors such as mean cell volume = 0,06 um’
(Salonen, 1977; watlson, gt gl,1977; Ziomerman,1977;
Hagstrom gt al, 1979), bacterial cell density =1,19/
en’ (Lamanaa gt al, 1973) coefficient for weight in terms
of carbven = 0,10 (Straskrabova and Sorokin, 1972). The
estimation of generation time was done by assuming that
the microbial production is the result of bacterial
multiplication, Based on this the generation time was
calculated by dividing the ilcrobinl production (my
c/u’/c.,) values by the bacterial biomass (mg 0/!3).
Biclogical oxygen demand (BUD) was estimated by the
method described in Stendard Methods (APHA,1971). The
water samples were incubated at 20 & 4° C im 30D incu=-
bator for S days and B D values thus represcnt the valwe
of oxygen consumptlion in 5 dyas at 20°, Due to certain

practical difficuities estimates of engyme aclivity and
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coefficient of heterotrophic asctivity were done only at

station 4,

RESULTS

Alkaline Phosphatase Activity

The alkaline phosphatase aclivity showed distinect
seasonality. The trend of variation at the three deplhs,
however, did not follow the same pattern, While surface
water showed maximum activity duriag late spring months
(March=June ), bottom waters exhibited maximum in the early
winter (November,., Depth-wise, the activity decreased
during March= June after which the maxima tend teo shift
to bottom waters and from the month of August to January
maximuom activily was recorded at the bottom, Minimum
activity was recorded im the monthse of Jamuary and February
The soluble enzyme remained at fairly constant level
thronghout the most part of the year except duriag winter

when the values were comparatively low (Fig.d.1).

Loefficient of WHeterotrvophic Activity

The coefficient of heterotrophic aclivitly was
highest during late spring and sumsmer (April=Jume) and
lowest during winter ( November= Jamuary ). Duriang the
remalining part of the year the coefficient of heteroitro=~
phic activitly was consistently higher in the bottom waters
as conmpared 1o surface and middle waters except im the

months of August and September when it touched the lowest



Figed4.2, Monthly variation in coefficient of
heterotrophic activity in the 1lake
water at station 4 from March 1976
to February 1979, First histograms
surface waters, second histogram:
mid-depih waters, third histogram:
bottom waters,
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Figed4e4. Monthly varialtion in wmicrobial
production (mg C/IP/d.J) in the
lake water at various stations.
Values are mean of Lhe estimations
at three depths (surface, middle
and bottom;, from March 1978 to
February 1979),
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value, Besides distinct seasonnlity, marked variation
wvas also observed at differcnt depths, During wianter
months the mide-depth water comsistently harboured less
meterotrophic activity as compared to surface and bottem

water (7‘90‘02 Je

Biological Oxygen Demand {B0B)

Biological oxygen demand showed distinct seasonal
variation, it was wmaximum during spring and decreased with
the onset of summer, The lower values were recorded during
winter (November=January) followed by slight increase in
February. In general, Lthe highest BCOD val ues were associa=-
ted with boltom waters in the station 4 samples, The depth=
wise variations at the station 1,2 and 3 was not statisti-
cally significant and, therefore, the val ues shown are the
mean of the three depilhs sampled, BOD values were quite |
high at station | as compared to Lthe other stations,clearly

depicting organic loading of the station (Fig.4.3).

Mierobial Frodugtion

Microbiagl production values are shown in Fige.d.4.
Data are the arithmetic wean of the depth-wise estimate as
not muech variatiom could be noted at different depths. The
values differed considerably im different months with a
general tendency of higher values during the warm months
and steep decrease duriang winters. Amother important feature

was that the values were always highest in Lhe statiom 1,



Fige4.5. Monthly variation in biomass of
bacteria {mg C/Ma) in the lake
water at various statioms. Values
are mean of the estimations at
three depths (surface, middle,
bottom) from March 1978 to February
1979, |
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Figed4.6, Monthly variation in generation time
of bacteria (hours) in the lake water
at various stations, Values are mean
of the estimations at three depths

(surface, middle, bottom) from March
19786 to February 1979,
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Bacterial Biomass

Biomass of bacteria showed marked variatioa with
seasons, Most significant observation was that the bio=-
mass of bacteria peaked once in the month of May whieh
was many fold higher than the values observed during rest
of the year., The values shown fa the Figed4.5 are arith=~
methic means of the three walues recorded at three

different depths,

Seneration Time of Uacteria

The generation Lime of bacteria showed distinet
variation at different period of samplings. Duriag
spring in general and pnrflonlarly in the month of May
the generation time was consistently higher at all the
sanpling stations which coincides with the peak period
of biocmass also., Except a single depariure at station 3
in the moath of August tn; generation time was quitle low
during summer months, If genergtion time is considered
as a measure of growih it appoars ihat growth rate slows
down during the periods of maximam population and biomass
(Fig. 46 ).

DISCUSSION '

Earlier studies on alkaline phosphatases have well
established their role in phosphate regeneration (Jansson,
1977) and as an indicator/of eutrophicat ion and micrebial
biomass (Reichardt gt gl, 19673 Jomes, 1972 a). These and

most of the other attempis to relate phosphatase activity



with microbial biomass and other limmnological characters
have been based on short term studies exceplt those of
Stevens and Parr (1977) and Heath and Cooke (1975).

Suring this study higher v.iucn of alkaline phosphatase
activity were coiplod with higher baclerial populations
and other bilological activily measurements during the
months of AprileJduly which was consistent with Lhe obser~
vations of Jomes (1972a), The second maximum in phesphatase
activity was observed in the bottom waters during November-
Decenber which was associaled with Lhe lowest values of
Ortho-phosphate concentration, It may, therefore, be
inferred thatl during the period of high microbial activity
(March=June) the phosphatase activily was not repressed

by higher ortho~phosphate values as observed by leath and
Cooke (1975), But low values of ortho-phosphates could
probably trigger the enzymatic activity (November~December)
in order to release the ortho=-phosphates from the organie
phosphate compounds, During the period of higher phospha=
tase activity the depthe~wise distribut ion of ortho=-
phosphates showed a Ltrend opposile to phosphatase activily
clearly depicting negative relastion between the two, The
relationship between ortho-phosphate and phosphatase
acltivity observed during present study is very much in
conformity with those of Stevens and Parr (1977), It may,
therefore, be inferred that in natural waters phosphorous
limitations may enhance ihe phosphatase activity but the
repression of phosphatase activity by ortho=phosphatase

may not oceur if il also coincides with the high microbial
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activity as noted in the present study, The absolute
values of phosphatase activity often camnotl be compared
witlh other reporis because of differmnces in units as
well as methods employed. Data of the present study are
within the range as reported by Heath and Cooke (1975).
The depth-wise distribution of phosphatase activity sug-
gesis that probably during spring and warm periods of the
year the phosphatases were produced more in the surface
waters than the bottom waters largely by the phytoplanke
tons which peaked during this period (Thapa, unpublished),
The November~December maximum of phosphatase activity inm
Lthe botlon waters may be due to the bottom organ isms or
particul ate sources. Jomes (1972a) also observed sowe
increase in phosphatase actlivity in deeper water in late
summer, Berman (1970) did mot find any induction repres-
sion and/or activation of phosphatases in Lake Kinneret
with ortho=phosphates, Similarly Jomes (1972b) also did
not find a relationship and suggested that without a
detailed survey of water Lodies the control mechanism of
engymes could not be determined satisfactorily. Resulls
also clearly depict that major portion of the alkaline
phosphatase aclivily remain associated with the particu=
late matter and only a small fraction of it was present

in the soluble form,

Coefficient of heterotrophic sctivity tas been used
a® a measure of biological activity (Godlewska-Lipowaj
197331974b). The preseni study revealed that al though it
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eduld be corelated with the microbial population estimates
it was more directly related to Lhe dissolved organie
carbon concentrations., BU0 measurementis have been the most
widely used single parameter as an estimate of biologically
utilizable organic matter in the natural waters., BOD

values in this study were significantly related with the
dissolved or anic carbon (Tgble=4,1), Although mazimum

and minimum values also corresponded with the bacterial
popul.tion maximus and minimum, a general relstionship

was not observed.

Microbial production estimates u.rc'htghor during
the warm periods of the year. The relationship detween
the bacterial biomass and microbia! production was such
that both peaked during spring moatus but whiie former
dropped abruptly the latter maintained a platene through-
oul the warm periods of the year. Thus, it appears that
there is no direct relationship between the biomass and
production values, Even quite low biomass values observed
during late summers may conmtribute Lo the same level of
production, On comparison of the dissolved orgamic con=
centration with mierobial production it is evident that
microbial production has positive relationship with the
dissolved organic ecarbom concentirations., The comparison
of the data with sinilar studies (Overbeck, 1979) shows
that the values are quite high, Higher values of microbial
production at station 1 can be clearly explained with
the higher values of organic carbon concentration at this

station,.
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The microbial production estimates are of gquite
bigh order when compared with Pechlamer (1970) whose
estimglen of primary productivily were eilher less or
equal to the microbial productivity estimates of the
present study, The microbial production estimates
clearly demonstraie that quite high amount of biomass
is synthesized by heterotrophic microbial communities.
It may, thereiore, be pointed out that studies con-
eor-qd with the productivity estimates should also con-
sider the microbial production failing which there is
likelihood of ignoring a most important facetle of the
production biology. The biomass of bacteria has been quite
iow when compared with the observations of Godlewska=
Lipowa (1947, in the Mazuriam lakes, Godlewska~Lipowa
estimated it to be beiween 200 and 700 nyg c/u’. pDonderski
(1977} estimaled bacterial biomass in two lakes im Poland.
In the outrophi§ lake the biomass estimales were as high as
782 my c/u' while in the wmesotrophic lake the highest value
was 75,6 mg c/u’. On comparison with the #stimates of the
present situgdy it is evident that the values were comparable
Lo the mesotrophic inke estimates, It wmay,therefore, be
inferred that on the basis of the bacierial biomass the
inke may be classified apg mesgotrophic.The generation time of
bacteria ozcillated botween 1,8 to 8§86 hours,which was com=
parable with the obsorvations of Domderski (1977 ), Hagstirom
£t al (1979) calculated generation time of bacteria and
found it within the range of 10 and 100 hre. Although
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seasonal fluctuations of generation time of bacteria cane
not be discussed with quite precision, the higher values
observed during spring shows that during high biomaas
values probably the rate of multiplication slows down,
This may be probably because of the imcreased longivity
of the cells in the favourable condit ions of growth, Not
much could be concluded from these data because of the
scarcity of similar data from other systess. Before we
can generalize the findings of ocur study more studges

are required on the biomass and generation time of bactle~

ria in different natural water bodies on periodic sampling
banie,

The maximum biological setivily, microbial popula~
tion, and piomass were noted during spring which may be
ascribed to the mixing of the water column in the month
of February (clearly evident from the bottom oxygen level
in the month of Mareh) resulting into Mareh phytoplamkton
bloom followed by bacterioplankton bloom, The fresh input
of exiranecus nulrients in the form of plant litter during
late February sad early March from the adjoining vegetation

may also contribute to this.

From the present study it may be conecluded that in
shal low stratified iakes, distinet seasonal variation in
the biological activily measurements and the microbial
population estimates takes places The mixing of lake water

occurs during the end of wianter resulting im a bloom of



81

phytoplankton in the month of Iirch-ﬂprtl followed by

a bacterioplankton bloom in the month of Way. The spriag
blooms also coinclide with Lhe maxima of most of the
bioloegical activity measuremenis such as alkaline phosg=
phatase activily, coeificient of helerotrophic activity
BUD and the rate of microblial production., These values
were positively correlated (fiblo 4.1), Resulis obtained
on Lthe phosphatase activily su gested that caution
should be exercised in the use of phosphatase activity
as a wmeasure of blologloil asctivity (Verdraete gt al,
1976, although further investigations are neoded on
periodic sampling basis before we can general ize the
same for other systems. also, There appears to be suffie-
cieat information to suggest, however, thal the phosphatase
activity is affected by the microbial population and

ortho=phosphate levels,



CHAPTER S

DECOMPOSITION OF ALLOCHTHONOUS PLANT LITTER




INTRODUCTION

Dictionary meaning of decomposition is the aect of
seperation of anything inte its constituent elements,
Biological usage of the term has been in the sense (o
describe the process by which the dead organmic materials
decay and roqolvc inte simpler compounds and uitimately
result into the simple inorganic compounds, During tLhe
progess chemical bond emergy of the orgamic materials
is utilized by various microerganisms whose gualitative
and quantitative composition may vary as the materials

decay.

The process of decomposition is exiremely complex
and is conirolled by the multitude of organisms, the
chemical and physical properties of litter and by the
abiotic environment, The guantity, quality amd activity
of the decomposer organises are determined largely by the
chemistry of the n‘torlal and the abiotic environment, All
these are manifested in the pericd of time regquired for
Lhe breakdown of the litier, The average rate of deconpo=
sition is, therefore, measured as fractional loss rate
with the formala

¥t = wo o Nt
where Wo is the initial weight, Wi is the weight at

time t and k is the rate constant per day (Clson, 1963),

Decomposition is of fundamental importance for Lthe
proper functioning of any ecosystem, It helps in uﬁlooktng

and regeneration of nutrients which are made available for
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the synthesis of fresh biomass by the green plants.
Understanding of the decomposition process becomes of
added importance in the aguatic ecosystiems receiving
allochthonous organic matter which serves as an addie
tional source of energy for the system, Desides primary
production, microbial production at the expense of energy
of the allochihonous organic matier, contributes Signi-
ficantly towards the total prduction of organic matter

in such oio.yutons. s;‘n-o. s0il below litier layer,

lake and marine benthos and estuvaries which are primarily
heterotrophic depond comsiderably for their emergy require-

meats on Lhe allchthonous organic matter,

The importance of erganic mattier in agquatic eco=-
systems was first of all pointed out by Thiememann (1912)
Since then several workers have added considerably towards

the understanding of the subject.

Levanidoy (1949) reported that the littoral somne of
wooded lakes receives 200~500 gram per -otorz of leaves
per year, Nelson and Scott (1962) noted that lﬁlplt. of a
kigh primary production of Piedmont stream 66, of the net
production of primary consumers was dort}od from alloch~

thonous or.nlld matter.

fiyne (1963) showed that the terrestrial organic
matter is the major source of energy for the microbial amnd
animal community metabolism of unpolliuted streams, He

further concluded that a large part of the productivity of
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running waters is based on the allochihonous organie
watter without which these habitats would turs $0o be

almost a desert.

Egglishaw (1964) concluded that the distribution
of sireams bottom fauna is associated with the distribue~
tion of plant detrites., Szcezepanski (1965) reported an
annual transport of 500 gram of dry leaves per meter of

shoréline of Lhe lake Mikolazki, Poland,

Minshall (1967) found that allochthonous leaf
materials were the most important invertebdrate food and
constituted well over 905 of their diet., Mean standing
crop of allochthonous leal materials was estimated to
be 4.7 = 13 k cal per -ctorz. The energy flow studies
reveal that the allochihonous leafl materials are the main

source of energy for the primary consumers,

Kaushik and liyne (1968) concluded that fungi were
responsible for the increase in proteinm content of the
decomposing leaves. They reported that fungi and bacteria
showed some sorli of antagonism for each otherj when former
increase the latier decreases and vice versa., All the
fourteen genera of fungi recorded were the common soil
fungi. They confirmed the view of Cooke (1962) that these
fungi are definite members of the population of gquatie
systems and Lheir role is of fundamental importance, They
opined that the study of microbial population of the de-
couposing leaves deserve more counsideration than it has

received, Extending Lhe sawe stud; Kaushik and Hymne(1971)
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enphasized the importance of sllochthonous leaf litter
in the aquatic systems as source of energy for secondary
and tertiary production and noted Lhat absolute guantity
of nitrogen increases as the leaf decompesition proceeds.
They observed that initially fungi were more important

than bacteria for the breakdown Lhe leaves.

Seki gt al (1969, reported that the terrestrial
organic material contribute appreciably towards the

annual primary production of the ‘.ll‘hﬂ.fllld]o

Fisher and Likens (1973 estimated that air borne
inputs of plant organic matter constitute more than 407

of total imput of organic matter in the stream ecosystem.

Paterson and Cumming (1974) reviewed Lhe litera=
ture on decoumposition of plant litter in stream habitats
and co-pntod the decay coefficients of various plant
litter in different habitats, They further proved the
earlier observations that the differential invertebrate
colonization of leal packe is a function of microbial

colonization and conditioming.

Iversen (1973) reported that autumn shed beech
leaves placed in net bags lost 907 of their weight during
one year. Initial rapid increase of nitrogen percentage
in the first monlk of processing made Lhe leaves palatable
for invertebrates, He further concluded that most of the
organisg pitrogen released by the microbes are redeposited

on the leaves,

Park {1974y used the lilter bag wmethod for the
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decomposition studies in running waters and observed
~that litter hag method do mot permit full analysis of the

range of processes oceuring during bHreakdown,

Willougaby (1974, extensively reviewed the various
aspects of decomposition of plant litter in freshwaters,
Based on literature he concluded thal the decomposition
in freshwater is regulated by Lhe phy.tco~chontc.§ status
of the environment, chemical composition of the l;ttcr.

and the bioclogieal community involved in the process,

Sedell et al (1975, emphasized the role of inver=
tebrates in the decomposition of conifer needles and
confirmed that the leaf litter fed upon by iavertebrates
must be microbially colonized, The rate of decompasition
was slow for Lthe first 100 days which increased drastically
afterwards, While the former was atiributed to the micro=-
bial deconposition the speeding up of Lthe rale was due to

the invertiebrate feeding,

Triska et al (1975) reported imcrease of perceatage
niltrogen felloewing initial leaching and continucus decreasge
in lignin content of the decomposing plant materials,

In laboratery experiments larrisom (1977) foumd that
amphipods feed selectively om tLhe detritus colonized by

epibionts and the presence of amphipods increased the rate

of decowmposition,

Barlocher gt gl (1978b) for the first time reported
that Pinus resinosa needles are naturally colonized by



(X)_ ‘
~A

aquatiec hyphouyceles in streams, The maximum fungal
aclivity was coupled with the maximum invertebrate fee~-
ding. The trestuents of the needles with HCL, nzo.

csl‘ou or NaOl increased the palatability of the needles
for the ianvertebrates and the fungal colonization was
also inereased, Ezperimenial findings proved that the

cuticle was inhibitory for the fungal colemization.

Barlocher and OCertli (1978, extending their
studies on the colonization of aquatic hyphomycetes on

_ conifer needles reported that dead needles of several

other conifer species namelyj Ables alba, Pinus sylvesiris,
Ee lugoderais and Jeguois glgantia were also colomnized by

aquatic hyphomyceies in streams, In a seperate experiment
they reported that while low doses of needle powders
allowed the growth of fungi the htgyor doses were always
inhibitory,

Using large-mesh bags Danell and Sjoberg (1979)
studied the decompesition of Lgreg and Eguisetum litter in
northern Swedish lake, They reported that Eguisctum litter
decomposed faster than Carea. They were of the view that
aninals do not themselves consume litter but their presemce

leads to an increase in the rate of microbial decomposition,

Ingold (1979) reviewed literature on the study of
aquatic Hyphomyscetes on Lhe decaying dicotyledonous plant
litter and suggested the term suphibious lyphomycetes in

place of aguagye Hiyphomycetes for the latier has become
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obsolete in the light of recent researches om the
terrestrial oceccurrence of many of the so=called aguatie

Hyphomyceies,

The subject of litter dooonpcalttiu on terrestrial
tabitats has reached to an advanced stage of perfection and
sofistication (PDickinson and Pugh, 1974). A perusal to the
informations given gbove in the field of decomposition of
allochthonous plant litier in aquatic habitats on the okher
band shows that the subject is as yet at its starting point
and still there is scarcity of data. Further, most of the
studies are done in temperatre sireams with a primary aim
to invesiigate the relationship of allochihonous leafl
litter either with the invertebrate fauna or with a small

group of fungi namelyj; so=called 'aquatic' Myphomycetes.

S0 far, we know very little aboutl the general micro=-
biological aspectis of plant litter decomposition in lakes
The quantification of bacteriali and fungal populations asso=
ciated with the decomposing plant litter in natural waters

has notl received sufficient atiention,

Investigations on the litier decomposition in standing
valers are v:iy few particularly pine needies litier decon=
position in standing waters has been studied rarely (Hodkin=
son,1978 ) itwould be worih mentioning that ne work has been

domne on the subject in Ipdia so fsr.

Pine (Pinus kesiyas Royle) meedles constitute the
most impértani compoment of the forest vegetation of the

higher elevations of north eastera India and a -lézblo
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amount of needles litter enters the various aquatic eco-
systems of the region, The lake undersiudy do receives
pine needles as the most important fomponent of the
alloghthonous organic litter ipput. Keeping in view,

the above peints it was thought Lhat Lthere vio an urgeat
need to study the problem of extraneous plant litter

decomposition in lakes.

Preseat study 4deals with the estimates  DFf decom=
posilion rate on weight loss dasis, guantirlfication of
microbial {(bacteria and funmgi) populations associated with
the litter and the chemical changes of the processing
litter. The process of decomposition of two Lypes of
plant litters (pine nmeesdles, teak leaves) have been

studied for 3 period of 15 months,

MATERIALS AND METHODS

Bulk lnlpiol of the main litter input pine (Pinus
kesiya Soyle) needles were collected from an area adjacent
to the lake in the months of March=April,1977, Scenescent
teak (fectons graundis L.) leaves were collected from a
twenty year old forest plantation situated in Umling 70
km away from Shkillomg. All samples were air dried for
three weeks and an ovem dry (80°C for 48 hours) weight
correchtén factor was delermined, Five grams of air dried
litter was exposed in nylon bags 20 x 20 em of 1| ma of mesh
size which permitted entry of most of the invertebrate
decomposers and simultaneously reducing losses of smwall

fragments of the litters. Thus the dry weight losses
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subsequently recorded are composite figures representing

both microbial decomposition and imverte_brate consamption,

Prior to introduction into the lake, weighed litter
bags were placed in a moist atmoaphere for Lwo days to
take up the moisture; this prevented the fragmeatation
observed when air driéd needles were put directly inte
water, Litter bags were placed in the pond on August 8,
1977, A fraction of the needles was seperated for Lhe
microbial and chemical analysis prior to their processing

in water,

First two collections were dome at 15 days iutervals,
after that four collections were done al monthly intervals
and subsequeni collections were done at an interval of two
to three months, After collection, the bags were geantly
agitated in distilled waler Lo remove any visible covering
of sediments or algal filamenls and then oven dried (35°C
for 5 days) to determine dry weight loss. The replicates
were them mixed to form composite samples which were used

for chenical analyses.

The litter bags were put at three differeant sites
Vizey station 1,3 and 4, The bage were tied to nylom eord,
To each cord § litier bags were tied from the same point,
A stone of sufficient weight was alse tied to the same
point te keep the cord stationary ou Lhe bottom, Litter
at each station was placed at the bottom middle amd the
surface of the lake (5 cm below the surface) each sample

to be collected were put in a seperate cord, Samples were
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brought to the laboratory inm sterile polythene bags

within an hour of collection.
1 an sis

One bag from all the samples was washed goantly
in sterile water to remove the surface contaninants,
The litters were cut into small pieces aof 10 m with
the help of a sterile sci®gsors in a sterile Poltridish,
2 grams wet weight was put in 100 al of sterile distile
led water and the dilut ion was made after a thorough
shaking of the water in a 250 ml comical flask, A minimum
of 50,000 dilution was used for bacteria and 500 for the
fungie 05 ml of sujtable dilution was inoculated on the
surface of the basterial and fungal media (chapter 2,3).
The medina used were the sane which have been used in the
¢ase of water sanples, The plltil were incubated for 7 days
at 25°C im a BOD incubator. Yeast colonies were counted on
the fungal medium, Simultaneocusly with the weighing of
litter for microbiological analysis three 2 grams of the
litter samples were weighed in the seperate Petridish and
éried im hot air oven at 80°C for 48 hours to determine the
moisture content of the litter. The numerical estimation
of mierobes were computed on the basis of por' gram dry weight
of the litter.

The ivitial microbial populat ion associated with the
litters wae oot imated before putting the bags im the lake

using same method as described above.



Estimation of cellulose, hemicellulose and liguin of
Lhe decompesing litters.
Cellulose, hemicellulose and ltqntn,ooltolt'ot

litters were estimated by Lhe method deseribed by

Peach and Tracey (1955)., The samples were ground to

fine powder by electiric grinder and processed for
éstimation of the three compounds.0.5 g of powder was
treated with 20 ml of 25 aqueous KOH (W/V) for twelve
bours at room temperaiure, The samples were themn cean= |
trifuged at 3000 rpm for 10 minutes., The decant obtained
was used for hemicellulose., The residue left was washed
several times with distilled water to remove the last
trace of KOle IL was dried at 80° for 48 hours in a hot
air oven, cooled to room temperature in a dcniﬁhtor and
weighed, The amouni oblained was designated as toal
ceilulose, The decant was neutraliszed with a equal amount
of glacial acitic acid and ethanol, The precipitate was
filtered, washed, dried and welighed as above and this was
accounted fr hemicellulose,Three replicate samples were

considered in each case.

For estimation of lignin 0,5 of dried samples were
treated with 725 of sulphurie aeid (AR) and kept im a
deep freeze for 24 hours. After this, the content of the
testtuds was centrifused at 6000 rpm for 20 minutes.

The elear supernatent was discarded, The residue was

washed many times to remove the last trace of sulphurie
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acid, It was finally washed in a wateh glass, dried
and weighed as above, The amouni so obtlained was re-
corded as total ligain, Three replicates were considered

in each case,

Estimgtion of total sugar and toigl asincacid in the
degomposing litters.

Total sugars and aminocacids were estimated by the
method described by Peach and Tracey (1955). 100 mg of
the sample was crushed with a mortar and pestle im 808
ethanol end filtered through a Whatwan No.,l filter paper.
The rfiltrate was treated with activated charcoal and
centrifused at 6000 rpm to get a clear supernatent,
Ethancol was bolled off in a hot water bath and Lhe
volume was made up Lo 5 ml with the addition of doubdle
glass distilled water, 3 ml of this solult i0n was taken in
a test tube and 6 ml of Anthrome reagent (0.4% im H 80,
w/v) wem added gently to it from the side while the test
tube was kept in ice., Then the test tube was gently
shaken and warmed in a hot water bath for 3 minutes. A
green coiour in- obtained, The transmittance of this co=
loured sclution was observed iu spectrocolorimeter
(Systronics 103) at 610 um, Standard curve was obtained
from the transmittance of varying concentration of
glucose solution treated with anthrone reagent as
deseribed above, The values of the total sugars were

expressed in mg/100 mg by weight of samples.



9j

To rest of the 2 ml extract, 2.5 wml of acetate
buffer (40 g NaOH dissolved in distilled water in
1000 mi volumetric flask, 100 ml of glacial acetic acid
was added to it and the volume made uplo 1000 ml with
distilled water) and 2,5 ml of ninhydrin solution (1%
in isopropyl aleohol) were added simultaneously. The
test tube containing the solution was kept in hot witor
bath for nalf am hour, a light purple colour was obtained,
The transmiliance of this coloured solution was measured

in a spectrocolorimeter (Systromics 103) at 540 pm,

Standard curve was obiained from the ilransmitiance
of the varying coneentration of leucine solution treated
with acetate buffer and minbhydrin solution as deserided
above, From the standard curve the valuwes of the total
amino acids of the samples were expressed in ug/100 mg
dry weight of samples. The estimations in each case were
done in triplicates. The nitrogen estimations were done

by Kjddaihl method as outlined by Alien (1974),

RESULTS

Eate of Decomposition

FigeS5.1 to 5.3 depict the rate of decomposition
of pine needles and teak leaves studied on weight loss
beasis at the turee statioms, vizj station l; station 3
and station 4. The two Lypes of extraneous litters put

for the decomposition lost their weights with different



FigeSels Changes in dry welght of pine needles
and teak leaves processing in the lake
at station 1 (August 1977 to February

1979) circlesisurface, Lrianglesimid=
depth and squaressbottom,
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FlgeS.2, Changes in dry weight of pine
needles and teak leaves processing
in the lake at station 3 (August
1977 to February 1979, Circles:
surface, trianglesimid-depth and
sguarestbottom,
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FigeS5¢3, Changes in dry weight of pine
needles and teak leaves processing
in the lake at station 4 ( August
1977 to February 1979 ).Circles:
surface, Ltrianglessmid-depth and
squaresibottom,
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rates. The rate of decompesition of pine uneedles was

very slow as compared to the teak leaves, The initial
decomposition of tecak leaves was very fast and bags

- lost twently to thirty percent of their weight within
first thirty days. In gemeral, the rate of weighti loss
was fast durinpg first sixty to hundred days which slowed
down for mnext humdred to two hundred days and after three
to four hundred days the rate was again quite fast, The
pattern of initial fasteslow=~fasl rates of decomposition
was more clearly depicted in the teak leaf litter weight
loss than ia the pine needles, However, this general
patiern of weight loss was not foliowed by Lhe pine
needle litters pul at the mid=depth and boitom of station
4 where Lhe rate of weight loss was almest constant
throughout the study period, In all the cases it was
observed that after attaining approximately twenty perceat
of original weight the rate of weight loss slowed down to
sinimum and sometimes there was no loss at all. During
later periods of the study the litiers were changed into
an unidentifiable detritus which was is much as ten
percent of the original weight but these collections were

not considered,

The rate of decozposition at various deptihs did net
differ significantly during early periods of processing
but as the timwe elapsed marked differences were observed,
However, at station 4 (where depth is more) the differences

were gquite evident from very start of the study (Fige.5.3).



FigeS.4., Number of bacteria per gram dry weight
of pine needle and teak leaf litter
processing in the lake at station 1
{August 1977 to February 1979). Circles:
surface, Llrianglessmid~depth and squaress
bottem,



Fig. 5.4 STATION 1
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FigeS.5. Number of bacteria per gram dry
weight of pine needle and teak leaf
litter processing in the lake at
station 3 (August 1977 to February
1979). Circles:isurface, triangless
mid=depth,squaressbotton,



Fig. 5.5 STATION 3
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Flge3e¢5. Number of bacteria per gram dry
weight of pine needle and teak leafl
litter processing in the lake at
station 4 (August 1977 to February
1979)e Circles: surface, triangles:
mid=depth aud'-quar-clbotto-.



Fig. 5.6 STATION 4
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FigeS5.7. Number of viable fungal propagules per
gram dry weight of pine needle and teak
leaf litter processing in the lake at

"station 1 (August 1977 to February 1979),
Circlesisurface, trianglesimid-depth and
squaresibotton,
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Filge8.8. Number of viable fungal propagules per
gram dry weight of pine ncedles and
teak leaf litter processing in the
lake at station 3 (August 1977 te
February 1979), Circles:surface,
trianglesimid-depth and squaressbottom,



Fig. 5.8 STATION 3
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FigeS5.9. Number of viable fungal propagules
per gram dry weight of pine needles
and teak leal litter processing in
the lake at station 4 (August 1977
to February 1979)., Circlecssurface,
trianglessimid-~depth andessquares:
bottom, '
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The station and depth-wige variations in deconm=
position rate is given in tables S.1 and 5.2. The date
computed from the expomential decay model suggest that
fastest decomposition was observed at the sarface waters
which slowed down as Lhe depilh imcreased. A comparison
of table S.1 and 5,2 shows that the rate of decomposi=
tion of teak leaves was two Lo four times fasler than
the pine needles, High values of correlal ion coefficient
{r) ‘otvoon exposure time and porooitago weight remaining
clearly demonstirate that weight loss was a funection of

exposure time,
o o o

The most comspicuous observation of the microbio=
logy of extiraneous plant litter decomposition in the lake
was Lthe initial fast colonization of the litters by
‘VCYIOII wmicrobes which was true for both fungi and bac=
teria. However,a departere Lo this general patieras was
- observed at the bottom of station 4 where either a
initial decrease was ob-o}vcd or the rate of initial
colonization was very slow, Other important genmeral
patiern was a sudden fall in the microbial population
after the first peak followed by a further increment., In
general, three peaks of microbial populations were ob=
served; ome after hundred days, second after two hundred
to two hundred fifty days and third approximately after
four to five hundred days (FigeS5.4 - 5,9),

No marked difference in the microbial population
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of the litters at various depths was observed al the
station 1 and 3 (Fig.5.4, ;.s. 8.7, 5.8). Station 4,
however, showed a clear difference in the microbial
population associated with the litiers at various
depths which was marked by less populat ions of bacteria
and fungi in the litters put in the deeper waters
(F19e8:6,8.%),

A comparison of miecrobial popuiations associated
with decompoOsing plant materials at various stations
showed that the populations did mot vary significantly.
The station Lo station difference were very less except
at station | where the values were guite of ten higher
than other two stations, The microbial peopulations did
not vary with respect to type of litier alse, The
microbial population aquoolgtod with the two types of
litter did notsbowmuch differemce and it veried within
a narrow range. Also, the type of litier probably did
not have much influence over the dynamics of microbial
population, Because almost the same ooi.rol pattern of
population variation with time was observed imn both the

litiers.

The tazxonomic composition of fungal population
associated with decomposing plant litters changed
successively. Most of the fungi pres-nt initially were
replaced by new comers within thirty days of processing

in the dake. The fungal population comstantly changed
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for first six months, Afterwards, the population did

not show gny definite succession pattern, lowever, a
f."lO' colonizers were found during later periocds of
doeo-po-tttop. Initially fungal population associated
with the two litiers were guite different but later the
species couposition did mot dirffer significantly and
alwost sase set of fungi were isolated from both the
litters. The maxinum number of fungal species were
isolated in December,1977 orFebruary,1976 collection,
Yeast populations also showed a trend alwmost similar

to the filamentous fornse. However, for most of the period
yeasts were more in numbers as compared to the filamen=
tous forms, Most of the forme belong to Lhe class
Deuteromycetles and other classeses are represented by

by very few number of species, Also, a gglornl perusal

of the species composition depictls Lthat majority of fungal
species are terrestrial forms (Table 5.3-5,18),

Nitrogen

The conceniration of mnitrogen in the decomposing
pine needles dropped to a quite low value after thirty
days of processing in the lake water,bult it was followed
by a rapid increase in Lhe nitrogen concentration reaching
uplo the double of the inmitial values at station 1, Later
on again the anitrogen conﬁontt.tlon dropped to almost the
initial concentration level and then throughout the
course of study it did not changye appreciably. This

general pattera of change in nitrogen content was, however,
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Tabile 8.3 Fangl sesscialed with decomposimg pive mewdlss st _Lhe Surfece of stalisn 1. Opper figures are
Arws dry weight 8f 11tter (1109}, Figeres iv brackets are relative dem jly (%).

1"('{)(IS

wumber

of furgal prepagules/

Neme of furgi Initinl bang.,22 !qt..:alm 25 {vev, 27 |6ee.,27 [Febe,6  [waren,16fapril,26{dune,26 {5ept.y2 fWov,,28
wrr | 1977 1977 197 1977 {1978 1978 i 78 1978 1978
ducor yaecemasus - - BadT 102.34 - - - - - 3eT0 0.75 17488
(azs2)  ( T.38) (0.47)  (1.53) (23.40)
Muesr gercinellojdes - = - - 4.6 B.45 3.60 - 0.97 5,56 - -
{ 3.20) (5.12) (3.44) {ran  (o.71)
Mmcor Niewalis - - - - 2,63 .48 - - - - - - -
(or8) (513}
Aspergilias niger 2.3 1.33 0.66 .94 21.00 1.81 10.89 - - B.98 - -
(47.39) (0.08) (3.55) (3.84) ( ¥.80) n:n) (10.34) (1.17)
Pemicillium chrysogenus - 4,30 2,60 - - 21,60 4046 - = -
(20.89) (vd.00) (20.68) (185.32)
E+ p3alicen - - - - BT 34455 - - - - - - -
{a:0m  (32048)
Bispora momoceras 0.20 - = = i - - - - - = -,
(4.17)
1 Bpa - - - - - - - - - ».00 50 .00 - -
Bemjojlijuy wp (48.28) (e.35)
z derms kewingij - - 1266 2.82 - - - - - - - = =
(5.04)  (1a93)
L. wiride - - - - - - - 19.38 - 3.70  10.37 1.63
(1:30) (0uan) (31.22)  (2013)
s, 190 1.20 3.20 - - - 2.29 20,90 - - - 9,78
derbarss (.68) (8219) (17.23) (0+68) (10294) (12.76)
Acremonjus wp. - - - - - 10.91 - 191 - - - - -
(10.25) ( o.72)
Gant & - - - - 0.91 - - - » 688,88 - -
Geotrisnem wp ek v
Fusarion sp. D4 da .60 - - - - - - - - -
E (8.%8) m.i"i; (1 .38) g
shizopun sp. - - - - =3 & - = - - - 0.73 %
i (1250)
raen oruld wp. - - - - - - - - - - - 0.73 -
Pasidetoreid (1.%0)
Ameomyeat 8=2 - - - - - 20,46 6B.40  TT.08 12.64 - - -
y (23.93) (é5.51) (¥.20) (i8.29)
White sterile aseplate - .54 6.53 - 58 - - - 3.84 - - - - 17.88
(24.16) (3629 (26,90) {1.48) {23.40)
Wnile sterile saplate - - - - - 21.82 - 42.37 - 12.64 - - -
(20.51) (16.08) (185.29)
iy noomat ales - - - - - 1.91 - - - - -
(0.72)
Pythiug - - - - - 1.91 - - - 3.3 .27
o (0.73) (Ta.26) (3831
dllesperium hibises - = ord = - ol & = = - -
Bed youat T — - 362,88  679.36 475,80 - 3.88 7029.63 - -
Black yeast - - - 2094 1. 46426 - - - - -
white yeast - - - 11.83 - T80 - - - - -
Urange yoasi - - - - - 34,55  108.40 - - - - - -
Total filameslous fasgi €79 Ja.6S  IB.57  30.46  IMIL07  108.36 104,90 217:80 - BB.63  TBT.04  4B.88 76.41
Total yeasts S.04 3460 114,43 Tal.01 FR.ET 640,19 18TH.65 662.T4 - 3.09 TORM.62 - -
Total fangd 9.83  48.25  133.00 TEB.AT 10868.T4  T46.47 1176.08 550.34 - 86,54 TO16.66 48,88 16,41

Sauple of tpril, 1978 was

spoiled

dwe to human Interference.



Table 5.4  Fumgi ssseciated with decemposing teoek hnm‘,ﬂ

fuurgal propagel rem dyy welght of 10|
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the surface of station 1.

Figures is Lrakels

siatiee dsmentgtme

Wewe of Fungl Iinl  Jauguse,22 .8 Joetover Inev.,27 Toee.,27 Treb.,6 fuaren,16 41,24 Jdnne,26
J : I Tort" !rin {n.;cn 1977 J ! 1078 ! 170’ ;";u' ; e
Mueor circinelloides 6.50 4.33 2.33 1.94 1.53 3.28 2,29 - - -
{26.98) (27.8) {8.74) (8.22) (0.28) (0.®) (e.68)
M. racesssss o6 2,30 14,66 12,73 1.5 12.21 16.08 - - -
. (35.37)  (14.17)  (55.01) (34.23)  (0.28) (M.91) (4.74)
White sterile aseptate [::2" {I:::I ll::l-\l - - - ?::::} & o
Irichoderas 1,33 1,33 2,33 12.78 - - - - & -
SRy ( 5.43) (8.57) (8.74) (34.23)
Phoma = - 1.33 3.91 1.53 - - - -
. (5:00) (10.51)  (0.26)
4 - - - - 4,05 & - - - =
H. hissalis et
- - - - S10.08 - - - - -
Exthium sp (803
Aspergiiles miger 2.33 1.66 - - 2.07  1.62 12,61 - - -
(v.m1) (10.68) (@am) (0.24) (373 )
Penjceilfum - - - 12437 1.9 a7 - - -
: ” (2.88) (1.72) (2.7 )
- - - - 65,13 o, 1,18 - - 5
b (10,85 (0. (0434 )
> - & - - 681 - 34098 - -
i ity {o.98) (1172}
- - - - - S. 09 - - - .58
Sestrishem sp {0.28) (50.68)
An cot o=l - - - - .72 .35 - ~ -
e (91.66)  (06.10)
Wnite sterile septate - - - - - 13.82 - - & -
(2.00)
(13 - - - - - - 2 - - -
Eladovporium havbarum : " o.iﬂ
-
Essarius =p - - - - - - E - - -
{1.02)
- - - - - - - 236,63 - -
Renisiliisn ghrysegenay (Te.31)
u:m!m - - - - - - - - 1.08 -
i 2. 44)
Yorticillium tenerun - = = 2 i . - - 1.08 -
(12.44)
- - - - - - - - 2.17 -
Lhoms husicols (25.08)
Aspergillius fumidgatus - - - - - - - - - 38.52
(49.32)
Red yonst 3.20 2.4 10.33 120,88  5308.51  61.01 502,23  T48.91 10332 400.76
Plaek yeast - 20.00 .48 72.81 65,12 1066.50 207.23 34,98 82,00 32.10
Creas yoast - - - - 421.67 - - - - -
whits yeust - - - - .02 = - - - 66,33
Wrinkled yaast - - - - - - Iwas - - -
Total Filamestons fungl 24,48 1552 26,65 3T.19  399.05 663,07 330,25 298,36 8,88 78.10
Total yeasts 1.0 e T0.01 197.01 $888 .32 MN26.91  1412.67  T81.09 165,32 sot.18
Total fungl 27.60 56.66 06,66 234,20 488 .18 1790.56  1750.92 1080.35 174,00 588,20
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Table = 5.5, Fungi sssociated wit s decomposing pime msedlen the middle wor statien 1. Upper figures are ssmber of Famgal
propagelen/gran dry weight of un-vf{ Figurss im brackets are relative darsity (%).

Atpergilins Biger - i - = - - - - = - - - 0.8
! ll:»gi (;.::) u.n:;
1,9 6o o - - - - - - - - - %
Gladesporjuy herbarsw (”.‘:] lu-g) “.f ::'
Emssrius gEysperus (g:a) - : ‘;‘::}J - - - - - - - - - =
8.2 . 20 - - - - - = - = - -
SRR SERARI (a17) (a;.u)
Marailin Dlasas ; (el (s2i®) (hbcan T - - K 4 3 (1e43)
Aspergil . - - 1.67 .9 - - - - - - - - -
. (1as) :.n:)
EBenjeilljus ghrysogswsn = = - ‘g:gz) - ™= s dg:::) - - Ht::g] o (2
Mucer gerejnsllieides - - = - B . 4. - - = - " -
(0:43) (0:39) (389)
H-hsmlin e > i 3 (R e s 5 A & i
N - - - - T49T  6a8T T - - 34.37  86.66  IT.OT -
SRR o h‘:.:n) (3.29) lu.:) (9.09) (11.49) (21.21)
Syaneast sles - - - - 1136,07 Bedd 4.36 - - - - - -
(58.18) (1.65) (3.85)
Aspergilive wp. * " - - = tf:::) = - B - = -
Irichederas yiride = = - 3 Eoie T o I 3 % 4 (e
- - - - - # 12 - - 343.62 .66 -
Sasteionen sadiden {:.:) (u.::] (20.91) a:.n)
sladeuperiotdes - - - - LR - - - - 1057
SENaasrise o el (o1 (13013
Extsiomters v S s enmer ¢ IESE - B YR o -
White sterile septate - - - - - - 26.23 1178 - - - -
(16.07)  ( 2.%)
Zhgms - > * - %) - > - = L - -
Megor pacescess L - - - - * = . * = on -
Aspergiline wiger - - - - - = - 2 . * i * ¥ =
2 (8:54) ( 'l'.:})
White storile niptate - - - - - - - 13.09 - - - - 25.93
(8.30) (20.00)
Iassriss 0. = > - g - = - . P8 - » -
Exthise vo- i i = i B . i 3 ¥ T A (o)
Sagaesne +0e e lls  SEEEE BRGSO B r . am bl
9 - - - - - - - - - - - 8. "
Saprotegnis w (i) (osesh
¥, - - # » - - - - - - - B =
Aszemeniyy =p u.::)
3 - - - - - - - - - - - 6.50 -
Esgudotoruls s» (e0
Red yoast 5.04  2T.00 132,50 1288.23 9330.23 395.72 965,90 297,84 - 294135 3960.00 - -
Black yeast - 2096 €209 - 56,10 40.02 292,20 2654,32 FLEY - - - -
White yeast - - - - [TT78 " S - - - 603,18 - - =
Wriskled yeast - - - - - - - - - - - S.T0 "
Orasge yeast - - - - - - - 47,04 - - - - -

Tatul rilamestsus fuegl 4.7 16,70 14,97 72,52 1960.70 208.38 111.73 143.58 4T1.60  3TE.19 493.31 80.43 129.60
Total yessts ' 804 47496 174,69 1288.323 10296.91 438,74 126).10 3000.00 27.21 3544.53 2960.00 5.T0 -
Total fungi ".53 64,66 109,66  1360.73 1224T.61 647.12 1372.83 3163.50 498,01 WI2.TE 4583.31 B6.18 12960
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Table 5.6 Fungi associsted with decomposinmg !aesk llﬂ;g at the middle of the Stat jem 1. Upper figares are mumber of fungal
propagules/gram dry waight of ll(llnr)l- Figures in brakels are relstive demsity ().
LY of Fusgt Initinl [Aug.,22 {Sepl .8 (0e!.,25 [Nev.,2T7 {Dee,,27 Febeob March,16 fApril,2. Kl 26
- bl wrt |"hi it v 1976 (AT I Ha
White sterile aseptate 4,33 .66 8.9 8.32 - - - 14.52 - -
(17.68) (13,84) (17,46)  (10.84) (8.47)
Penicilliue ghrysegenus - &80 2.33 .o - - - 55.23 - -
(20.1) ( 6.43)  (14.44) (32.30)
c1l ». - - 10,66 33.24 - - - - - -
(29.41) (42.12)
Eenjeilliue sp. 1.3 13.33 12.33 25,93 B4.43 18.27 15.62 - - 27.24
(19.61) (39.57) (34.01) (32.88) (6.00) (5.84) (10.46) {45.93)
Swsor hjemslis = = - - 2498 - - - - -
( 0.21)
Gesbrichus sp. - - - - 57.28 - T80 8.72 - -
(4.07 (5.23) (5.08)
Synusast alee - - - - 1262.44 7.53 0.78 - - -
{ m.73) {2.42) {0.53) - -
Mueor ratesssus 6.20 4460 - - 3.22 7.08 - - -
(18.0)  (13.60) (1:03)  (4m)
ducor cireineilojdes 6,80 1.33 - - - 2,15 4.63 - - -
A (26.33) (3.98) (0.8) (3.19)
TIrichodsrus 1.33 1.33 - - - 30 0.78 11.63 - 5.54
- el {8.43) (3.94) (tua (o.82) (7.78) (9.85)
Asperpidlus piger 243 - - - = 3.22 - - - -
(2.m) (1.03)
Aspergilius ap - - - = 1 = 1.07 - - - -
{0.34)
mscouycetg-2 - - - - - 200 .00 97.65 29,06 - 10.60
(85.15) (68.48) (16.94) (13.03)
White sterile septate - - - - - 26.87 - §7.80 - -
(B.61) (22.04)
Biipeiigm - - - _— 38.47 - - - -
= % (n.37)
&
Glatssperins herbarus - - - - - 9.67 14. 84 - - .
x (3.10) (9.24) t:.l:)
- - - - - - - 5.0 - -
Ehsms on. (3.91)
Blaek sterile soplate - - - - - - - - - 10.09
(12.03)
Red yeasts 3.20 .o 54,08 92.40 9152.4 232.20 528.90  33T.21 - 45.72
Black yonst - - - 2.7 55.19 122.59 279.10  2415.60 - -
Cress yeaet - - - - 591.20 - - - - -
White yeast - - - = - 17.20 - - # e
Urinkied yeast - - - - - 4.30 0.78 11.63 - -
Orange yosst - - - - - - - .76 - -
Tota! filassertows fargi 24,90 33.68 36.29 7831 140T.13 3NLLTT 149,17 17T1.50 - .30
Tolal yeasts 3.20 ar.20 84,08 382.11 9E20.0 376.78 806,18 2834.29 - 45.72
Total fangl 27468 @0 .00 90.53 461,02 !I*Qtrﬂ 684,02 955,37  3005.7T9 - 108.02

Sample of April, 1978 was speiled,
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Table 5.7, Fusgi asseciated with decomponing
dry welight of litt

J

1 les sl the betlom of wtatiem 1. Upper fi
::‘Jmnl in brackets are relative ;llulr (%)

rnl are mamber of fungal propegules/gram
.

Name of fungi inftinl fang.,22 {Sept., 28006t .,28 {Nev.,27 {Dee.,27 Fev.,6 |uaren,16fapril,26{June, 26 fSept.,2
It 1977 1977 1917 1957 | 1978 1978 1978 w1e § 1978
L
Bispery mewscerss 0a20 - - - - - - - - - - - -
(4a17)
Fusariwe oxysporam 0,41 4,26 - - - - - £ =4 = - - -
( 8.56) (185.24)
Aspergillus miger 2.27 1,20 6.20 1.03 - - l.12 1 = - - - 3.42
(47.39) (11.44) (17.48) (9.28) (1.e) (1.38) {0.74)
White steril .t - 13.26  13.80 4.03 - - - - - - - - 18.80
RS e (47.43) (28.90) (36.34) Vistar
. 60 3.03 - - - - - - - - -
Aspergilius fumigatus “:‘:;, “;."} “,.g,,
Aspergillus sp. - - 8.66 1,00 - - - - - - ~ - -
{24.42) (9.02)
Eladedporium herbarum 1.9 2.80 2.20 2.00 - 27,48 28,33 - - 14.13 1288 -
(ie8) (10201) (6:20) (18:04) (15m)  (37.63) (7.00) (3.13)
Auser hismslfe - = - - .23 Ba 680 - - -2, - - -
(:.:.m u.::; (9.04) "",]
Geotrichus candidum - - - - 10.97 2401 9,08 12.84 = 19,77 11L.01 - -
(2.68) (1.18)  (13.14) (12.70) (88.93) (45.47)
White sterile ssptate - - - - T6.30  36.80 16.66 20,87 15.10 - 27,77 52.03 -
(10.66) (15.32) (22.18) (20.63) (42.13) ( 1.36) (88.43)
Pamjcillium sp. - - - - 27,45 32.84 5 82 - - - 3.14 -
g (6.06) (18.77) (::.;:) (:.m (5.26)
Synaemat ales - - - - 288,01 12.086 - 1.5 - - 2.77 - -
(10.00) (6.89) {1.58) (1.19)
Trickoderas yiride. - - - - - > o - - o 1.26 6.84
. d:.‘:’u {:.;cl) (2.11)  (1.40)
White sterile aseptate - - - - - - - 686 a . - -
(18.41)
Mucor racemssva - - - - - - - - - - - - f::..ﬂ
Penjefiliss chrysegemus = - - - - - - o - - 5.13
& (:::::) [1:-31 (ﬁ:::l ?n“:“]
Phoms sp. - & - - - - - 11.23 - - = - -
i t1r.01)
- - - - - - - - 1.88 - - - -
Jerticillium Lenerum s
Atremenjum 5p. - - - - - - - - 6 6b - - -
(18.41)
Fusarius sp. - - - - - - - - - - 12,22 - -
o (29.55)
= - - - - - - - - - - - 63 -
ISy Gy
hizepus migricans - - - - - - - - - - - - 8,55
(1.08)
Hed yomst 5,04  61.24 498,36  962.60 10941.82 510.72 4. 271,47 15,88 1634,61 2350.55 .43 -
Alack yeast - - - 145.49 - 64,34 46,60 25,68 9.4 284.64 - - -
Wrinkled yeast - - - - - - 10.14 - - - - - -
Oramge yeast - - - - - - - 30,50 - - - - -
Total filamentens fungl 4.1 2796 35.46 11.09  411.44 17490 T5.19  101.12 135.84 202,04 244.37 |73 461,53
Total yeasts 5.04 61,24  €985.20 1108.09 10941.82 575.06  141.10 327.65 28,32 1919.25 2335.58 .43 -
Total fungi 9.83  89.20 533,66 1119.10 11353.26  T49.9T  206.29  428.T7 164.16 2121.49 2999.92 9,16 461.53
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Table 5.8 Fumgl stsociates wilh decompsomg Leax
prepagalen/gram dry weighl of Ill-’\. dgures in brasels are relative cemsily (%)

157

i

ob.y
wTs

G

vas at the betlos of Lhe Statior 1. Upper Tigures are Basber

of fuogal

8,66 606 04 10.35 = 193 T.88 - 1,60 - 3.51
dmsor ragemene {38.37) (18.43) ( :-:3) (35.61) {0.7T1) (4.04) { B.84) ({ 2.m)
1,33 2,33 8.66 15,8 - - - - - - - i
Erisuedaras Kspinads (5.43 ) (5.40) (11.51) (48-57) (5.8}
Pemicsliims 133  12.66  15.23 3.4 20,90  12.40 - a - - S
. G (m.01) (2.38) (N.0) (12.50) (8.57) (6.36)
Mueor Biewglis - - - - - - - - - - T
- - - - o7 8. 13 - B8 -
Geotrichua sp ‘:_1:) :.,;:] (.|:oq d.:; (!u.gj ?ﬂ:-vl} -
Symmenal ales - - - - 8144 = 1.12 4.60 - - - -
(79.60) (0.57) (3.80)
#hite sterile amepiate 4.33  11.48 11.66 - 18,50  10.45 - 22.99 - - - Tedd
(17.68) (26.57) (23.73) { 5.23) { 4.29) (19 .00) (18.45)
Macor gircivelieides o ® - - - 12.18 - 1,83 - - - =
; (26255 (15049) (3.60) (1218)
- - - - - 34.03  T.88 W01 86 3.8 8§
eishatINa BaEHts (Me3) (404)  (2005) (13408)  (4:43) (3048)
Aspergiilus .33 3.33  11.66 - - 62,68 M.12 3,06 - - - -
= e |:.uu (7.73) (23.72) (28.72) (0.57) (2.53)
Asconycete 2 o - - - - 85,32 135.18 - 5.13 - - 1.
(38.00) (69.38) (26.21) (a7.70)
White staerile septale
- - - - - 696 - - - - - =
Stilbalia =p ; “:"“
- - - - - 698 o 99 - - - s
Sladesperiss herbares (2-'“) :_";) ‘:“_?"J
- - - - - - - - 460 - - e
Hager Miesalje (3280)
- - - - - - - 3 - - -
white sterile asepkate II:%:J
- - - - - - - 1.45  1.60 15.7% - <
Penicillios chrysogenum d-’.;ﬂ (L“, (10-34)
= - - - - - - 1.53 - - - -
Penjcjiliieg &> thim)
Yortis1tiisn tonerss R AE SRR s g TR
- - - - - - - - 2.5 - - -
Zhoms hamjcely (13.08)
Fhesa 55+ - - - - - - - - - - - 18,51
(46.15 )
Aspergiiles sp. - - - - - - - - - - - {5:;.')'
Red yoast .20 15.11 &1.51 - 3T11.11 625.14 S92.04 398,46 30.TT  612.10 2526.30 4.94
Dlack yeast - - - - - 26.12  23.68 45.97  11.00 .01 - -
Oramge yeast - - - - - - - 124,18 - - - -
Cream yeast - - - - 480,88 - - - - - - -
wrinkled yoast - - - - 68,90  24.37 10414 To66 - 257.T » 1.83
Tetal filamentows fungi 24.48 43,09 0.8 2T.29 383.54 243.78  194.86 121.04  19.57 71.15  152.63 40.11
Tetal yassis 3.20 15.11 #1.51 0.00 4260.4% 675,63 626,33 576.24  41.57 918.90 2526.M1 6.77
Total fumgi W.e8 B8 110,66 37,35 4622.03 919.42 B821.19  697.26 6l.44 990.05 2679.94 46.08
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Table=5.7 Fangl sssociated with decemposing pine needles at the Sekface of station §. Upper Figures are wuaber of fungal propaguies/gram
dry welght of litter (M103). Figures i Lrackels ars relative demity (7).

Name of Tungi Initinl k:‘“ﬂ l::l;.ﬂ ?:ir...ll -;H“ ey 27 !r::;aa Harchy 16| dppal 26 June, 26] sept . 2] wav . .20 lr'.:;‘;aa
i
Bispera ow20 1.33 - - - - - = = > - - &
snegeres s ML
0.4l 086 - - - - = - - - & & »
Eusarium piyspersm (B.86) (7.63)
Gladosporium Jerbaram 1,90 2,00 .00 - - - - - - - - -
(®.68) (23.10) (16.68)
Aspergiilus miger 2.37 2.00 9,00 Zedd - 1426 - - - - - - -
(47.39} (23.10) (25. 00) (11.13) (0.75)
sspergillss fesigetss - 2.86 15,00  4.88 - - 0:91 - - - - - 12.12
(30.70) (41.66) (22.26) (0.80) { 3.88)
- 6,00 10.56 - - - - 5,84  10.886 = - -
Zeeizilllss sheresieney (16.86) (lll.!l.ﬂ (12.11) (s8.84)
ythium sp. - - - 4.08 - - 94,96 - - - - - -
(18.47) { s1.%0)
Sireisellajdes - = b - saz.07 =83 = - ' - ) . =]
dasar (T00:00)  (3:30)
) - - - - - - - - Ty - - - -
Me-hjeuslys (;.;z,
Aspergiliue sp. = = = = = ‘::;:' - = o] = = = -
= - - - - - 15.19 08 - - - - - =
ERRALLIANN ¢ (oshn (i2ee)
- - - - - 5. 8.53 18.1 - - .83
FEEEELNS 1AM (3230) (300 (9e4D) 13 (30
& - - - - 3.98 - - 4 = z - -
Geotrichus gyndidem “.;‘) (;1_“) c"&-'.ﬁ;
- - - - - 10,85 bodd 58,60 - - - - 80480
Sladesporius herbarus (508 (aimm) G e Pty
: = s £ - - - 5 2.76 Z - - 4 - -
Lacyslaris o ‘;.;:] (ire)
Synnemat ales - - - - - 237 091 - - - - - -
(1a41) {(0.81)
. - - - - - 58,48 .80 47,33 20,46 - 17 206
Ehisiophory w2 (82.83) (37.08) (m.40) (42.43) (aicra) (1T
White storile meptate - - - - 26,88 - BT 87T Tobl 48,89 -
(18.05) (24.71) (ma9) (41.16) (14.38)
i - - - - - .26 - - - - - - -
e ( 0.78)
& - - - - - - - - - - 84,46« _
Jsresosjss *p (3486
m g - - - - - - - - - - - '=:I-?, -
pa - - - - - - - - - - - D03 -
Aspergiliss sp (n230)
P - - - - - - - - - - - 3.34 -
Esesdstoraly *» (33048)
Mucer racemssgs - - - - - - - - - - - - 26,26
(7.69)
White sterile asptate - - - - - - - - - - - - a::.]‘
Rad yeast S.04  11.94 - 39,83 11503.60 105.04  13.82 45.45  23.39  454.24 300.00 - -
Black yonst - - - 976 334.TT  M4T.60 22,13 62306 23.% Se44 = - -
Grange yeast - - - - - - - 26 .50 B.TT - - 32.50 -
White yoast - - - - - - - - - .0 - 23.32 -
Total filamentous fungl 4.1 8,66  36.00 2.3 582,97  16T.26 184,39  160.91 48,22 10,49 340.00 10,00 341.40
Total yeasts .04 11.94  30.66 9.5 11838.37 252,73 34.96  #8S.11 65,35 J09.12 300.00 53.82 -

Total fangi 9.8 20,60 66,66 T1.52 12421.34 41999 220.23 856,02 103.77  727.61 640.00 65.82  341.40




Table. 5.10 "ll|8 s
fangal

108

ogiat ed wil b deqempos ing
prapegales/graw dry weigh

IR

the middle of station 3. Upper

figures are mumber of
igures in brackels are relative demsity (%).

Name of Yungi Inftinl  fAng.,22 fSept.,2500et.,25 {Nov, 77 J0we.,27T §Feb.,6 {iarch,16 Aprn.u June,26 §Sept.,2 fNev.,20
1977 »r 977 1977 i 1977 il 1978 178 " nTs w78
0.20 - - - - - - - - - -
Bispors wosserss &%
Essarius oxysperys .41 3.66 12.18 - - - - - - - - -
(8.58) (37.8)
Smcor hiemalis - [N 6. 96 5,48 - 1.90 1.14 - - -
.4 l‘n.:?] (2.:1) (4.57) (1.90)  (2.14)
Leichoderny Roulgndi = 4.06 2.94 > - - - - - &
(12.3) (13.08)
Sterile white avepiate = Sad4 - 10.76 - - - - - - - -
(47.88)
Gestricham - - - 81 277,08 - .M 114 30.74 1«37 -
- tu.m {73.72) (9.61) (2.14) 82.0%) m-ul
Muesr racemosus - - - - 7,04 - - - - 1.83 -
(2.14) (0.50)
Lladesporinm 1.90 - - - 03 51.07 11.58 S.14 Tadl -
at (39.08) (:;.m (81.04) (21.78) (2.79)  (2.00)
- - - = 7 o - 4 - a.70 -
Uueer cercinilloides (:-“) (g-’l“!) l;-%:l Py
Aspergill 2.27 - - - 1.97 - - - - - -

nAE e (e

Penigilliug sp. - - - - - 13.70 18,60 - - 25,80 - -
{11.42) ( 3.47) {14.04)

Synnemat ales=] - - - - .42 1.61 - - - - -
(2.85) (0.3:)

Phislephoras sp. - - - - - 88.%  45.% - = - - o

le e (46.29)  (2.47) (3.5 (58

White sterile septates - - - - - 32.90 403.462 23.05 11.58 - 18.51
(27.44) (75.30) (23010) (21.78) [ 49m)

- - - - - - 3.42 - - - 2,04 - 24450
.k (2:83) (a1 (71248
Symnemstales<l - - - - ( :: ::) - - - - - -
Erthius sp. - - - - - - g:::} - - - - -
Aspergilius fusigatos - - - - . - o = - - *

. - - - - = - 1.61 - - - - -
Aspergfliue sp b2 L
- - - - = - 1.6 - - - « ¥
Lrishoderss yiride P8 G o
= - " - - - - " . - 22.20 -
Zerieilliug ghrysegenns (':s::” ‘;.l:' {358
5 - 5 - - = - - - 2.29 - - -
EBapularjs sp P
= 2 2 2 & - - - - - o -
IR H ‘::‘:)
Gurwniprig Anmsts - - - - - - - - - - - 0.96
(2.00)
Hed yeast 5.08 - - 19,60  2080.62 146,65 12,13 144,10 3.48 87772 1322,22 53,92
Black yosst - - - 18,63 - 92.51 - 170.97 17.39 - - -
White yesst - - - - 1043.80 - - 11.82 1.4 421.33 - -
Orange yeast - - - - - - - - - - - 43.13
Tetnl filamewtons Tamgh .79  12.20  32.40  22.47 35,58 11900 53465 90.88 33T 13072 ELE T LI T )
Total yeasts 8.04 B.46 16,17 38,23 534,22 2W.16 12413 326,59 22.01 1899.03  1322.22 97,08
Totml fangi 9.83 19,66  48.66  60.70 6310.17 3M.06 S46.T8 426,43 75,18 1482.77 16044l 131 .M
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Table .11 - Fungi assccialed with dee

dry weight of 180

i
"l!.' im brackets are relative density

8 at the beliom of n-u--‘:]. Upper Tigures are Bwaber of fangal propagules/gram

Irichedermy komirgil - 1.33 2.66 T.9 - - - - - - - -
- (12.48) (22.22) {l;.ﬂ)
Geotrichum camdjdus - 4,00 2.66  15.38  230.08 .42 1,23 8.56 - - 1042.22 7.32 -
(37.56) §22.22) (47.42) (®9.46) (1.29) (1.60) (13.68) (95.32) (13.64)
White sterile aspplate - - 1.33 0.85 - - - .98 - - - - 195,98
(11.11) {2.62) (18.90) (58.72)
Pemjcillius ghrisogenus - - 53 1l - - - 2.83 - - - -
Iu.q}) (5.21) (4.54)
Fusprive sp. 0443 3.66 .82 - - - 2.88 - 5,83 - - -
-~ (8.56) (24.97) (21.02) { 4.54) (8.a6)
Mugey cireinsllojdee - - - - 16.60 - - - - - 22,22 -
{6.45) (2.03)
"hits sterile septate - - - - 2,37 28,06  20.25 - - 4,66 - - -
(0.92)  (8.19) (26.m) (8.14)
Phisleghers wp. - - - - . =45 . 8.8 a 293 5] -
o (2078) (Tsio0) (4mo30) (2pea%)  (39-00)(48.18) (36136)
iu - - - - - 1.47 1.23 5.6 - - - - e
B SR (0.43) (1.60) (9.08)
Aspergillus miger 2.27 1.33 - - - 1,47 - - - - - - -
@.%) (12.48) {0.43)
Aspergilliss sp. - - - - - 1.47 o - 174 19.47 - - -
- {0.43) (:.u‘a) (1000) (21.49)
e - - - - - 26,53 678 T4 1.74 6467 - -
Eatiibe »» (1.75)  (8280) (10200) (0s61)
Irichoderay yiride - - - - - 1.47 - 9.98 - - - - 8.09
(0.43) {15.90) (2.34)
1.90 1.33 - - - 1. 614 - - - 8. 50,50
Glatesssrien yarbarey {lx:u) {t.u) (®.00) (o.81) (14.62)
Synnemst ales=1 - - - - - 0461 2.08 - - - - -
tl.m (0.80) (4.54)
Synneast ales=2 - - - - - 2.96 - - - - - - -
(0.88)
Aspergiliss fusigefes - - - - - - 0.61 = - - - - =
(0.80)
- - - - - - 8 - - - - - -
Aspergillss siger ‘g_.;)
Benjeilliue sp. - - - poe - - = - - - - - -
anic .p “‘2)
- - - - - - 1.23 - - - - - -
Gurvularis oH
Gellstatrichmm ep. - o - ¥ - o = 1.4 - -, o » -
T (2.25)
spe - - - - - - - - 697 - - - -
Myeogess =p -
Jertieillinn fensrus - - - - - - - - 1.74 - - - -
(10.00)
humicols - - - - - - - - - 9.Td - - -
Ehems {10.75)
Phomn sp. - - - - - - - - 0.96 - - -
2c { 1.06)
- - - - - - - - - 13.33 - G20
Macor pacsmsays { 2.22) { 2.19)
Red yoast 04 0.33 - - $091.30  147.50 41.12  219.83 - - .11 90.23 T49 .49
Black yeast - - - - - 272.87 14,73 STB.16 - - - - -
Thite yeast - - - - 3104.94 2.98 - - - - - - -
ul-- yoant - - - - - - - B.50 - - - 37.40 -
T35 31
Total filamentons fargi 4.1 10.65 11.97 32,43 257.17 342,19 TE.TO 62,7 17.42  90.580 080,04 33,68 345,48
161 11
Total yeasts 8.04 0.33 14.69 - 9196.24 423.32 55.85 806.58 - 16.55 &1’1 §  127.63 T4 .48
Total fumgi 9.83  10.98  26.66  32.43 9453.41  TS.41 132,55  869.26 1742 107.13 FoMedS 181,29 1094.93
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Table 5.02. Fusgl asmvcisted wilh de

wg Leak leaves at 'hg'“- of the statiom 3. Upper [igure
musber of fuagal propage

we dry welght of litheks Figures im brackels are relative lnul.ri.ﬂ-

Nawe of fungl Imitial | Awg.,22 Septa,s Dala,25 Now,,2T Degs, 27 Fabayb Mareh, 16
1977 1977 1977 1977 1977 1978 1978
While steril te 3 . 9.37 - - - ~
SIS S ditdey Be8N9 (K%, 20
White sterile sepialn - - 10.64 BL.6T - - 32.74 35.08
(44.41) (86.93, (19.17) (25.45)
Esaicililes 8 §.66 12, - - -
i* Bty (% Hiltay
- - - 27,08 - 23.22 -
Mugor ragemoess (2.27) (13.01)
Geotrichus w - - 200,98 - 1,16 -
cir 2l (16.91) (B.88)
Sladesporiua - - - - 202.53 - - 40,10
- (17.04) (29.10)
Lrlisdronphory op = - - - 787,56 - - -
(63.76)
girgipelletdeg 6.50 4,02 2,86 - - 1.00 - -
.. (26.88) (1@.80) (il.10) (0.85)
Irichoderas konlagil .33 0.67 - - - 6,50 - =
(s.43) (3.14) (3.38)
Aspergilise slger 2,33 2,01 - - - 1,08 101.74 -
(9.31) (7.40) (0.88) (59.59)
- - - - - 3,28 - -
Aspergilive sp P
- - - - - 157,33 - -
Asgomyeets=2 ik
Wkite sterils septate - - - - 4 - 21,7 - -
Atilbells = - - - - = - "
- - - - - 1.08 - $.01
Survulariy *» (5 ) (ad)
irichodersa yiride = - - - - 132,86 20,08
¥ i7.83) (14.5%)
- - - - - - 30,98
Peaiellitun ghyysogenus . (21.81)
Symne-atales - - = ® X o a (::::)
- - - - - - - 2.81
Lapulariy =p (1.82)
ked yaust 3.20 16,81 24.34 - - 44,24 108,71 192,98
Black yeast - - - - - 114,28 301,72 220,85
orasge - - - - - - - 25.06
Winkled yeust - - - - - 1.08 - -
Total filsmentous funpi 24.40 21.39 23,96 113.82 1186.13 1%4.19 170,72 137.84
Total yeasta 3.20 16,61 24.34 - - 159.60 41048 438,59

Totsl fumgd 27,88 38,00 48,00 113,99 1108.13 353,79 881,20 876,43
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Table S.13. Fargi associsted with @ecompes {ng pine Neeqles;st the surface of tho station 4. Upper figures are washer
of fungal propagules/gras dry weight efLittef. Figures im brackbts are relative dessity (7).

Hane of Frngi Initial u...::‘ Sept ., 25 ‘ Oet ., 25 lnr..n De2s 27} Feb.,6 ) uaren,16 | april, 26 | June,26
1977 977 1977 1977 n 1978 1978 1978 1978
Oad1 D466 1.00
Iusstjes siysporss (8.56) (9.4) (5.13) - - - - - - -
0,20 066
Bispors menceercs (4.17)  (9.8) - & - - = - - -
1.50 5.4
Iejbbodersy konjrmgl) - - (7.70) (9%0.00) - - - - - -
3.00 5.8 - u.ll 4.77
Panjeillium sp - - (15.50) (%0.00) (4.25 (6a40) . - -
1.%0 266 6.00 - 127.33 36.92 660 44,16
Sladosporiss herbarus (38.36) (38.27) (20.77) {28.11) (T.66) (a.96) (28.20) - -
8.00 - 33,70
Ehosa sp - - (41402) (%40 - - - - -
- - - - .23 - - - - 20.02
Aspergiliss op (2.48) (10.%0)
"4 24,61 18,15 0.3 5.53 -
Waite sterile septate - - - - -(._“' (5.10) ‘;‘_“) (81.26) 7.25)
3. 78, " - 7. A
Ehislophevs sp - - - - E:..:p :'r:.::) (‘:n'.';s) (‘TI:.;.!) :':.3:)
Pesicillisn = - - - e - - - - #
(9.93)
Sphaerops idal es - - - - Te 49 - - - - -
(1a7)
- - - - - L] - - - -
Mpoer Miesalls r:c}
Aspergillus(ppliew) - - P o - 4210 - - - -
{0.85)
::l .ﬂm’ ll“. - - - - - 2.08 - - - -
- (0.42)
1.08
- - - - - - 8.20 - 30.12 -
fsstrishen &2 (1.70) (15.33) (0.58)
- - - - - 4.10 - - - -
Curvularis sp o
Aspergilius miger 2.27 2,97 - - - - - 198 - -
(471.39)  (42.73) (1e21)
Yerticjlling Longrun - - - - - - - - 1.09 -
{0.851)
- - - - = = - - - 13.90
Acyssesiss sp (7.18)
Altersaris - = - o - - - - - 2.12
4 (170m)
Eusarisg sp - - - - - - - - - {::;:)
- - - - - - - - - 9.
Ehege husieols Gitee
Red yonst 8.04 - - 0,68 310.83 1436 35,35 1170.68 s8.80 .27
Thite yoast - - - - 187,81 8.0 - - . -
Orarge yeast - - - - 32.82 33.82 178468 176,88 - -
Black yeast - - - - - 10.24 - 367 .47 - -
WUrinkhed yeast - - - - - - - 1.98 - -
Tolal filamestous fungi 4T .95 .50 10.98 453.13 452.13 494.80 154,58 214.06 193.50
Total yeasts 5.04 23,38 50.16  68.68 068,13 65.62  35.35 1714.81 58 .80 4.7

Tetal funmgi .03 30,33 9.66 TI.66 921.26 S4T.64 109.85 1871.37 272.86 m7.88
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Table 35,14. Vgl dated witn Leak leaves al t face@f statios 4. Upper flgures
ausber of fusgnl propagules/grasm dry « eight of 14t tf’nu-m in brackets sre relstive l.uu;[_sj.
llilllll Rugaeydd | Bepl.,B i =3 l-..!'l' l-u.,z'l Fobey6 IMarch,lb June, 26
Have of Fungl { doaer L et 1977 11 for' . hiss ", 1978
gireinelleldug 6.50 628 3.33 2,98 17,3 - - -
e (26.83)  (33.53) (12.82) (37.49) (i.40) i
Walte sterile assptate  4.33 14.92 - 17,10 338,78  117.12 10,00
(17.68) (62.50) (4.20) (74.06) (56.52) (7.10)
: B, 66 7,88 5,00 108 2 2,71 3,00 -
Bugor faceseas u;.n) (:t‘.cl) ni.m (0.'“ (rf.aj Qa:n.) (1.45)
Eemicilitum sp 1.33 4.Ti [ 56,74 7,90 10,26 - 113,10
(5:43)  (17.68)  (2deo) Wa81) (e (ai24) (s0:13)
Geotrighum - - - - 834,07 2,36 1.35 - -
™ {(67.75) (o.36)  (0.30)
Eladonporing ep - - - - 214,01 10,852 28.7T4  T2.10 4.00
(1743} (2.69) (5.63)  (34.00) (2.04)
Efichoderns 1.33 1.87 166 - - 8,36 - - -
< (5.43) (5.59) (624 {1.31)
Ascimyeete - - - - - 351.10 44,07 - -
(87.60) (10.07)
Srnnesstgle p - - - - - 2,63 - - 1.98
(9.66) (1.40)
Survularis s - - . - - Iag“ - - -
Aspergilles miger 2.33 6,20 9.9 - - 4,06 - 1.9
(9.51) (23.53)  (3T.45) (0.08) (1.40)
Eusarive - - - - - 28.48 -
it i (2089)
- - - - - - -, 00 -
Irichodersy yiride (2,89}
EaisilLins g " . J F R . -
(4.35)
ssresssiym - - - - - - 10,89
- ¥ i {7.10)
ked yeast 5.30 17.97 63,07 - - 30,24 24,40 1260,30 32,01
dlack yoast - - - 176,87  1I74B.63 22,38 69,10 583,58 -
"hite yeasi - - - - - 1.31 - - -
Ormmoe yeast - - - - & - - uraz -
ioi-l lil““‘.‘l
Fuagl 24.48 26,69  26.59 23.87  1231.92 400,81  437.40 207,23 141,08
Total yeasts 3.20 17.97  €3.07 174,62  11745.63  83.90 93,50 1991.00 32,01
Total fumgl 27.68 44,66 09,66 198,49 1297T7,58 454,70 550,90 2198,23 173,06

Sample

of April, 1978 was speiled.
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Table 5.15. nl'll mssocinted with décompesing pive meedl
of Fumgal prlplnlulp.l' gras d
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at the middi the statjon 4 per Tigures
o of mt:ﬁﬂhgnn it Sl i
i

Name of Fungl Ingt talfAng.,22 [Sept.,25/0et.,25 I-'-.l'l Decss27 [Febiasb l.r-l.tl lnll.!l June,26 [Nov,,20 [Feb.,22
1977 977 »I7 1977 {1978 1 1978 1 1978 1979
dapergilius siger ‘:,-f“’ ‘:;0_:“ - -~ - - - - -
Eusarium sxysporus .4l 396
(8.86) (31.3) - - - - - - = % = =
Bisgery momecerss 0.20
{4a7) = - - - - - - - - - -
White sterile ssaptate - 3.2 1.6 687 - - - - - - - 1111
{26.95) (8.19) (11.61) (22.73)
Eytuius sp. - - 1.9 10.53 - - - - - & = =
(v.54) (13.81)
= - & - - 632 5069 - - = -
Pesarisne % (3550 (ah80) (5.1) (25.00)
Black sterile seplate - - S5.28 5.7 - - - - - - 8.77
(26.23) ilf.!l] (33.72)
. - - - - B.6T 10.06 3.98 - - - - B.00
Zrishedaras o» (1.37)  (6i9%)  (%62) (1.82)
Glagesporium herbarus 1,90 3,30 103.08 .51 7.1 - - - - - - 177,70
{39.68) (26.55) (18.18) t‘.n) (8.52) 136.38)
- - - .0 .06 - - - - & =
Aspergilius wp ma sesee e O
- - - - 254.32 .74 11.85 1.01 13.08 «78 -
esjeidbing {mi) (a6 (loem (321 (S0im) (7e1n)
Ascomycet o=2 - - - - 118,49 0.0 3T 30,44 - - -
(18.9) (2.87) (u-n-) (96.78)
White sterile septate - - - - 95.37 167 34.00 - - - - -
(18.00) (1.13) (31.186)
» - - - - - 0.54 Ha.T4 172,30 - 25.28 - -
Sestriches ¢p (0.87)  (4:34) (73:40) (s8.74)
Synnemat ales - - - - - ‘:::;’ ‘g:'?g) - - - - -
sivcimelisides - - - - - - 3. - - - - -
g > (2:8)
1 - - - - - - - .M - - - -
Hucer Biesilis i)
Ehoss humieole - = = = - = - 5 - ‘::::) * &
Absidin sp. - - - - - - - - - (::::j - -
- - - - - - - - - - 1.78 -
Aspergiliss sydewii (7.13)
m L - = H 2 = - - - - - 1828 -
(s0.02)
& - = % - - - - - - - 191.1
Peniciliius ghrysogesus Ulollll)
ted yoast s.04 - - 19.74 2767 30,33 59.30 215,84 - 1277.13  64.02 688,09
Black yeast - = = - 86.70 220,64 49.51 836,16 94.37 - - -
Whits yenst - - - - - - - - 2.02 - - -
Wrinkled yoast - - - T.89 - - - - = - - .
Orange yeast - - - - - - - - - - 5.00 -
Total Filamentows fungi 4.m 12.54 20.13 56.57 637.70 146.76 109.10 234,78 31.48 43.03 24.53 488.90
Total Yeasts S.04  1.12  22.53  27.63 384,37  270.97  109.11 852,00  96.3 1277.03 114.02  688.%
Total Fungi 983 13,66  42.66 04,20 1022.,07  417.73  218.21 1036.78 129,06 1320.16 138.57 1177.76

Sesfe of Sept ember,2 1978 was spefled due 1o human

iM erferenes.
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Table 5,16, Fumgl sssosiated with degomposing fesk 1

musber of femgal propagules/gram dry “hll of Ilﬂ

w}an of station 4. Upper figeres are
Figures in brackets are relative deawity(f).

Noms of Fumgl Initial | Aug.,22 | Sopt.,0 | Oet.s25 § Novep27 § Decs,27 | Febo6 | Maren,16{ April,24f June,26
1977 1977 i 7 I 1978 1978 Afnl 1978
Aspergilius siger 2.33 5,36 0,67 - - - - = -
(9.51) (30.78)  (3.06)
Hugor ragewosus B.66 8,36 - 2,94 - .18 - - - 0.80
(9s.37) (30.78) (s.60) (2.91) (1.07)
Ehem - > L9 1494 - - - - - 7.9%
- (9.04 ) (8.88)) (9.79)
Asesmycele=2 - - 10,66 32,33 1.33 94, 00 - 384 8,82
(46.69) (64.70) z'l.llj (66.03) (41.42) (04410} (10.86)
- - 1.68 .76 - - - & 5 a
Bepiciliium sp L BN
. 1,33 2.0 1,98 [l 1,00 8.3% 1.73 10,84 - -
e i (5.43)  (il.se) (.00} (1203} (1.82) (5.89)  (3.02) (28.00)
Eemiciliiwe =p 1,33 134 - 2,00 2,00 13,94 10,37 - - -
(5.43) (7.69) (3.64) (3.64) (9.70) (12.12)
) tal - - - 1,33 1,33 - - - - &
iyanena en ‘&ul (;.-ﬂl
White sterile asepiate 4. 33 2.01 4,95 [ t.“ 13,54 15,58 as.22 - -
(17,68} (11.54) (22.61) (12.13) 12,43) (8.73) (18.18) (sa.34)
- - - 2,66 2,66 - 19.87 2.60 2,98 1.94
SIS ML (4.88) (4.88) (23.23) (8.%3) (7.81)  (9.78)
-~ - - - - 2,18 - = - -
Aspergillss o i) -
- - - - - d.18 % - - o
M. . (391}  (1.00) (22.17)
- - - - - 2.78 - - - -
caryelaris o 1ies)
Mpsor girgiselietdes 6,50 1,33 - - 4 @ % = - -
(26.53) (7.69) (1.00)
- - - - - - 0.86 - - -
Mugor higmalis (1:00)
Eesigiliden ghfysogenws - - - . - - - Lo L -
(8,33}
Asesrailies festeatus - * * - I 2 o - o5
(8.02)
- - - - - - - - - 82,26
Angergiligs wp i)
- - - - - - - - - 0.88
Yerticiliius foneves (1,07)
Red yeast 3.30 2,92 - - [N 88,76 58.31 50,45 26.05 10,89
Black yoast — - - 26,47 6,00 27.80 - 1091.81 32,81 -
White yeast - - - - - d.18 - - - -
Tetal filamentons fungl 24,48  17.41 21,89 0,00  S4.98 143.56 85,53 43,23 37,28 sl.9
Tetal yeasts 3.20 2.98 18.99 26,47  ldb.60 87.74 55,31  1142.26 59,68 10,89
Total famgi 27.66 20,33 40,08 To. 4T A0h.64 231,30  140.84  1185.49 96,94 91.78
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Table S.17 Fasgi oeinted with Swccsposing pi ”In at the boltom tatjion 4. Upper Tigume are ouaber of fungal
prepagules/gram dry weoight of 1it 23 Figures in brackels e relative dessity (%).
Naue of Fangl Inftial Ange 22 [Sept.,25{000.,25 Nov.,27 (Dec.,27 P.i.:. Mareh, 16§ April, 26 June, 26 ‘:I 38 (Few.,28 {Feb.,22 -1
1977 1977 1977 1977 1w 197 1978 178 1978 | 1; 1’?‘ 979
Aspergiling ep. * ug:;;) (;g:::l - = - - - - - -
Synnemat ales~] - - 066 8.082 1468 - - - - - - -
{ 2.50) { 2.67) (7.03)
d R - - - - 0.52 = - - - - - - -
REbecr, v (50
Llsdosporiua herbarum 1.90 1.00 T.92 30.78 - - - - - - - -
(9.68) (28.12) (2.00) (14.75)
Bbspers moncoerss 0420 165  9.24 - - - - - - - > =] =
{ 4.17) (41.45) (35.00)
Mpergillus sp, - - 82,35 - - 10,08 - 2,65 - -
5 (90.00) (24.5) (8a12)
Sysnemat ales=2 - - - B.82  14.68 - - - - - - -
{9.67) (7.03)
Irichodeyms yiride - 1.00 - 0.52 9.87 - 35 2.02 1.9
o -, {25.12) { 9.88) (11.74) (5.63) (88.::) (I.l:)
Clgdesporinm glpdesporioides = - - 30.78 - - - 4.04 9.52 109,10
(14.75) (66,67} (16.13) (47.37)
Penjeitlium sp. - - - 34,30 26,32 11448 - - - - g -
(16.99) (21.26) (38.04)
Ascoayest e-2 - - - 109,44 34,83 - - 9,06 - - - -
(52.46) (41.37) (53.36)
Sugor Mismalis - - - - - 1.64 - 5043 - - -
(1.93) (28.48)
E!n’lll‘! Iﬂllﬂﬂ - - - - - $.859 - - - - - - -
(7.81)
Aspergillus siges 2.27 0.33 - - - 1.64 - 1.66 - - - - -
(47.39) (8.29) {1.98) (9.04)
Eurvslaris sp. - - - - - 3.2 - - - - - - -
i (3.81)
Gephalesperiug ap. - - - - - - 10.05 - - - - - -
(24,58)
Thite sterile septate - - - - - - 9,33 16405 - - - 2190 -
{22,80) (54.80) (37.10)
- - - - - - - 3,38 - - - - -
Altsrmariy altersaty (18.22)
- - - - - - - 1.66 - - - - -
JYartisillies Leverup 580
- - - - - - - 1o86 271 - - -
Lrishedermy Ronimglf ( %.00) (13.31)
- - - - - - - - 4. - - -
§estrichum gandideg (13,48)
Zusarius gxyspeyus 0.4 - - - - - - T.94 - - -
(8.56) {24.3q)
Phoss humicols - - - - - - - - .39 - - -
(1:.«)
Black sterile septate - - - - - - - - - - - 23.81 -
(40.33)
- - - - - - - - - - - 1990 26.
Nyeor pacsesing (3.22) (12.%0)
Eemjaillius ghrysegsbes - * = * - . % ¥ - ® -, = Teae
(3z2,24)
White sterilosseptate - - - - - - - - - - - - 18¢18
(7.90)
Rad yeast 5.04 - - = 995.22 19,74 0.72 191,43 - 20.29 24,24 - -
Bisck yesst - - - 547,05 232.56 111.86 - 1813.61 - 133,32 - - -
Thite yeset - - - - 399,10 - - - - - - - -
Tatal filamowtens fungi T 3,98 26,40 91,17 208,62 84,18 40.91 18.30 20.38 19.37 6,086 50.03 230,30
Tolal yeasts 5.04 T.68 10.26 547,05 1506.88 131.60 0.72 2003.08 - 153.61 24.24 - -
Total fungi 9.33 11.66 36,66 636,22 1795,5% 218,78 41.63  2023.41 20.35  172.98 30.30 .03 23,3




Table 5.18

1le

Fungi assecisted with decompsing

teak Leaves

ﬂ:f.l bottom Bf the Statio
propags les/gram dry welght of “‘C‘t!'n’& Figures in bracets are

atgve demsity ().

pper Tigures are musber of fungal

J T T g T G T S
¥ Sept . Bee.,27 (Feb.,6 fusron,1é i 64 Sept.,2 -
o iy b1l HE TR HA i+ Hd 1 Tl oo Bl (2
Phoma #ps - - 3 - - 3.88 - & o -
i (1:.1:) (8.33)
jsaris spe o 388 - = - - - - - - - &
" iz (a3 (18.75)
Aspergiliue gamdidus - 3.96 4,87 = - - - - - = -
. (3%.2)  (25.00) 2
Asgemycet e=2 - 1.32 0.67 7.32 66466 5,64 = 1293« - -
(19.94) (5.95) (37.m) (55.06) (87.68) o7 .20)
Aspergiliss miger .33 67 57 - 0.33 - 198 - - = = >
{ :.II) u:.u) (:.uj (a.51) (2.93)
- - - - - 0433 3.3 - - - - - -
Aspergillus ep S
Penjcilijum o - - - 433 32.22 .92 = - - - «
. ge (5ei3) (ma8) (18.38) (14.70) (ae.e%)
Cladosporjun Nerbarus » = - - 2.33 7477 - - - - - -
(91.83) (6.42)
Mweor pacemosus 66 1.98 - - - 2.32 - - - - - &
{l:.n) (n.:u (1.83)
H.gireimellojdes 6.5  1.98 - - - 2.22 - - 3 = - =
(26.53) (29.91) (1.83)
= * - - - - . 4.96  3.88 - 0 -
Lrishsdaras *» (:.::) (7.35) (8.33) (:u:)
- - - - - .11 4.96 9.63 14.%
Sesiskm (9217)  (7:39) (20i83) (31.7%)
5, 1 - - - - - Tl - - - - - e
Sysnematales gl
White septate asterile 4,33 0467 0.67 - - = 28,90 - - 20.30 =
(17.68) (w.12) | 5.985) { 62.51) ( 0.44)
Aspargilles candidus - - - - - - - 2.98 - 28,98
(18.64) (4347 ) -
- - - - - - - 2.00 - - -
Jertisillijum teverun (a7
Irichedermg kemingij 1.33 - - - - - - - - - 531
(5.3¢9) (14.30)
Altersaris alterasts - - - - - = s ud s i > (;:::)
Blaek sterils sestate - - - - - - - - - - - .7
{93.32)
Red yosst 3.20 2.M P41 D - 26.00 3dedd 569,47 S14.42 .08 - 318,84 T.29
Black yenst - - - 4.87 63,00 - ] .95 - - -
White yemst - - - - - 12.10 - 3.85 - - 2 5.8
Orange yeast - - - - - - - - - - - 8.33
Tetal filamentous fungi 24,48 6.62 11.235 N.52 7.32  121.08 67.46 46,33 179 - 36,43
Total yessts 3.20 2.M 9.41 407 " .00 46,54 587.47 840.02 0.83 - 20,80
Total fumgi 27.48 v.38 .66 24.9 96,32 167,62 654.93 886,35  48.T4 = 385,53 57,23

Sanple of June,1978 was speiled.
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not followed by the pine needles put at the bottom of
station 4 (amaerobic site) where the init ial drop was
steep followed by steady build up of the nitrogen
concenitation, The differences in the change in the
aitrogen eoitcnt at three stations were nol much pro=
nounced except that at the station 1 the increment in
the nitrogen concentration was high as compared to Lhe
station 3 and station 4, Anciher msrked feature was very
bigh -itroéon content at mid~depth of station 4 al 257
days aldl 317 days samplings, The lgttogoa contient of
teak leaves also followed somewhat similar tread of
variation izcopt here the initial drop in Lthe nitrogen
contenl was noi observed, The imcremeant im the nitrogen
concentrat ion was highest at the mid=deplh of station 4.
Throughout the study period percentage nitrogem content
was higher in the teak leaves Lhan pine needles (Table
§.19,5.20). |

Lelluiose

The ecellulose content im the pine necdles changed
very slowly.After a slight increment the val ues decreased
steadily, The variations between station 1 and station 3
were not significant, howevar, at the midedepth and
bottom of statiom 4 the loss of cellulose contnet was
appreciably siow.The Leak leaves also followed almost
similar gemeral trc-g but in this case the imitial incre~
ment was more pronoumced. The total loss of percentage

cellulose at Lthe end of the study period was very less as
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compared Lo Lhe pine needles (Table S5.21, 5.22),

Hemicellulose

The hemice liulose content of the pine necdies did
not chance appreciably and remained within a narrow
range of the initial comcentration. In general, the
hemicellulose comcentration decressed during the proces=-
sing period but slight imcremeat ia the values were also
observed towards Lhe eand of the study period. The inmitial
concentration of hemiceliuloge in the teak leaves was
quite less as compared Lo the pine needles. The pattern
of change was almost similar in both the litters but in
Lhe case of Lteak leaves thae incremenis were nol observed

(T‘bl. 'oz,.'o" )o

Lignin

The lignin contenl of pine needles increased stea~
dily at all the stations and depths, the total increment
at the end of the study period, however, varied at various
stations. The increment at the station 1| was as high as
14 percent but ai the botiom of station 4 the increment
was only 3 perceat. Almost similar general trend was
observed for teak leaves also except thal the values were

quite low (Teble 5.25,5.26),

Sugars

The sugars coanlent of Lthe pine needles changed
steadily with time.The most conspieuvous drop in the
value was observed after 3U days of processing when the

percentage values dropped upto as much as fifty percent
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Table ss271 ¢ Sugar coancentration in decomposing pine needles nt'varloul stations,.

( ug/100 mg Jo
Exposure Station 1| Station 3 Station 4
Period '
(days) S o B 5 M By o M B
Iinitial 98 96 93 98 986 98 98 98 98
30 46 49 50 38 438 39 42 60 76
108 44 36 38 33 39 43 34 49 ‘8.
180 46 34 44 34 38 38 32 44 6l
257 30 28 33 19 36 38 24 44 54
317 21 30 26 21 29 34 - 35 34
387 24 36 26 26 32 39 - 36 56
476 36 42 46 29 32 41 - 36 58

S = Surface, M = Middle, 3 = Bottom,

- Materials insufficient for analysis.
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of Lthe original concentration, Later on the -ljar

content decreased slowly. The samples collected al the
end of the study, sometimes, showed slight increment in
the values.Almost similar Ltrend was observed in the case
of teak leaves also except thatl Lhe initisl drop was more
pronounced iam thiscase. in general, the change im the
sugar content was slow in the litters placed in deeper

waters (Table 5,27,8.28).

Anime aclds

Like sugars the amimo aeids content of the pine
needles decreased steadily., The initial decrease was
quite promounced and later for a period of mearly twe
hundred days the values osciliated wilhin a narrow range.
A marked increment in the values was observed towards Lhe
end of the study period, Teak leaves alse showed almost
similar general pattern of change ia the amino gelds

conteat (!nblt 5.29.8.30).

DISCUSSION

The llttdr bog method has been quite of ten used
for the study of plunt litier decomposition in the aguatée
environuents (Park 1974b; Hadkinson,1975), | mm pore size
of the netls haw Dbeen found to be most appropriate which
permits the microbial as well as iavertebrate activity in
the litter bags and at the same time reduces the mechanical
loss to a minimun,During the course of present study also

the litier bag method using lma pore gise net has been



found quite appropriate,

The rate of decomposition was found to be directly
governed by the litier chemistry and depth of water
(FilgeSel,5.2), Hodkinson (1975)while reviewing Lhe resultis
of several studies on decomposition of terrestrial litters
in aguatic environmentis has clearly demenstrated that Lhe
chemical composition (type of litter) has the most prow
nounced effect on the rate of decompositior, This observa=
Lion has been further streangtheaned by the results of this
study.The decomposition of Leak leaves lnio been found to
be more than Lhree times faster than the pine necedles
(Table S.1=5«2), The lignin content (Table 35,25,5.26),
war deposition {(Millar,1974) and less surface area of the
pine needles were positive factors for its slow rate of
decomposition, When compared with the similaor studies
conducted in Europe, the rate of decompositicon is faster
in the lake under gtudy (Hodkinson, 1975)., The steep
loss in the weight during initial phase of progessing
might be due to the loass of soluble compounds from the
materials, Gilbert and Bocock (1960) estimated the water
soluble fraction of freshly fallen litiers of oak and ash
leaves and found Lhat it may amount as high as 327 of the
dry weight, Similar resulis were reported by Nykvist
{1963 ) who found that angiospermic leaves contain as
higher as 16,5 of the dry weight while pire needles
contain only 0,9% soluble componeni, From the comparison
of the imitial welght loss im the two types of litters it
appears that the teak leaves contain more soluble compo=

nent thoa the pine needles (Fige3.1=3,3), The period of
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rapid loss also coincides with the microbial oolon::atlou.A
The two phenomenon may be related and microbes might

alsoe be responsible for the rapid less in the weight
during this period, however, the foraer cause secems o

be more important, The rate of loss in the weight slows
down after two to fowr months which is more clear ian the
case of pine needles.This period of slow weight loss
coincides with low microbial peopulation (Fig.5.4=8.9)

aad low water temperature (November-January). It seems,
tlcrotorq, taat Lhe season has also got propounced effect
on the rate of decomposition probably through regulating
the microbial activity. Besides above factors the accumu~
lation of refractory materials (esge llgal; fraction
Table 5,25,5,26). and the subsequent slower breakdows of
this material mighi be oune of the imporiamit cause Sor

the slow rate of welight loss during this period., The
rapid loss ia weight during spriamg .I“llll.r (second
year) coincides with the high ’c’nlattoi of bacteria and
fungi clearly demoastirating the relationship between tLhe
two.The effeoet of this maximum of bacterial and fungal
populat ion has more effect on the weight loss of the

teak leaves as compared to the pine needles and during
this period, the teak leaves, at most of the stations

disappear coupletely.

The data on decay parameters (Table 5.1,5.2) clearly
demonastrate thal the weight loss for Loth the litter types

and at all the stations showed a very close fit to Olson's



134

(1963) negative exponential decay model, The comparison
of the k values with other similar studies poses problem
due Lo the differences in the litter type, loeslity,
type of habitat, duration of experiment and litter bag
mesh size.liowever, the range of k values for both the
litter types in Lthe lake are of a comparable order of
magnitude to those of Kaushik and Hyme (1971), Thomas
(1970), Mathews and Kowalczewski (1969) and Hodkineon
(1975). The k values are lower when compared with the
studies conducted in streams and rivers (Kaushik and
Hyne, 19713 Thomas,1970) and higher whea compared with
the studies conducted in pond (Hodkinson,1975), Mgst of
the studies on decomposition of allochthonons plant
litter in agqualic ecosysiems have been conducled in
running waters (see introduction). The current action
and imvertebrate have been found to be the cause of higher
rate of decomposition in rivers and streaus (Hodkinson,
1975)¢ In general, the rate of decomposition of estra=
seous litters in the present system is higher in

comparison to sinilar systewms of temperate climatic zones.

Migrobiology

The initial rapid increment in the population of
bacteria associated with both the litter types may be
attributed to the colonization of new substrate, The

population after reaching a threshhold level suademly

drops to guite low level, This drop may be due to
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exhaunstion of soluble nuirients (eg. sugars and amino
acids Table 5,27=5,30), and simultianeously the population
may also be regulated by the seasonal changes as during
the said period (winter) the population of heterotrophic
bacteria in the lakewater alseo dlop;jn quite low level
(chapter 2), The second maximum of the bacterial popula=
tions also coincides with the maximum of the lakewater
bacteria (chapter 2). It appears that to some extent Lhe
populat fon of bacteria associated with decomposing litters
was governed by Lhe season.luring later periods of study
the population remained gquile high and even during winters
(when the water bacterial population was quite low) the
population did not decrease clearly demonstrating its
association with the littercsluring later stages of pro=
cessing more surface area of the litter is exposed due

to the fungal and invertebrale activity.The increase in
the microbial metabolism at later stages of decomposition
has been demonstrated by Finchel (1970) and Hargrave(1972),
Suberkropp and Klug (1976 ) noted continuocus increase in
the bacterial population associated with decompesing litiler
plant litiers in stream, The data on bacterial pepulation
is quite coumparable with the findings of Suberkropp and
Klug (1976).

The variation in population of bacteria w al o
similar at all the dopups as well as nhuou.'t'n n‘ fo'ht

less population in the bottom /sites may be due the same
set of factors which are responsible for the water bacte~

ria (chapter 2). The population at station 1 was slightly
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higher than the other two stations which may be
atiributed to the higher dissolved nutrieat concentration

at this station (chapter 1),

In general, fungi also exhibited the patterm of
population variation similar to that of bacteria, In
contrtast to bacteria the active involvemcnt of terres.

trial fungi in the lea’ litter decomposition have been
auite often eriticised (Park 1972;1974#), However, there

consistent isolation (Suberkropp and Klug, 19763 Padgett,
1976, have provided smple evidence that these fungi grow
in Lthis environment, and thereiore, are active in the
processing of extraneocus litters in the agquatic envirea=-
ments, The definite succession (Table 5.,3-5,18) clearly
demonsirates the involvement of these fungi in the pro.
cewsing of litter, However, il is important to note that
the methodology has a serious drawback as it is a bit
selociive for the heavily sporulating forms (Warcup,1958)
The population variation, its association with weight
loss and chemisiry change also suggest the active involve~

ment of these fungi in the processing of litters.

Very little difference in the species composition of
fungal population assocliated with the two types of litters
understudy suggests that most of the fungli are non-selec~
tive and they can utilize a wide varieily of substrates.
Suberkropp and Klug (1976), while studying the decomposiggn
of oak and hickory leaves, also did not find wech diffe~
resece in the fungal populations associated with the two

litier types,
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Plate count of fungal population tells little about
their real activity (Harley,1971), However, it has been
auite often used as a measure of fungal activity (Park,
1972).The conspicuous absence of aguatie Hyphomycetes
{(Ingold,1942) might also be atirivuted to the unsuitability
of the plinte culture technioue for this group of fungi.
Although it may be recorded that this group is rarely found
in lakes and ponds. Further, they are gemerally absent from
the Gymnospermic needles (Ingold,1976). Only recently
Barlocher gt al (1978) reported that needles of Pinus
resinosa can be maturally colonized by this group of fumgi.

Shomistry

The increment in the nitregen content of litler during
the process of decomposition has been observed by a number
of workers (Suberkropp gt 3l,1976) and this bas been attri-
buted the immobilization of N to the microbial biomass
(Kaushik and Hyne,1968; Anderson,1973; Iversen,l1973jTriska
et 2l,1975). The present study also confirms the findings of
these workers, Hodkinson (1973) also observed results com~
parable to this ;tuey. He also observed differences in the
nitrogen entichment depending on the litter types.The enrich~
ment of nitrogen in the dicot litters was more than the

Gymnosperms which was similar to the findings of this study.

The loss in the cellulose and hemicellulose comtent of
the litters was very slow but steady throughout the study
period, It appears that the decomposition of these componentis
is continuous and it is only slightly higher than the olher
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compoments (Table 5,21-5.24). The rate of disappeatance
of these componentis is alightly faster in Lhe case of
teak leaves than the pine needles 'hldh may be accounted
to the differences in the fine chemistry =f the two
litter types., These cobservations are comparable with the
findings of MHandey (1954) and Suberkropp gt gl (1976).

Like cellulose and hemicellulose, the initial
content of lignin fraction was also bigher in pine nee-
dles tham teak leaves, The rate of disappearance of
lignin was the slowest and an increase in the percentage
lignin content was nolted throughout tio course of study
in both thé litter types clearly indicating slow rate of
decay of this material and/preferential utilization of
other less refractile componenis, The accumulation and
slow rate ot'ltenll decomposition has been accounted to
the complex ehonllti: of this componoent (Alexander,1961)
Suberkropp gt al (1976) found s positive relation between
the accumulation lignin and nitrogen and Lhey observed
formation of a‘lignin-nitrogen compound' which wmakes a
high percentage of nitrogen unmavallable to the mierobes.
Similar increase in ithe lignin fraction llll been reported
by other workers (Waksman and Tenmney,1927; King,1967;
Triska gt al,1975).

The disappearance of soluble sugars and amino acids
followed almost similar trend whichisinitially very rapid
and gradually slows down (Table 5,27-5,30), The initial
rapid loss may be accountied (o the soluble nature of these

components which after the immersion of the litters inte
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the lakewater leaches out, The fiandings are comparable
to those of krusholz (1972) who observed 357 « 808 loss
soluble carbohydrates in ithe initial 2 weeks, Suberkropp
et al (1976) found that 7O0% « 80% of redueing sugars
were losil duriang the first two weeks of processiagdthe
litter, A very low concentration of these cowmponents
observed during the later periods of Lthe study may be
due to instantanecus loss of these materials to the
lakewater, The relationship between unicrobial population
and the disappearancedsugars and amine acids probably does
not exist as the values of these componeni does not vary

with the variations in the microbial population.
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GENERAL UDISCLaSIWN

In conirast to must of the ecusystem lavestigations
carried out upto date in freshwater lakes, this study is
coaa.rueé with the heterotrophie aiotoﬁtnl community. ‘
 Data on physico-chemical characters of the lakewater
{chapter 1) suggest that the lake is mesotrophic having
moderate concentiration of dissolved nutrients, lHowever,
the aonceniration of soluble ortho=-phosphates was
excepiionally high (Fige 1.7} which can be attributed to
extranecus luading turough run=off and stream inlet.This
-may have greater eifect particulariy in view of tLhe
shallowness and small size of the system under study
(Figel). The high values of dissolved organic carbon
were obtained at station I and at the bottom of station 4,
The increased release from Lae decomposing litters in the
lake bed contributes to the high coneeniration oi
dissolved organic carbhon al station 1 while the localized
release of organic carbon in the deeper walers due to the
stratification of the lake may be 4he cause at station 4
(Figeled)s Similar resulis have been reported by Sirazel=

ceyk gt gl (1971, The exceptionally high deplelion of
oxygen in the boitom of the station 4 is due Lo ils

utilization by the heteroiruphs associated with the decom~
posing litters in tue lake bed (Figeled). The seasonalily
pattern and stratification is siwmilar to other tenmperate
iakes (Hutechinson, 1957), The mixing patiera of the lake

is of momgomictic type.
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The seasonalily pattern of the bacterial population
is marked by spring maxicuw and winter minioum (Fige2.1~
de4) which is typical to iinpor.lo climatic zones
(Hickman and Pean, 1977; Jones,1977). It may thus be
assumed thatl bacterial population dynamics in relative=-
ly shaliow and small water bodies sueh as the present
one is basicaliy similar to the temperate lakes in Europe
but the populations show larger fluctustions, especially
in the summer and avtumn, The spring maximum can be
attributed to increase in temperature, dissolved organie
carbon, phytoplankton exudates sand/or release of orgaanie
and inerganic nutrieats from the dying algal cells (which
peaked in the month of karch; Thapasuspublished data)e
The association of bacterial population maxima with the
collapse of phytoplankton population has also bseen repor=
ted by Jones (1972a)e The total bacterial population,
their biomass, and population of viable bacteria, phos=-
phatase activity, coefficient of heterotrophic activity
and microbial production values are higher in spring end
susmer and signiiicantly lower during winter. The
seasonality of bacterial population and Lheir activity
seews to be largely dependent on 'utor.to-porctnro. The se
observations are similar to those of Rheinheimer (1977h,
Chan and Kueh (1976) found that temperature has little

eifect on the horisontal and vertical distribution of
beterotrophic bacleria in Tole Harhour, But their
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conclusions were based on a short term sludy and, Ltheres~
fore, are open to criticism, It appears Lthat during

sunmer and astuom the baclerial population is influenced
by hydrographic and other non-periocdiec changes in the
environmental factors which can mask Lhe effects of
seasonal changes resulting into wide f{luctuations in the
population. Ancther problem is presenied by the differen=
ces in the meteorclogical conditions in tiovtwo years of
study (Fig.il) which may be accounted for the dilferences
in the bacterial population of the Lwe years (Fige2.1=2,4)
The baclerial population is also affected by the loecal

and sihortl term changes in the eavironmental factors
(Tiwari and Mishra,19480) which are mol accounted inm perio=
dic samplings. IL may be suggested that samplings within
shorter iantervais can reveal added inforaat ion to the

seasonal ity pattern.

From Lthe resulis on the population dynamicse of
fungi in the lakewaler (Fige3.1=3.4) it could be noted
that the lakewater contains a high population of fuagi
throughout the year, Vowever, the number of viable fungal
propagules did notl show any definite geasonality which can
be go-or.ll:oq for ail the stations and both the years.
The dominant fungi 1solated by plate eulture procedure are
gquite siwmilar to the fungal flora of soils of the region
(Das,1980), The dominance of yeasts and yeast like fungi
suggesis that either they are bDetter adapted to the

aquatic mode of life or they cas survive longer in plamke
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tonic state. The oceurrence ?t bhigh mumber of terrestrial

forms in aquatic habitatls ha+ been reported by Cooke
(1976)3 Quereshi and Dutka (#914). Although bigh number
of viable propagules of thoné fungi hn'c‘bool isolated
throughout the course of investigation, their population
regulation and aeclivity could not be sscertained, Very
low number of isolations of Ascomyceles can be attributed

$0 the uasuitability of wmethodology for this group.

| The distinct seasonality pattern of soocsporie
Phycomycetes (baiting method) is typical to temperate
waters (Coker,1923), The depthewise distribution of the
fungi suggesis thal the surface waters are more conducive
for the growth and/or survival of the fungal propagules,
Spring is the wost favourable season for most of the
species (Fige3.17) and the seasonal perjodicity of a nua=

ber of species is similar to the findings of Alabi (1971).

Results on the activity megsurements (Figed.1=4.4)
indicate that like bacterial population estimates, Lhe
activitly parameters are also governed by the season, Most
of the activiily paramelers peak during spring and touch
lowest values during winter clearly demonstrating some
relation with water Lemperatiure., Phosphatase activity is
affected by phytoplankton,bacteria, and soluble ortho=
phosphate concentration which is ian conformity with the
findings of Jones (1972a). Low values of ortho=-phosphate

can Ltrigger the enzyme activity while high values of
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ortho=phosphates have beemn reported te repress the
activity (Heath and Ceoke, 1975), On the cont rary, in
the present study high values of ortho-phosphates
during spring season did not have repressive effeect on
the ensymes, This observalion is similar to the findings
‘of lchikawa and Freese (1974), and Carillo Castaneda and
ortega (1967) as reviewed by Patni amd Aaromson (1977),
The Stoh phosphatase activity during winters was not
accompanied with high biological activily which suggests
that the phosphatase activity cannot always be taken as
a measure of biological activity as has been the earlier

contention (Verstraete gt al, 1976).

The resulis on ceefficient of heterotrophic activie
ty suggested that a sizeable population of heterotrophic
microbes is always available in Lthe lakewater which can
utilize the organic substrates added in low concentrations.
It is concluded that the goefficient of hetereotrophice
aclivity is directly related to the dissolved organic
carbon conceniration (Flgeledy4e2)s The BOD estimates
nl;n show 2 seasonalily pattern similar to the coefli~
cient of hetlerotrophic activily values, Although the
mnaxima of these two parameters coincide with the maxioum
of bacterial population their relation with dissolved
organiec carbon concentration is rather more close

(7100'04' ‘ozg ‘03)0

The baclerial biomass estimates suggest that quite

high amount of organismal biowass is contained in Lhis
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form (Fige4,5) whieh is similar to other mesolrophic
lakes (Donmderski, 1977), The resulis are comparable
with the similar studies conducted by Ferguson and
Rublee (1976) and Tilzer (1972), The microbial produc=
tion estimates are quite kigh and it appears that lake
utilizes extranecus organic matters for its melabolism.
The microbial production, therefore, appears to play

a significant role in the total productivity of the
lake (Figeded)e The estimation of bacterial production
by oxygean consumpiion method (Sorokim and Kadola,1972)
overpredicts the values especially in lakes receiving
high input of allchthonous litters., lowever, the melhod
gives comparable resuitls and has been widely used
(Anderson and Dokulil, 1977), The results of preseat
investigation are comparable to Lhe findings of Anderson

and Dokulil (1977) and Tekabashi gt gl (1970).

Kesults on the process of decomposition in the’
lake suggest that it is governed largely by the chemical
composition of the substirate and depth of the water
colunn (FlgeS5.1~5,3; Table 5,1,5.2). In the deeper
waters the rate of decoumposition is extremely slow as
compared to surface and shallow waters presumable due
to low oxygen concentration and low microbial activity.
The decomposition of teak leaves is more thasm three
times faster than pine needles (Table S,1=5,2), These

differences are atiributed to the differences in the
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chemistry and physical structure of the two littere
typess The fungal inhibitors (Barlocher and OVertli,
1976) and fungistatic substances (Tiwari gt al, 1980)
preseani in the pine needies may also be responsidble
for their slow decomposition, It is inferred that the
rate of doﬁo-poultlon of litters is faster when com=
pared with the similar studies condncth in temperate
elimatic zomes (Hodkinson, 1975). When viewed as a
whole, it appears Lhat Lthe process of decomposition
can conveniently be divided into three distinect,

Leaching phase 3 This is characterized by fast micro~
bial colonization attaining peak values within a short
span of time, rapid loss of soluble componenis, rapid
weight loss and little change in the composilion of
erganic co-posadl bul significent loss in the percen=
tage anitrogen content, This peried is 2«4 months

depending upon the site characters and type of litter,

PErocessing phase 3 This is characterized by low micro-

bial activity, low content of soluble compounds, slow
weight 1o8s and slow change in composition of organie
compounds and often an increase im perceatage nitrogen,
This phase continues for a long period of time unless
the material is guite softened and becomes palatable

for invertebrate fauna.

Rispersgl phase : This is chaCacterized by high

microbial activity, rapid loss in weight, colonization
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by detrivorous iaverterbrates, high lignin content and some-
times less in percentage altroqon.nnring'thlo phase the
animal population has the most important role to play by
ceulting the litter into smaller pieces, This phase con=
tinues until the litter is changed into am unrecognizable
detritus heavily loaded with various exiraneous objects
which are mainly composed of exuve of various insects

and chironomids and shells of melluscs.

From the results of this study, it is possible to
relate a given microbial parameters with the other(s)
and the various mierobial parameters c¢ovlid be shown to
depend on different physico-chemical parameters. Yet
these represcnl enly a small part of the various relations
which exist in a given system. The relationship may exist
between parametiers for which no correlations can be found
a8 their may be a time lag (as observed in phytoplankton
asd bacteria) which might mask the relationship between
any two parameters, Besides direct relagtionship, guite
often an indirect relationship may also be found which

could not be explored during the present investigation,

In addition to the parametlers measured in the preseat
study, phytoplamnkton production, orgamic input to the
system, role of zooplanktons and concentration of dissolved
orgamic compounds such as amino acids, sugars etc. could
also be determimed to find the relations, if any, of thease

parameters wilh microbial activity, Besides, frequent
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sanplings at short intervals might also be desirable.

During the course of study more than one methods were
enployed for measuring some of the parameters but for a
better insight into the microbial ecology of the lake
waters certain other methods may also be tried. However,
these avdditional works can hardly be undertiaken in a
tize<~bound programme like this. Although some useful gone-
clusions can be drawn frow Lhe observations contained

in the thesis in respect of microbiology of the lakewater
study, The role of terrestrial fumgi in agquatic environ=-
menis, relationship between primary and microbial production
the importance of allochthonous litter in the lake metabolism
and role of zooplanktons in the regulation of bacterial

populations remain yet to be imvestigated.
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The population dynamics and activitly of heteroe
trophic microbes in a small freshwater lake, situated in
Shillong (India) at an altitude Bf 1460 m (25,.,34°N,
91.52°E) has been iavestigated for g period of tLwo
years. Data collected on spatial and temporal distirie
bution of bacteria and fungl, using variocus methods,
from four stations show Lhat the population of the |
microbes is governed Ly the season.Among various physico=
chemical and Lieological parameters investigated,
tenperature, dissolived organic carbom depth and phyto=
planktons were found to be directly related to the
bacterial population.The bacterial population was maximum
during spirag and winioum during winters, The total
bagterial population ranged between 0,11 x 10® and
19,5 x IO‘ cells éor ml of water and the viable bacterial
popul ation remged between 0.007 x 10% ang 3.4 z 10° cells
per ml of water. The biomass of bacteria ramged from 85
mg to less than one mg per “3. The tetal population of
bacteria was 10-50 times noro.thal the viable population.
Data on vertical distribution of bacteria (statiom 4)
shoew that qilto often higher populations were estimated
in deeper waters. The bacterial populastion was dominated

by gram negative rods with pelar flagella. The major

representatlive genora were Pguedomonas, flavobacterium,
Sacillus and jghromobacter.

Data on physico-chemical characters of the lake
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watler exhinbited that the lake remains siratified for
most period of the year and mixing occurs once in the
month of February. The measurementis of dissolved nu~
trieats show that the lake has a moderate concentration
of nutrients and may be classified as a mesolrophie

system,

The population of viable fungal propagules was
also found to be related to season but the seasonality
patiern could not be established g8 Lthe oscillation
pattern of fungal population varied from year to year
as well as mmong the stations. Spring was most favom=
rable season for the soosporie Phycomycetes (bailing
methoq) and winter was the period of least activity.
Scventeen species of zoosporis Phycomycetes were
isolated from the lake during the course of investiga~=
tion. The population of fungi is dowminated by the

terrestrial forms which ranged between 10-100 propagules

per ml of water, Cladosporius herbarnm, Feniciliium
ghrysogenum, Sporobolomyces sp., Lhodotoruly sp.,
Aureobasidium pullulans, Irichosporon spe., Aspergilius

fumigatus, Geotrdchum gandidum, Pythium monospermum and
Ehialophors were the dominanil terrestrial fumg: isolated
from the lake water,

The microbial productiion ranged between 10 and
120 mg C per “3 which was highest during spring monthe.
The generation time of bacteria ranged between 2 and 60

hours which also peaked during spring moniths. The bio=

logical activitlyglake water was megsured by estimating



151

alkaline phosphatase activity, coefficienl of
heterotrophic aclivily, and 20D values, These obser=
vations suggestl that the biological activity was

also influnced by the seasons. The n.tlvtdy parameters
were found Lo be relsted to the bacterial population
and concenirations of dissolved organic carbon, Phos=
phatase activity was also related to the soluble
Qttuo-pho.’hntq concentirations., The coefficiont of
beterotrophic activity and BOD values varied hand in
in hand and Lthey were found Lo have sirong relation
with the dissolved organic carbomn conceuntration. UDepth
has got profound effect on the biological activity

of lakewaler,

The process of d;oo-posttto- of terresirial
litters in the lake was studied using lititer bag method
for a periovd of eighteen months, It was found that Lhe
rate of decomposition was largely influenced by the
water depth and Ltype of the litter, The rate of decom=
position of teak leaves was more thanm three times
faster than the pine aeedles., The weight loss for both
the litter Ltypes and for all stations showed a very
cloge fit to Olson's (1963) negative exponential model,
The rate of deconposition was faster in comparison to
those recorded in other aguatic systems in temperate
climatic zones. Microdbielogical estimations of the

litters during the decomposition progess exhibited two
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peaks, one at the time of colonization, generaliy

after six months, and the other after sizteen months
towards Lhe end of the study period, Significant change
in the species composition of fungal population with
time was observed, The imcrement in the percentage
nitrogen was noted which declined towards the end of

the atudy period, The constant imcrease in the percen=
tage Lignin content was noted, Rate of change in the
percentage celinlose and hemicellulose contents was slow,
Based on Lthe observations om welight loss, ulerobtoloﬁy.
and cheaistry change of the decomposing litters it is
suggested that the whole process may be divided inte
three distincet pericds, namely leaching phase, processing

phase and dispersal phbase.

The results presented in the thesis emphasize the
fmportance of the heleroilrophniec microbes in iLhe lake
ecorystem, It haa been -nogootoq that the micrebial
ecology of (reshwater warrants wore attention of
limnologists. Various avenues in field have been

suggestied,
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