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POPULATION AND PRODUCTIVITY OF HETEROTROPHIC
BACTERIA IN A FRESHWATER LAKE

B K TEWARI* AND R R MISHRA

DEPARTMENT OF BOTANY, SCHOOL OF LIFE SCIENCES, NORTH-EASTERN HILL UNIVERSITY,
SHILLONG 793014

The population and productivity of bacteria has been estimated in a subtropical
lake situated at an altitude of 1460 m. The measurements were made on monthly
intervals for a period of one year. Spring maxima were observed for both the
parameters. The bacterial population varied belween 1-300x10%/ml and the
bacterial production ranged between 15 and 120 mg®/m3/day. Both the estimates

were higher in nutrient rich water body as compared to the one containing lesser
nutrients.

The heterotrophic bacteria constitute a major component of the decomposer
community in the natural waters, and quantitative enumeration of their population
and productivity gives a direct measure of the role of bacteria in hydrobiology
and trophic metabolism of the system. The functional attributes of heterotrophic
bacteria in freshwaters have increasingly attracted the attention of limnologists
(Overbeck and Daley 1973; Mason 1977; Overbeck 1979; Jordon and Likens 1980;

Tiwari and Mishra 1982) in recent years.” A review of literature on Indian
limnology reveals that the bacterial population and productivity estimates have

received little attention (Gulati and Wurtz-Schulz 1980; Michael 1980; Mishra and

Tiwari 1982). The present communication deals with population dynamics and
production of heterotrophic bacteria in a small freshwater lake.

The study was conducted in Wards lake, Shillong, India (latitude 25° 34* N,
longitude 91° 52" E) situated at an altitude of 1460 m. The slopes surrounding
the lake are covered with managed grasses and scatterzd trees predominantly of
pine (Pinus kesiya Royle). The lake receives water through a perennial stream
and has a surface outlet which allows the excess water to flow out during months
of May to September when maximum rainfall occurs. Throughout the year the
water level does not change appreciably except for January-February when the
level drops by approximately 30 cm. Iwo sampling stations were choosen. In
Station 1 the average depth of the lake is 0'80 m and this station is comparatively
richer in  nutrient content (Fig. 1; Tiwari 1980). Station 2 is situated in the
deepest part of the lake and is near to the outlet. The lake bottom at this station
Is silty and converted with semi-decomposed pine needles. The water depth at
this station is 6 m.- Chlorella sp. and Microcystis sp. dominate the phytoplankton

community at both the stations. The lake harbours a sizeable community of
zooplankton and fishes.

*St. Anthony’s College, Shillong 793001
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Fig. 1. Nitrate-N, phosphate-P and dissolved organic carbon concentration in the lakewater at
two stations, @—@ : station 1 ; 0—0 : station 2,

MATERIALS AND METHODS

Water samples {or bacteriological analyses were collocted in stcrilclglass vottles
from 1-2 em below the surface. Before collection the water surface was disturbed
as to avoid contamination by the objects floating on the surface. All samples were
~taken between 0900-1100 hours.  For physico-chemical analyses, water samples

were collected in polycthylene bottles of 2 litres capacity,
were maintained in a
30 minutes of sampling.

All the water samples
dark chamber and transported to the laboratory within

Within 3 hours of collection the samples were inoculate

of bacterial population by spread plate method. Casein Peptone Starch Agar
(Collins and Willoughby 1962) was used for the plate count.  The compositior. of
the medium was @ soluble casein 03 g, K.HPO, 02 g, MgSO, 0:05 g. Felll; tiace

(4 drops of the 00197 solution) and agar 150 1 in 1060 ml distilled water. The

d for the estim:tion
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medivm was autoddaved at 104 kg/em® pressure for 20 mins.  Aligquots, cach ot
05 mlin scrial dilutions (1 : 10, 12 100, 12 1000 dilutions) were inoculated on the
surface of freshiy poured medium in a 100 mm dia Petrr plates. Three replicates
were niintained for cach of the serial dilutions.  The plates were kept at 10°C for
12 hours to allow for the absorption of this aliquot and subsequently incubated ct
25°C for 7 days. The plates belonging to the scrial dilution that contained

30-300 visible colonies were counted and other dilutions were discarded.
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Fig. 2. pll, water temperature, conductivity and dissolved oxygen concentration in the lakewater,
®—9 : station 1; 0—0 : station 2.

The bacterial production was estimated by the method described by
Romanenko and Sorokin (1972) wherein they gave a relationship between rate of

oxygen consumption and rate of bacterial production : P=0'08 D mg C/L/day
«~where P=rate of bacteria' production and D=rate of oxygen consumption in
mg O,/L/day. The rate ol oxygen consumption was measured in situ by dark

oxygen bottle method in water previously filtered through 15 pm pare size filter
to remove phyto-und sooplankton,
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Physico-chemical characters (nitiate-N,  phosphate-P, dissolved organic
carbon, pH, temperature, conductivity, dissohved oxypen) were measured following
APDIA (197)).

RESULTS
Figs. 1 and 2 depict dissolved organic carbon,

phosphate-P, and nitrate-N,
dirsolved oxygen concentrations, conductivity, temperature and pH of the lake
water collected from two stations.
63 and 6'8.

A comparison of the values with similar other
studies (Munawar 1970) suggests that the lakewater is nutrient rich particularly
al station 1. The water temperature ranged between 10-25°C and pH between

In general, bacterial population was high during spring (March-May) and
declined to a minimum curing winter (December—January).

During the remain-
I (Iig. 3).

ing part of the year the population remained within a stable range.
harboured higher bacterial population for most of the periods compared  to station

Station 1
Fig. 4 preseats bacterial production.,

The rate of biomass production was
greater during the spring and summer months compared to that of winter.
production estimates were greater at station | compared to those at station 2.
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Bacterial populatior in the lakewater.

- --9 :station 1 ; 0—O : station 2.

DISCUSSION

A comparison of the data on bacterial population estimates with similar studies
(Godlewska-Lipowa 1976) reflect:

that the present

lake can be classified in the
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Fig. 4. Bacterial production during the study period. Solid bars : Station 1 ; open bars : Station 2.
mesotrophic category. The scasonslity in the bacterial population was compa-
rable with temperate lakes (Jones 1977 ; Mason 1977). The higher population
of bacteria during spring can be attributed to the post winter rise ‘n temperature,
inflow of leaf litters of the adjoining vegetation, and phytoplankton bloom (Tiwari
and Mishra 1982 ; Covencey er al. 1977).  The higher population and productivity

at station 1 may be due to its vicinity to the inlet and higher content of nutrients
in the water.

The bacterial production is controlled largely by the same set of factors as
the population. The amount of biomass synthesised by the hcterotrophic bacteria
is of the same order of magnitude as of phytoplankton in this lake (Thapa, un-

published Ph.D. thesis), which clearly demonstrates the contribution of bacterial
production towards total productivity of the Jake. The bacterial production seems
to be of added importance as bulk of the bacterial biomass synthesised comes
from the extrancous (pinc needles and other leaf litters) dead organic materials
which are unavailable to the system (Sorokin and Kadota 1972). The bacterial
population valucs are directly proportional to the dissolved organic carbon content
- of the water which indicates that the bacteria derived their nutrition from the

dissolved organic carbon pool of the lakewater. It appears that the heterotrophic
bacteria play a very important role in the aquatic systems receiving large amount
of allochthonous organic inatter (Mishra and Tiwari 1983). Tac heterotrophic
bacteria convert these organic matters into living biomass which becomes more

palatable for the organisms of higher trophic levels. Due to their fast rate of
growth under short gencration time, the contribution of bacterial production to

the total production and the ccosystem function may be as quite signilicant
(Hughes and Rose 1972).

for more studics on
cnvironments.

Tte results of the present study emphasise the need

bactevial production  and  biomass  estimates in diverse
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