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THE RELATTONSHIP BETWEEN BACTERIAL HETEROTROPHIC 
ACTIVITY AND ALGAL AUTOTROPHIC ACTIVITY IN EMBALSE 

DEL RIO IIIRESERVOIR (CORDOBA, ARGENTINA)

María C. ROMERO**, Aldo A. MARIAZZI** and Alejandro J. MARIfiELARENA***

RESUMEN: Relación entre la actividad heterotróflca bacteriana y la actividad autotrófl- 
ca algal en el Embalse del Río III (Córdoba, Argentina).

La actividad autotrófica del fitoplancton se estimó mediante la técnica de Steemann 
Nielsen (1952) y la actividad heterotróflca del bacterioplancton mediante el cálculo de 
los parámetros cinéticos para ,4C-glucosa (Wright & Hobbie, 1965) y el consumo anaple- 
rótico de CO, según Overbeck (1981). La máxima actividad heterotróflca fue observada 
en la zona eufótica (833 /tg C l ' 1 h '1) en coincidencia con la mayor tasa de producción 
primaria (338,7 mg C m~J d '1) y numerosidad de Peridinium ga túnense (fin de verano). 
El potencial heterotrófleo calculado en base al consumo de glucosa, comprende solo una 
pequeña parte del proceso de degradación total de la materia orgánica disuelta. El 11 % 
del carbono Ajado fotosintéticamente fue descompuesto por las bacterias como C-gluco- 
sa. Durante el verano se observó una mayor afinidad de las bacterias heterotrófleas por 
la glucosa en la zona eufótica, mientras que en los meses de invierno so detectó una co­
munidad fisiológicamente diferente, con mayor afinidad por otros compuestos orgáni­
cos, siendo la relación C-glucosa/O-CO, inferior a la unidad. En la composición fito- 
planctónica se observa dominancia estival de dinoflagelados c invernal de diatomeas.

ÍNTRODUCTION

To understand the dynamics of processes mediated by heterotrophic 
bacteria their metabolic activity musí be known. There are various me- 
thods for measuring metabolic activities (oxygen consumption, C02 
production, C 02 dark fixation, determination of the kinetic parameters 
of organic substrates uptake, incorporation of 3H-thymidine,ctc.)Duc to 
the complexity of natural substrates, the estimation of the heterotrophic 
potential based on only one of them (eg. glucose) is not always sufflcien- 
tly representative of the heterotrophic activity as a whole. According to 
Overbeck (1980) and Cavari etal. (1979), the heterotrophic activity 
calculated from Vmax for glucose in PluBsee and in Lake Kinneret, only 
represent 10% of the total consumption. Williams (1973) and Vaccaro & 
Jannasch (1967) also found that only a monospecific bacterial population 
behaves according to the kinetics of the enzymatic model as proposed by 
Wright & Hobbie (1965, 1966).

As dark C-C02 consumption depends on different organic substrates, 
this rate can therefore be considered as an índex for the estimation of 
total heterotrophic activity (Overbeck, 1979 a). Romanenko (1964) and
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Sorokin (1965) oríginally proposed the method for estimating the hetero­
trophic bacterial biomass, assuming that' these organisms use 6% of exter- 
nal CÓ2 for cellular biosynthesis. The miscalculations of heterotrophic 
bacterial biomass by the extemal C-C02 incorporation are due to the fact 
that this percentage is not constant and that not all bacterial groups have 
the same C-C02 requirements. Also, algal dark C-C02 fixation and intra- 
cellular refixation of respired C 02 (Overbeck & Daley, 1973) cause errors.

The aim of this work is to estimate and compare both bacterial hetero­
trophic activity and phytoplankton autotrophic activity in the Embalse 
del Rio III Reservoir, because these are two basic processes of the carbón 
cycle in aquatic systems.

Study area

The Embalse del Río III Reservoir is a dam láke built for hydroelectric 
purposes in the Calamuchita Valley (Córdoba, Argentina) in 1936. The 
reservoir area is 45.3 km2, the volume is 5.6 X 10® m3, has a máximum 
depth of 46.5 meters and a mean depth of 12.2 meters. Itsgeographical po- 
sition is: latitude 32° 11’ S and longitude 64° 23’ W, at 529.4 meters over 
the sea level. Annual precipitation is relatively low (760 mm in 1980) and 
there is little precipitation during July-September. Solar radiation on the 
lake becomes máximum in December (monthly average 5000 k cal * m-2 
d-1 ) and mínimum in June (monthly average 2150 k cal • m-2 d “‘ ).

During summer periods there is an oxygen depletion in deeper layers. 
The most important phytoplankton characteristics are the occurrence of 
two algal blooms during the year: Peridinium gatunense at the end of 
summer to early autumn and Cyanophyta, Desmidiacea or Chlorococcales 
during end of winter and early spring (Boltovskoy et al., 1980). The 
general characteristics of the reservoir are given in Table I.

MATERIALS AND METHODS

Samples were taken at a central station of the reservoir from March to 
September of 1981. They were collected with a Van Dom sampler from 0, 
1, 2.5, 5, 7.5 and 10 meters for the primary production measurements, 
and in addition tó these depths, from 15 meters, and 1 meter above the 
bottom for the determination of C-C02 dark fixation. The heterotrophic 
potential for glucose was only estimated at 2.5, 7,5 and 1 meter abow the 
bottom.

Dissolved oxygen concentration was measured by Winkler method 
(Alsterberg’s modifícation) and the total inorganic carbón concentration 
was determined following Standard Methods APHA (1971).

Primary production was measured in situ with the ,4C-technique 
(Steemann Nielsen, 1952). Bottlés were incubated twice in the daytime
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TABCEI
Mean and máximum valúes o f physkal, Chemical and biológica] 

variables.

Mean annual valué Extreme valúes

Temperature °C 16.7 7.7- 25.5
Dissolved oxygen mg 1"' 7.1 0 .0 - 10.2
Conductivity umho c m '1 140.0 86.0- 193.0
C -C O Im gl-1 0.11 0 .0- 1.5
C-C03H- mg l-1 15.8 10.1 - 22.9
C 02 m g r 1 0.2 0 .0- 1.2
p -po I - iig r 1 7.7 0.0- 93.0
N-NOJ mg l-1 0.08 0 .0- 0.48
N-NH4 mg r* 0.24 0.0- 0.47
Si-Si02 m gl"1 6.2 0 .3- 14.7
Chlorophyll a mg m“3 11.7 0.0- 96.0
POC mg m-3 965.0 350.0 - 2717.0
PON mg m '3 132.0 29.5 - 458.0

from sunrise to noon and from noon to sunset. After exposure water 
samples were immediately filtered through Millipore filters o f 0.45 pm 
pore size. After fuming over concentrated HC1 for 1 minute, each sample 
on the filter was placed in a scintillation vial with Bray’s flúor. The 
14 C radioactivity of the sample was measured in a liquid scintillation 
spectrometer. Anaplerotic C-C02 consumption was estimated accordmg 
to Overbeck (1981).

Kinetic parameters were obtained applyingequation:

Cpt K, + Sn T

solved by linear regression. We used four glucose concentrations and one 
blank (Table 2) prepared with D-(U-14C-glucose) from Radiochemical 
Centre, Amersham, England, with a specific activity of 279 m Ci/m mol, 
and with non labelled glucose. The bottles were covered with aluminium 
foil and incubated in a bath with continous circulation oflake water for 
1-2 hours. After incubation, the samples were fixed with acetic Lugol’s 
solution and filtered through membrane filters o f 0.2 pm pore size. Blanks 
of each series were immediately fixed after the addition o f labelled sub- 
strate. The filters were put in vials with 10 mi o f scintillation solution. 
The blank activity was substracted from the activity obtained in the other 
concentrations and these data were mathematically treated to obtain the 
respective kinetic parameters. We worked with a probability error o f less 
than 0.05% (P <  0,05).
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TABLEO
Experimental glucose Solutions.

Concen tration l4C-Glucose/50 mi 
MCI jug

Glucose non-labell./50 mi 
08

Total glucose/1 
0g

Blank 0.308 0.21 _ 4.20
1 0.308 0.21 — 4.20
2 0.308 0.21 0.92 22.60
3 0.308 0.21 1.84 41.00
4 0.308 0.21 3.69 78.00

RESULTS AND DISCUSSION

Dissolved oxygen reached high concentrations in the whole water 
column in Winter. There was variability with depth with lower but still 
biologically significant valúes near the bottom in March, April and May 
(Table 3).

A remarkable increse in numbers o f the dinoflagellate Peridinmm gatu- 
nense was detected in March. Primary production rates were high (338.7 
mg C in-2 d -1) up to 2.5 meters depth and decreased abruptly .asis 
common in eutrophic waters bodies with a high phytoplankton density. 
The highest valué of heterotrophic glucose consumption (833 f tgC 1-l 
h-1) was also detected during this month at 2.5 meters depth. Contrasting 
with Overbeck’s (1979 b) findings the photosynthetic rates and C-glucose 
consumption showed similar vertical pattems in the euphotic zone during 
March, April and May.

Anaplerotic C-C02 use as a rough measure of heterotrophic activity, 
was low at the surface but increased markedly at the bottom. The ratio 
between carbón consumed as glucose and carbón consumed in the anaple­
rotic manner (C-Glu/C-COj, Table 4) was 28.1 in the euphotic zone and 
14.0 in the whole water column, suggesting the existence o f a community 
with máximum poten tial for glucose in the euphotic zone in which phyto­
plankton density and activity were higher. These rates also suggest the 
existence of a community with less potential for this carbohydrate near 
the bottom.

The relationship between autotrophic and heterotrophic processes is 
seen in the ratios o f glucose uptáke velocity and o f C-C02 consumption 
with primary production (C-Glu/PP and C-C02/PP). Through the former 
relationship, one can deduce that a máximum of 6.4% of oiganic matter 
produced was consumed as glucose in March. This percentage increased to 
8.6 and 11.6 in May and June respectively. Overbeck (1979 b) found that
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1.- Vertical varíations oí primary production rates (o ---- °); C-C02 anaplerotic uptake
) and C-glucose uptake ( X --------- X ).
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TABLEIV
Relationships between primary productíon rates (PP), C-C02 anaplerotic uptake and 
C-ghicose uptake, integrated till 7.5 meters depth (o) or in the whole water column (\) .

111-81 IV-81 V-81 VI-81 VII-81 VIII-81 IX-81

P Pm gC nT 2 d "1 (o) 338.7 _ 68.4 31.4 127.7 143.1 257.7
C-GlupgC m"2 d~' (o) 181.1 32.5 21.0 13.5 5.3 3.3 13.6
C-COíjugCnT2 d "1 (o) 42 6.9 5.6 4.5 8.9 20.4 29.8
C-Glu pg C m"2 d_I (x) 217.7 74.2 50.2 36.7 12.1 14.2 33.9
C-C02 pgC m-2 d _l (x) 15.5 8.3 8.5 10.2 29.0 60.2 60.2
C-Glu/C-CO2 (o) % 28.1 4.6 3.8 3.0 0.6 0.1 0.4
C-Glu/C-C02 ( x ) % 14.0 8.9 5.9 3.6 0.4 0.2 0.5
C-Glu/PP (x) % 6.4 - 8.6 11.6 0.9 0.9 1.2
C-C02/PP(x)% 0.4 — 1.4 3.2 ^ 2 42 2.1

this valué was 10% for PluBsee; 3.3% forKellersee: 1.9% for (ir.Plonersee 
and 1.7% forSchónsee.

During April the heterotrophic activity estiinated by heterotrophic 
potential for glucose was 74.2 ng C m-2 d-1 and 8.3 ng C ni-2 d _1 by 
dark C 02 consumption. Vertical variation of heterotrophic activity 
estimated for C 02 showed a high valué (167.9 /ug C l " 1 h"1) at one 
meter depth. This figure was similar to the one observed for glucose con­
sumption at lowest depths. But at the deepest sample in April, the C-C02 
consumption dropped to 0.7 jug C 1_l h-1.

Primary production and glucose consumption werc less in May and 
June while anaplerotic C-C02 use maintained its level. This suggest that 
the bacterial community may be using other substrates as a source of car­
bón. In June the anaplerotic consumption of C-C02 equalled that of glu­
cose at 7.5 meters depth. There was a low phytoplankton density and a 
dominance of Melosira granulata at'this time.

A slight increase in primary production valúes was seen in July, August 
and September. Heterotrophic activity estimated by glucose consumption 
dropped markedly, while C-C02 increased greatly, being higher than 
C-glucose at all depths. The C-glucose/C-C02 ratio indicates that the hete­
rotrophic activity moves toward the uptake of glucose or to another orga- 
nic substrate, and its valúes were lower than 1 during this three months. 
Dark C-C02 fixation reached 2 and 4% of that produced by phytoplank­
ton while glucose did not represent 1% of photosynthetisized carbón. 
Overbeck (1979 b) found that dark C02 fixation was around 3.6% of 
light fixation.

It can be assumed, from the dissolved oxygen concentrations obtained 
through the study, that the dark C-C02 consumption may be due to hete­
rotrophic bacteria, although the possibility of consumption by chemo- 
autotrophic bacteria can’t be excluded.
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