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ABSTRACT

Sestonic biochemical composition (lipids, proteins and carbohydrates) may change with varying en-
vironmental fluctuations. These changes and the effects in the nutritional status of algae consists of
an actual increasing source of interest. The aims of this work were to establish the relationship between
biochemical composition of seston and 1) a range of physical, chemical and climatological factors,
and 2) the natural fluctuation in the species composition in phytoplankton assemblages of the Pam-
pulha Reservoir, an urban eutrophic lake located in Belo Horizonte, MG. Seasonal changes in the bio-
chemical composition were observed in this study. None of the considered abiotic factors alone seem
to affect the biochemical composition. So the effects could only be understood by interactions among
different environmental factors. On the other hand, the dominant algal groups probably have some
influence in the observed changes in biochemical composition of seston.
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RESUMO

Fatores que afetam a composi¢iio bioquimica do seston em um reservatorio eutrofizado —
Reservatorio da Pampulha, Belo Horizonte, MG

A composicéo bioguimica do seston (lipides, proteinas e carboidratos) pode variar com flutuagfes nas
condictes ambientais. Tais alteracdes e seus eventuais efeitos sobre o status nutricional das algas repre-
senta uma crescente fonte de interesse atualmente. Os objetivos deste trabalho sio os de estabel ecer
arelacdo entre a composi¢do bioquimica do seston e: 1) um conjunto de fatores fisicos, quimicos e
climatoldgicos e 2) as flutuagbes naturais na composi¢ao em espécies do fitoplancton do Reservatorio
da Pampulha, um lago urbano eutréfico localizado na cidade de Belo Horizonte, MG. Mudancas
sazonais na composi¢ao bioguimica puderam ser observadas neste estudo. Nenhum dos fatores
abi 6ticos considerados parece afetar isoladamente a composi¢éo bioguimica do seston, de forma que
suainfluéncia so pode ser compreendida por meio das interagdes entre os diversos fatores ambientais.
Por outro lado, os grupos a gais dominantes provavel mente exercem alguma influéncia nas mudangas
observadas na composic¢édo bioquimica do seston.

Palavras-chave: composicao bioquimica, seston, sazonalidade.
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INTRODUCTION

The biochemical composition of algae is one
of the most important studies of planktonic
communities as nutritional status of primary
producers could be an usefull prediction to
account for the energetic disponibility in the trophic
foodweb. Most of the recent interests in the
biochemical composition are suggested by studies
in applied phycology in areas such as aquaculture,
the nutrional quality of foods fed to cultured
animals, and alternative energy sources (Sicko-Goad
& Andersen, 1991).

Lipids, proteins and carbohydrates are the
most important biochemical components in algal
biomass. Lipids are rich in — C = O — bounds,
providing much more energy in oxidation processes
than other biological compounds. Mainly owing
to their high reduction levels, they constitute a
convenient storage material for living organisms.
In algae they are widely distributed, specially in
several resistence stages (Miller, 1962).

Proteins have crucial functions in all the
biological processes. Their activities can be
described by enzimatic catalysis, transport and
storage, mechanical sustentation, growth and
cellular diferentiation control (Stryer, 1988). Protein,
as well as lipid contents in phytoplankton, can
have an important effect to the energetic dispo-
nibility in the trophic foodwebs. Some carbohy-
drates serve as food sources and storages, while
other ones are cell wall constituents (structural
polyssacarides), just as a lot of them have still
uncertain functions (Percival, 1979).

The biochemical composition in algae can
change with altering environmental conditions
(Fabregas et al., 1995; Fernandéz-Reiriz et al., 1989).
In nature, changes in phytoplankton community
can modify the food quality and quantity (Butler,
1994). The effect of these variations for a set of
algae species has been well exposed by under-
standing algal physiology and to answer more
specific questions (Lourengo ef al., 1997).

Some studies demonstrated that certain algae
species are considered “good food supplements”
while other ones are considered “bad food
supplements” (Ahlgren et al., 1990). However, the
real reasons why some species can stimulate a
better growth and reproduction than others are still
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not understood (Ahlgren et al., 1990). There are
many aspects that should be considered to
describe the nutritional status of algae, and its
quality for zooplankton, like the size range, cell wall
digestibility, toxicity and the chemical composition
as well. Much attemption has been directed to the
first three aspects (Ahlgren et al., 1990).

Built in 1938 and rebuilt in 1957, the Pampulha
Reservoir is a touristic attraction in Belo Horizonte
city. Actually, it shows an increasing eutro-
phication process, mainly because of domestic
sewage, which is the most important problem for
the lake (Giani, 1994). A plenty of limnological
studies have been developed in the reservoir in the
last decade. The purpose of these studies were to
analyse seasonal variations in both planktonic
communities and environmental parameters, their
repetitivity all along the year, and to understand
the key-factors associated with the observed
changes (Pinto-Coelho et al., 1994).

The aims of this work were to evaluate the
influence of (a) physical, chemical and climato-
logical factors and (b) the natural fluctuation in the
species composition of phytoplankton assemblages
on the biochemical composition of seston in the
Pampulha Reservoir, during one year study.

MATERIAL AND METHODS

Sampling was conducted monthly in a single
station in the reservoir (Fig. 1). Water samples were
collected at the depth of 1,0 m with a Van Dorn
sampler. At the laboratory the water was filtered in
pre-combusted glass fiber filters GF-50A. Large
zooplankton was removed by filtration through a
net of 90 pum of mesh size. In this way, seston was
practically constituted by phytoplankton cells. The
biochemical analysis were performed on those
filters.

The lipid contents were analysed following
phosphofovanillin method (Zollner & Kirsch, 1962),
with previous extraction in 2:1 chloroform- methanol
(Ahlgren & Merino, 1991). Protein contents were
measured following the microbiuret method (Itzahki
& Gill, 1964). Carbohydrate contents were deter-
mined with the phenol- sulfuric acid method
(Herbert et al., 1971). The contents of lipid, protein
and carbohydrate were expressed as concentration
in mg/L.
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Fig. 1 — Sampling point at Pampulha Reservoir, Belo Horizonte (MG).

The physical and chemical data used in this
study, as well as phytoplankton data, belong to the
“Pampulha Reservoir Data Bank” — a data bank
from “Pampulha Reservoir Monitoring Project”. We
obtained data for the following parameters: light
intensity in water collum (measured by Secchi Disc),
water temperature (with a termistor Y'SI Digital Model
30/50 FT), conductivity (with a conductivimeter YSI
Digital Model 30/50 FT), dissolved oxigen contents
(with an oxymeter Y SI Digital Model 55/25 FT),
nitrate, nitrite, ammonium concentration (according
to Koroleff, 1976) and total phosphorus (according
to Murphy & Riley, 1962). The climatological data
(monthly rain) were provided by the Climatological
Station of Pampulha Airport.

The effects of physical, chemical and
climatological parameters on biochemical compo-
sition of algae were tested by the multiple re-
gression test (Systat for Windows VS. 5.0).

RESULTS

The area of study has got a well defined
rainy season between October and March (Fig. 2).

Our results showed a general tendency for all
biochemical compounds. Lipid, protein and
carbohydrate levels were higher during the
dry season of 1995 until the beginning of the
rainy season, as verified between July/95 and
October/95.
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Fig. 2 — Monthly rain (mm?) in Pampulha Reservoir, Belo Horizonte (MG).

There was a reduction in all biochemical
contents during the rainy period, as observed in
November/95, December/95 and January/96. At the
end of this season, lipid, protein and carbohydrate
concentrations increased again, between February/
96 and April/96, except for protein contents, that
increased since January/96. At the beginning of the
dry season in 1996, the biochemical compounds
decreased (Figs. 3, 4 and 5). It is possible that a
new increase could be observed from August/96
until the beginning of the rainy season.

Changes in the biochemical composition are
specially evident at the beginning and at the end
of the rainy season, i.e., during climatic transition
periods.
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Fig. 3 — Seasonal variation in lipid contents of seston.
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Multiple regression analysis provided
significant values for the biochemical compounds
and some physical, chemical and climatological
parameters. It provided some partial regression
coeficients that were used to build mathematical
equations to describe some of the variation
observed in seston biochemical composition (Table
1). According to the analysis, lipid contents
could be explained by dissolved oxygen, total
phosphorus, temperature and rain. Protein content
could be better explained by the association among
temperature, dissolved oxygen, nitrate and
ammonium levels. Carbohydrates contents were
better explained by light intensity and total
phosphorus content.
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Fig. 4 — Seasonal variation in protein contents of seston.
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Fig. 5 — Seasonal variation in carbohydrate contents of seston.
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Coeficients provided by multiple regression analyses for biochemical composition of seston.

Biochemical Equation p 2
Compound
Lipid =-0.641 + [ (-0.593 DO) + (0.739 R) + (0.456 P) + (0.355 T)] 0.039 | 0.680
Protein =2.213 +[(-0.820 T) + (0.950 AM) + (0.947 NAT) + (0.594 DO)] 0.010 | 0.900
Carbohydrate =0.750 + [(-=0.162 LI) + (0.601 P)] 0.038 | 0.480

* Significative p values at 0.05; T: water temperature; LI: light intensity; R: rain; P: total phosphorus; DO: dissolved

oxygen; NAT: nitrate; AM: ammonium.
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Total phytoplankton (cells.ml™') showed
higher densities during the dry season in 1995,
between July and September (Fig. 6). Two other
peaks were also observed in November/95 and
between February and April/96. Low densities were
present since May/96 in the reservoir.

The peaks registered reflect changes in
Chlorophyta populations (Fig. 7), which is
represented by many species and by the highest
densities. In October/95 and July/96, Cyanobacteria
showed a high number of cells. Microcystis viridis
was dominant in this period (Fig. 8).
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The highest densities of Euglenophyta were
observed during the dry season of 1995, between
July and October (Fig. 8). Pyrrophyta pointed to
a peak in December/95 and May/96 (Fig. 8). The

Cryptophyta Rhodomonas lacustris was dominant
in these months.

DISCUSSION

Many factors seem to affect biochemical

composition of phytoplankton cells, as we could
see in this study.

150,000 T
_, 100,000+
£
B
°
o
50,000 +
0 t t t t t t t t t t t t {
[Ye] [Te) [Ye) Yo [Te) Yo © © © © © © © ©
2 2 2 2 2 9 2 @ 2 2 2 2 2 Q9
= =) ° 3 > 3] c a s 5 > c =S [}
= 2 6 6 2 8 § ¢ 2 2 £ 3 35 2
Month/year
Fig. 6 — Seasonal variation in total phytoplankton densities in Pampulha Reservoir.
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Fig. 7 — Seasonal variation in Chlorophyta densities in Pampulha Reservoir.
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Fig. 8 — Seasonal variation in Cyanobacteria, Euglenophyta and Pyrrophyta densities in Pampulha Reservoir.

Among all the abiotic factors, the nutrient
limitation had a major effect. Phosphorus contents
presented a positive relationship with lipid and
carbohydrate. Although a few data are available
concerning the direct influence of this element on
the biochemical composition, it is known that it is
an essencial component for the algal metabolism,
so it can limit algal growth in many environments.
Its deficiency into algal cells could led to reduc-
tions in biochemical compounds synthesis, which
could be associated to a weak cellular growth
(Kilham et al., 1997).

Concerning to nitrogen limitation, it is known
that its availability can affect the cellular com-
pounds synthesis and storage, like pigments,
proteins, carbohydrates, aminoacids, nucleic acids
and lipids (Lourenco ef al., 1997). There are many
evidences that lipid storage can occurs as an
answer to reductions of the nitrogen in the
environment (Fogg, 1959). Nitrogen absence can
estimulate the synthesis of non-nitrogenous
compounds, like lipids and carbohydrates (Parrish
& Wangersky, 1990). In this study, no relationship
was verified between carbohydrate and lipid
contents and the nitrogen forms. Generally, the
major part of cellular nitrogen is protein, so the
nitrogen comsuption from the medium affect the
protein synthesis (Smit et al., 1997). The multiple
regression analysis agree with this hypothesis,
since a positive coeficient was verified between
protein content, nitrate and amonium.

Light intensity seems to influence the
biochemical composition (Rivkin, 1989). In our
study, lipid contents increased with higher light
levels, while carbohydrates show an opposite
pattern. It is possible that under higher light

intensities a photossynthetic inhibition takes place
in algal cells, in this way affecting carbohydrates
synthesis. The same do not occur with lipid and
protein contents.

Lipid and protein contents showed a positive
relationship with water temperature, so an
increasing temperature could led to increasing lipid
and protein production. A large number of data
concerning the effects of this parameter in pho-
tosynthesis and productivity in many algae are
known, but only a few informations are available
on how it could affect the biochemical composition,
except by studies on specific biochemical classes,
like fatty acids for instance (Wainman & Smith,
1997).

Another factor seemed to affect the bio-
chemical composition, namely dissolved oxygen
levels. Under low dissolved oxygen levels, cells
seemed to reduce their biochemical compounds, as
verified here by lipid and protein contents. Oxygen
may — in addition to other environmental con-
ditions — partially affect the observed changes.

We did not find a clear seasonal pattern
associated with the biochemical compounds ana-
lysed. Statistical analysis demonstred only that
increasing rain could led to higher lipid contents.
Nevertheless, we observed that changes in the
biochemical composition occured especially during
transition periods, as for instance at the beginning
and at the end of the rainy season. Those inter-
faces correspond in Pampulha Reservoir to pe-
riods that presents changes in phytoplankton
communities and also nutrient availability (Giani,
1994).

The phytoplankton composition is another
factor that could have an important influence on
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the biochemical compounds. Not only the species
composition, but also the nutritional status of the
cells. According to Spoehr & Milner (1949), even
in periods when algal density is reduced, the lipid,
protein and carbohydrate contents can be high.

In our opinion there are more than a single
group affecting the biochemical composition in this
study. For instance, lipid contents seemed to follow
the same general pattern showed by Chlorophyta,
except in October/95, when the drop in this algae
density was not reflected in lipid concentrations.
Perhaps another algal group, like Cyanobacteria,
that pointed out an increase in this period, could
be affecting the lipid contents. Microcystis viridis,
for instance, was dominant in the reservoir in that
month. Kenyon (1972) found that Microcystis sp
cells present a high polyunsaturated fatty acids
content. In a smaller scale the same could have
happened in July/96 in Pampulha Reservoir.

The high protein concentrations found in the
dry season of 1995 reflect the high algal densities
registered in that period, like Chlorophyta and
Euglenophyta, comparing to the dry season in 1996.
Some species showed growth peaks occasionally,
and this can help to explain some of the observed
variations. Although phytoplankton densities were
low in the reservoir in December/95, there was a still
high protein level. It could have suffered an
influence of Pyrrophyta, showed by a peak, mainly
constituted by Rhodomonas lacustris. This algae
is known to have a high protein content (Giani,
1991).

Carbohydrate contents seemed to have a
similar behaviour. They pointed out high con-
centrations during the dry season in 1995, when
phytoplankton densities were high, and between
February and April/96, June and July/96. Probably
the Chlorophyta species had a major effect upon
carbohydrate levels in the reservoir.

Some conclusions can be taken from this
work, concerning the relationships between the
biochemical composition and abiotic and biotic
factors. Nutrient availability (nitrogen and phos-
phorus), temperature, light intensity and rain can
affect biochemical composition of plankton in
different ways. All the effects have to be un-
derstood as a whole. Algal composition also plays
a role in the protein, lipid and carbohydrate
contents, especially the dominant groups.
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No factors work isolated from each other upon
the biochemical composition, and the sum of
different interactions results in the seasonal
changes here recorded.
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