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PRIMARY PRODUCTION OF THE BENTHIC MICROFLORA LIVING ON INTERTIDAL 
FLATS IN THE SANTOS ESTUARINE SYSTEM (24°S J 46°W)J SÃO PAULO J BRAZIL 

Eduinetty Ceci Pereira Moreira de SOUSA* 

Instituto Oceanográfico da Universidade de são Paulo 

Synopsis 

Estimates of primary production of benthic microflora were" carriedoutin the Santos 
tropical estuary~ on the southern coast of Brazil C24°S~ 46°W). The samples were 
obtained seasonally over a one-year period. Six stations with different environ~ 
mental conditions were chosen. The samples~ which consisted of the upper 2 mm of 
t he sediment~ were collected in the intertidal zone~ according to Gr~ntved's (1960) 
methodology. The mean annual value of primary production was 45 mgC/m2/h~ ranging 
from 1~ O to 301. O mgC/m2/h. The highest values were observed at the more sheltered 
stations~ which contained the highest amount of organic material and the highest 
input of poUuted material. The epipsammic algae contributed with 40% of the total 
production while the epipelic ones contributed with 60%. The mean value for 
dark fixation of 14C was 63%. 

Oescriptors: Benthos, Micro-organisms, Primary .production, Intertidal zone Sedlments Estuaries 
Santos - SP. ' I I 

Desc ritores: Bentos, Microrganismos, Produção primária, Zona entre-marés, Sedimentos, Estuãrios, 
Santos - SP. 

In trod uction 

Santos Estuary is regarded as a highly 
disturbed and polluted environment. The 
high density of human population, the 
industrial development and the intense 
dock activities have induced environ­
mental perturbations in the area. The 
physical, chemical and biological 
properties of the region have extensive­
ly studied. In relation to biological 
aspects the works of Carvalho (1952), 
Joly (1957), Lima & Vazzoler (1963), 
CETESB (1978). Gianesella-Galvão (1978), 
Tommasi (1979) and Monteiro (1980) should 
be mentioned; the paper of Gianesella­
Galvão (op. W.) refers to phytoplankton 
primary production. This is the first 
account on phytobenthos primary pro­
duction undertaken in Brazil. 

Benthic primary production is of 
fundamental importance in estuarine 
systems where its contribution to 
the total primary production is often 
greater than that of the phytop1ankton 
(Hargrove, 1969; Leach, 1970); further­
more, the eva1uation of the benthic 
primary production contributes 
significant1y to a better under­
standing of the energy dynamics of 
coastal areas. 

(*) Aluna de P6s-Graduação do IOUSP. 
Pub.t. Yl. 603 do IJlUJt. oc.e.a.YlogJL. da. U-6p. 

Research concerned to benthic 
primary production has been carried out 
in polar zones (Matheke & Horner, 1974), 
in temperate zones (Gr~ntved, 1960, 
1962, 1966; Gargas, 1970, 1972, 1980; 
Steele & Baird, 1968; Leach, 1970; 
Marshall e.t al., 1971; Colocolloff, 
1972; Cadêe & Hegeman, 1974, 1977), 
and in tropical zones (Bunt e.t al., 
1972; Plante-Cuny, 1971, 1973, 1978; 
Sournia, 1976); however, as far as we 
are aware, no reference on the subject 
is avai1able for the coast of Brazil 
and South America. 

The purposes of this study are to 
evaluate the Santos estuarine system in 
relation to its potential yield of 
microbenthic production and to obtain 
biological information for a better 
understanding of this estuarine 
ecosystem. 

Description of the sampl ing area 

The Santos estuarine system is located 
on the coast of são Paulo, south-east 
of Brazil (24°S, 46°W). It is a 
tropical estuary with mean annual 
temperature of 20°C, annual rainfal1 
ranging from 2000 - 2500 mm, and mean 
insolation of 155 hours monthly in the 
summer and 164 hours month1y in winter 
(Santos, 1965). 
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The 6 sampling stations present 
different environmental conditions; 
stations 1, 2 and 3 are located in 
Santos Bay, stations 4 and 6 in the 
middle of the estuary, and stad on 5 in 
Enseada Beach (Santo Amaro Island) in 
the open ocean (Fig. 1). 

30' 

,. 
J 

,,,..---0,.- .-" 
._r 

\. 
,.~ 

,.' 

". 

,/~-'.' 

,_:_-!~.- _ .... .// 
. ..: ,.- .. - , .. 

~. 

, .. .. 

Fig. 1. Map of the estuary of Santos 
showing the six sampl ing 
localities. 

Station 1 is exposed to direct wave 
action; green patches can always be 
noticed in the sedimento St. 2 is 
protected by Porchá Island which is 
quite close to the beach; near the 
sampling site there is a sewage 
outlet. St. 3 is located in the en­
trace of Santos Channel, inside the 
estuary, being under the influence of 
fresh water, industrial pollutants and 
wastes from port activities and sewage. 
At the sediment surface it can be seen 
a lot of polychaete's tubes from the 
genera Onup~ and V~opa~a. St. 4 is 
located in front of the port area. In 
this location, salinity is quite 
variable, for it is affected by the 
fresh water that reaches this station 
and by the tides. Organic wastes of 
domestic origin and a permanent oil 
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dark. At this place a subsurface 
permanent reducing layer of decomposed 
mater ial appears. 

Methodology 

For the evaluation of the benthic 
primary production in the intertidal 
zone, samples comprising the uppermost 
2 mm of t he · sediment were obtained 
during ebb-tide following the procedure 
of Gr~ntved (1960). In the laboratory, 
the epipelic algae were separated from 
the sediment containing epipsammic algae 
by successive washings with filtered sea 
water (Millipore, HA, 45 ~ pore). 
Water used for washing was collected in 
the respective sampling areas. After 

24
0 separat i on of the two alga! fractions, 

two subsamples were taken from each 
frac t i on and were put in light and dark 
bottles. Each bottle received 1 ml of 
Na H14C03, 10~Ci of activity. The 
volume of each bottle was completed with 
filtered sea water. Incubation took 
place in the laboratory during a period 
of two hours. The incubator was 
provided with fluorescent lamps of about 
20,000 lux and had constant temperature. 
Afterwards these samples were strained 
through a Millipore, HA, 45~ pore filter 
to obtain the material which had assimi­
lated t he 1 4C• 

The amount of 14C assimilated was 
measured using a Packard Liquid 
Scintillation Spectrophotometer Model 
A-C 2425 Tricarb. The scintillation 
solution was prepared with Triton X-lOO 
and tolluol 1:2, 7.000g PPO and 0.350g 
POPOP per liter (Bunt et al., 1972). 

The efficiency of the scintillation 
counter varied from 72% to 92% as de­
termined by externaI standard ratio. 

film cover the sediment surface. It is 
a shel tered beach with a permanent 
subsurface reducing layer. St. 5 is the 
most exposed to wave action, showing a 
clean sedimento St. 6 is very sheltered; 
it is located at Casqueiro River, at the 
back of the estuary. The salinity here 
is quite variable, and the sediment is 

Environrnental parameters were 
determined for each sampling locality. 
Measurement s of the sea water temper­
ature, salinity, dissolved oxygen and 
estimates of the oxygen saturation 
leveIs were made. The sediments were 
ana lysed as to temperature, organic 
matter content and granulometry. 
Conductivity measurements were c~rried 
out using a KAHLSiCO Induction Sali-
nometer, model 118 WA 200. Winkler's 
method was u tilized for the determi­
nation of dissolved oxygen content of 
the sea wa t er. Organic matter and 
granu lometr ic analysis of the uppermost 
2 mm of the sediment were determined 
according to Suguio's (1973) techniques. 
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Results 

Environmental parameters 

The water temperature during the study 
period ranged from 21.0 to 29.5°C whi1e 
the temperature of the sediment ranged 
from 22.00C to 35°C (Tab. 1). The 
sa1inity va1ues ranged from 11.4%0 
(St. 6) to 34.7%0 (St. 1) (Tab. 1). 
The disso1ved oxygen va1ues ranged from 
4.1 m1/1 (St. 6) to 9.2 ml/1 (St. 5). 
Oxygen oversaturation was recorded in a11 
stations. The percentage of organic 
matter in the sediment ranged from 0.06% 
(St. 5) to 3.00% (St. 6). The highest 
mean va1ues ~ere found in St. 4 (1.00%) 
and St. 6 (2.00%) and the lowest in St. 
5 (0.12%). 

The granu10metric ana1ysis of the 
sediment gave MZ ~ va1ues of 3.1; 3.5; 

3.2; 3.3; 3.0 and 2.8 to Sts 1,2,3,4, 
5 and 6 respective1y, ranging from fine 
(FS) to very fine sand (VFS) (Tab. 1). 
A redox 1ayer was visible be10w the 
surface at St. 4 and St. 6 throughout the 
samp1ing period and on1y twice at St. 3; 
in St. 1, in Sts 2 and 5 it was not 
present. 

Benthic primary production 

During the study period the diatoms 
dominated over the other members of the 
microphytobenthos and were about 90% of 
the who1e microf1ora popu1ation. 

The benthic primary productivity 
va1ues obtained durin~ the study period 
varied from 1.0 mgC/m /h to 301.0 
mgC/m2 /h. (Tab. 2). The mean va1ues 
obtain.ed in each station were 39.6 

2 mgC/m /h (St. 1), 9.8 mgC/m2 /h (St. 2), 

Table 1. Environmental parameters 

Stations 

2 

4 

5 

6 

2 

4 

5 

6 

2 

3 

4 

5 

6 

2 

4 

5 

6 

2 

4 

5 

6 

Tide 

(mm) 

+0 . 4 

+Q.4 

+0.4 

+0.4 

+0 . 4 

+0.4 

+0.4 

+0.4 

+0.4 

+0.3 

+ 0.3 

+0.3 

O. O 

0.0 

O. O 

O. O 

O. O 

O. O 

+0.4 

+0.4 

+0.4 

+0.3 
+0.3 

+0.3 
+0.1 

+0. 1 

+0. 1 

+0.3 

+0.3 

+0.3 

\oIater 

(TOe) 

25. O 

25.0 

25.0 

25.0 

25. O 

25.0 

25.0 

25.0 

25.5 

25.0 

25.0 

25 . O 

21 . O 

22.0 

23. 5 

23. O 

24.0 

27 . O 

23.5 

23.0 

25.0 

25. O 

25.5 

26.0 

28.0 

29.5 

29 . 0 

27.0 
28.0 

29.0 

Sediment 

(TO e) 

24.0 

25.0 

24 . 0 

23. O 

24.0 

24.0 

23.0 

24.0 

24. O 

24.0 

25.0 

24. O 

22. O 

23.0 

24.0 

23. O 

24.0 

26.0 

25. O 

27.0 

28 .0 

26.0 
25. O 
26.0 

32.0 

32.5 

35. O 

28.0 

29.0 

3 O • O 

Salinity 

(0 / 00) 

J4.7 

2B.3 

21 . 1 

30.9 

31 .2 

26.5 

30.9 

31.2 

26.5 

34.7 

28.3 

21 . O 

32 . 8 

31 . 9 

29.2 

24.9 

33.7 

17.1 

Z7.7 

27·3 

21 .9 

17.8 

32.3 

11 .4 

31.2 

27.5 

31 • 1 

22.~ 

3 O . 4 

19 . 3 

Dissolved 
oxyaen 
em 1 i 1 ) 

6.5 

7. 3 

6.6 

7.6 

6.9 

(, . 9 

7.6 

6.9 

6.9 

6 . 5 

7.3 
6.6 

8.5 

8.8 

7.5 

6 . 7 

8. 1 

4. 1 

7.7 

8. O 

6.9 

5.7 
8.4 

4. 3 

8.9 

6. O 

6 . O 

7. O 

9.2 

Saturat ion 
leveI of 

oxygen(ml/l) 

4.7 

4.9 

5 . 1 

4.8 

4.8 

5. O 

4.8 

4.8 

4.9 

4.7 

4.9 

5. 1 

5 . 1 

5. O 

5. O 

5.2 

4.8 

5. O 

5. 1 

5. 1 

5. 1 

5.2 
4.9 

5.3 
4.6 

4.6 

4.5 

4.9 
4.6 

4 . 8 

Organic 
ma t e c i a 1 

content ( %) 

O. 5 

0.3 

0.5 

O. 3 

0.09 

1 .3 

0.7 

0.8 

1.1 

O. 4 

0.07 

3. O 

0.8 

0.5 

0.5 

1 .5 

0.2 

2. 1 

0.4 

O. 4 

1 • O 

0.9 

0.06 

1 .9 

0.7 

0.6 

0.8 

1 .8 

0.2 

1 .6 

Granulometry 

VFS 

VFS 

VFS 

VFS 

FS 

VFS 

VFS 

VFS 

VFS 

VFS 

FS 

VFS 

VFS 

VFS 

VFS 

VFS 

FS 

VFS 

VFS 

VFS 

VFS 

VFS 

FS 

VFS 

VFS 

VFS 

VFS 

VFS 

FS 

VFS 
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Table 2. Total benthic primary 
production (mgC/m2 li,) 

Station Feb. Ma r. Sep. Dec. Feb. 

15. O 14. O 117.5 41. O 10.5 

2 2.5 13.5 29.0 1.0 3. O 

3 1.5 13.5 56.0 1 .0 9. O 

4 90.0 64.5 22.0 41 • O 2.5 

5 2.5 5. O 32.5 3. O 1.5 

6 301. O 190.5 139. O 63.5 46. () 

16.2 mgC/m2 /h (St. 3), 44.0 mgC/m2 /h 
(St. 5) and 148.0 mgC/m2 /h (St. 6). The 
highest mean va1ues were obtained at St. 
4 and St. 6 respective1y. No seasona1 
variation was observed (Fig. 2a-e.). 

The va1ues obtained for 14C dark 
fixation varied from 10% to more than 
100% in 6 samp1es. Ih re1ation to the 
epipe1ic fractions, the mean dark fix­
ation va1ue was 63% whi1e for the 
epipsammic it was 49%. The mean dark 
fixation va1ue found for each station 
was about 50% except for St. 2 which 
showed 71%. 
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Fig. 2a. Benthic primary production 
(mgC/m 2 /h) and organic matte r 
(%) of the six stations in 
February, 1977 . 
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Fig. 2e. Benthic primary production 
(mgC/m 2 /h) and organic matter 
(%) of the six stations in 
February/March, 1977. 

During the study period the mean 
contribution of the epipelic fraction to 
the total primary production was 15 
mgC/m2 /h while for the epipsammic 
fraction it was 30 mgC/m2 Ih (Fig. 3a-e). 

Discussion 

The results presented above refers to 
the evaluation of some of the parameters 
affecting the potential benthic primary 
production of the microphytobenthos of a 
highly eutrophic region, where the 
presence of nutrients is not a limiting 
factor. At this location, the concen­
tration of N-N0 3 in the water can be 
about 30 times greater than at coastal 
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Fig. 36. Benthic primary production 
(mgC/m 2 /h) of epipel ic (1) 
and epipsammic (2) phases 
and total (3) to the six 
stations in May/June, 1977). 
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waters, whi1e that of P-P04 is about 20 
times. These high 1eve1s of nutrients 
characterize this area as being in a 
continuous process of eutrophization 
(Gianese11a-Ga1vio, 1978). 

The va1ues given here for benthic 
primary productivity represent the sum 
of the va1ues for productivity of the 
a1gae fixed to sand grains (psammophytic 
a1gae) and those for free ones 
(pseudobenthic a1gae). 

The highest va1ues for benthic 
primary production were found at Sts 4 
and 6 which are subject to 10wer 
hydrodynamism, higher amounts of organic 
matter and higher percentages of c1ay 
in the sedimento St. 5, the 1east 
exposed to these factors, showed low 
va1ues and 10wer variation in benthic 
primary production during the period 
of study. At Sts 1, 2 and 3, 10cated in 
Santos Bay, a 1arge range of variations 
was obtained for benthic primary 
production, probab1y owing to the 
greater environmenta1 variation the bay 
is subject to, as a resu1t of the 

inf10w of continental water from 
channe1s with a more or 1ess po11uted 
contento 

No seasona1 variation of the benthic 
primary productivity was found in the 
Santos estuarine system. Gr~ntved 
(1960), Taylor (1964), Hunding (1971), 
Cadêe & Hegeman (1974) and Gargas (1980), 
working undér very different conditions, 
regarding latitude and clima te, have 
found a significant benthic primary 
productivity seasona1ity. 

The drop in benthic primary produc­
tivity observed in December 1977 and 
February/March 1978 may have occurred as 
a resu1t of the weather factors 
inf1uencing the environment at that 
time. In December 1977, rainfa11 
reached 149 mm during two days preceding 
samp1ing. This intense rain must have 
washed nutrients and a1gae out of the sedi­
ment (Colijn & Dijkema, 1981). On the other 
hand, in February/March 1978, the 
temperatures recorded were the highest 
for the who1e samp1ing period. At this 
time temperature must have been a 
1imiting factor for the benthic primary 
production (Rasmussen e.~ at., 1983). 

The va1ue for benthic primary pro­
duction at station 4 in February/March 
1978 was a1so 10w. Two days before 
samp1ing, there had been an oi1 spi11 at 
this site. 

In the Santos estuary area, during 
the who1e study period, · the pseudo­
benthic fraction accounted for 40% of 
total primary production, whi1e the 
psammophytic fraction accounted for 60%. 
It was observed that on the exposed 
beaches 33.5% of a11 production was due 
to pseudobenthic a1gae, whi1e on the 
she1 tered beaches this fraction accounted 
for 38%. According to Gr~ntved (1962), 
p1aces more exposed to the direct action 
of waves show 10wer percentages of free 
organisms, as these are easi1y washed 
away by the sea. Gr~ntved (ap. ~. I 
found a variation of 6.6-51.3% for the 
share of free a1gae in total primary 
production, depending on whether the 
site was she1tered or exposed. 

Occasiona11y, dark fixation of 14C 
for the samp1es ana1ysed reached over 
100%. Va1ues over 100% for fixation of 
14C are characteristic of eutrophic and 
po11uted regions (UNESCO, 1973). Ac­
cording to Gargas (1970), dark fixation 
of 14C is higher for psammophytic a1gae. 
However, the highest va1ues in the 
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present results were those for pseudo­
benthic algae. The highest percentage 
of dark fixation of 14C was that ob­
tained at St. 4, where the mean value 
was 97%. According to Meadows & 
Anderson (1968), bacteria attached to 
sand grains are responsible for a large 
part of this fixation. 

The results for benthic primary 
productivity during the period of study 
and for alI stations sampled varied 
between 1 mgC/m2 /h and 301 mgC/m2 /h. 
When working in the Wadden Sea, Gr~ntved 
(1962) found a potential benthic primary 
productivity which varied between 37 
mgC/m2 /h and 450 mgC/m2 /h. Van Raalte 
~t al. (1974), in Massachusetts, 
performed in ~~ experiments giving a 
variation between 21.9 ± 2.6 mgC/m2 /h 
and 64.8 ± 0.7 mgC/m2 /h. Grqmtved 
(1962), again studying the same location 
as mentioned above, obtained a mean 
value of 95 mgC/m2 /h for a permanently 
covered zone and an intertidal zone. 
Hunding (1971) also obtained values which 
were compatible with these intervals, 
working on an eutrophic lake in Denmark 
with extremes between 9.0 mgC/m2 /h and 
145.5 mgC/m2 /h. Considering the differ­
ences in latitude and climate between 
the locations where those authors have 
worked and the Santos area it can be 
stated that the results obtained here 
are in the same range of variation. 
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Resumo 

Estimativas da produtividade primária 
bentônica foram efetuadas no estuário 
tropical de Santos, na costa do Brasil 
(24°S, 46°S). 

As amostras foram obtidas sazonalmen­
te, durante um período de 1 ano. Seis 
estações com diferentes condições am­
bientais foram escolhidas para a amos­
tragem. As amostras, compreendendo os 
2 mm superficiais de sedimento, foram 
coletadas na zona entre-mares, de acor­
do com a metodologia de Gr~ntved (1960). 

O valor medio de produção primária 

Bolm Inst. oceanogr., S Paulo, 32(2), 1983 

bentônica obtida foi de 45 mgC/m2 /h, va­
"riando entre 1,0 e 301,0 mgC/m2 /h. Os 
valores anuais mais elevados foram obti­
dos nas estações mais abrigadas que con­
tinham o maior teor de materia orgânica 
e estavam sujeitas ao maior afluxo de 
poluentes. As algas epipsâmicas contri­
buíram com 40% para a produção total en­
quanto, as epipelicas, com 60%. O valor 
medio obtido para fixação do 14C no es­
curo, durante o período de estudo, foi 
de 63%. 
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