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HYDROGRAPHY 1 PHYTOPLANKTON BIOMASS AND PHOTOSYNTHESIS IN SHELF AND 
OCEANIC WATERS OFF SOUTHEASTERN BRAZIL DURING AUTUMN (MAY/JUNE 1 1983) 

Frederico Pereira BRANDINI 

Centro de Biologia Marinha, Universidade Federal do Paraná 
(Av. Beira Mar S/S, Pontal do Sul - paranaguá - 83200 - Paraná, PR) 

Abstract 

SpatiaZ distribution of ahZorophyZZ-~~ phytopZankton photosynthesis and nutrients 
were studied in reZation to the hydrographia environment of the southeast~pn 
BraziZ from May 3 to June 31 of 1983 during an oaeano~aphio oruise aonduated 
by the R/V "AZmironte SaZdanha" of the Braz1.:Uan Navy. Temperatur-e artd saUnity 
at 5 meters depth ronged from 21 to 25°C and from 33.00 to 37.11~ 
respeativeZy. The aonaentrotion oi nutrients vaPied~ nitrate + nitrite-N from 
1.0-3.0 ~g-at/Z~ phosphate-P 0.1-0.9 ~g-at/Z and siZiaate-Si 5-25 ~g-at/Z. The 
ahZorophyZZ-~ aonaentrations aZong the ooast varied from 0.35 to 1.48 mg/m3 with 
maxima in front of paranaguá Bay (PR) and over the southern sheZf of Santa 
Catarina State. Low aonaentrations aPound 0.20 mg/m 3 . of unifom! distribution 
were obse1'Ved in sheZf and off-sheZf areas. ComparativeZy high aonaentrations 
were measured over the sheZf break zone in front of paranaguá Bay indiaationg 
the oacurrence of sheZf break upweZZing of deep nutrient rich waters. The 
pattern of verticaZ distribution was stratified and irreguZar in coastaZ 
stations and unifom! in sheZf and oaeania waters aZthough some sub-sU1'faae 
peaks were sometimes deteated. The integrated chZorophyZZ vaZues within the 
euphotia Zayer varied between 2.70 and 28.06 mg/m2 • The sU1'face photosynthetic 
aapacity varied from 0.4 to 7.7 mgC/mgChZ.~/hr with higher vaZues obtained 
in aoastaZ areas.. The vertiaaZ distributions were variable in coastaZ areas 
and more unifo1'm in mid-sheZf stations. Sub-surfaae maxima of photosynthesis 
were detected in both nearshore and off-shore stations~ and ?U1'face inhibition 
was notobse1'Ved. 

Descriptors: Hydrography, Chlorophyll-~, Photosynthesis, Nutrients (mineral), 
Geographical distribution, Southeastern Brazilian coast. 

Descritores: Hidrografia, Clorofila-~, Fotossrntese, Nutrientes minerais, 
Distribuição geográfica, Brasil: costa sueste. 

Introduction 

The physica1 oceanographic structure 
of the southeastern Brazi1 has been 
studiedduring the 1ast 30 years since 
the original work of Emilsson (1961). 
Chemica1 studies have a1so been 
carried out but they are most1y 
restricted to the southernmost areas 
of the Brazi1ian coast (Hubo1d, 
1980a, b; Mag1iocca, 1973;-Mag1iocca 
et .al., 1980; Mag1iocca et al., 1982). 
1980a). Phytop1ankton studies over mid­
-she1f waters off southeastern Brazi1 
started very recent1y (Aidar-Aragão 
et at., 1980; Vieira & Teixeira, 1981; 

CO~. no. 694 do lnót. oeeanogn. da U~p. 

Soares, 1983; Brandini, 1986, 1988; 
Brandini & Noraes, 1986). However 
very little information has been 
reported about photosynthetic activity in 
offshore areas (Vieira & Teixeira, 1981). 

During the seasona1 oceanographic 
surveys conducted by the R/V 
"Almirante Saldanha" (Brazilian Navy) 
in the southeastern Brazi1 
(DHN 1985; 1986a, b) phytop1ankton 
samp1es were co11ected for studying 
the spatia1 distribution of 
ch1orophy11-a and photosynthesis in 
re1ation to the hydrographic regime. 
The winter and summer cruises data have 
shown diverse hydrographic conditions 
(Brandini, 1986) which must be taken 
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into account for explaining the seasonal 
differences in the spatial distribution 
and taxonomic structure of the phyto­
plankton population. In order to 
compensate the lack of information 
during an intermediate situation, 
the present paper reports data for 
the autumn period in the same region. 

Material and methods 

The survey area is located between 
Lat. 29°36'- 24°06'S and Long. 
43°36' - 48°45'W covering eoastal, 
mid-shelf and oeeanie areas off 
Santa Catarina, Paraná and são Paulo 
States (Fig. 1). The samp1ing 
grid was formed by 91 stations 
distributed in 12 transects perpen­
dicular to the coast1ine and 10cated 
30 miles apart. The stations were 
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Fi g. 1. Map of the survey areas_and 

station positions off Sao 
Paulo (sp), Paraná (PR) and 
Santa Catarina (SC) States. 

samp1ed with Nansen bott1es from May 3 
to June 31 of 1983 in order to 
col1ect basie hydrographic data 
inc1uding temperature (reversing 
thermometers), salinity (Grundy 6230N 
sa1inometer) and nutrients, in 

,,' 

superficial layers (5 m depth) of alI 
stations and at standard depths from 
surface down to 350 m in three se1ected 
profi1es perpendicular to the eoast 
of Santa Catarina (Stns 7-12), Paraná 
(Stns 51-57) and são Paulo States 
(Stns 76-83). Nitrate, nitrite, 
phosphate and silicate were analysed 
on board immediately after samp1ing 
according to Strickland & Parsons 
(1972). Van Dorn bottles were also 
used to co11ect water samples for 
measuring ch1orophyl1-a (SCOR-UNESCO, 
1966) in the surface at alI the stations 
and vertiea11y in those stations where 
photosynthetic experiments were 
performed. In this case, a Secchi disk 
was used to estimate the thickness of 
the euphotic layer and the depths 
eorresponding to 60, 30, 16 and 1% of 
surface light intensity. Water samp1es 
were col1ected at these 1ight leveIs 
for measuring phytoplankton photo­
synthesis using the C-14 technique 
(Steemann-Nie1sen, 1952). Water 
volumes of 125 (coastal areas) or 300 ml 
(offshore areas), were inoculated with 
10 ~Ci of Na2 1~C03 and incubated for 5 
hours under artificial fluorescent 1ight 
(approximately 5 watts/cm2). The ~n 
~itu temperature was simulated by a 
constant flow of surface water into the 
incubator. At the end of the 
incubation period the samples were 
careful1y filtered through Millipore 
AA fi1ters (0.8 ~m) and placed in 5 ml 
Bray's solution for liquid scintillation 
counting (Vollenweider, 1974). The 
photosynthetic rates were calculated 
with the equations of Strickland & 
Parsons (1972) . 

Resulta and disc:ussion 

1) Hydrography 
The temperature and salinity at 
5 meters depth (Figs 2 and 3) 
ranged from 21 to 25°C and from 
33.00 to 37.11, respectively. The 
temperature horizontal distribution 
was nearly homogeneous. No large 
differences were found between coas tal 
and oceanic waters. However, the 
horizontal distribution of salinity 
showed increasing gradients seaward. 
Analysis of the watermasses was based 
on T-S diagrams as reported previously 
(Emilsson, 1961; Miranda, 1982). The 
surface layers on the survey area was 
occupied by three types of water: 
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Fig. 2. Horizontal distribution of 
temperature at 5 meters 
depth in May-June 1983. 

Tropical Water (TW) , She1f Water (SW) 
and Coasta1 Water (CW). 

The temperatures above 20°C and 
sa1inities higher than 36.00 
observed in the present investigation 
indicate the great inf1uence of TW 
which is tranported southwards by 
the Brazi1 Current. In Figure 3, 
the 36.00 isoha1ine extended a10ng the 
she1f break 1ine represented by the 
isobath of 200 m. This means that 
the Brazi1 Current was maintained away 
from the continental she1f. The she1f 
areas were dominated by the She1f 
Water as defined by Emi1sson (1961) with 
temperatures a1so above 20°C, but 
sa1inities between 35.00 and 36.00. 
The SW is formed by the mixing of TW, 
CW and the deep South At1antic Central 
Waters (SACW) (Sverdrup et al., 1942). 
From an oceanographic point of view 
the Coas tal Water cannot be considered 
as a "true" watermass because the 
regional character of this investigation 
did not a110w the definition of its 
thermo-ha1ine interva1s (Miranda, 
person. commun.*). However, temperature s 

(*) Miranda, L. B. de, Instituto Oceano­
gráfico da Universidade de são Paul~ 
1988. (Personal communication). 
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Fig. 3. Horizontal distribution of 
salinity at 5 meters depth 
in May-June 1983. 

above lSoC and sa1inities be10w 35.00 
characterize the nearshore waters of 
the survey area (Emi1sson, 1961; Miranda, 
1982). 

The concentration of phosphate at the 
surface (Fig. 4) varied from 1ess than 
0.1 ~g-at/1 in she1f and off-she1f areas 
of Paraná and são Paulo States, to 0.9 
~g-at/1 (Stn 26) in coas tal waters off 
Santa Catarina State. In the 
southernmost part of the survey area 
marked gradients of phosphate were 
detected with isop1eths of concentration 
perpendicular to the shore1ine. In 
the majority of coas tal and mid-she1f 
waters off Santa Catarina, the 
concentrations exceded 0.4 ~g-at/1. 
According to Brandini (1986) the 
phosphate behaved conservative1y 1ike 
temperature and sa1inity during winter 
in the same study area, as the patt~rn 
of horizontal distribution of a11 three 
parameters were very similar. The 
sharp gradient observed in the southern 
part during the present work indicates 
either mixing processes, which were not 
c1early observed in the distributional 
patterns of temperature and salinity, 
or bio1ogica1 uptake. Phytoplankton 
biomass in terms of ch1orophy11-a were 
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Fig. 4. Horizontal distribution of 
phosphate at surface (1 m) 
in May-June 1983. 

on1y obtained at few stations in the 
southern part of the samp1ing area 
and, therefore, the gradients of 
phosphate observed canrot be exp1ained 
based on the set of data reported in 
this work. 

The nitrate+nitrite at the surface 
did not show the same gradients (as 
phosphate) in front of Santa Catarina 
State (Fig. 5), with concentrations 
ranging from 1.0 .to 3.0 ~g-at/1. The 
isopleths were perpendicular to the 
shoreline and slight spatia1 variations 
were detected only in a north-south 
direction. In general the 
concentrations were higher than 2.0 
~g-at/1 in the northern half of the 
survey area. The silicate at the 
surface (Fig. 6) showed higher 
concentrations in the southern part 
with maximum of 25 ~g-at/1 at Stn 17 
in contrast to observations during 
winter (DHN, 1985) when the highest 
concentrations were in the northern 
parto In the north, the concentrations 
were homogeneous1y distributed 
f1uctuating between 5 and 10 ~g-at/1. 
The increasing gradients of si1icate 
observed between the second and third 

transects off Santa Catarina State 
concided with those of phosphate 
(Fig. 4). Diatoms are possib1y 
invo1ved with the formation of these 
gradients (si1icate and phosphate) 
as they affect the distributiona1 
patterns of nutrients off southeastern 
Brazi1. According to Brandini (1986), 
the great abundance of diatoms in the 
southern part of the survey area 
counteracted the decreasing 
concentration of surface si1icate 
southwards. 

Another factor that must be 
considered in the formation of these 
gradients is the occurrence of she1f 
break upwe11ings as a1ready reported 
for the southeastern Brazilian waters 
(Mesquita, 1983; Mesquita et al., 
1983; Brandini, 1986). The vertical 
distributions of temperature, 
salinity and nutrients in the three 
se1ected profi1es in front of Santa 
Catarina, Paraná and são Paulo States 
area indicated in Figure 7. The 
continental she1f off Santa Catarina 
is 1ess extensive than in the northern 
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Fig. 5. Horizontal distribution of 
nitrate + nitrite at 
su rface (I m) in May-June 
1983. 
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Horizontal distribution of 
silicate at surface (1 m) 
in May-June 1983. 

areas making easier the intrusion of 
nutrient rich SACW along the bottom 
of the shelf, and then reaching 
superficial 1ayers. In the profi1es 
off Paraná and são Paulo upward 
motions of deep SACW in the she1f 
break zone were more evident but did 
not reach the surface, except at Stn 
55 off Paraná State (Fig. 7B). In 
this same transect Mesquita (1983) 
and Mesquita et ai. (1983) reported 
upward movements of deep waters and 
Brandini (1986) detected a very 
strong upwelling over the shelf break 
zone during winter and showed their 

importance for autotrophic processes 
within the euphotic zone of oceanic 
waters. 

2) Chlorophyll-a 

The concentrations of surface 
chlorophyll-a (Fig. 8) were 
comparatively high along the coast 
ranging from 0.35 to 1.48 mg/m3 

(Stns 13 and 44, respectively) with 
maX1ma in front of paranaguá Bay and 
in the southern coast of Santa Cata tina 
State. This is obviously related 

co higher concentrations of nutrients 
carried from land. A similar range of 
surface ch10rophyll-a was obtained by 
Aidar-Aragão et ai. (1980) in May 1976 
(0.4-2.0 mg/m 3 ) in this same area. 
Low concentrations around 0.2 mg/m 3 

and uniform distribution was observed 
in shelf and off-shelf areas although 
higher concentrations were detected at 
Stn 31 over the shelf break off 
Florianopolis City and also at the 
offshore Stn 34 on the same transect. 
Highly productive zones at the shelf 
break were also observed during the 
winter and summer cruises (Brandini, 
1986) as a consequence of shelf break 
upwel1ing of deep nutrient rich 
waters. In the Brazilian oligotrophic 
waters of the Equatorial Atlantic, 
Teixeira et alo (1981) measured surface 
concentrations between 0.04 and 0.30 
mg/m 3 • 

In most of the nearshore stations 
(Fig. 9A and B) the pattern of 
vertical distributio~ was totally 
irregular and stratified except at Stn 
90. Maxima concentrations were observed 
at the surface of Stns 41, 13 an d 27; 
at the base of the euphotic zone of 
Stns 42 and 72, and at intermediate 
layers of Stns 14, 43, 58 and 91. In 
shelf stations at 100 m depth (Fig. 
9C) the vertical distributions were more 
uniform although small sub-surface 
peaks were present at Stns 71 and 79. 
In shelf break (Fig. 9D) and off-shelf 
stations (Fig. 9E) the vertical 
distributions were tota1ly uniform 

, throughout the euphotic layer. 
Subsurface chlorophyll maxima are 
c10sely related to thermal stratification 
of the water column and they were not 
detected as frequently as during 
summer in mid-shelf waters (Brandini, 
1986). It is relevant to mention that 
the pattern of vertical distribution 
of any parameter based on discrete 
samp1ing must be interpreted carefully 
as the water bottle samp1ers may lose 
the "true" peaks within the water 
column. 

The integrated euphotic zone 
ch10rophyll-a (Fig. 10) varied from 
2.7 to 28.0 mg/m2 • The range is 
similar to those obtained by Brandini 
(1986) during the winter (8.8-36.7 
mg/m2 ) and summer (1.2-18.5 mg/m2 ) and 
the geographica1 distribution was very 
irregular and greatly affected by the 
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STATIONS 

A B c 
Fig. 7. Vertical distribution of temperature, salinity, phosphate and nitrate 

in selected profiles of Santa Catarina (A), Paraná (8) and são Paulo 
(C) States in May-June 1983. 
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Fi g. 8. Horizontal distribution of 
chlorophyll-a at surface in 
May-June 1983. (The circles 
shown in the legend are 
reference values) . 
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1 i ght i ntens i ty. 

depth of the euphotic zone. The 
problems of discrete samp1ing 
mentioned above also make it difficult 
to interpret the distributional 
patterns from the data observed in 
this investigation. 

3) Photosynthesis 

The surface photosynthetic rate 
(Fig. 11) varied from 0.4 to 7.7 
mgC/mgChl-a/hr at Stns 8 and 43, 
respective1y. The highest values 
were observed in coas tal areas of 
Paraná and Santa Catarina States 

A 

B 

and at Stn 72 located in the mid-shelf 

waters off são Paulo State. The 
patterns of vertical distribution 1n 
nearshore area (Fig. l 2A) were similar 
at Stns 42, 43, 58 and 27 with 
subsurface peaks between 5 and 10 
meters, and a second peak at deeper 
euphotic layers. The photosynthetic 
rate varied from 0.95 to 10.4 
mgC/mgCh1-a/hr at Stn 27 (surface) and 
58 (7 meters), respective1y. The 
vertical distributions at Stns 15 and 
23, located in she1f areas (Fig. 12B), 
were uniform f1uctuating around 2.0 
mgC/mgChl-a/hr. In off-shelf are as 
(Fig. 12C) the vertical distributions 
were homogeneous at Stns 6, 19 and 83, 
and stratified at Stn 32. A 
subsurface peak of 2.25 mgC/mgCh1-a/hr 
was detected at Stn 8 (5 meters). The 
rates ranged from 0.3 (Stn 6, at 31 
meters) to 4.3 mgC/mgChl-a/hr (Stn 32 , 
between 10 and 17 meters). The 
photosynthetic rates reported by 
Brandini (1986) during winter and 
summer ranged respectively from 0.2 to 
9.6 and 0.66 to 10.24 mgC/mgCh1.a/hr. 
According to Harris (1978) the normal 
1imits of photosynthetic rates observed 
for natural populations are within 

.. ' 
CHLOROPHYLL ~ 

in the euphotic zone 

MAY-JUNE!1983 

mg/ m2 

10 

• 30 -'1, • 
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Fig. 10. Horizontal distribution 
of chlorophyll-a per 
m2 of euphotic zone 
in May-June 1983. 
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1983. 
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Fig. 12. Vertical distribution 
of photosynthesis in 
coastal (A), mid-shelf 
(B) and oceanic (C) 
areas in May-June 1983. 
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A 

0.37 8nd 11.5 mgC/mgChl-a/hr. The 
rates measured in the southeastern 
Brazil during winter, summer and 
autumn lie within the limits reported 
by Harris (op. cit.). Vieira & Teixeira 
(1981) reported photosynthetic and 
excretion rates of phytoplankton on a 
water volume basis for the eastern 
Brazil during summer (January) and 
winter (June) of 1978. According 
to these authors, 2 to 30% of the carbon 
assimilated by the phytoplankton is 
lost through excretion. These 
figures must he taken into account for 
a better evaluation of the photo­
synthetic potential of these waters. 

Resumo 

Os ~adrões de distribuição espacial de 
parametros hidrográficos, clorofila-a 
e fotos síntese do fitoplâncton são 
estudados em relação ao regime oceano­
gráfico da região sueste do Brasil 
nos meses de maio e junho de 1983. 
A região oceânica foi totalmente domi­
nada pela Água Tropical da Corrente 
do Brasil (AT) com características 
oligotrôficas e a maior parte das áreas 
sobre a plataforma continental foram 
ocupadas pela Água de Plataforma for­
mada pela mistura da AT com águas 
costeiras. 

A temperatura e a salinidade a 
5 m de profundidade variaram de 
21 a 25°C e de 33,00 a 37,11, 
respectivamente. Os nutrientes nitra­
to+nitrito, fosfato e silicato na 
superfície variaram de 1,0 - 3,0, 
0,1 - 0,9 e 5 - 25 ~g-at/l, respecti­
vamente. As maiores concentrações 
foram obtidas nas áreas costeiras 
e nas camadas profundas da Água 
Central do Atlântico Sul (ACAS). 

As concentrações de clorofila-a 
em águas de superfície na região 
costeira variaram de 0,35 a 1,48 mg/m 3 

com máximos obtidos na Baía de Parana­
guá (PR) e nas áreas costeiras ao 
sul de Santa Catarina. Baixas 
concentrações em torno de 0,20 mg/m 3 

e uma distribuição horizontal uniforme 
foram observadas na maioria das áreas 
de plataform'a e oceânicas adj acentes. 
Concentrações comparativamente mais al­
tas foram detectadas sobre o talude 
continental em frente a paranaguá, 
possivelmente relacionadas com a 
ocorrência de ressurgências de borda 
de plataforma. A distribuição ver-
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tical foi estratificada nas estaçoes 
costeiras e relativamente uniforme 
em estações afastadas da costa, ape­
sar da ocorrência de alguns picos 
sub-superficiais em algumas estações 
de plataforma. A concentração de 
clorofila-a na zona eufótica variou 
de 2,70 a 28,06 mg/m2 • 

A taxa fotossintética na superfí-
cie variou de 0,4 a 7,7 mgC/mgClor-a/hr, 
com maximos obtidos nas areas costei­
ras. A distribuição vertical foi 
irregular e estratificada nas estações 
costeiras e homogênea nas estações 
ocean1cas. 
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