
Structure and Succession of the Surf-Zone Phytoplankton in Cassino Beach,
Southern Brazil

INTRODUCTION

Sandy beaches are harsh physical environments. The high
hydrodynamics and the intensive interactions with adjacent
ecosystems and sometimes with antropogenic stresses ( .
pollution, buildings, landscape changes), select a closely
adapted biota with complex patterns of spatial and temporal
distribution.

The features of the beach system depend essentially on
interactions between particle size parameters and wave action.
These physical interactions result in beach types ranging from
reflective to fully dissipative and these two extremes
representing different ecosystems and ecosystem functioning
( 2000). Exposed, intermediate to dissipative
sandy beaches tend to exhibit high diatom biomass in the surf-
zone (surf-zone diatoms), representing a high level of primary
production. Reflective beaches do not have surf-zones and
resident primary producers are importers of material from the
sea ( 1990).

Much of the understanding on sandy beaches ecosystem
functioning have been developed from studies carried out in
South Africa ( 2000), but recent efforts in
Southern Brazilian beaches have reinforced most of it and
added important new knowledge ( 1995;

1996; and , 2003; .,
2003).

Along the Southern Brazilian coast, extensive patches of
are a normal feature of wide and

exposed sandy beaches (specially in Cassino Beach, 32º S).
These patches were firstly regarded as classical blooms (Aguiar
and 1973; and 1973). Later,
focused studies suggested a seasonal pattern in patch
occurrences, which were associated with rainfall and onshore
winds ( , 1983; 1985; .,1995a). Now
it is known that these patches accumulate in the inner surf-zone
by ressuspension of benthic stocks in events of increased wave

energy ( & , 2003). Once these stocks are in the
water column, photosynthesis increases and the resulted
biomass fuel very rich trophic chains in the beach ecosystem.
North of Cassino Beach (around 26º S), co-occurrences of

and have been
reported ( , 1995; ., 1996), showing a
similar pattern to that found for South African beaches (

., 1990; , 1996). Chlorophyll
concentrations in these Southern Brazilian events are among the
highest reported in the world marine ecosystems ,
1997; ., 2003).

Water samples were collected in the surf-zone of Cassino
Beach (Southern Brazil, Lat. 32° S) at weekly intervals between
June 18 1992 and August 12 1993. These water samples were
used to determine temperature and salinity (termosalinometer),
pH (pHmeter), inorganic dissolved nutrients (NH +NO +NO ,
PO and Si, spectrophotometric determination according to

, 1984), Chlorophyll (fluorometric
determination according to , 1984) and
phytoplankton cell density (according to 1958).
Water transparency was determined at the sampling site by
secchi disk. Daily rainfall (as the accumulated precipitation
over the seven days before sampling day), mean air temperature
and wind data were obtained at a local meteorological station.
Wave height and surf-zone width, were visually determined
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Despite of these several ecological studies on surf-zone
diatoms in Southern Brazilian beaches, few discussions about
the dynamics of the whole surf-zone phytoplankton, including
not-blooming species, have been done. This paper attempts to
identify the phytoplankton assemblages structure (“community
structure”) and the environmental factors that control its
succession in Cassino Beach.

METHODS
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Cassino Beach, in Southern Brazil, is an exposed, intermediate to dissipative sandy beach, which presents
conspicuous accumulations of the diatom in the surf-zone. Despite this phenomenon
represents a very high input of organic matter to the beach trophic chains, it is only occasional and during most of the
time, surf-zone phytoplankton is influenced by coastal and oceanic assemblages. The present work attempted to
identify the phytoplankton assemblages structure (“community structure”) and the environmental factors that
control its succession. An one year weekly sampling was carried out at a fixed point in the surf-zone, for
determination of phytoplankton (qualitative and quantitative analysis), physical-chemical variables of surf-zone
water, beach morphodynamics features and local meteorological conditions. Multivariate analyses were conducted
(correspondence analysis and canonic correspondence analysis) and the results discriminated four distinct groups of
species: group (1) benthic species, group (2) benthic and epibenthic species associated with patches,
group (3) neritic planktonic chain forming diatoms and group (4) neritic planktonic species. dominated
in biomass, but was always accompanied by other benthic species. The accumulations have been
identified as local interferences (at the surf-zone) in the succession patterns of regional neritic phytoplankton,
increasing biomass while decreasing diversity and the relative importance of neritic species. The most important
environmental variables controlling this complex succession were dissolved inorganic nitrogen, dissolved silicate,
water temperature and surf-zone width.
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In order to summarize the relations among phytoplankton
species and to describe the patterns of structure and succession
of phytoplankton assemblages, correspondence analysis was
applied considering species with frequency of occurrence
greater than 30%. Additionally, canonical correspondence
analysis was developed considering the more significative
environmental variables.

Several differences can be observed when comparing days
with and without patches of surf-zone diatoms (Table 1). In
patch conditions air and water temperature and transparency
values tended to be lower. Wave height, surf-zone width and
rainfall values tended to be greater in these situations. However,
dissolved nutrients did not show notable differences between
these two situations. The differences observed on patch days are
effects of the meteorological cold front passages, that generate
strong southern winds, followed by wave energy increase, air
and water temperature decrease and turbity increase as a result
of

Typical neritic planktonic species like spp.
spp., sp., ,

sp. were clearly associated with no patch
condition, while benthic/epibenthic organisms (

, sp., cysts of flagellates
etc.) were associated with patch conditions. This
result reinforces the idea that patches results from
ressuspension conditions. The higher importance of neritic
species in the absence of patches (calm periods) indicates that
the surf-zone phytoplankton assemblages are normally similar
to the coastal ones. In this sense, the patch formation can be

RESULTS

ressuspension of sediments and surf-zone diatoms, as

discussed previously by ( and , 2003).
Dissolved nutrients, in this case, do not cause the

chlorophyll-a increase represented by the patches, but their
relatively high concentration certainly allow the diatoms to
grow vigorously once ressuspended, as demonstrated by

and (1997).
Except for the diatom (the patch

forming species), which was present in 100% of the samples,
the species frequency of occurrence also shows notable
differences between patch and no patch situations (Table 2).
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Figure 1. Plot of the first two axes of the CorrespondenceAnalysis carried out with the phytoplankton species coordinates showing the four
distinct groups of associated species.
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Table 1. Environmental and ecological data at Cassino Beach during the sampling period showing the general average values and the
average values to situations with and without patches of surf-zone diatoms (n= number of observations; CV= coeficient of variation).

General (n=56) With patches (n=24) Without patches (n=32)
Average Min Max CV Average Min Max CV Average Min Max CV

16,5 5,0 26,3 35,8 14,4 5,0 25,5 36,3 18,1 5,2 26,3 32,9
Water temperature (ºC) 18,0 10,0 26,0 28,5 16,3 10,0 25,5 26,5 19,3 10,8 26,0 27,9
Salinity (% )o 28,2 17,0 35,0 14,5 27,2 17,0 34,0 13,3 28,9 20,0 35,0 15,0
Transparency (m) 0,3 0,1 1,6 87,3 0,2 0,1 0,4 47,9 0,4 0,1 1,6 75,2
Wave height (cm) 61,7 35,0 150,0 37,6 74,8 35,0 150,0 37,0 51,9 35,0 90,0 24,0
Surf-zone width (m) 239,1 50,0 750,0 67,0 298,8 50,0 750,0 63,9 194,4 60,0 550,0 60,1
Rainfall (mm) 21,9 0,0 109,1 121,0 32,7 0,0 109,1 96,0 13,7 0,0 79,8 136,2
PH 8,1 7,9 8,5 1,7 8,1 7,9 8,5 1,6 8,1 7,9 8,5 1,7
NID (µM) 3,4 0,4 10,2 69,2 3,1 0,4 9,0 64,3 3,7 0,8 10,2 71,4
PO4(µM) 1,0 0,1 3,6 56,7 0,9 0,3 1,7 38,9 1,1 0,1 3,6 63,4
Si (µM) 28,7 3,5 66,1 59,3 30,7 8,8 58,6 59,8 27,3 3,5 66,1 59,1
Chlorophyll a (µg/L) 50,2 1,0 352,2 170,1 103,1 4,2 352,2 107,4 0,6 1,0 37,7 85,1
Shannon Diversity Index 1,04 0,02 2,21 64,0 0,60 0,02 1,71 103,0 1,35 0,20 2,21 38,0

Air temperature (°C)



interpreted as interference on the normal structure and
succession of coastal phytoplankton at the surf-zone
environment. The Shannon Diversity Index and chlorophyll-
values clearly show the differences between high biomass/low
diversity situation, observed in patch conditions and the inverse
situation observed in no patch condition (Table 1). It is
important to note that in both conditions was the
more abundant species.

The two first factorial axes of correspondence analysis
explained 32% of the variance. By analyzing the distribution of
species coordinates over these two first axes, four distinct
groups of species were identified (Figure 1): benthic species
(group 1), benthic and epibenthic species associated with

patches (group 2), neritic planktonic chain forming
diatoms (group 3) and neritic planktonic species (group 4).
Groups 1, 2 and 3 were related to the first axis and group 4 to the
second axis.

Even though they have the same ecological niche, each
group can be associated with four different stages of sucession.
Group 1 was related to the beginning of the ressuspension
process, group 2 indicated the peak of the ressuspension process
(patch formation) and group 3 and 4 were related to an after

seasonal factors. Group 3 species are more typical from spring
conditions while group 4 species can be better associated with
autumn/winter conditions.

When environmental variables were analyzed together with
species by a Canonical Correspondence Analysis, the two first
axes were significant (axis 1: F= 2,43; P= 0,01 and axis 2: F=
1,42; P= 0,005) (Figure 2). By this analysis, the pattern
presented above was partially confirmed. Water temperature
(WT), dissolved inorganic nitrogen (DIN), silicate (SI),
chlorophyll (CLA) and surf-zone width (SZW) were
significant (Table 3). The species from group 1 had a noisy

a

A. glacialis
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glacialis

a

patch condition. Groups 3 and 4 can be distinguished by
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Table 2. Phytoplankton species found at Cassino Beach during the sampling period and its percentage of occurrence in general conditions,
patch condition and no patch condition.

Taxa Class/Group
General

(%)
With patches

(%)
Without patches

( %)

Asterionellopsis glacialis
Campilodiscus
Campilosira cimbeliformis
Cerataulina daemon
Cerataulina .
Ceratium candelabrum
Ceratium furca
Chaetoceros debile
Chaetoceros .
Chaetoceros subtilis
Cysts of flagellates
Coscinodiscus
Coscinodiscus
Cymatosira .
Centric diatom
Centric diatom
Dictyocha

Bacillariophyceae 100,0 100,0 100,0
sp. Bacillariophyceae 25,0 21,7 27,3

Bacillariophyceae 75,0 82,6 69,7
Bacillariophyceae 3,6 4,3 3,0

sp Bacillariophyceae 3,6 0,0 6,1
Dinophyceae 10,7 4,3 15,2
Dinophyceae 1,8 0,0 3,0
Bacillariophyceae 3,6 4,3 3,0

sp Bacillariophyceae 39,3 8,7 60,6
Bacillariophyceae 8,9 0,0 15,2
Dinophyceae 30,4 34,8 27,3

sp. (1) Bacillariophyceae 3,6 4,3 3,0
sp. (2) Bacillariophyceae 12,5 8,7 15,2

sp Bacillariophyceae 32,1 39,1 27,3
(a) Bacillariophyceae 78,6 82,6 75,8
(b) Bacillariophyceae 53,6 43,5 60,6

sp. Dictyochophyceae 35,7 26,1 42,4
Dinophysis
Diploneis
Ditylum brightwellii
Ebria
Eucampia
Gymnodinium
Gyrodinium
Hemiaulus
Leptocilyndrus danicus
Mesodinium rubrum
Navicula
Noctilucca
Odontella mobiliensis
Odontella sinensis
Naviculaceae
Pleurosigma
Polykrikos schwarzii
Proboscia alata
Prorocentrum minimum
Prorocentrum .
Protoperidinium spp.
Pseudo-nitzschia
Pseudo-nitzschia
Pseudo-nitzschia
Rhizosolenia .
Scripsiella
Skeletonema costatum
Skeletonema tropicum
Stephanopyxis
Thalassionema nitzschioides
Thalassiosira

sp. Dinophyceae 8,9 8,7 9,1
sp. Bacillariophyceae 41,1 30,4 48,5

Bacillariophyceae 23,2 8,7 33,3
sp. Ebriidea 10,7 8,7 12,1

sp. Bacillariophyceae 1,8 0,0 3,0
spp. Dinophyceae 17,9 17,4 18,2

spp. Dinophyceae 8,9 0,0 15,2
sp. Bacillariophyceae 7,1 4,3 9,1

Bacillariophyceae 23,2 8,7 33,3
Ciliate 26,8 43,5 15,2

sp. Bacillariophyceae 1,8 0,0 3,0
sp. Dinophyceae 14,3 8,7 18,2

Bacillariophyceae 30,4 21,7 36,4
Bacillariophyceae 3,6 4,3 3,0
Bacillariophyceae 82,1 65,2 93,9

sp. Bacillariophyceae 39,3 30,4 45,5
Dinophyceae 1,8 0,0 3,0
Bacillariophyceae 19,6 4,3 30,3
Dinophyceae 8,9 4,3 12,1

sp Dinophyceae 33,9 34,8 33,3
Dinophyceae 10,7 8,7 12,1

sp. (1) Bacillariophyceae 7,1 8,7 6,1
sp. (2) Bacillariophyceae 25,0 4,3 39,4
sp. (3) Bacillariophyceae 8,9 4,3 12,1

sp Bacillariophyceae 23,2 0,0 39,4
sp. Dinophyceae 7,1 0,0 12,1

Bacillariophyceae 44,6 30,4 54,5
Bacillariophyceae 23,2 13,0 30,3

sp. Bacillariophyceae 5,4 0,0 9,1
Bacillariophyceae 35,7 39,1 33,3

sp. Bacillariophyceae 30,4 21,7 36,4



distribution, but weakly associated with CLA e SZW, together
with group 2 species. Species from group 3 were associated
with WT and NID and those from group 4 had direct association
with DIN and inverse association with CLAe SZW.

introduce some noise in the results and must be
removed. Also, other kinds of analyses in which biotic and
abiotic variables can be considered simultaneously could be
applied to corroborate de results ( Discriminant Analysis).
Finally, is important to emphasize that the results of
multivariate analysis must have their significance tested.
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Table 3. Significance test applied to abiotic variables over
canonical axes.

Variable Significance (P) F No. of
permutations

Water temperature 0.005 2.47 199
Dissolved inorganic 0.010 1.91 199

Silicate 0.005 1.63 199
Chlorophyll- 0.020 1.57 199
Surf-zone width 0.025 1.52 19

nitrogen

a
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