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Abstract. Epiphytic dinoflagellates on macroalgae were studied to identify the floristic
composition and quantitative variations as a function of environmental variables at beaches with
different degrees of urbanization. Ten species of dinoflagellates were identified, with a
predominance of small individuals of the class Dinophyceae, Gymnodinium sp., Ostreopsis cf.
ovata Fukuyo, Prorocentrum lima (Ehrenberg) F. Stein, Protoperidinium sp., and Scrippsiella
spinifera G. Honsell & M. Cabrini. Pedra de Xaréu beach presented higher richness and
abundance, with Ostreopsis cf. ovata and P. lima standing out as exclusive of this beach, with
higher abundance on Hypnea musciformis (Wulfen) J. V. Lamouroux (488 and 408 cells g™,
respectively) and Sargassum sp. (34 and 90 cells g, respectively), in March/2018. At Pina
beach, Gymnodinium sp. and S. spinifera were the dominant species, with records of 132 cells g
! (February/2018) and 40 cells g"' (August/2017) on Palisada perforata (Bory) K. W. Nam. The
specific diversity was low, ranging from 0 to 2.27 bits.cell’, with the lowest values
corresponding to the dominance of S. spinifera and Gymnodinium sp. Favorable environmental
conditions such as high temperature and salinity may be correlated with the abundance of
potentially toxic dinoflagellates and the significant variation in phosphate proved the difference
in anthropic impact on the beaches, highlighting the presence and absence of some species of
dinoflagellates in macroalgae.
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Resumo: Distribuicao de dinoflagelados epifiticos em macroalgas no litoral de
Pernambuco, nordeste do Brasil. Dinoflagelados epifiticos em macroalgas foram estudados
para identificar a composicdo floristica e as variacoes quantitativas em funcdo das variaveis
ambientais, em praias com diferentes graus de urbanizacdo. Foram identificadas 10 espécies de
dinoflagelados, com predominéancia de pequenos individuos da classe Dinophyceae,
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Gymnodinium sp., Ostreopsis cf. Ovata Fukuyo, Prorocentrum lima (Ehrenberg) F. Stein,
Protoperidinium sp. e Scrippsiella spinifera G.Honsell & M.Cabrini. Pedra de Xaréu apresentou
maior riqueza e abundancia, com destaque para Ostreopsis cf. ovata e P. lima como exclusivas,
com maiores valores de abundancia em Hypnea musciformis (Wulfen) J.V.Lamouroux (488 e
408 cel/g™) e Sargassum sp. (34 e 90 cel/g™), respectivamente, em marc¢o/2018. Pina, apresentou
como espécies dominantes, Gymnodinium sp. e S. spinifera, registrando 132 cel/g"
(fevereiro/2018) e 40 cel/g’ (agosto/2017) em Palisada perforata (Bory) K.W.Nam. A
diversidade especifica foi baixa, variando de 0 a 2,27 bits.cel’, com os menores valores
correspondendo a domindncia de S. spinifera e Gymnodinium sp. Condigdes ambientais
favoraveis, como alta temperatura e salinidade, podem estar correlacionadas a abundancia dos
dinoflagelados potencialmente téxicos e a variacao significativa no fosfato comprovaram a
diferenca do impacto antrépico nas praias, destacando a presenca e auséncia de algumas

espécies de dinoflagelados em macroalgas.

Palavras-chave: praias, microalgas, nutrients, fototréficos, toxicidade.

Introduction

Marine microalgae are represented by a group
of highly diversified organisms that have chlorophyll
a as their main pigment and play a significant role in
the dynamics of primary productivity, nutrient
cycling and carbon transport. Their representatives
occur in the water column, on the surface of
sediments, and in artificial and natural substrates,
standing out as the main elements in the trophic
processes of aquatic ecosystems (Sournia 1978).

Several species of microalgae are epiphytic,
that is, they live associated with macroalgae and
marine angiosperms, forming a community attached
to these natural substrates. In this relationship, the
epiphytes benefit from the structure on which they
can grow and the nutrients released by the
macrophytes that they consume (Hauxwell et al.
2001). These epiphytes include representatives of all
microalgal phyla, but diatoms, cyanobacteria, and
dinoflagellates are typically the dominant groups
(Macintyre et al. 1996).

Dinoflagellates are eukaryotic, unicellular
protists widely distributed in marine environments,
eventually occurring in limnic and mixohaline
environments. The phylum is composed of
approximately 2000 species (Tomas 1997) with
epiphytic and also epibenthic habit, inhabiting
several substrates such as mollusc carapaces (Gémez
2009), sponges (Hill et al. 2011), red mangrove
(Marcano 2011), and corals (Costa et al. 2001).

Marine macroalgae have also been considered
good substrates for the installation of epiphytic
dinoflagellates and these assemblages represent an
important component in tropical and subtropical
regions (Gémez del Prado et al. 2011). Several
epiphytic  species belonging to the genera
Amphidinium, Coolia, Gambierdiscus, Ostreopsis,

and Prorocentrum are producing toxins (Faust et al.
1999, Laza-Martinez et al. 2011) that may cause a
series of neurological, cardiovascular, and
gastrointestinal problems (Lassus 1988, Cembella
2003, Selina et al. 2014).

Dinoflagellate communities growing as
epiphytes on macroalgae may show variations
according to different types of macroalgal
architecture and high surface-to-volume ratio
(Okolodkov et al. 2007, Totti et al. 2010, Okolodkov
et al. 2014). According to Chung & Lee (2008) and
Totti et al. (2009), algae with highly branched or thin
thalli provide a greater number of microhabitats,
offering several opportunities for colonization of
erect forms, while thalli with flat, smooth or foliose
surfaces provided a better substrate for adnate forms.

The wvariability of epiphytic dinoflagellates
has also been attributed to natural and anthropogenic
changes, since macroalgal assemblages are affected
by factors such as temperature, turbulence,
transparency, nutrients, waves, cold fronts,
hurricanes, among others (Taylor 1985, Diogene
1992). Grzebyk et al. (1994) analyzed the spatial
distribution of ciguateric dinoflagellates in the coral
reef lagoon of the island of Mayotte in the Indian
Ocean and observed that red algae supported greater
abundances and stimulated the growth of Ostreopsis
ovata. In a study on the Northwestern coast of Cuba,

Delgado et al. (2006) observed that the
environmental conditions in summer (higher
temperature, more nutrients, greater  water

transparency and low wind intensity) were suitable
for the development of macroalgae, which serve as a
substrate for potentially toxic dinoflagellates, and
possibly the main vector for the spread of ciguatera
along the coast of Cuba. Cohu et al. (2013) studied
the environmental factors that regulate or influence
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the growth of Ostreopsis along the French and
Italian coasts and found seasonal variations in
abundance correlated with seawater temperature,
with the ideal temperature for growth varying from
23°Cto 27.5°C.

In the state of Pernambuco (Northeast Brazil),
research on microalgae associated with marine
macrophytes has been carried out only with
epiphytic diatoms on angiosperms (Pacobahyba et
al. 1991, Eskinazi-Leca et al. 2003) and macroalgae,
addressing the biodiversity and growth variation of
diatoms on different substrates (Costa et al. 2014,
Costa et al. 2016). Studies on the flora of epiphytic
dinoflagellates are rare, but the planktonic flora is
reasonably  known, both qualitatively and
quantitatively/ecologically, being characterized by
the presence of the genera Ceratium, Pyrocystis and
Ornithocercus (Passavante 1979, Koening &
Macedo 1999, Koening & Lira 2005).

Research on the biodiversity and structure of
epiphytic dinoflagellates is necessary to better
understand the relationships between species and
different hosts. Thus, this study aimed to identify
qualitative and quantitative variations of epiphytic
dinoflagellates on several macroalgae in the coast of
Pernambuco and evaluate these variations as a
function of environmental variables in beaches with
different degrees of urbanization.

Materials and Methods

Study area: The coast of Pernambuco is located
between the parallels 7°33’ to 8°55’ S and the
meridians 34°49’ to 35°11° W, within the range of
hot and humid tropical climate, As' type, according
to the Koppen classification (Andrade & Lins 1971,
Nimer 1989). According to the distribution of
rainfall, there are two annual periods, dry and rainy,
influenced by cold fronts from the South and
Southeast of the country. The dry period comprises
the months between September and February, with a
mean rainfall of 60.2 mm and air temperature around
27° C. The rainy period extends between March and
August, with a mean rainfall of 301.5 mm and air
temperature around 25.4 °C (Aragdo 2004, Melo et
al. 2014). The mean annual air temperature is around
28 °C and the salinity of sea water around 36
(Macedo et al. 2004).

The Pernambuco continental shelf is
considered one of the smallest on the Brazilian coast
- only 187 km long and 35-42 km wide - with the
bottom covered by terrigenous sediments. Sandstone
and coral reef formations, in large irregular patches
that extend in lines parallel to the coast, emerge in
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some points or remain partially immersed (Guerra &
Manso 2004).

Two locations were selected for collection of
material, based on the action of anthropogenic
factors, degree of urbanization, and different
hydrodynamics (Fig. 1):
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Figure 1. Study area with collection points on the beaches
of Pina and Pedra de Xaréu (Pernambuco, Northeast
Brazil).

1. Pina beach (8°05'40" S and 34° 52' 50" W), with
an extension of about 2 km, located in the coastal
zone of the city of Recife, is characterized by the
presence of beach rocks which act as a natural
protection system for the coastline. Reefs serve as a
substrate for the development of an abundant algal
flora and associated fauna (Guerra & Manso 2004).
The urban environment near the beach has medium
to high density of buildings, with a long range of
residential, commercial and entertainment buildings
close to the beach, which favors intense human
activity and anthropic impact (Orla 2001). It is in
fact classified as a consolidated urbanization (CU)
area (Vasconcelos 2016).

2. Pedra de Xaréu beach (8°18'14" S and
34°56'45" W), also known as Ponta de Pedras Pretas,

Pan-American Journal of Aquatic Sciences (2021), 16(3): 237-254



240

is located in the municipality of Cabo,
approximately 30 km south of Recife. This beach
faces the North, unlike most beaches on the coast of
Pernambuco that face the Southeast, and is about 1
km long. It has rocky shores of volcanic origin
interspersed with sandy beaches, under the action of
large waves (Accioly 1992, Mufioz 1993), being
classified as an area in the process of urbanization
(PU), with a low population density and little
occupation (Vasconcelos 2016).

Collection and Analysis of Environmental Variables:
Collections of environmental and biological
variables were carried out in the mesolittoral zone of
each beach, in the rainy season (July, August/2017
and March/2018) and in the dry season
(September/2017, January and February/2018).

Climatological data on wind direction and

speed, air temperature (°C), and rainfall (mm) were
obtained from the National Institute of Meteorology
(INMET). The measurement of the water
temperature was carried out in situ using a common
alcohol thermometer and water samples were
collected with the aid of a Kitahara bottle. Salinity
was determined using the Morh-Knudsen method,
described by Strickland & Parsons (1972). Dissolved
nutrient salt concentrations were determined as
follows: nitrite and nitrate according to Papaspyrou
et al. (2014); ammonia according to Bower & Holm-
Hansen (1980); phosphate according to Strickland &
Parsons (1972); and silicate according to Grasshoff
et al. (1983). Dissolved oxygen concentrations were
determined by the modified Winkler method
described by Strickland & Parsons (1972), and the
pH was determined by the spectrophotometric
method (Dickson et al. 2007).
Collection and Analysis of Biological Variables:
Five species of macroalgae belonging to the phyla
Chlorophyta, Phaeophyta and Rhodophyta were
chosen in each beach according to their greater
representation in the sites and morphofunctional
differences of the individuals (Table I).

Specimens of macroalgae (in duplicate) were
carefully removed from the substrate, with the aid of
spatulas, placed in plastic bags, packed in Styrofoam
with ice and taken to the Phytoplankton Laboratory
of the Department of Oceanography (UFPE). Then,
they were weighed (15 g of wet weight) and placed
in plastic pots with a volume of 30 mL of water from
the collection site, previously filtered (glass fiber
filter, 47 mm diameter, 0.45 pm pore size).
Subsequently, each pot was manually shaken for 2
minutes in order to displace the epiphytic flora (Vila
et al. 2001). The macroalgae were removed from the
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pots and the suspension was fixed with lugol
solution (2% concentration).

In total, 60 samples were analyzed. The
qualitative analysis of dinoflagellates was performed
with the aid of an optical microscope (Zeiss) at 20x
magnification and a TCA-1.31C camera attached to
record the species found. The species were identified
with the aid of the following bibliographies: Balech
1988, Hoppenrath et al. 2009, Kraberg et al. 2010.

To quantify the cells, the content of each
sample was poured into 10-ml cuvettes, for
sedimentation for 24 hours. Subsequently, the
cuvettes were analyzed according to the method of
Utermohl (1958), using an inverted microscope
(Zeiss, AXIOVERT) at 20x magnification.
Abundance was expressed in macroalgae wet weight
cel g" (Gillespie et al. 1985).

Species diversity was calculated using the

Shannon-Weiner index (Shannon 1948) and
classified according to Margalef (1978) and the
evenness (J') was calculated according to Pielou
(1967). Species richness was determined by the
number of taxa found in the sampling units. The
specific diversity and evenness indices were
analyzed using the Primer 6 software.
Statistical analysis: To determine the occurrence of
significant differences between the beaches of Pina
and Pedra de Xaréu (spatial variation), the rainy and
the dry period (seasonal variation), and between
macroalgal species (substrate), the data were
submitted to the non-parametric Mann-Whitney and
Kruskal-Wallis tests, and p values < 0.05 were
considered significant. All tests were performed
using the BioEstat 5.3 software.

A Principal Component Analysis (PCA) was
performed to elucidate the relationships between the
most frequent epiphytic dinoflagellate species and
the environmental variables (temperature, salinity,
dissolved oxygen, nutrients, and pH). To perform the
PCA, the original data were arranged in the form of
a matrix of order 15 x 15, in which the 15
determinations performed and the 15 wvariables
evaluated were represented. This data set was
centered on the mean and scaled according to the
variance of the results, due to the different response
intensities found for the considered variables. The
analyses were performed using the STATISTICA
software (Version 7.0) and the significance level
considered for the tests was p < 0.05.

Results
Environmental variables: Climatological data on
wind speed and direction showed that southeast
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Table I: Macroalgae collected (2017-2018) on the beaches of Pina and Pedra de Xaréu (Pernambuco, Northeast Brazil).

Species Phyllum Beach/Month
Bryopsis sp.* Chlorophyta P1/ Every month
Ulva sp.* Chlorophyta P1/ Every month
Dictyopteris delicatula J.V.Lamouroux Phaeophyta P2/ Jul, Aug and Sept
Padina sp. Phaeophyta P2/ Jan, Feb and Mar
Sargassum sp.* Phaeophyta P2/ Every month
Amansia sp. Rhodophyta P1/ July
Bryothamnion triquetrum (S.G.Gmelin) M.Howe * Rhodophyta P2/ Every month
Chondracanthus acicularis (Roth) Fredericq Rhodophyta P1/ Jan, Feb and Mar
Corallina officinalis Linnaeus Rhodophyta P1/ Jul, Aug and Sept
Digenea simplex (Wulfen) C.Agardh * Rhodophyta P2/ Every month
Hypnea musciformis (Wulfen) J.V.Lamouroux Rhodophyta P2/ Every month
Gracilaria sp.* Rhodophyta P1/ Every month
Palisada perforata (Bory) K.W.Nam Rhodophyta P1/ Aug, Sep, Jan, Feb and Mar

* = Dominant specie; P1 = Pina beach; P2 = Pedra de Xaréu beach; Jul = July; Aug = August; Sept = September; Jan =

January; Feb = February; Mar = March.

winds predominated throughout the study period
except in July (2017-2018) when south winds
predominated, and November (2017), when east
winds predominated. The monthly mean wind speed
remained between 1.09 and 2.49 m s and the
monthly mean maximum wind speed peaked in July
(2017) and August (2018), reaching 6.8 and 5.14 m
s™, respectively. The minimum speed values were
recorded in May (2017) and April (2018). The mean
air temperature remained between 24 and 27.5° C
during the two years in which the samples were
taken.

During the year 2017-2018, the studied region
had an accumulated rainfall of 1942 mm, with a
mean of 258 mm during the rainy period and 66 mm
during the dry period. Precipitation increased from
March, with the highest accumulated rainfall
(380.65 mm) recorded in April, and began to
decrease from August, with the lowest accumulated
rainfall (26.3 mm) in November (Fig. 2).

The water temperature and salinity values
were similar in both beaches, with a mean
temperature of 28.2° C at Pina beach and 29.2° C at
Pedra de Xaréu beach, for the rainy season, and 30.7
and 29.8° C for the dry period, respectively. The
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Figure 2. Distribution of rainfall in 2017-2018 and the
historical series (1996-2016) for the coast of Pernambuco
(Pernambuco, Northeast Brazil).

mean salinity was 33.5 and 36.2 in the rainy season,
and 35.2 and 37.1 in the dry season, on Pina and
Pedra de Xaréu beaches, respectively (Fig. 3a; Table
).

Nitrite concentrations remained low on the
two beaches studied and with small variations, with
a mean of 0.3 and 0.1 pmol L™ during the rainy
season and 0.4 and 0.6 pmol L' during the dry
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Figure 3. Variation of the environmental variables analyzed on Pina and Pedra de Xaréu beaches (Pernambuco,
Northeast Brazil): (a) Temperature (C °) and Salinity; (b) Nitrite (NO,) and Nitrate (NOs3); (c) Ammonia (NH;) and
Phosphate (PO.); (d) Silicate (Si(OH).); (e) Dissolved oxygen (DO) and pH.

season, to Pina and Pedra de Xaréu beaches,
respectively. Nitrate had higher concentrations in the
dry period, reaching a maximum value of 10.78
pmol L™ in January (2018) at Pina beach and 5
pmol L™ at Pedra de Xaréu beach, with means of 2.3
and 0.6 pmol L™ during the rainy period and 5.3 and
3.3 pmol L™ during the dry period (Fig. 3b; Table
1).

Ammonia and phosphate showed small
variations between beaches and periods. The mean
concentrations of ammonia were 0.3 and 0.2 in the
rainy period and 0.4 and 0.2 in the dry period, at
Pina and Pedra de Xaréu beaches, respectively. As

for phosphate, Pina beach presented a mean
concentration of 0.2 pmol L™ in the rainy period and
0.3 pmol.L™" in the dry period. Pedra de Xaréu beach
presented non-detectable values (0.01 pmol L™) in
all collection months (Fig. 3c; Table II).

The silicate contents were higher at Pedra de
Xaréu beach, reaching a maximum value of 41.5
pmol L' in January (2018). Mean contents of 15.5
and 15 pmol L~ ' were recorded during the rainy
period and 13.4 and 23.9 pmol L~ ' during the dry
period at Pina and Pedra de Xaréu beaches,
respectively (Fig. 3d; Table II).
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Table II: Descriptive statistics of environmental variables at Pina and Pedra de Xaréu beaches (Pernambuco, Northeast

Brazil).
Pina Xaréu

Min Max Mean+tSD  Seasona  Min Max  MeantSD Seasonal Spatial

Environmental
1 p-value p-value
Variables
p-value

Temperature (°C) 27.00 33.00 29.42+2.35 0.17 27.50 32.00 29.50+2.05 0.5 0.87
Salinity 27.77 40.96 30.21+3.99 0.51 33.69 40.08 36.68+2.57 0.51 0.33
Nitrite (pumol L) 0.16  0.92 0.35+0.30 0.51 0.01 1.04 0.35+0.46 0.18 0.26
Nitrate (pmol L") 048 10.78  3.77+4.06 0.27 0.05 5.00 1.94+2.34 0.51 0.26
Ammonia (pmol L™) 0.12 0.66 0.39+0.23 0.82 0.01 0.35 0.22+0.14 0.51 0.2
Phosphate (pmol L") *  0.01 0.52 0.25+0.21 0.82 0.01 0.01 0.01+0.0 1 0.007
Silicate (pmol L?) 6.90 21.70 14.45+6.42 0.82 10.10 4150 22.2+12.86 0.27 0.42
Dissolved oxygen(mgL')  4.86  6.66 5.65+0.70 0.82 3.04 8.50 5.7742.17 0.82 0.52
pH 8.01 9.12 8.46+0.41 0.51 8.00 8.33 8.24+0.12 0.51 0.33

* =p < 0.05 (significant variation). min = minimum; max = maximum; mean+SD = mean = standard deviation.

The minimum value of dissolved oxygen was
3 mg.L™" in February (2018), and the maximum
value was 8.5 mg.L. ™" in January (2018) at Pedra de
Xaréu beach. A mean of 5.9 mg.L ™" during the rainy
period and of 5.6 mg.L.™" during the dry period was
recorded at the two beaches. The pH remained
constant and alkaline in both beaches and both
periods, ranging from 8 to 9.12 (Fig. 3e; Table II).

According to the statistical analysis, there was

no significant seasonal and spatial variation in the
environmental variables except for phosphate, which
showed significant spatial variation (p < 0.05), with
higher values at Pina beach (Table II).
Biological variables: At Pina beach, the most
representative macroalgae were Bryopsis sp. and
Ulva sp. (Chlorophyta), Amansia sp.,
Chondracanthus acicularis, Corallina officinalis,
Gracilaria  sp., and  Palisada  perforata
(Rhodophyta). At Pedra de Xaréu beach, the most
representative were Sargassum sp., Dictyopteris
delicatula (Phaeophyta), Bryothamnion triquetrum,
Digenea simplex, and Hypnea musciformis
(Rhodophyta).

Ten species of epiphytic dinoflagellates were
identified. Small individuals belonging to the class
Dinophyceae were also present but not identified at
a specific level due to the difficulty in identifying
the athecate dinoflagellates, since their chloroplast
morphology and cell shape undergo changes when
the cells are fixed. However, these individuals were
quantified for greater quantitative accuracy of
estimates of the flora. Among the identified species,

some are considered potentially toxic according to
the published bibliography (Faust et al. 1999, Laza-
Martinez et al. 2011); however, during the collection
period, no blooms occurred.

Five species of epiphytic dinoflagellates
occurred in Pina beach, among which Gymnodinium
sp., Heterocapsa sp., Prorocentrum sp. and
Scrippsiella spinifera G.Honsell & M.Cabrini stood
out, occurring only in this beach, in addition to small
dinoflagellates of the class Dinophyeceae. A greater
diversity was found in Pedra de Xaréu beach (9
species), with notorious presence of Gymnodinium
sp., Ostreopsis cf. ovata Y.Fukuyo, Prorocentrum
lima, and Protoperidinium sp., besides small
dinoflagellates of the class Dinophyceae (Fig. 4;
Table III).

In term of total abundance, high values were
observed in the month of March due to the
abundance of Ostreopsis cf. ovata associated with
the macroalgae H. musciformis and Sargassum sp.,
with 488 and 408 cells g™, respectively, at Pedra de
Xaréu beach (Fig. 5).

The greater representation of the phylum
Rhodophyta provided greater diversity and
abundance of epiphytes, reaching a total abundance
of 144 cells g' on P. perforata at Pina beach in
February (2018), and 520 cells g" on H. musciformis
at Pedra de Xaréu beach in March (2018) (Fig. 5).
Among the Chlorophyta, Ulva sp., dominant at Pina
beach, stood out with the maximum abundance (108
cells g') of epiphytic dinoflagellates in March
(2018) (Fig. 5). At Pedra de Xaréu beach, the phyla

Pan-American Journal of Aquatic Sciences (2021), 16(3): 237-254



N. B. A. DA SILVA ET AL.

Figure 4. Most representative epiphytic dinoflagellates found on Pina and Pedra de Xaréu beaches (Pernambuco,

Northeast Brazil). (a) Prorocentrum lima; (b) Protoperidinium; (c) Scrippsiella spinifera; (d) Ostreopsis cf. ovata; (e)
Dinophyceae; (f) Gymnodinium sp.
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Figure 5. Seasonal dynamics of the abundance of epiphytic dinoflagellates associated with macroalgae on the beaches
of Pina (a) and Pedra de Xaréu (b) (Pernambuco, Northeast Brazil). Rainy = Rainy season; Dry = Dry season.
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Table III: Epiphytic dinoflagellate species found on Pina and Pedra de Xaréu beaches (Pernambuco, Northeast Brazil).

Pina Xaréu
Species Rainy Dry Rainy Dry Toxicity
Dinophysis sp. X Some produce toxin. Cause DSP.
Gymnodinium sp.* X X X X Some produce toxin. Cause CFP, PSP
and NSP.
Heterocapsa sp. X X Some produce toxin.
Ostreopsis cf. ovata Y.Fukuyo* X X Produce toxin. Cause CFP.
Prorocentrum balticum (Lohmann) X Non toxic.
Loeblich
Prorocentrum  lima  (Ehrenberg) X X Produce toxin. Cause CFP and DSP.
F.Stein *
Prorocentrum sp. X X X Some produce toxin. Cause DSP.
Protoperidinium quinquecorne (Abé) X Non toxic.
Balech
Protoperidinium sp.* X X X X Some produce toxin. Cause DSP and
AZP
Scrippsiella spinifera G.Honsell & X X Non toxic.
M.Cabrini *

* = Dominant species. Rainy = Rainy season; Dry = Dry season. Toxicity data were taken from published literature
(Wright and Cembella 1998; Kim et al. 2009; Marchan-Alvarez et al. 2017). AZP = Azaspiracid Shellfish Poisoning;
CFP = Ciguatera Fish Poisoning; DSP = Diarrhetic Shellfish Poisoning; NSP = Neurotoxic Shellfish Poisoning; PSP =

Paralytic Shellfish Poisoning.

Rhodophyta and Phaeophyta presented a
similar abundance of dinoflagellates, with higher
values during the rainy period.

Epiphytic dinoflagellates did not show any
significant preference for macroalgal species (p >
0.05); however, greater species richness (8 species)
was found on the thalli of B. triquetrum and Padina
Sp.

Species diversity was very low, with indices
ranging from 0.24 to 2.27 bits.cel”, classified as very
low (< 1 bit.cel™) in 75% of the samples. Regarding
evenness, the values exceeded 0.5 in most of the
samples analyzed, indicating that the taxa were
evenly distributed at both beaches.

Regarding seasonal variation, the species
Protoperidinium sp. showed significant variation (p
< 0.05) at Pedra de Xaréu beach. However, during
the dry period the species Gymnodinium sp. showed
significant variation (p < 0.05) between beaches.
Other species that also showed significant spatial
variation (p < 0.05) were: Ostreopsis cf. ovata, P.
lima (Pedra de Xaréu beach) and S. Spinifera (Pina
beach), being dominant and exclusive species on the
beaches where they occurred (Table IV).

Principal Component Analysis: The PCA of all
chemical (n = 8), physical (n = 1), and biological (n
= 6) variables showed that 60% of the data variance
is explained by the 1-2 factorial plan (Axis 1 and
Axis 2) (Fig. 6). The third component (Axis 3)

represented 17% (3 parameters) of the total sample
(table V).

The main observations on axis 1 indicated a
direct correlation between ammonia and S. spinifera.
In contrast, they correlated inversely with
temperature, salinity and the species Gymnodinium
sp. On axis 2, there was a direct correlation between
dissolved oxygen, phosphate and pH, being
inversely correlated with the species of the class
Dinophyceae, Ostreopsis cf. ovata, P. lima, and
Protoperidinium sp. A direct correlation was found
on axis 3, between the nutrient salts nitrite, nitrate,
and silicate.

The first component of the PCA showed a
strong association between the species S. spinifera
and ammonia, demonstrating the importance of this
nutrient for the cellular processes of the species and
confirming the relationship of anthropogenic factors
with the occurrence of this species only at Pina
beach. The second component showed that the
reduction of phosphate favored the development of
the dominant and exclusive species in Pedra de
Xaréu beach (Ostreopsis cf. ovata and P. lima). High
temperature and salinity values in March (2018)
directly influenced the increase in the abundance of
epiphytic dinoflagellates during the rainy period.
These factors are indicated to be of fundamental
importance for the development of Dinophyceae,
Ostreopsis cf. ovata, P. lima, and Protoperidinium

sp.
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Table IV: Descriptive statistics of the most representative epiphytic dinoflagellates found on Pina and Pedra de Xaréu

beaches (Pernambuco, Northeast Brazil).

Pina Xaréu

Taxa min max meaniSD Seasonal min max  mean +SD Seasonal Spatial

p-value p-value p-value
Dinophyceae 0 28 5.1+71 0.58 0 38 6.7+9.1 0.87 0.34
Scrippsiella spinifera * 0 40 3.1+£91 0.7 0 0 0+0 NO 0.00*
Ostreopsis cf. ovata * 0 0 0+0 NO 0 488  36.6 £115.0 0.99 0.00*
Gymnodinium sp. 0 132 16.0+330 0.09 0 34 5.0+9.5 0.22 0.41
Prorocentrum lima * 0 0 0+0 NO 0 82 6.9+16.0 0.57 0.00*
Protoperidinium sp.* 0 4 0.60+1.4 0.99 0 6 0.97+ 1.7 0.03* 0.34

* = p < 0.05 (significant variation). min =minimum; max = maximum; mean.+SD. = mean + standard deviation. NO =

non ocurred.
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Axis 1 (31,27%)
Figure 6. Principal Component Analysis (PCA) of
chemical (n = 8), physical (n = 1) and biological (n = 6)
variables on the beaches of Pina and Pedra de Xaréu
(Pernambuco, Northeast Brazil).

Discussion

The environmental variables in the beaches
studied were within the expected range for a tropical
coastal region. Given the different degrees of
urbanization and the action of anthropogenic factors,
high levels of nitrate and higher levels of phosphate
were observed at Pina beach. These nutrients have
an important influence on this beach, especially
during the dry period, due to increased tourist
activity. In line with this, Ferreira et al. (2010) found
lowest levels of phosphate during the rainy season
on the beaches of Brasilia Formosa, Boa Viagem,
and Piedade.

The high levels of nitrogen compounds
(ammonia, nitrite, and nitrate) favored the

Table V: Factor loadings of biological variables
(dinoflagellates) and environmental variables to PCA
components on the beaches of Pina and Pedra de Xaréu
(Pernambuco, Northeast Brazil).

Axis 1 Axis 2 Axis 3
Variable 31,27% 28,22% 17%
Temperature (°C) -0,416* 0,065 -0,195
Salinity -0,284* -0,112 0,161
Dissolved oxygen (mg L™) -0,215 0,374* 0,160
Ammonia (pmol L) 0,340% 0,096  -0,061
Nitrite (umol L™) 0,010 0,129 -0,589%*
Nitrate (pmol L) -0,115 0,254 -0,460*
Phosphate (umol L) -0,178 0,301* 0,221
Silicate (pmol L) 0,072 -0,139 -0,504*
pH -0,310  0,320* -0,042
Dinophyceae -0,269  -0,324* 0,089
Scrippsiella spinifera 0,250* -0,016 0,087
Ostreopsis cf. ovata -0,271  -0,369* 0,021
Gymnodinium sp. -0,356* 0,279 0,024
Prorocentrum lima -0,273  -0,371* -0,117
Protoperidinium sp. -0,168 -0,290* -0,117

* values of greater correlation with the axis.

development of macroalgae, mainly of the phylum
Chlorophyta, and consequently the abundance of S.
spinifera and Gymnodinium sp. at Pina beach.
Although ammonia did not show significant
variation between beaches, small fluctuations in the
levels of this nutrient were essential to increase the
abundance of dinoflagellates. According to the ACP
analysis, the positive association between ammonia
and S. spinifera may have been attributed to the
increase in microhabtats generated by the increase in
the macroalgal community. This fact is reported by
Delgado et al. (2006), in a study on the coast of
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Cuba, where found a relationship between nutrients
and the two most abundant species (Gambierdiscus
toxicus R. Adachi & Y. Fukuyo and P. lima), but
emphasized that environmental conditions in
summer, with higher nutrients, were favorable to the
development of macroalgae, providing a greater
number  of  microhabitats  for  epiphytic
dinoflagellates. However, it is also possible that the
occurrence of the S. spinifera is favored by N/P ratio
values closer to 16:1, but a longer and more detailed
monitoring of the region is necessary to certify
whether these parameters contribute to the
appearance of that species.

According to the values obtained from DIN
(dissolved inorganic nitrogen) and phosphate, it was
possible to determine the Redfield ratio. With this
information, we verified that Pedra de Xaréu beach
presented values of N/P ratio much higher than Pina
beach when compared to the same periods, justified
by the low phosphate concentration presented in
Pedra de Xaréu beach. Phosphate levels were
undetectable at Pedra de Xaréu beach, confirming
the different anthropic impacts acting on the two
beaches. The beaches showed significant differences
as to the presence of some species, confirming that
Pedra de Xaréu beach is still in fact in process of
urbanization. However, there were some records of
high values of nitrogen compounds during the dry
period, indicating that tourist activity also influences
the increase in these levels.

Many studies have liked the increase in
nutrient concentrations resulting from human
activities to the increase in the frequency and
intensity of harmful planktonic microalgae blooms
(Hallegraeff 1993, Anderson et al. 2002, Heisler et
al. 2008); however, the relationship between
nutrients and epiphyte blooms is still inconclusive.
Previous studies carried out on the Mediterranean
coast of Spain (Vila et al. 2001), New Zealand
(Shears & Ross 2009), and Monaco (Cohu et al.
2011) found no direct correlation between the
abundance of epibenthic dinoflagellates and
nutrients.

The inverse correlation observed between
phosphate and Ostreopsis cf. ovata and P. lima
demonstrated that these species were favored by low
levels of this nutrient (0.01 pmol.L™) at Pedra de
Xaréu beach. According to Rhodes et al. (2000), in a
study in New Zealand, and Pearce et al. (2000),
studying the east coast of Tasmania, high
concentrations of nitrate and phosphate impede the
growth of the species Ostreopsis siamensis Johs.
Schmidt, corroborating what was observed in the

N. B. A. DA SILVA ET AL.

present study. However, as a factor that makes an
important contribution to blooming events of
epiphytic dinoflagellates, temperature shows a
strong relationship with the development of many
species. This was also observed by Cohu et al.
(2013) in the Mediterranean Sea where the blooming
of Ostreopsis cf. ovata was related to increased
temperature and decreased dissolved oxygen.

The highest abundance of dinoflagellates was
related to the highest temperature values, which
coincided with the highest salinity values and
favored the proliferation of Ostreopsis cf. ovata.
This relationship is consistent with the study by
Mangialajo et al. (2011) on the Mediterranean coast
of Spain, in which higher densities of epibenthic
dinoflagellates were recorded during the months
with higher temperatures. In eastern Tasmania,
Pearce et al. (2001) also found this relationship,
noting a decline in the number of dinoflagellates
during winter.

Given the sampling effort of the present study,
the abundance and diversity of species of epiphytic
dinoflagellates were low (11 taxa in 60 samples), but
with a high species richness, taking into account
other works conducted with this assemblage.
Okolodkov et al. (2007) reported low diversity (17
species in 221 samples) in the assemblage of
epibenthic dinoflagellates in the Veracruz reef zone,
in the Gulf of Mexico, but high abundance values. In
a study in the coastal waters of Hawaii, Parson and
Preskitt (2007) also observed low diversity (26
species in 369 samples) and high abundance values.

The dominance of Ostreopsis cf. ovata, the
major component of the total epiphyte abundance
during the study, was also reported in the Caribbean
Sea, Cuba (Moreira et al. 2012), and in the
northwestern Sea of Japan, Russia (Selina et al.
2014). Blooms of species of the genus Ostreopsis
have been reported in other studies, as Vila et al.
(2001) in the Mediterranean Sea, where the values of
Ostreopsis sp. reached 5.9 x 10° cells g' on the
macroalgae  Halopteris  scoparia  (Linnaeus)
Sauvageau. Some of the more intense blooms
occurring among species of this genus worldwide
were reported by Shears & Ross (2009) in New
Zealand, with the species O. siamensis reaching a
maximum abundance of 1.4 x 10° cells g™.

In Brazil, studies on epiphytic dinoflagellates
are still recent and scarce. However, some laboratory
studies with isolated strains of Ostreopsis cf. ovata,
P. lima, Prorocentrum sp., Coolia malayensis Leaw,
P-T.Lim & Usup, and Amphidinium sp. from
Armacdo de Btzios and Arraial do Cabo, Rio de
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Janeiro, showed that higher temperature values
stimulated the growth of all species and that higher
temperatures, between 20 and 26 °C, favored the
growth of Ostreopsis cf. ovata (Nascimento &
Corréa 2010). This fact was also observed in the
present study, which, despite not having shown
significant variation, a small rise in temperature,
together with salinity and other favorable factors,
provided good conditions for the development of
Ostreopsis cf. ovata and P. lima. at Pedra de Xaréu
beach.

The dominance and abundance of were also
related to the codominance of In a study carried out
on the northeast coast of Brazil, De’ Carli (2014)
also reported the dominance and higher abundance
values of Ostreopsis cf. ovata and P. lima.
Okolodkov et al. (2007) found the dominance of P,
lima to be often associated with the dominance of
Amphidinium cf. carterae Hulburt, Coolia monotis
Meunier and Ostreopsis heptagon D. R. Norris, J. W.
Bomber & Balech, which may indicate that these
potentially toxic species are almost always forming
associations (Carlson & Tindall 1985).

Although salinity did not show a significant
seasonal variation, the highest values were found in
the months of lower rainfall, with strong
characteristics of dry season. Salinity and
temperature were fundamental for the increase in the
abundance of dinoflagellates except for S. spinifera,
which was inversely correlated with the two
variables. However, a direct correlation of the
growth of Ostreopsis cf. ovata isolated from the
Adriatic Sea with increased salinity was observed in
laboratory experiments by Pezzolessi et al. (2012),
which is in agreement with what was observed in the
present study for most species of dinoflagellates.

Blooms of Ostreopsis cf. ovata are recorded
both in coastal and oceanic regions. In Brazil, there
are records of blooms in Arraial do Cabo, Rio de
Janeiro, in the summers of 1999 and 2002, causing
the poisoning and death of sea urchins (Granéli et al.
2002; Ferreira 2006). In Santa Catarina, on the
beaches of Penha and Bombinhas (Tibiri¢d et al.
2010) and in Bahia (Menezes et al. 2010), blooms
resulted in the emergence of various symptoms
among bathers. On the coast of Pernambuco, high
density values of Ostreopsis cf. ovata were found by
Machado (2015) in a reef area in Porto de Galinhas
beach, in the south coast of the state. De’ Carli
(2014) recorded the dominance and high abundance
values of Ostreopsis cf. ovata followed by P. lima in
the same location.
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Records of blooms of Ostreopsis cf. ovata
were also reported in the oceanic region by
Nascimento et al. (2012), with a mean density of 4.6
x 10* cells per wet weight of the macroalgae
Laurencia sp. in the Archipelago of Saint Paul’s
Rocks.

The macroalgae collected on the studied
beaches did not present a clear seasonality; they only
differed in terms of dominant phyla. At Pina beach,
the phylum Chlorophyta predominated. As this
phylum is a bioindicator of organic pollution, our
findings indicate the strong action of anthropic
factors in the area. Reis and Yoneshigue-Valentin
(1998) describe the genus Ulva as opportunistic and
tolerant to wide variations of environmental
parameters, adapting very well to more eutrophic
regions. Thus, our findings on the dominance of
Ulva sp., as also reported in past works carried out
in the same area (Sousa & Concentino 2004,
Vasconcelos 2012), confirm that Pina beach is an
area of consolidated urbanization.

The dominance of macroalgae of the
Phaeophyta and Rhodophyta phyla at Pedra de
Xaréu beach characterize the environment as an area
of lesser action of anthropic factors and water stress,
with a constant beating of waves and greater water
circulation (Cutrim 1990, Sousa & Concentino
2004).

According to Taylor (1985), Lobel et al.
(1988), and Bomber et al. (1989), epiphytic
dinoflagellates show preferences for three-
dimensional algae with flexible surfaces and high
surface areas rather than particular macroalgae phyla
or species.

However, although epiphyte abundance was
associated with the algae H. musciformes and
Sargasssum sp., no significant relationships were
found as to the preference of the epiphytes for given
macroalgae. Popowski (1994) also observed that
epiphytic dinoflagellates did not show a preference
for any specific substrate in Cuban waters.
According to Vila et al. (2001), no significant
relationship was found between macroalgae and the
3 dominant species of dinoflagellates studied.
Okolodkov et al. (2007) also said that most epiphytic
dinoflagellates found in the Veracruz reef zone in the
Gulf of Mexico did not show any particular
preference for macrophyte species.

The species Ulva sp. (Chlorophyta) and
Padina sp. (Phaeophyta) showed high richness and
abundance of epiphytes despite their foliose thalli,
with a greater diversity of species observed in the
thalli of Padina sp., in agreement with a study by

Pan-American Journal of Aquatic Sciences (2021), 16(3): 237-254



250

Delgado et al. (2006), who observed most of the
epiphytes to be associated with this macroalgae.

The association of these species with
foliaceous thalli with epiphytic dinoflagellates may
be related to both the morphofunctional structure of
their thalli and their dominance in the collection site,
due to favorable conditions.

In conclusion, it can be said that the
dinoflagellate community presented high richness
but low diversity of species, being influenced by the
dominance of S. spinifera and Gymnodinium sp., on
Pina beach.

Favorable environmental conditions, such as
high temperature, salinity and low phosphate
contents, at Pedra de Xaréu beach, favored the
abundance of potentially toxic dinoflagellates,
Ostreopsis cf. ovata and P. lima. The dominant
species Ostreopsis cf. ovata, exclusive to Pedra de
Xaréu beach, was inversely correlated with nutrient
levels, and the significant variation in phosphate
contents proved the difference in anthropogenic
impact on the studied beaches, highlighting the
presence and absence of some species of
dinoflagellates in  macroalgae. In addition,
characteristics of the dry period showed a strong
influence on the epiphytes. Although higher
abundance peaks were observed on H. musciformes
and Sargassum sp., there was no significant
preference of the epiphytes for a certain macroalgae
species. Thus, given the occurrence of potentially
toxic species and the possible problems that these
species can cause, further studies and constant
monitoring on the beaches of the coast of
Pernambuco are necessary.
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