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ABSTRACT

The port of Recife in northeastern Brazil is an amant ecological and social area but little is\no
about its environmental quality. Observations, dargpand measurements of phytoplankton were
performed during spring and neap tides in the dangary-February, 2005) and rainy (June, 2005)
seasons to assess the environmental quality ofptine of Recife. The area had chlorophgll-
concentrations ranging from 3.30 to 54.40 mig the highest values occurring at low tide during t
dry season. A total of 129 species were identif&®Iof them in the dry season and 97 in the rainy
season. Diatoms were the most diverse group angrised 75.47% of the phytoplankton collected
in the dry season and 60.82% of those collectédamainy season. The dry season was characterized
by Coscinodiscussp. and Helicotheca tamesisthe rainy season byOscillatoria sp. and
Coscinodiscus centralisSpecies diversity indices varied from 1.06 to43tits cef. Low indices
were related to the dominance ldéélicotheca tamesis, Coscinodiscus centralisscinodiscusp.
and Aulacoseira granulata Seasonal forcing, rather than the estuarine fldetermined the
phytoplankton community structure. The area is sgpao seasonally varying negative impacts due
to metropolitan degradation and the high leveluif@phication.

Resuwmo

Para avaliar a qualidade ambiental Porto do Regiferdeste do Brasil), uma area ecoldgica e
socialmente importante mas pouco investigada, vhsées, medigdes e amostragem do fitoplancton
foram realizadas durante as marés de sizigia eauaa no periodo de estiagem (janeiro-fevereiro /
2005) e chuvoso (junho/2005). A area apresentogerdragdo de clorofila variando de 3,30 a
54,40 mg ri¥, com maiores valores registrados durante a maxé @ periodo de estiagem. Um
total de 129 espécies foi identificada com 53 @spédurante o periodo de estiagem e 97 espécies no
chuvoso. As diatoméaceas formaram o grupo mais siyarom 75,47% no periodo de estiagem e
60,82% no chuvosdoscinodiscusp. eHelicotheca tamesisaracterizaram o periodo de estiagem e
Oscillatoria sp. eCoscinodiscus centralie periodo chuvoso. A diversidade de espécie vat®u
1,06 a 3,74 bits cél Os baixos indices foram relacionados com a daminade Helicotheca
tamesis Coscinodiscus centralisCoscinodiscussp. e Aulacoseira granulata A sazonalidade
determinou a estrutura da comunidade fitoplancgreen vez do fluxo estuarino. A area é exposta
sazonalmente a varios impactos negativos, deviliegeadacdo metropolitana e ao elevado nivel de
eutrofizacéo.

Descriptors: Phytoplankton, Port, estuary, Diurralation, Tropical.
Descritores: Fitoplancton, Porto, Estuério, Vareagaéirnal, Tropical.

INTRODUCTION into it. Consequently, the port basin presents a

multitude of environmental problems. The most

The Pina Basin Estuaray is located in th&ommon problems are degraded natural habitats,

metropolitan area of Recife in Pernambuco Statél€clining plant and animal populations, diminishing
northeastern Brazil. As with many other tropicalliSh @nd shellfish harvests and impaired waterigual

coastal areas, it is threatened by the diverse huma This coastal area is of great ecological,

uses of this body of water and the land areaschfzs economic and social interest. It is also a highly
variable system, where changes in the water
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circulation patterns and fluctuations of inputavailable on the dynamics of tropical harbor
influences (e.g., Capibaribe River, Beberibe Riverphytoplankton communities.
Tejipié River, sewage flow) induce high temporal The main objective of the present study was
variability on scales ranging from hours to seasonso study temporal changes of phytoplankton and
This variability may be reflected in population hydrographic parameters in the highly polluted port
dynamics, especially those of phytoplanktorbasin of Recife in northeastern Brazil.
populations thriving in coastal systems.

Phytoplankton species can be used as a
diagnostic tool in determining ecosystem quality

(MAGUIRE, 1973; RESH, UNZICKER, 1975; DAY Stupy AREA
JR. et al 1989). Previous research has identified
biotic and abiotic factors that regulate primary The Port Basin Estuary is located in Recife,

productivity and has developed models that descritthe capital of Pernambuco State, Brazil. Recife & th
phytoplankton growth dynamics under specificmain urban center of northeastern Brazil and lies
environmental conditions (BAIRD et al., 2001). partly on the mainland and partly on the island.

Phytoplankton communities are highly Dissected by waterways, it is often called the
complex multispecies communities in terms of theifBrazilian Venice” (Fig. 1).
diversity and dynamics. Succession shifts in This area has a hot and humid tropical
phytoplankton community structure are primarily dueclimate and is categorized as Group A on the Kdppen
to changes in environmental variables (e.g., degree Scale. Annual average air and water temperatuees ar
type of nutrient limitation) and/or shifts in highe around 25°C, the annual minimum being 24°C and the
trophic  levels (e.g., microzooplankton  to maximum 31°C. Relative humidity varies from 80% to
mesozooplankton) (MILLER et al., 1995; GILBERT, 90% and annual rainfall ranges from 1760 mm to 2270
1998; LEWITUS et al, 1998; RIEGMAN; mm, with 80% of it occurring between April and July
NOORDELOOS, 1998; RABOUILLEet al., 2001; (the rainy season). The dominant wind is from the
FERNANDES; BRANDINI, 2004). southeast (ARAGAO, 2004).

The influence of environmental variables The maximum tidal height (during extreme
and preferential grazing by herbivores onspring tides) at the port is around 3 m, with anuah
phytoplankton community composition is not wellhigh tide average of 2.6 m during spring tides aré
understood, particularly in harbor areas undem during neap tides. There are two natural access
extremely impacted influx. Identifying the ecolaoglic channels to the port. The main access channelhSout
variables that regulate phytoplankton communityChannel, is approximately 260 m wide and 3.4 km
structure is essential for facilitating the elabiora of  long with a depth of 10.5 m. The North Channel, only
broad hypotheses of pervasive environmental issuessed by smaller vessels, is narrower, being
such as eutrophication and harmful algal bloomspproximately 1.0 km long and 6.5 m deep. The basin
(SMAYDA, 1997; RIEGMAN; FLAMELING; constitutes a shallow, restricted environment that
NOORDELOOS 1998; MAFRA JUNIOR et al., receives large quantities of untreated sewage and i
2006). Since one of the most important factorsherefore, polluted, eutrophic and hypoxic.
affecting variability in the port of Recife and tgsin
is the tide, accurate estimates of the planktonireg M ATERIAL AND METHODS
sampling over a 24 h period (McLUSKY; ELLIOTT,

2004). Sampling was carried out at one fixed station

One question addressed in this study i$5cateq at the confluence of the port of Recife, the
whether the abiotic phenomena of the port basin Q5niharibe River and the Pina Basin (08°04'01" S and
Recife (e.g., circulation patterns, tides) and wate§4052v06--w)’ called the Port basin (Fig. 1). Sangpli
condition are related to identifiable phytoplankton, < conducted on two consecutive days during the dr
assemblages or abundance patterns. season (January 25-26 and February 02-03, 2005) and

Despite the ecological and social importancgyq rainy season (June 07-08 and 14-15, 2005) at

of the port of Recife, few investigations of gning and neap tides during the diurnal high, low,
phytoplankton composition have been conducted ifq6q and ebb tides.

the harbor or in nearby areas (FEITOSA;
PASSAVANTE, 1990; 1991/1993; FEITOSA et.al collected concurrently with a Nansen bottle: pH

1999; NASCIMENTO et a 2003). (Hanna 8417 pHmeter); dissolved oxygen (Winkler

Many studies have been dedicated t0 thgethod; GRASSHOFF et.all983); dissolved oxygen

temporal variability of phytoplankton densities ingatration (UNESCO, 1973); nutrients, including
marine systems (SOROKIN, 1995), but few data arfiitrites, nitrates, phosphates and silicate

(STRICKLAND; PARSONS, 1972; GRASSHOFF et

The following hydrological data were
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al., 1983) and suspended particulate materidUSTEDT, 1930-1966; CUPP, 1943;
(BAUMGARTEN et al, 1996). The following DESIKACHARY, 1959; SOURNIA, 1967; 1986;
parameters were measured in situater temperature PRESCOTT, 1975; PARRA et .al1982; TOMAS,
(Hanna digital thermometer), salinity (refractompte 1996; KOMAREK; ANAGNOSTIDIS, 2000).
and water transparency (Secchi disc). Chlorophyll- The Shannon index was used to estimate the
was collected with a 1 liter Van Dorn bottle at thecommunity diversity (SHANNON, 1948).
surface and measured using a Micronal B280 Cluster analysis of the sample-species data
spectrophotometer (PARSONS; STRICKLAND, matrix was also performed, using the Bray & Curtis
1963; WETZEL; LINKENS, 1991). method. The Weighted Pair Group Method, using
Phytoplankton sampling was conducted witharithmetic averages, was the link method usedHer t
a plankton net (mesh size 64m) fitted with a dendrograms (WPGMA) (LEGENDRE; LEGENDRE,
flowmeter. Three-minute horizontal surface haulsewe 1998). A cophenetic value matrix was applied td tes
carried out. After collection, samples were presdrv the adequacy of fit of the cluster analysis (ROHLF;
in a 4% buffered formaldehyde/seawater solutiofrISHER, 1968). A Principal Component Analysis was
(NEWELL; NEWELL, 1963). computed based on a matrix formed by richness,
In the laboratory, 300 mL samples werediversity, chlorophylla and hydrological data. Data
homogenized and a 1 mL subsample was analyzethalyses were carried out using the Numerical
under a compound microscope. Each cell, colony oraxonomy and Multivariate Analyses System
filamentous alga was counted as an individual anNTSYS ver. 1.30, Metagraphics Software
expressed as relative abundance (%). IdentificatioGorporation, California, USA, 1987).
was based on the phytoplankton literature
(PERAGALLO; PERAGALLO, 1897-1908;

Rio Beberibe

Recife

0' [
)

/\WI

Oceano
Atlantico
Rio
do Pina do Pina
ST = Station R

Fig. 1. Study area and sampling station (ST) inftbe Basin of Recife (Pernambuco, Brazil).
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A non-parametric Kruskal-Wallis test was nitrite+nitrate, phosphate and silicate) was found
applied (BioEstat 3.0) to test significant differeac between spring and neap tides. Water temperature
(p<0.05) between dry and rainy seasons and betwegaried between 27°C and 32.6°C, the higher values
tides, based on the physicochemical and biologicdieing recorded in the late morning and early aftem

parameters. when the sunlight was more intense. Salinity varied
between 21 and 36 during the dry season and ranged
REsuLTs from 1 to 8 during the rainy season (Figs 2A, B;sFig
3A, B). Water transparency varied from 0.1 m torh.0
Physical Environment and higher values were recorded during the flodd ti

of the spring and neap tides in both seasons s
No significant difference (p>0.5) in the D; Figs 3C, D). The pH was > 7.0 the larger parthef
abiotic parameters (water temperature, salinityime. In general, temperature, salinity, transpayen
transparence, particulate organic material, pHand pH were significantly higher during the drysma
dissolved oxygen, dissolved oxygen saturation taXp<0.05).
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Fig. 2. Temporal variation of abiotic variablesfie Port Basin of Recife (Pernambuco, Brazil) dytime dry
season (January 25-26 and February 02-03, 200%¢: 8@ = spring tide, NT = neap tide, ET = ebb tide
= low tide, FT = flood tide and HT = high tide.
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Fig. 3. Temporal variation of abiotic variables tire Port Basin of Recife Estuary (Pernambuco, Brazi
during the rainy season (June 07-08 and 14-15,)20Q@fe: ST = spring tide, NT = neap tide, ET = ¢ile,
LT = low tide, FT = flood tide and HT = high tide.

The suspended particulate material (SPM}ignificant differences between ET and LT (p=0.006)
varied from 8.0 mg t to 187 mg [}, with higher ET and HT (p=0.010), LT and FT (p=0.001) and LT
values during flood and high tides in the rainyssea and HT (p=0.002). However, no significant
(Figs 2C, D; Fig. 3C, D). differences were observed between tidal stages (ET,

No significant difference (p>0.05) was found FT, LT, and HT) or between dry and rainy seasons
between ebb tide (ET), low tide (LT), flood tideT)F (p>0.05). The dissolved oxygen saturation rate edng
and high tide (HT) in terms of temperature, sajinit from 6.93% to 145.45%, with lower values in the
pH, transparency and suspended particulate materighiny season during low tide and higher valueshin t
However, significant differences were found betweerry season during flood and high tide (Figs 2B5;igs
dry and rainy seasons (p=0.000). 3E, F). Significant differences occurred between ET

The dissolved oxygen was lower during lowand FT (p=0.006), ET and HT (p=0.013), LT and FT
tide and higher during the spring and neap floddgi (p=0.007) and LT and HT (p=0.014) and between
(Figs 2E, F; Fig. 3E, F). The minimum value was?2.7 seasons (p=0.004).

ml LY and the maximum was 6.24 mltL with
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Nitrite+nitrate ranged between 3.80 uM andseason and 21 (22.11%) in the rainy season.
59.75 uM. Silicate ranged between 10.70 uM an€yanobacteria were present with 4 taxa (7.69%lén t
133.89 uM, with highest concentrations during thalry season and 13 taxa (13.68%) in the rainy season
rainy season (Figs 2G, H; Figs 3G, H). No significa Dinoflagellates were present only in the dry season
differences were found among tidal stages (ET, LTwith one taxon (1.92%) and the euglenophytes were
FT, HT). Significant differences occurred between d present only in the rainy season with three taxa

and rainy seasons (p=0.000). (3.16%) (Table 1).
In general, silicate content presented a The taxonomic richness ranged from 5 to 42,

similar distribution to nitrite + nitrate, with higst with highest values during the rainy season (Fi§s 5

values in the rainy season (Figs 2G, H; Fig. 3G, HB, C, D) and significant seasonal differences

However, concentrations higher than 10.70 uM in an{p=0.000).

season indicate that the environment has a great The  phytoplankton  community  was

abundance of this nutrient. Significant differenceglominated byHelicotheca tamesiéShrubsole) Ricard

were recorded between seasons (p<0.05) but r§80.72%) during the dry season at the spring tittk a

differences were found among tidal stages. by Coscinodiscusp. (60.87%) at neap tide (Table 2).
The phosphate varied from 1.50 uM to 16.40dn the rainy seasotGoscinodiscus centraliShrenberg

MM and was abundant during the dry season (Figs 2@3.54%) dominated in the spring tide dDskcillatoria

H; Fig. 3G, H). Significant differences were obstv sp. (56.16%) in the neap tide (Table 3).

between ET and HT (p=0.035), LT and HT (p=0.001) Most taxa (62.59%) occurred sporadically,
and between dry and rainy seasons (p=0.000). followed by those of low frequency of occurrence
(28.78%), of frequent occurrence (7.19%) and of/ver

Phytoplankton frequent occurrence (1.44%). The spe@essillatoria

Chlorophyll-a concentrations varied between sp. (84.38%) andAulacoseira granulatalEhrenberg)
3.30 mg n? and 54.40 mg i, with higher values at Ralfs (71.88%) were the most frequent (Table 1).

the low neap tide during the dry season (Figs 4A, B, The specific diversity index ranged from
C, D). There was no significant difference amongltid 1.06 bits cet (high tide) to 3.74 bits cél(ebb tide)
stages or between seasons. during spring tide in the dry season (Fig. 5A, BDg,

A total of 127 taxa were identified: 52 in the Low species diversity was caused by the dominahce o
dry season and 95 in the rainy season. In bottoseas Helicotheca tamesjs Coscinodiscus centralis
diatoms were the group that most contributed t@oscinodiscus kutzingiiSchmidt and Aulacoseira
species richness. There were 40 diatom taxa (76.92%ranulate(Table 2; Table 3). There was no significant
in the dry season and 58 (61.05%) in the rainyaeas difference among tidal stages or between seasons.
There were 7 chlorophyte taxa (13.46 %) in the dry

60
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Fig. 4. Temporal variation of chlorophyl-(mg m® in the Port Basin of Recife Estuary
(Pernambuco, Brazil) during the dry season (Jan@8f26 and February 02-03, 2005) and rainy
season (June 07-08 and 14-15, 2005). Note: STirgspde, NT = neap tide, ET = ebb tide, LT =
low tide, FT = flood tide and HT = high tide.
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Table 1. Microphytoplankton species checklist fog Pina Basin Estuary, Recife, Brazil, during theskason (January 25-26
and February 02-03, 2005) and rainy season (Jur@B8Cahd 14-15, 2005).**Comments: Habitat and species typical or
frequent in areas: plan = planktonic, tyco = tyemftonic, fw = freshwater algal, est = estuarires, .1 neritic, oc = oceanic,
vire = very frequent species, fre = frequent spedfee = low frequency species, espo = sporadécisg. Note: ST= spring
tide, NT = neap tide, ET = ebb tide, LT = low tidi; = flood tide and HT = high tide.

DROUGHT PERIOD

TAXA DRY SEASON RAINY SEASON OBSERVATIONS*?

ST | NT ST [ NT
CYANOPHYTA
Anabaenasp. ET ET, LT, FT, HTFT, HT, ET, LT Ifre
Chrooccocus dispers&eissler) Lemmermann HT FT, HT, ET plan, fw, vfre
Chrooccocus minofKutzing) Naegeli LT tyco, fw, spo
Chrooccocusp. LT spo
Dactylococcosis acicularisemmermann ET plan, fw, spo
Geitlerinemasp. ET, LT, FT LT, FT, HT vire
Lyngbya versicolofWartmann) Gomont ET,LT,FT FT, HT, ET, LT tyco, fw, spo
Lyngbyasp. FT LT fre
Merismopedia tenuissimammermann LT tyco, fw, spo
Oscillatoria princepsvaucher ET, LT tyco, fw, spo
Oscillatoria tenuisAgardh ET ET,LT,FT FT,HT,ET, LT tyco, fw, spo
Oscillatoria sp. ET, LT, FT, HT FT, HT, ET ET, LT, FT FT,HT, ET, LT vire
Phormidiumsp. ET spo
Planktolyngbya microspir&om. & Cronb. ET,LT,FT FT, HT, ET, LT plan, fw, Ifre
EUGLENOPHYTA
Euglena acughrenberg ET LT plan, fw, spo
Euglena spirogyr&hrenberg LT plan, fw, spo
Euglena sp. LT spo
DINOPHYTA
Ceratiumsp. HT FT, HT spo
BACILLARIOPHYTA
Actinocyclussp. ET, LT, EM spo
Amphiprora paludos&mith ET tyco, ner, spo
Amphiprorasp. ET spo
Anomoeoneis seriar{Brébisson) Cleve ET tyco, fw, spo
Asterionellopsis glaciali§Castracane) Round HT tyco, ner, spo
Aulacoseira granulat§Ehrenberg) Ralfs ET, LT, FT HT, LT ET, LT, FT, HTFT, HT, ET, LT plan, fw, vfre
Auliscussp. ET FT, HT, ET, LT Ifre
Biddulphia biddulphian&mith ET ET tyco, ner, spo
Biddulphia tridensEhrenberg LT tyco, ner, spo
Biddulphiasp. ET, LT, FT, HT FT, HT, ET, LT LT Ifre
Campylodiscus clypeushrenberg LT, FT tyco, ner, spo
Campylodiscusp. ET spo
Cerataulus turgidughrenberg FT, HT FT tyco, ner, spo
Cerataulussp. FT ET spo
Chaetoceros coarctatusauder HT plan, oc, spo
Chaetocerosp. ET, LT, FT, HT FT, HT, LT Ifre
Climacosphenia elongatailey ET tyco, ner, spo
Coscinodiscus centrali&hrenberg ET, LT, FT, HT ET, FT plan, oc, Ifre
Coscinodiscus curvatulusrunow LT plan, oc, spo
Coscinodiscus kutzingBchmidt ET, LT, FT, HTFT, HT, ET, LT plan, oc, Ifre
Coscinodiscusp. ET, LT, FT, HT FT, HT, ET, LT ET, FT FT, HT, LT fre
Dimerogramma dubiurGrunow ET, FT tyco, ner, spo
Diploneis smithii(Brébisson) Cleve FT tyco, ner, spo
Epithemiasp. LT FT spo
Eunotiasp. ET spo
Fragilaria capucina(Desmaziere) Kitzing LT tyco, fw, spo
Fragillaria sp. ET spo
Grammatophorap. ET LT spo
Gyrosigma balticunEhrenberg) Cleve ET, LT FT, HT, ET, LT ET, LT LT plan, est, Ifre
Gyrosigma strigili(Smith) Griffith & Henfrey ET spo
Helicotheca tamensiShrubsole) Ricard ET, LT, FT, HT FT, HT, ET, LT plan, ner, Ifre
Hyalodiscussp. ET, LT, FT,HT HT, ET, LT Ifre
Licmophora flabellatgCarmichael) Agardh HT LT tyco, ner, spo
Licmophorasp. LT, FT, HT HT, ET, FT Ifre
Lyrella lyra (Ehrenberg) Karayeva ET, LT, FT LT tyco, ner, Ifre
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Table 1. Continuation
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TAXA

DROUGHT PERIOD

DRY SEASON RAINY SEASON OBSERVATIONS*?

ST | NT ST [ NT
CYANOPHYTA
Melosirasp. ET, LT HT, LT Ifre
Navicula gracilisEhrenberg LT tyco, ner, esp
Navicula marinaRalfs LT tyco, ner, spo
Naviculaspp HT ET ET, LT, FT, HTFT, HT, ET, LT spo
Nitzschia angularisSmith ET, FT, HT ET, LT tyco, est, Ifre
Nitzschia constrictgKutzing) Ralf LT tyco, ner, spo
Nitzschia distan&regory FT plan, oc, spo
Nitzschia fasciculat&runow ET, LT, FT, HT est, Ifre
Nitzschia insignissregory FT tyco, est, spo
Nitzschia linearigAgardh) Smith ET tyco, fw, spo
Nitzschia longissiméBrébisson) Grunow LT ET tyco, fw, spo
Nitzschia lorenzian&runow ET, LT, FT tyco, fw, spo
Nitzschia maxim&runow FT est, spo
Nitzschia sigm&Ktzing) Smith ET, LT, FT, HT tyco, fw, Ifre
Nitzschia sigmoideé&Nitzch) Smith ET, LT, FT, HT HT, LT plan, oc, Ifre
Nitzschia thermaligEhrenberg) Auerswald ET spo
Nitzschia vermicularigKitzing) Hantsch LT, FT, HT ET, LT ner, lfre
Nitzschia vitreaNorman FT fw, spo
Nitzschiasp. FT,ET ET, LT, FT, HTFT, HT, ET, LT spo
Odontella aurita(Lyngbye) Agardh ET tyco, ner, spo
Odontella regia(Shulltz.) Hendey ET, FT tyco, ner, spo
Petrodictyon gemméEhrenberg) Mann ET, LT ET, LT, FT, HT LT tyco, ner, Ifre

Pinnularia major(Kiitzing) Ehrenberg
Pinnularia tabellariaEhrenberg
Plagiogramasp.

Pleurosigma formusur@mith

Pleurosigma speciosuBmith
Pleurosigmasp.

Pleurosira laevigEhrenberg) Campére
Podocystis adriatic&itzing
Psammodictyon panduriforn{&regory) Mann
Rhabdonemap.

Rhizosolenia styliformiBrightwell
Rhizosoleniap.

Sellaphora laevissimgKitzing) Grunow
Skeletonema costatuf@reville) Cleve
Surirella spiralisKiitzing

Surirella striatulaJurpin

Surirellasp.

Synedra gailloniiBory) Ehrenberg
Synedra ulngNitzsch) Ehrenberg
Synedrasp.

Tabellaria flocculosgRoth) Kutzing
Terpsinoe americanBailey

Terpsinoe music&hrenberg
Thalassiosira eccentricéEhrenberg) Cleve
Thalassiosirasp.

Triceratium alternan8Bailey

Triceratium antedeluvianurfEhrenberg) Grunow
Triceratium pentacrinug¢Ehrenberg) Wallicia
CHLOROPHYTA

Actinastrum hantzschiiagerheim
Ankistrodesmus falcat€orda) Ralf3wille
Ankistrodesmus longissimusmmerman
Closterium dianad&hrenberg

Closterium rostratuniEhrenberg
Closterium setaceuhrenberg
Closterium striolatunEhrenberg
Closteriumsp.

Coelastrum microporuriNaegeli
Microsporasp.

Onychonemap.

ET, LT, FT, HT HT

ET
ET, LT, FT, HT FT, HT, ET, LT
LT LT
ET LT
LT, FT
LT, FT,HT FT,HT, ET, LT
ET
LT
HT
LT
ET
ET,LT,FT FT,HT, ET, LT
ET LT
ET
LT
ET

LT, FT
LT
ET, FT
ET HT, LT
ET, LT, FT, HT LT
ET
ET, FT, HT
HT FT
HT
FT
FT
FT,HT  FT,HT,ET, LT
FT
LT
ET, LT HT
LT
LT
ET
FT,HT, ET
LT FT,ET, LT
ET,LT,FT  FT,HT, ET, LT
ET
ET HT, LT
FT
FT
LT

tyco, ner, spo

tyco, ner, spo
Ifre

tyco, est, spo

tyco, ner, spo
fre

tyco, ner, Ifre

tyco, ner, spo

tyco, ner, spo
spo

plan, oc, spo
spo

tyco, oc, spo

plan, ner, spo

tyco, es, spo

tyco, es, spo
spo

tyco, est, spo

tyco, fw, spo
spo

tyco, fw, spo

tyco, est, spo

tyco, est, spo

plan, oc, esp
fre

tyco, ner, spo

tyco, ner, spo

tyco, ner, spo

plan, fw, spo
plan, fw, Ifre
plan, fw, Ifre
plan, fw, spo
plan, fw, spo
plan, fw, spo
plan, fw, spo

spo
tyco, fw, spo

spo

Spo
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Table 1. Continuation.

DROUGHT PERIOD
TAXA DRY SEASON RAINY SEASON OBSERVATIONS*?
ST | NT ST [ NT

CYANOPHYTA
Pediastrum biwaé&legoro ET, LT FT, HT, ET, LT pfre
Pediastrum dupleMeyen FT ET, LT, FT, HTFT, HT, ET, LT plan, fw, spo
Pediastrum simplekleyen FT, ET plan, fw, spo
Pediastrumsp. FT LT spo
Scenedesmus quadricaudar. longispinaChod LT, FT,HT FT, HT, ET, LT plan, fw, Ifre
Scenedesmusp. LT ET spo
Spondylosiunsp ET, LT spo
Staurastrum gracildRalfs ET, FT ET, LT HT, LT tyco, fw, Ifre
Staurastrum leptocladuNordstedt ET, LT, FT, HT FT, HT, ET, LT tyco, fw, Ifre
Staurastrum longiradiaturi/est & West LT tyco, fw, Ifre
Staurastrum subanchoi@ronbl. ET tyco, fw, Ifre
Staurastrum subindentatufWest & West) Teiling LT tyco, fw, Ifre
Staurastrunsp. ET, HT HT ET, LT, FT FT, LT Ifre

% (A) Spring tide (B) Neap tide )

5 5

-*-Richness -« Diversity

Richness
(,-199 snq) dyads sl

Richness
(,-199 snq) dyads As.pAIQ

st 2nd 1Ist 2nd
Day of the collection / Tide Day of the collection / Tide

Fig. 5. Temporal variation of biotic variables tetPort Basin of Recife Estuary (Pernambuco, Bralziting the dry season
(January 25-26 and February 02-03, 2005) (A, B)raimd/ season (June 07-08 and 14-15, 2005) (CNBXe: ST = spring tide,
NT = neap tide, ET = ebb tide, LT = low tide, FTleod tide and HT = high tide.

Table 2. Relative abundance (%) of the microphytokion species in the Pina Basin Estuary, RecifaziB during the dry
season (January 25-26 and February 02-03, 200%¢: 8@ = spring tide, NT = neap tide, ET = ebb,tidE = low tide, FT =
flood tide and HT = high tide.

DROUGHT PERIOD
SPRING TIDE NEAP TIDE
lsl Z\d lsl 2nd
ET [ o7 | FT |HT |ET [T |[FT |HT |FT [HT |ET LT [FT hHT ET LT

CYANOPHYTA

Anabaenasp. 1.69
Oscillatoria princeps 169 074
Vaucher
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Table 2. Continuation.
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DROUGHT PERIOD

SPRING TIDE

NEAP TIDE

15t

ond 15t

ET |

LT

FT | HT

ET |1 |Fm |WT [FT |WT fET uT

Oscillatoria tenuisAgardh
Oscillatoria sp.

DINOPHYTA

Ceratiumsp.
BACILLARIOPHYTA
Actinocyclussp.
Asterionellopsis glacialis
(Castr.) Round

Aulacoseira granulat4Ehr.)
Ralfs

Auliscussp.

Biddulphia biddulphiana
Smith

Biddulphiasp.

Cerataulus turgidug€hrenberg
Cerataulussp.

Chaetoceros coarctatusaud.
Chaetocerosp.
Climacosphenia elongataail.
Coscinodiscophyceae
Coscinodiscus curvatulus
Grun.

Coscinodiscusp.
Epithemiasp.

Gyrosigma balticunfEhr.) CI.
Gyrosigma strigilis(Sm.) Grif.
Helicotheca thamens{Shrub.)
Ricard

Licmophora flabellatgCarm.)
Agardh

Licmophorasp.

Lyrella lyra (Ehr.) Karayeva
Naviculaspl

Nitzschia longissiméBréb.)
Grunow

Nitzschiasp.

Odontella aurita(Lyngb.) Ag.
Odontella regia(Shulltz.) Hen.
Petrodictyon gemmg¢Ehr.)
Mann

Plagiogramasp.
Pleurosigma formusur@mith
Pleurosigmasp.

Pleurosira laevigEhr.) Camp.
Rhizosoleniasp.
Skeletonema costatum
(Greville) Cleve

Surirellasp.

Synedra gailloni{Bory) Ehr.
Synedra ulngNitzsch) Ehr.
Synedrasp.

3.39
27.12

5.08

8.47
1.69

1.69
3.39

10.17
6.78

3.39

6.78

3.39

3.39

1.69

20.74

1.48

5.93

0.74

222

10.37
0.74
1.48

0.74
3.70

222

8.89

1.48
0.74

13.66

273

273

4.37
8.20

0.55

2.73

32.24

0.55
0.55

0.55

2.19

4.92

2.19

6.02

7.23

4.82

80.72

1.20

414 21.03 588 519 16.67 11.11 500 4.17 32.61 15.00

1.30 159 083

0.83

0.83
2.08
3.13

0.87 5.00

5.00

552 513

5.56 043 435

0.69

276 051 5.19 435 159 16.67 6.52.00

7.84 1111
20.83
35.83

5.00

138 205 261 519 4.76 6.48.52  5.00

4.83 3.08 6.49 5012.1.30 2.17 10.00

3.46

2222 60.87.46 10.83 31.25 17.75 23.91 10.00
6.35
3.17

12.41 1538 22.88 9.09

250 1.04 130

0.69

4276 21.54 35.29 53.25 8.70  4.76.0015 2.08 6.52  25.00

1.30 0.87

0.51 1.30 556 159 083 2.17

1.30
1.30

0.43
1.04

41.13

1.04 6.52

0.69
5.52

0.51

051 196 1.30 0.83

19.05 1.67 313 1.73.17

3.90
0.43

9.66 513 065 3.90

0.69

051 131 130 435 159 167 11.46 4.35

0.43
1.30
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DROUGHT PERIOD

SPRING TIDE NEAP TIDE

15t

ond 15t

ET | o7

FT | Hr

SN E

Tabellaria flocculosgRoth)
Kutzing

Thalassiosira eccentricgehr.)
Cleve

Thalassiosirasp.

Triceratium pentacrinu¢Ehr.)
Wal.

CHLOROPHYTA
Closteriumsp.

Coelastrum microporurhlaeg.
Microsporasp.

Pediastrum dupleieyen
Scenedesmusp.

Staurastrum gracil&alfs
Staurastrunsp.

0.74

5.08
37.04 2131

1.69

1.69

1.69 0.55

4.83 2359 2157 38.89 21.74 26.98502 9.38 17.75 217 5.00

0.43

1.04
0.87

0.51
0.43
3.45

1.30 5.00

Table 3. Relative abundance (%) of microphytoplankspecies in the Pina Basin Estuary, Recife, Brdaring the rainy
season (June 07-08 and 14-15, 2005). Note: STirgstide, NT = neap tide, ET = ebb tide, LT = lade, FT = flood tide and

HT = high tide.

DROUGHT PERIOD

SPRING TIDE NEAP TIDE

15t

ond 15t

ET | LT

FT | HT

ET [um |FT |WT |FT W |ET uT

CYANOPHYTA
Anabaenasp.
Chrooccocus dispersus
(Keissler) Lemmermann
Chrooccocus minofKiitzing)
Naegeli

Chrooccocusp.
Cyanophyceae
Dactylococcosis acicularis
Lemmermann
Geitlerinemasp.

Lyngbya versicola(Wartmann)
Gomont

Lyngbyasp.

Merismopedia tenuissima
Lemmermann

Oscillatoria sp.
Oscillatoriaceae
Phormidiumsp.
Planktolyngbya microspira
Komarek

EUGLENOPHYTA

Euglena acu&hrenberg
Euglena spirogyr&hrenberg
Euglenasp.
BACILLARIOPHYTA
Amphiprora paludos&mith
Amphiprorasp.
Anomoeoneis seriar{8réb.) Cl.
Aulacoseira granulata
(Ehrenberg) Ralfs
Bacillariophyceae
Biddulphia tridens€Ehrenberg

0.98 4.68

15.20
7.60

3.7
1.47 0.52
0.34 0.13

5.74
0.34

21.77

1.37 144 055

0.21
0.05

0.05
27.66 47.23

6.52  0.62

030 031 0.19 072 025

0.38

2.53 4.32

0.19 0.37 020 038

0.48

0.21

1 8.73 5.98 0.56 21.96121711.68 47.71 095 212 50.84 34.77

0.11

0.53 056 1545 2.86 039 132

0.14
0.36

0.11

0.08 0.58 3.38 0.80 0.95 10.10.32

0.88

21.96 56.16 25.868.92 49.47 2760 10.56 13.72
37.16 0.38 2.321.04
0.34

3.39 0.69 0.19

9.86 27.48 4.84

10.33

151 023 1.00 040 151 172 131 0.99 3.95

0.08 0.24

0.08
0.11

0.08

37.60 35.09 2267 39.89 37.01
264 1.28

2,03 06.07.09 4.58 16.32 19.96 17.97 9.96

021 131 3.12 1.34 0.21

0.11

2.44
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DROUGHT PERIOD

SPRING TIDE

NEAP TIDE

15t

2nd

15t

ET | LT

FT | HT

ET | LT |FT |HT

FT

HT  |ET

LT

Biddulphiasp.
Campylodiscus clypeushr.
Campylodiscusp.
Cerataulus turgidu€hrenberg
Cerataulussp.
Coscinodiscophyceae
Coscinodiscus central&hr.
Coscinodiscus KutzingBchm.
Coscinodiscusp.
Dimeregramma dubiur@run.
Diploneis smithii(Bréb.) Cleve
Eunotiasp.

Fragilaria capucina(Desm.)
Kiitzing

Fragillaria sp.
Grammatophorap.
Gyrosigma balticun{Ehr.) CI.
Hyalodiscus sp.

Melosirasp.

Navicula gracilisEhrenberg
Navicula marinaRalfs
Naviculaspl

Naviculasp2

Nitzschia angulari$Smith

Nitzschia constrictgKutzing)
Ralf

Nitzschia distan§&regory
Nitzschia fasciculat&runow
Nitzschia insignisregory
Nitzschia linearigAg.) Smith
Nitzschia longissiméBréb.)
Grunow

Nitzschia lorenzian&runow
Nitzschia maxim@runow
Nitzschia sigmdKiitz.) Smith
Nitzschia sigmoideéNitz.) Sm
Nitzschia thermali¢Ehr.) Aue.
Nitzschia vermicularigKutzing)
Hantsch

Nitzschia vitreaNorman
Nitzschiasp.

Petrodictyon gemmgEhr.) M.
Pinnularia major(Kiitz.) Ehr.
Pinnularia tabellariaEhr.
Pleurosigma speciosuBmith
Pleurosigmasp.

Pleurosira laeviEhr.) Camp.
Podocystis adriatic&utzing
Psammodictyon panduriforme
(Greg.) Mann

Rhabdonemap.

Rhizosolenia styliformiBrigh.
Sellaphora laevissimgKiitzing)
Grunow

Surirella spiralisKutzing

0.05

0.05
27.12
0.98

0.05
0.15
0.15
1.18
2.16

0.29

0.05

0.10

0.29

0.10
0.54

0.78
191

0.05
0.25
0.34

1.03

15.61
0.21

0.21
35.73

0.41
0.41

0.41

1.03

0.62

0.62

0.10

0.10
27.81

0.03

0.20
0.07
0.16

0.46

0.13
0.07

0.33
0.46

0.33
0.07
1.01
5.86
0.03
0.03

1.56

0.03

0.03

0.10
53.54

23.19 16.30 17.66 45.42

0.53
0.08

0.10
1.05

0.10
0.10

021 0.30

021 0.75

0.08

0.08
0.68

0.31
0.10

0.10

1.28
8.66

0.21
5.83

021 1.28
0.10

0.10
0.10

0.27

0.39

0.04

0.08
0.19
13.59

0.04

1.09
0.08

0.08
0.08
0.08

0.31

0.08
0.08

0.04

1.05

3.53
0.04
0.04

1.24

0.16

3.72

1.28
0.07

0.48

0.34

0.56

0.64 0.24

2.24

0.08

0.07 019 034

0.14 0.75

0.08

0.75

0.07

0.37 0.08

0.14

3.28 0.56

9.72

0.68
0.40

0.64
0.93 0.88

0.34

0.68

2.72

1.76

0.88.38 0

0.25

3.89
.48 2
0.25

263 340

2.34

6.91

0.21
0.11

0.10.16
0.05

021 0.21

0.05

0.11

0.16 0.42

0.26 0.32

0.57

0.25

2.82
2.63

0.19
0.19

0.19

0.19

0.19

0.56
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DROUGHT PERIOD

SPRING TIDE

NEAP TIDE

15t ond

18t ond

ET | LT

FT | HT | ET | LT [FT |HT

FT HT [eT fir [FT W [ET T

6.78 0.78
4.27

0.14

Surirella striatulaJurpin
Surirellasp.

Synedrasp.

Terpsinoe americanBailey
Terpsinoe music&hrenberg
Thalassiosira eccentrica
(Ehrenberg) Cleve
Triceratium alternandailey
Triceratium antedeluvianum
(Ehrenberg) Grunow
CHLOROPHYTA
Actinastrum hantzschiiag.
Ankistrodesmus falcaty€orda)
Ralfs Wille

Ankistrodesmus longissimus
Lemm.

Chlorophyceae

Closterium dianaé&hrenberg
Closterium rostratunthr.
Closterium setaceurshr.
Closterium striolatunEhr.
Closteriumsp.
Onychonemap.

0.04

0.25 0.12

0.08

0.04

0.93 0.13 0.30 0.04

0.74 021 0.72 0.90 054 1432

0.08

0.19

0.25 042 0.74 0.19

0.19
0.21

0.64 0.21

0.05 0.20 0.38

0.34 0.75 042 170 0.20

0.08 8.42 15.53 12.7842 10.90

251

4.01

1.68.07 0.88 1.34 775 405 827

0.11
0.24 0.38
0.13
0.25
0.34 0.21

0.68

0.05 0.62 263 053 0.10.38
1.32232. 049 113

0.11

0.15
0.08

0.08
0.04

0.08 2.64
2.76

0.38

Pediastrum biwa&legoro
Pediastrum dupleMeyen
Pediastrum simplekMeyen
Pediastrum sp.
Scenedesmus longispi@od
Scenedesmusp.
Spondylosiunsp.
Staurastrum gracil&alfs
Staurastrum leptocladumor.
Staurastrum longiradiatum
West and West
Staurastrum subanchora
Gronbl.

Staurastrum subindentatum
Staurastrunsp.

0.10 0.07 0.19 0.68 0.38

0.53
0.11

0.03

0.07 0.10 0.04 0.08 0.63 0.19 0.19

0.10
0.05 3.93
0.19

0.50

0.05
1.47

0.12
1.16

0.04

0.08

411 049 073 143 0.16 0.26 32 0. 0.19

0.05

0.19

0.41 0.15 031 0.28 0.13 0.21

The first two PCA components accountedHowever, no significant differences were observed
for 67.59% of the total variation. The first factoramong the stages or between spring and neap tides.
accounted for 53.39% and the second for14.20%. The
bi-dimensional projection shows two groups of
variables with high internal correlation. Group A ) ) )
includes ~ salinity, ~water temperature, water A multitude of physical, chemical and
transparency and phosphate and characterizes yhe @ological processes affect organisms in marin@sre
season. Group B brought together species richned/ANN, 1982). These processes operate over a range
nitrogen (nitrate+nitrite), silicate and suspended®f spatial and temporal scales (TAGUSHI; LAWS,
particulate matter and characterized the rainycseas 1987) that must be considered when explaining
The dissolved oxygen and chlorophgliwere related variability in the structure, function and distritmn of

to the second axis and were inversely correlatetigo Phytoplankton communities. In the tropics, this
species diversity (Fig. 6). variability is highly affected by seasonal changes

From the similarity analysis of the samples it/@infall (SOURNIA, 1969). Seasonal rainfall in
was possible to distinguish two groups of specie§opical areas produces temporal and regional
corresponding to the dry and rainy seasons (Fig. #jfferences in river discharge. This induces

when significant differences (p=0.001) were observe fluctuations in salinity, nutrient concentrations,
turbidity and biological productivity.

Discussion
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Fig. 6. Principal Component Analysis of the PoasB of Recife Estuary
(Pernambuco, Brazil) during the dry season (JanR&f26 and February 02-
03, 2005) and rainy season (June 07-08 and 14-065)2 Note: CL =
chlorophylla, DIV = species diversity, P = phosphate, SPM =pended
particulate matter, N = nitrite+nitrate, RIC = nuenbof species, DO =
dissolved oxygen, SL = salinity, SIL = silicate, Foxygen saturation rate, TE
= water temperature and SEC = water transparency.
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Fig. 7. Multidimensional scale of samples from Bat Basin of Recife Estuary (Pernambuco, Brazibird) the
dry season (January 25-26 and February 02-03, 20@b)ainy season (June 07-08 and 14-15, 2005).
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Previous research in the port of Recife andbserved in many other urban areas (e.g., ALMEIDA
adjacent estuary shows that rainfall, Capibaribe anet al., 2002; ODEBRECHT et al., 2005).
Beberibe Rivers and Pina Basin run-off affect the The higher phytoplankton richness in the
harbor area and produce temporal and spatial ceangainy season was influenced by the input of fresbwa
in the dynamics of coastal waters and phytoplanktogpecies (chlorophytes and cyanobacteria). However,
standing crops (FEITOSA; PASSAVANTE, 1990;diatoms were the dominant phytoplankton group and
RESSURREICAO et al., 1990; FEITOSA et al.,some high density speciesHdlicotheca tamesijs
1999). The port of Recife presents features typpfal Coscinodiscus centrali€oscinodiscus kutzingiivere
estuarine waters during the rainy season when funafften responsible for the low diversity index. This
is high and nutrients are abundant. Later, thesgroup of species is predominant in other tropical
nutrients fuel the phytoplankton blooms thatestuaries under marine influence, probably dubeo t
commonly occur during the next dry season, when theuryhaline characteristics (ESKINAZI-LECA et al.,
river discharges decrease appreciably. 2000; KOENING et al., 2003; LACERDA et al., 2004;
These blooms in the dry season bring aboWELO-MAGALHAES; KOENING; SANT'ANNA,
conditions of high productivity and create an2004; ROSEVEL DA SILVA et al., 2005; GAMEIRO
unbalanced area. In our study, the high chloropdyll et al., 2007).
values were associated with high nutrient loadsckvhi The exceptionally high numbers of
enhance the eutrophication recorded in the adjacedhlorophytes and cyanobacteria species (mainly
Pina Basin (FEITOSA; PASSAVANTE, 1990; Anabaena, Oscillatoria, Pediastrum, Scenedesamas
FEITOSA et al., 1999; NASCIMENTO et al., 2003) Staurastrur in the rainy season were caused by the
and other coastal environments (VARELA; PREGOjntense freshwater flux. This condition and thénatff
2003; MELO-MAGALHAES:; KOENING; of these groups with high nutrient concentraticngf
SANT'ANNA, 2004). their development, instead of the development loéot
During this study, dissolved oxygen, photosynthesizing organisms (GRAHAM; WILCOX,
saturation rate and phosphate showed significa@000). Chlorophytes were the second group in terms
differences with respect to changes in tidal stagesf species richness. In general, this group isntlost
which suggests a great influence of the mixturémportant component of oligotrophic and eutrophic
between river flux and marine waters. Additionally,continental waters (BICUDO; PARRA, 1995).
wind action can cause upwelling in shallow areas, In our study we observed a great interplay of
causing resuspension of particulate matter andariables influencing the rate of phytoplankton
nutrients (McLUSKY; ELLIOT, 2004). The other photosynthesis (e.g., nutrient limitation, light
physical, chemical and biological parameters showelimitation) and factors influencing species comgiosi
no significant differences with low variation dugin (e.g., tides, salinity). Rainfall influenced seadona
the day, probably resulting from the mixing of thes variability with high inputs of nutrients and sedints.
water masses. Research into primary production in similar
Although nutrients appear to be available forenvironmental conditions has shown that inputs
the production of large quantities of phytoplankion stimulate phytoplankton growth when light condion
the study area, maximal production is apparentlmprove and that primary productivity decreases as
achieved only during neap tides in the dry seasen d turbidity increases (FEITOSA; PASSAVANTE, 1991,
to greater water transparency and duration 0f993; RESSURREICAQ; PASSAVANTE;

residence. In this time period, phytoplankton digpd
an enhanced biomass with chlorophy/firalues up to
55 mg .

According to McLusky and Elliot (2004),
three factors limit phytoplankton production: tutity
can limit the penetration of light, shallowness mea

MACEDO, 1996; ESKINAZI-LECA; KOENING;
SILVA-CUNHA, 2000).

When primary production is high,
eutrophication can lead to harmful algal bloomshia
phytoplankton. Even in this case, total primary
production will not necessarily change, but the

that blooms may not develop and the growth rate afhanges in nutrient concentrations and ratios may

phytoplankton may be less than the flushing ratinef
estuary.

influence the species composition of phytoplankton
and have profound ecological implications (DAY JR.

The estuarine area adjacent to Recife Harbaet al. 1989).

presents eutrophic to hyper-eutrophic conditiorfss T
is typical of urban estuaries with strong anthragig
impacts (e.g., dredging processes,

Studies carried out by Marone et al. (2005)
close to a port in the Paranagua Bay suggest that

dumping dfutrophication processes and their consequenags (e.

municipal sewage), as documented for the Pina Basoxygen depletion) tend to be more intense durirg th

(FEITOSA; PASSAVANTE, 1990; FEITOSA et al.,

net heterotrophic rainy period and care shouldakert

1999; NASCIMENTO et al., 2003) and the Capibaribeéo minimize the effect of the sewage load on the
River (KOENING et al., 1995). This process has beeenvironment, especially during the rainy season.
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