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ABSTRACT

A study of the structure of the plankton commualtng the coastal zone of the Casa Caiada-Rio Darea

(Pernambuco, Brazil) is presented. The results inbthindicated that in the protected zones the mptesented
high turbidity, high temperature, low salinity amgh nutrient and oxygen rates. All of these cdodg& were
responsible for the reduction in plankton diversiyd an increase in the biomass of the most opputia (r-

strategist) species e.@yrosigma balticumand Bacillaria paxillifera (Phytoplankton)and Euterpina acutifrons
(Zooplankton). The differences found with respedithers area studies performed in pristine condii indicated
that plankton structure could be used as an enwiremntal health indicator and that, in this spec#iea, it was
indicative of a poor quality coastal environment.
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INTRODUCTION (1970), Passavante (1979) and Paranagua et al.
(1979), etc These studies have been focused
The dynamic structure of plankton communitiesnainly in estuaries of the littoral and continental
(diversity, abundance, distribution, temporalshelf of Pernambuco (Fig. 1) reflecting the
changes) depends on the local environmentglanktonic structure in relatively pristine areas
conditions é.g.Linden et al., 1992; Shushkina and(considering these areas as zones with a low
Vinogradov, 1992; Fernandez et al993 and human influence). In contrast, large variations in
Kokuirkina and Mikaelyan, 1994).In the diversity, biomass and productivity of the
Pernambuco coast area the structure an@anktonic communities have been observed in
characteristics of the planktonic communities havétressed environments.g.Ottman et al., 1965/66;
been studied since the 60’s by Paranagua (196Bskinazi et al., 1997; Webber and Webber, 1998;
1967/69), Eskinazi and Sat6 (1966), Eskinazkinton and Warner 2003; Koening et 2003).
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In the Olinda beaches the main anthropogeninow protected by seven detached (parallel)
disturbance has been the presence of several groimgakwaters and two terminal groins at its ends,
and breakwaters which were built between 50'slelimiting three main "bays" (Fig. 1).
and 90’s. These structures fully changed th&he local maximum depths in the sheltered
environmental conditions of the zone by creating aone were 4.0 m (bay 1), 1.5 m (bay 2) and 0.5 m
highly sheltered area where water renovation habay 3) with respect to the low tide. Due to the
been clearly prevented, specially in comparisomprotective effect of the structures against the
with the original conditions. waves, water renovation in the protected area was
To assess how the typical planktonic communitiemainly controlled by tidal currents (Pergi2001
could be altered/conditioned by perturbationsand Pereira et a004). The tides in the area were
introduced by man in the coastal zone, such asemidiurnal with average height of 2.10 m (DHN /
alterations of the coastal configuratior.g. Tide table — Recife’s Harbour).
construction of structures modifying the nearshordwo field campaigns were undertaken to
hydrodynamics and sediment transport and as Gharacterize the structure of the planktonic
result, changing the coastal "shape”, (see, Pereircgmmunities in the area, one during the wet season
et al. 2000; Pereira, 2001 and Pereira etial., in July/1998 and the other during the dry season in
Press) and degradation of the environmentdfebruary/1999. In each campaign, physical (wind,
conditions e.g. sewage outfalls with the wave, tide and currents), chemical (hydrological)
consequent water pollution (see, Pereira, et aland biological (plankton) variables were measured
1996; Pereira et al. 2003a and Pereira et alin the sheltered areas (shoreward of the
2003b), a study was undertaken in a highlyoreakwaters) and open waters (seaward of the
stressed coastal area of Olinda. Thus, the aim bfeakwaters) during spring tidal phases, flood
this study was to characterize the structure of thend ebb tides (see Fig. 1 for measurement
planktonic communities along the coastal zone dbcations). Hydrological measurements and
the Casa Caiada-Rio Doce area and to relate thgotankton sampling were performed in the same
to the natural and anthropic environmentaktations (Fig. 1). Meteorological data were
conditions. This is an important issue in assessingcorded using a Testo Term (Testo-440)
the status of the area, due to the key role of thenemometer in six stations throughout the study
plankton in the marine food chain. Assuming thatirea (Fig. 1), complemented by precipitation and
the plankton must directly reflect the health of theevaporation data obtained from the Brazilian
area, it should be used as an environmentdational Institute of Meteorology.
indicator (Haikui and Jiachong, 1992; Rosenstrontydrological data were obtained from the analysis
and Lepisto, 1996; Stemberg and Miller, 1998pf water samples collected with Nansen
Linton and Warner, 2003). oceanographic bottles and temperature sensor. The
main variables determined were suspended
particulate material, dissolved oxygen, salinity and
MATERIAL AND METHODS dissolved nutrients (nitrite, nitrate, phosphate and
silicate). Water samples were filtered through a
The study area was the Casa Caiada-Rio Doggass microfiore filter (GF/C) to determine
beach complex, a 4.5 km-long sandy coastlinsuspended particulated material. Salinity was
located at the northern end of Olinda Citydetermined by the Morh-Knudsen method,
(Pernambuco, NE Brazil) (Fig. 1). Thedescribed by Strickland and Parsons (1972),
characteristics of this coastal area werglissolved oxygen by the Winkler method,
determined, first by those of the surroundingdescribed by Strickland and Parsons (1968) and
coastal sea and second, by the potential influencissolved nutrient salts according to Strickland and
of urban activities. In this way, the environmentalParsons (1972) and Grasshoff et al. (1983).
status of this area could be used to "track" th&urface current velocities were measured with a
human influence on a "natural” system. Sensordata SD30 currentmeter at 23 stations
The present beach configuration was the result gfovering the study area (Fig. 1). Simultaneously,
the construction of several structures along thocal water levels were controlled by graduated
coast that were built to mitigate and prevenpoles located in each bay. A non-parametrical
shoreline erosion problems occurring in the areatatistical test (Wilcoxon) was performed to
since the 70’s. Thus, the originally open beach iexamine the significance of differences in
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hydrological data between wet and dry seasonsf 65 pm and 300 um. The plankton was
high and low tides and inshore and offshore sites.conditioned in plastic bottles and preserved in 4%
To characterize the distribution and compositiorbuffered formaline (Newell and Newell, 1963). In

of the plankton organisms greater than |&%,

laboratory, samples of sizes > and >30Qum

surface samples of two plankton size groups wergere filtered and weighed to determine the
processed by filtration of 200 | of water collectedbiomass (Omori and Ikeda, 1984).
with plastic buckets through nets with mesh sizes
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Figure 1 - Pernambuco coast and area of study showing measntdocations® currents,A
meteorological stationsh (inshore) and] (offshore) hydrological and biological
sampling stationsy> domestic sewage outfalls, Brk Breakwater.

A mesh of 30Qum to separate the organisms of theFor zooplankton analysis (> 30Qum) all
macrozooplankton collected in the nets with mesimdividuals (entire sample) were examined,
sizes of 65um was used. For zooplanktoncounted and keyed to different taxonomic
organisms between 65 — 300 three aliquots (1 mbategories under a stereoscopic microscope. Some
from each sample were analyzed in a Sedgwickzooplanktonic individuals were identified to
Rafter chamber under a stereoscopic microscopspecies level, while others were usually keyed to
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family, order or class categories, according tRESULTS

Boltovskoy (1981), Matsumura-Tundisi (1986),

Cristi (1986) and Todd and Laverack (1991). Hydrodynamics

The floristic composition was based onThe presence of the breakwaters along the study
identification of the specific and infra-specific area shelters from wave action, preventing its
taxa. For the quali-quantitative studies, sulsignificant role in water renovation in the bays.
samples of 0.5 ml were observed in a Sedgwickduring the field campaign, wave conditions were
Rafter chamber under a Zeiss compoun@haracterized by wave heights lower than 0.3 m
microscope. Permanent slides were made faind 0.2 m in bays 1 and 3, respectively. These
confirmation of diatom species (Muller-Melcherslow-energy wave conditions, together with the
and Ferrando, 1956). The classification schemeffects of the breakwaters, could be used to
followed Desikachary (1959), Prescott (1975)characterize as quasi-negligible the role of the
Hasle (1983), Round et al. (1990), Lange et alwaves in water circulation in the bays during the
(1992) and Thomas (1997). The quantitative dataxperiments. It demonstrated that in general, the
were used to calculate the relative abundancstrongest currents are found as expected at
(percentage of the total number of organisms dfreakwater gaps. In general, the strongest currents
each taxon in the sample in relation to the totalvere recorded during the February campaign,
number of organisms in the sample), frequency adlthough recorded wind speeds (NE-E, 3.53%n s
occurrence (percentage of samples in which eadkere lower than those corresponding to the July
organism occurred in relation to the total numbeexperiment (SE, 4.26 m™s This stresses the
of samples) and density (total numbers ofdominance of tidal forcing on the coastal
organisms per volume). circulation over wind-induced circulation, since in
The diversity index (Shannon, 1948) and evenneshe February sampling the tide amplitude was
(Pielou, 1969, 1977) were calculated to determingarger than that of July.

the structure of the plankton communities:

Hydrographic Parameters

a) Diversity index, H” The hydrographic conditionsj.e. physico -
T A chemical water properties of the study area
H _'Z pilogzp showed strong seasonal changes due to the very

=1 well-defined seasonal structure of the

environmental conditions (precipitation and

; . o ._insolation rates) and the physical constraints of the
proportion of the number of individuals of speuesstudy area (low water renovation rates in the

ni to the total number of individualpi(= ni/N), N sheltered zone owing to the presence of

s the total n_umber of |nd|V|du§1Is .aF"ﬂ ..., are breakwaters). During the wet period, the study
the respective numbers of individuals of eacr}:lrea presented the lowest recorded values of
Species. salinity and temperature. In general, changes in
water properties were recorded in the sheltered
zone (.e. landwards of the breakwaters) where
urban outfalls directly discharged. These
freshwater discharges, together with the low water
§&novation rates, the high precipitation rates and

A rrical statistical test (Kol the low evaporation rates, were responsible for a
non-parametrical statistical test (Kolmogorov-yeqrease in water salinity, reaching maximum
Smirnov) was performed to examine the

L . i ; values of 35.58 s.p. and maximum temperature
significance of differences in plankton density dat"’\‘/alues of 28.34 °C in the sheltered zone (bay 3)

betvv_een wet and dry seasons, high and low tidegis season also recorded the highest oxygen

and inshore and offshore sites. concentrations (with a maximum of 7.22 M.l
and greatest water turbidity, with maximum
suspended particulate water concentrations of
0.0193 g.f again in the sheltered zone (bay 3).
During this period, they were registered the

where S is total number of specieqi is the

b) Evenness,
J=H"/LogS

The evenness, varying between 0 and 1, indicat
the degree of equitability of the community.
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highest nutrient concentrations, except to nitritBacillariophyceae were dominant, with a relative
(Fig. 2). abundance (percentage of the total number of
During the dry season, the study area presented tbeganisms of each taxon in the sample in relation
highest recorded values of salinity andto the total number of organisms in the sample) of
temperature. Again, the sheltered zone showed t18€.2% and 71.8%, during the wet and dry seasons
highest values, mainly due to the low waterespectively (Table 1). The total number of species
renovation. The decrease in freshwater dischargecorded throughout all the experiments was 59.
and the high insolation rates caused this area fouring the wet season, the highest densities of
present the highest water salinity (maximumorganisms were found at low tide in the sheltered
values of 36.6 s.p.) and temperature (maximuraone of Rio Doce (bay 3) with maximum values of
values of 32.4 °C) in the sheltered zone (bay 35.0x10 cell.m®. At high tide, concentration values
The environmental conditions during this periodwere almost uniform throughout the area, except
were responsible for high oxygen concentrationfor the sheltered zone of bay 1, where a peak of
with a maximum of 6.8 mii and lowest 3.1x1C cell.m® was detected (Fig. 3). The species
suspended particulate matter concentrations witwith the highest densities (considering all the
maximum values of 0.017 @, both in the stations) were&syrosigma balticumandBacillaria
sheltered zone (bay 3) (Fig. 2). The lowest nutrierpaxillifer. During this season, 42 of the total 59
concentrations were registered during this periodecorded species were found, the most frequent
except to nitrite (Fig. 2). (the percentage of samples in which each organism
There were significant differences (p<0.01)occurred in relation to the total number of
between the temperature measured during the weamples) being Gyrosigma balticum (91%),

and dry seasons, high and low tides and inshoferagilaria capucina (75%), Coscinodiscussp.
and offshore sites. On the other hand there wel®8%), Bacillaria paxillifera (50%) and
significant differences (p<0.01) for salinity, Asterionellopsis glaciali§42%).

suspended particulate, nitrate and phosphatEhe diversity in terms of information content was

obtained during the wet and dry seasons. systematically higher in the offshore locations
(seaward of the breakwaters) than those of the
Plankton Biomass corresponding inshore areas. Diversity values

Fig. 3 shows the total biomass of organisms in thmcreased northwards (from bay 1 to bay 3), with
study area during the experiments. In generahinimum values of 0.92 bits.iffdand 2.0 bits.ind
terms, the highest biomass values were founuh the inshore and offshore sites, respectively and
during the wet season in the sheltered zonenaximum values of 2.1 bits.iffdand 3.48 bits.ind
During this season, the highest values were foundin the inshore and offshore sites, respectively
for plankton between 65 - 3Q0n in bay 3 (17500 (Fig. 4). Because equitability increased with the
mg.nm°) and bay 1 (11800 mg:ih at low tide peaks of species diversity and/or number of
(inshore  location). These locations arespecies, the highest values were found in the
characterized by the presence of domestic sewagffshore zone increasing from bay 1 to bay 3
outfalls. Additionally, bay 3 was influenced by (Fig. 4). The minimum values were registered in
discharges of the Paratibe river. the inshore locations (0.47 — high tide and 0.39 —
During the dry season, the highest biomass valudsw tide) (Fig. 4).

were reported for plankton > 300m (> 8000 During the dry season, only 28 of the total 59
mg.m°) in the northern part of the beach (bays Zecorded species were found. The highest densities
and 3), at low tide in the offshore locationsof organisms were registered at low tide in the

(seaward of the breakwaters). sheltered areas of bays 1 and 2, with maximum
values of 0.66x10cell.m*® and 0.67x1dcell.ni?,
Phytoplankton respectively. In the offshore area, a maximum

density of 0.78x1%cell.m? was registered in bay 3
The phytoplankton organisms recorded in thét high tide (Fig. 3). The species with the highest
study area during the experiment weredensities wer@rotoperidiniumsp. andHeliotheca
Cyanophyceae, Euglenophyceae, Dinophyceat)amensis
Bacillariophyceae and Chlorophyceae. The
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Figure 2 - Variation of salinity, temperature, dissolved oagg suspended particulate material

(SPM) and nutrient salts (nitrite-NOnitrate-NQ, phosphate-Pand silicateSi¢) in
Casa Caiada and Rio Doce. (HT: high tide, LT: leseet DP: dry period, WP: wet

period, I: inner locations — landward of breakwstdD: outer locations — seaward of
breakwaters, 1: Bay 1, 2: Bay 2, 3: Bay 3).

Brazilian Archives of Biology and Technology




Effect of Coastline Properties and Wastewater amibn Composition and Distribution 1019

The most frequent species wePeotoperidinium area at high tide for the zooplankton > 300.

sp. (80%), Thalassiosirasp. (70%),Chaetoceros Minimum diversity values of 1.10 bits.ifdand
teres (70%), Gyrosigma balticum (70%), 1.44 bits.indt and maximum of 3.2 bits.ifdand
Heliotheca thamensig60%) andEuglena acus 3.0 bits.ind® were found in the inshore and
(40%). The highest diversity was found in theoffshore sites, respectively for the zooplankton
inshore area (with the exception of bay 3 at higlyetween 65 - 30am (Fig. 4).

tide). Diversity values increased southwards (fronThe highest values of equitability were found in
bay 3 to bay 1) with minimum values of 1.18the inshore area of bay 2 in the landward area for
bits.ind"* and 1.25 bits.ind and maximum values zgoplankton between 65 - 300m and in the

of 3.23 bits.ind and 2.93 bits.irid for the inshore  ffshore area for zooplankton > 3Q@m. For

and offshore sites respectively (Fig. 4). Theggpjankion between 65 - 308m, minimum
highest equitability values during the dry seasoRqitability values were found for the offshore

were found in thg insho_re area, increasing fror@ites, mainly during high tide (0.23) (Fig. 4). For
bay 3 to bay 1 with minimum value of 0.89 andzooplankton > 300um, minimum_ equitability

maximum ones of 0.98 during the high tide (Fig, 5| es were found for the offshore sites (0.69 —
4). There were significant differences (p<0'052gightide and 0.73 - low tide) (Fig. 4).

between the phytoplanktonic density obtaine uring the dry season, the highest density of

during the wet and dry seasons, high and low tide ) -
and inshore and offshore sites. fooplankton between 65 - 3@0n was found in

the offshore area of Casa Caiada, at low tide
(1.9x1¢ org.m® (Fig. 3). The species with the

Zooplankton . " L L
Copepods were the most abundant zooplanktogl:?;lf;\tleﬂ:n;'frlgﬁbgzrj?epro“ntmnus nordaqvisti

organisms_recorded, followed by foraminiferansrhe species with the highest concentration was

and tintinninids groups (Table 1). During the wet~. o . :
period, the highest densities of zooplanktort10|k0pleur61 dioica The higher frequencies of

. occurrence of zooplankton between 65 - 300
gtraet\geoefnczssa: gggrgawair?ojﬂigcel |(r;3 tsh%(em%ffrsngg)re were observed fofFavella ehrenbergii(100%),
and Rio Doce (bay 2) at high tide (4..1§11Dg:m3) copepods . (nauplii)  (100%), Leprotintinnus
(Fig. 3). The species with higher abundances werrlleordqv-IStI (100-%)’ Olkopleura _dioica (91%)’
Oithona hebesnd Leprotintinnus nordqvistiThe uterpina_acutifrons(73%) gastropods (veliger)

. (73%), Oithona hebes (73%) and other
zooplankton > 30(um showed a similar pattern of ¢, miniterans (73%). For the zooplankton > 300
concentration throughout the study area, th

) ) .im, higher frequencies of occurrence were found
\?Vf;[ih?;i Zﬁigieogtc\?sife(‘?gi (ﬁ?g{Filg.bgl)r.lthE: Sty g:opepods (_nauplii) (_100%Dikg)pleura dioica
species with higher densities wepParvocalanus (73%), _Eu_terplna acutlfron_s (63/9) and. other
crassirostris and Oithona hebes The higher hgpar(_:tlcmds (45%)' During this ~period, the
: diversity was highest in bay 1 for zooplankton
frequencies of occurrence of zooplankton betweegetween 65 - 30Qum (high tide) and increased
65 - 300 um were observed forFavella hwards  (f b gl to b 3) to th
ehrenbergii (100%), copepods (nauplii) (100%), northwards (from bay 0 bay 3) to the
Oithona hebeg100%) Leprotintinnus nordgvisti zooplankton > 300pm. _F_or the zooplankton
(92%), gastropods (veliger) (83%), otherb?w\.’ee{] 65 - 3°Q‘m’.m'”'m“m v_alues of 1.1
foraminiferans (83%), bivalves (veliger) (75%),blts.lnd and 1.34 bits.ind and maximum values

Parvocalanus crassirostri§75%) andTextularia Or]: 2'.8 k%its.indl znd ffZﬁS bits_.in‘fj were fogndl forF_
sp. (75%). For the zooplanktonic > 3Q@n, the the inshore and offshore sites, respectively (Fig.

higher  frequencies were  observed for4)' For the zooplankton > 30Qm, minimum

Parvocalanus  crassirostris (50%),  other values of 0.91 bits.int and 1.34 bits.ind and

foraminiferans (42%), nematods (42%)jthona m.ax.‘m“m values of 2.28_bits.i'r’|d and 2.14

hebes(42%) an(d oth)er haparctico?ds /82%). Theb.'ts'Indl were fpund fOF the mshpre and O.ffSh.qre
highest diversity during the wet period wasS'es respectively ('.:'g' 4). H'gh‘?r eq_wtab|l|ty
generally found in the sheltered zone forvalues were found in bay 1 (high “‘?'e) for
zooplankton between 65 - 30Qm, with the zooplankton between 65 - 3@®n and the highest

exception of bay 1 at low tide and in the offshord Pays 2 and 3 for the zooplankton > 300.
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Figure 3 - Total biomass of plankton and total number of aigms per volume of phytoplankton
and zooplankton. (HT: high tide, LT: low tide, Difty period, WP: wet period, I: inner
locations — landward of breakwaters, O: outer locat — seaward of breakwaters, 1:
Bay 1, 2: Bay 2, 3: Bay 3).
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Table 1 - Relative abundance of the main phytoplankton asmplankton groups in Casa Caiada and Rio Doce
beaches, during the wet and dry seasons.

Phytoplankton Net Size(um) Wet season (%) Dry season (%)
Cyanophyceae 65 7.5 4.8
Euglenophyceae 65 1.3 2.7
Dinophyceae 65 0.7 19.7
Bacillariophyceae 65 90.2 71.8
Chlorophyceae 65 0.3 1.1
Zooplankton Net Size(um) Wet season (%) Dry season (%)
Foraminifera 65 111 1.7
300 135 0.0
Tintinnina 65 17.8 12.1
Cont. Table 1
Cont. Table 1
300 2.3 0.0
Copepoda 65 57.2 79.5
300 48.9 71.2
Others crustacean 65 0.8 0.0
300 6.9 7.2
Others 65 13.1 6.7
300 28.4 21.6
@ WP/HT m WP/LT m DP/HT o DP/LT ‘
- 3_;, Phytoplankt0n65-30ﬂm < 4 Zooplankton 65-30@m - 4 Zooplankton >30Qim
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Figure 4 - Species diversity and equitability of the planki@gistered in Casa Caiada and Rio
Doce. (HT: high tide, LT: low tide, DP: dry period/P: wet period, I: inner locations —
landward of breakwaters, O: outer locations — seawhbreakwaters, 1: Bay 1, 2: Bay
2, 3: Bay 3).

For zooplankton between 65 - 3Q@n, minimum  values of 0.85 and 0.74 were found in the inshore
equitability values of 0.24 and 0.32 and maximunand offshore sites, respectively (Fig. 4). For
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zooplankton > 300um, the equitability varied evaporation rates, nutrient concentrations,
from 0.34 (low tide) to 0.89 (high tide) (Fig. 4).  temperature, salinity and tidal stage patterns.
There were significant differences (p<0.05)During the wet season, the increase in freshwater
between the zooplanktonic density (65 - 300) input to the bays due to high precipitation, river
obtained during the wet and dry seasons, high arftischarges and sewage outfalls resulted in a
low tides and inshore and offshore sites. Similagecrease in salinity and an increase in nutrient
results were found for the zooplanktonic deng@ty(concentrations and turbidity. These conditions

300pm). caused an increase in the phytoplankton density
andUlva lactutamacroalgae (Pereira et al., 2003b)
DISCUSSION and consequently an increase in the oxygen

production during the day, in the sheltered zone at

The present configuration of the beach, with sevelpW tide (bay 3). The effect of the tidal stage
detached breakwaters, is the main cause of tf!fing this period was observed at flood tide,
hydrodynamic regime, characterized by hen "new seawater was mtrqduced into the
environment sheltered from wave action (which i§heltered area, which seemed to induce a decrease

the main source of water renovation in the coastd] hufrient concentration and phytoplankton
zone) with circulation being induced mainly byden5|ty. During the dry season, the decrease in

tidal forcing, and usually characterized by weaKéShwater discharge and the high insolation rates
currents reaching their maximum intensities afesulted in salinity and temperature increases, and

breakwater gaps. In addition to this, the presenc% decrease in nutrient concentration and turbidity,
of the Paratibe river and several domestic sewadgSulting in a decrease of the phytoplankton
outfalls also contribute significantly to the specificdensity. L _
water characteristics in the study area. The peakigh densities of —opportunistic (r-strategist)
of some nutrients during the wet season are $PECi€S and extreme values of abiotic parameters
consequence of these continental discharges. THE'® fo_und at low tide and in the she_ltered areas,
high nitrite concentrations observed during the drjn@inly in Rio Doce (bay 3) being this the most
season probably result from the preference dmpacted area. The influence of the Paratibe river

phytoplanktonic organisms in the assimilation oftd several domestic sewage outfalls and the low

other nitrogen forms such as ammonia and nitrate?V&ter circulation due to the presence of coastal

During the wet period differences in nutrientProtection — structures were the principals

concentration are not so evident because primafgSPonsible by the stressed environment condition
production is not very effective, so high n the north coast of Olinda. Similar results have

concentrations could be observed for all nutrientd€€n found by Eskinazi et al. (1997) and Koening
Temporal changes in the distribution and®t @l (2003) near Recife and Suape harbors,

abundance of plankton may be caused b{pspectively, under the influence of similar
variations of many abiotic and biotic factors. in€nvironmental conditions (freshwater and sewage

Pernambuco, the distribution of plankton isPutfalls) and by Koening and Eskinazi (1991) and
Moura (1992) in other coastal zones along

regulated mainly by eutrophication, river

discharges, hydrology, tidal stage, precipitatiof €/nambuco coast.

and grazing (Paranagua, 1985/86, Neumann.he diversity and_ eqU|tab|I|tyvaIu¢_s should_ reflt—;ct
Leitdo et al. 1991/93 and Eskinazi et ag7). (he current environmental conditions. Diversity

Some research done in other coastal zones ha%jlcates_ the degree O.f comple>§|ty of the

identified the role of wind effects (Gémez-EracheCOMmunity structure. It is a function of two

et al., 2000), tidal influence (Villate, 1997), €/ements, one being the number of species
atmospheric pressure, current speed and directiofichness), and the other the equitability (evenness)

water temperature (Licandro and Ibanez, 2000 ith _which indivi_duals are distributed among
and seasonal changes (Khalil and El-RahmarfPecies &.9.Omori and lkeda, 1984). Thus, high
1997; Villa et al., 1997 and Totti et a2p00) to values should indicate the presence of "stable" and

control the distribution and composition of Pristine” conditions. High diversity values have_
plankton communities. been recorded along the Pernambuco coast in

In the study area, the observed distribution patterf€Veral environments such as the coastal zone
was mainly conditioned by precipitation and(NaSCImentO-Vlelrﬁt a|,1985/86 and Neumann-

Leitdo et al., 1991/93), the estuarine zone
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(Neumann-Leitdo et al1994/95, Almeida et al., Temora styliferaCorycaeussp., Microsetellasp.,
2003) and the oceanic zone (Gusmaéo et al., 199ncaeasp. andOithonasp.

In the study area, the influence of freshwatelhe maximal peaks of zooplankton in the seaward
discharges (including sewage outfalls) and thef the breakwaters could be a consequence of the
instability of water properties (due to the majorherbivore/detrivorous feeding pattern. On the other
variation induced by seasonal changes and by theand, low diversity and high density of some
physical constraint imposed by the breakwaters)pportunistic (r-strategist) species.d Euterpina
have caused at a diversity reduction (H") in thecutifrong could be a result of the eutrophic
phytoplankton, mainly in the sheltered zone in Riccondition (Webber and Webber, 1998 and Linton
Doce. Due to this, the study area showed lovand Warner, 2003).

diversity values (in general, lower than 3.0The most representative phytoplankton species
bits.ind’) and equitability (generally lower than were Gyrosigma balticum Bacillaria paxillifera
0.5). Environmental variability was the principaland Chaetoceres teres amongst others.G.
factor influencing the lowest diversity values inbalticum was cited by Eskinazi and Koening
the Solis Grande estuary (Gomez-Erache et al1985/86) as an estuarine species (brackish water),
2000) in copepod organisms (lower than 1.5) andestricted to a mesohaline environment, which
on the south coast of Portugal (Villa et 4997), explained its abundance near the Paratibe river.
in phytoplankton and zooplankton communitiesThe dominance of diatoms could be explained by
(lower than 1.8). the tolerance of the individual diatom taxa to
At Casa Caiada and Rio Doce beaches, theydrological changes (see Round et 3990), by
copepods were the most representative groughe presence of a particular pollutant or by the
Oithona hebes Parvocalanus crassirostrisand  anthropogenic inputs of nutrients (see Sullivan,
Euterpina acutifronseing the most abundant and2000). This agreed with the characteristics of the
frequent species. Similar results were observed bstudy area, which presented strong hydrological
Neumann-Leitdo et af1991/93), who suggested changes as a consequence of the influence of
that the predominance of these species was maeteorological parameters, protection structures,
consequence of their herbivore feeding pattern amilver discharges and sewage outfalls.

opportunistic behavior in eutrophic conditios. It could be concluded that the observed structure
acutifronshas also been reported by Botovoskoyof the planktonic communities largely reflected the
(1981) as an indicator of eutrophic environmentseffects of human influence along the Casa Caiada-
The tintinnids were the second principal group andRio Doce coastal zone. Thus, the dominance of
Leprotintinnus nordgvisti  and Favella some phytoplankton taxa, together with the low
enhrenbergiiwere the most frequent and abundantvalues for numbers of species, diversity and
species. These species were typical of coastal aeduitability indicated a stressed environmental
estuarine waters (Raymont, 1983) and presentembndition. Although this was the general condition
eurythermic  and euryhaline characteristicdor the study area, the sheltered zone (landwards of
(Nascimento-Vieira et al., 1985/86), which the breakwaters) and, in particular, the shallowest
explained their abundance in the study area. Rio Doce bay (bay 3), which was under the direct
Previous work on the continental shelf ofinfluence of domestic sewage outfalls and the
Pernambuco and coastal areas not impacted Raratibe river, were the areas presenting the worst
humans €.g. Nascimento Vieira et al., 1985/86, environmental conditions during the wet season
Neumann-Leitdo et al., 1991/93 and Silva et aland consequently the most conditioned planktonic
2003) could be taken as a reference for theommunities.

zooplankton structure in the study area under

"pristine conditions". These studies found that

copepods were the most abundant group AdRESUMO

zooplankton organisms, with tintinnids,

chaetognatha and foraminiferans also beingoi realizado um estudo sobre a estrutura das
representative. Thus, copepods showed a higtbmunidades plancténicas ao longo das praias de
diversity and the most frequent species wer€asa Caiada e Rio Doce (Pernanbuco, Brasil). A
Acartia lillieborgii, Parvocalanus crassirostrjs area de estudo sofre grande influéncia antrépica
Calanopia americana Centropages velificatys onde as condicdes ambientais sdo controladas pela
Euterpina  acutifrons Macrosetella gracilis presenga de estruturas costeiras, reduzindo a
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intensidade da circulacdo neste ambiente; e pel&mez-Erache, M. W.; Norbis W. and Bastreri, D.
efluentes clandestinos de esgoto que aportam(2000), Wind effect as forcing factor controlling
aguas poluidas para dentro do sistema protegidodistribution and diversity of copepods in a shallow
Os resultados obtidos indicam que nas zonast,\jg?nearaéi_e(slt;"g;’ E(EO“S Grande, Urugudgeentia
protegidas as aguas aprese_ntam alta tu.rbldeérasshof’f, K.; Er’nrhardt, M. and Kremling, K. (1983)
temperaturas elevadas, salinidades reduzidas

- . L ethods of Seawater Analysislew York: Verlag
altas concentragGes de nutrientes e oxigénio. Estaghemie .

condicdes sdo responsaveis pela reducdo @fismzo, L. M. O.: Neumann Leitdo, S.; Nascimento
diversidade do plancton e pelo aumento da vieira, D. A.; Silva, T. A.; Silva, A. P.; Porto e F.
biomassa das espécies mais resistentes. Ad. and Moura, M. C. O. (1997), Zooplancton
diferencas registradas com respeito a areasoceanico entre os estados do Ceard e Pernambuco,
similares, porém ndo impactadas, parecem indicarBrasil. Trabalhos do Instituto de Oceanografia da
gue a estrutura plancténica pode ser usada comd—_’”i\_/e'rSidﬁlde F_ederal de Pernambu@s, 17-30.

um indicador da qualidade ambiental, sugeringbt@ikul, H. and Jiachong, Z. (1998), Evaluation loé t

uma baixa qualidade das praias em estudo pollution in lake Dianch with zooplankton as
q P ' indicator.Chinese Journal of Environmental-Science-

Beijing, 13: (3), 33-36.
Hasle, R. G. (1983), The current status of theodiat
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