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ABSTRACT. The Caravelas River estuary and adjacent coastal region were studied during the rainy and dry seasons of

2003-2004 to assess the copepod community structure. Abiotic and biotic parameters were measured, and the total

density, frequency and percentage of copepod taxa were determined for each sampling period. Copepod densities

showed significant differences between sampling periods, with higher densities in the rainy seasons (Mean: 90,941.80

ind.m?3; S.D.: 26,364.79). The sampling stations located to the north and south, in the coastal region adjacent to the

Caravelas River estuary presented the lowest copepod density values. The copepod assemblage was composed mainly

of estuarine and estuarine/coastal copepods. The seasonal variations in temperature and salinity influenced the abun-

dance of species during the rainy and dry seasons, with the following dominant species alternating: Paracalanus quasimodo

Bowman, 1971 in the rainy season of 2003, Parvocalanus crassirostris Dahl, 1894 in the dry season of 2003 and Acartia

lillieborgii Giesbrecht, 1892 in the rainy and dry seasons of 2004. Non-parametric multidimensional scaling indicated

differences in copepod assemblages between sampling periods, but not between sampling stations.
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In aquatic ecosystems, copepods are generally the most
important component of the mesozooplankton in terms of
abundance, biomass and diversity, and serve as an important
link by transferring energy and organic materials between pri-
mary producers (phytoplankton) and animals of higher trophic
levels such as planktivorous fish and carnivorous invertebrates
(Ara 2004, SuivoDk et al. 2006). Spatial-temporal studies of cope-
pod diversity and abundance are fundamental to assess their
contribution to the production and flow of particulate and dis-
solved organic materials, as well as their role in estuary tro-
phodynamics (Perissivotro et al. 2003, MAGALHAES et al. 2006).

In tropical oceans, community seasonal dynamics are dif-
ficult to identify and are much less pronounced than those ob-
served in temperate aquatic ecosystems. Seasonal variations re-
corded in tropical and sub-tropical coastal regions are mainly
determined by the local influence of the rainy and dry seasons
and by regional oceanographic phenomena. These phenomena
derive from singular or irregular events, in contrast to those
observed in temperate and polar seas, where biomass variations
along the year are more predictable (NyBakkeN & BerTNess 2009).

In the southwest Atlantic, on the Brazilian northeastern
coast, the coastal zone of Caravelas (Bahia) contains diverse
and productive ecological systems, including the Abrolhos coral
reefs, considered the most important coral reef complex in the

South Atlantic Ocean. In this region, ecotourism and recre-
ation compete with the extensive, uncontrolled and exploit-
ative local fishery, urban expansion, port construction, indus-
tries (paper mills), forestry, and fossil fuel exploration (ANDRADE
& Dominguez 2002, Ane 2009).

As many other areas along the Brazilian coast (ane 2009),
the region between the border of the states of Bahia and Espirito
Santo and Prado city (state of Bahia), where the Mucuri man-
grove and Caravelas Bay are located, is poorly studied, as are
other areas along the Brazilian coast (ANP 2009). Zooplankton
studies in these areas have dealt with aspects of the population
and/or community structure, spatial distribution and seasonal
variation in abundance (Gaupy 1963, SEGuIN 1965, VALENTIN &
MonrterO-RiBAs 1993, NEuMANN-LEITA0o 1995, Rar 2009); of these,
none was carried out in the Caravelas region.

This study describes the occurrence, abundance patterns,
and seasonal distribution of copepods in the estuary of the
Caravelas River and the adjacent coastal region, from data col-
lected in the dry and rainy seasons of 2003-2004. Three ques-
tions were addressed: 1) Are there different copepod assem-
blages in the studied area? 2) How are the local copepod as-
semblages influenced by the dry and rainy seasons? 3) How do
environmental, temporal and spatial factors contribute to the
observed patterns?
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MATERIAL AND METHODS

The Caravelas coastal region is located in northeastern
Brazil. The Caravelas strandplain has an area of approximately
800 km? and is bordered by the Tablelands of the Barreiras For-
mation (Upper Tertiary). It has a wide continental shelf, ex-
tending up to 246 km offshore. Its Quaternary evolution was
strongly determined by relative sea-level changes. Contrary to
other strandplains along the east coast of Brazil, such as the
Jequitinhonha (Bahia) and the Doce (Espirito Santo), situated
respectively north and south of Caravelas, the Caravelas has
no association with a major river (ANDRADE et al. 2003).

The Caravelas River estuary (17°44’-17°53’S, 39°04’-39°
12'W) is located in southern Bahia (Fig. 1), and is 3,800 m long, 90
m wide and up to 5 m deep (Ledo & DomiNGuez 2000). This system
is highly dynamic, influenced directly by the Caravelas River and
indirectly by the Brazil Current. The estuarine zone is bordered by
a 66.44 km? long mangrove forest (Leizo 1999). In the Caravelas
River estuary, continental waters do not greatly influence the ad-
jacent coastal region, because the Caravelas Channel is not a river,
but rather a large drainage channel for the mangroves.

The area is located on the east coast of Brazil, where the
climate is humid, with a mean temperature ranging between
24°C in winter and 27°C in summer (MarcHIORO et al. 2005).
The region has a typical tropical precipitation regime, usually
with a rainy season in spring and summer (November-April)
and a dry season in winter (May-October).

The specimens examined were obtained as part of a ma-
jor study of the zooplankton fauna off northeastern Brazil.
Zooplankton sampling was carried out during one day at seven
different sites along the coast of Bahia during the ebb-flood
tide, in the dry (February 2003 and May 2004) and rainy (Oc-
tober 2003 and 2004) seasons. These sites are located in the
estuarine zone of the Caravelas River (stations P1 and P2) and
the adjacent coastal region out to the 10-m isobath (stations
P3, P4, PS, P6 and P7) (Fig. 1).

Precipitation data were obtained from Andrelina L. dos
Santos of the Agéncia Nacional de Aguas (ANA).

The samples were collected by horizontal hauls, with
three net hauls performed at each station, totalling 84 samples.
A cylindrical-conical net of mesh size 200 ym and mouth di-
ameter 60 cm, fitted with a calibrated flowmeter, was used.
The haul time averaged five minutes. Samples were fixed and
preserved in 4% buffered formalin.

The samples were divided into fractions with a Folsom
Plankton Sample Splitter (McEwen et al. 1957), and replicate
subsamples containing at least 100 copepods were taken for
analysis (Frontier 1981). Copepods were identified to species
whenever possible, according to BraprorD-GRIEVE ef al. (1999)
and Dias & Araujo (2006). Taxon abundance per cubic meter
and copepod species composition were determined for all
samples. The mean total density of each species was estimated
from adults and copepodites in the three replicate samples.
Shannon’s diversity index (Snannon 1948) was calculated to
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evaluate the degree of organization of the copepod commu-
nity, and evenness was calculated according to PieLou (1977).

All the specimens collected were deposited in the cope-
pod collection of the Integrated Zooplankton and Ichthyo-
plankton Laboratory of the Federal University of Rio de Janeiro
(DZUFR] 0001-0145, DZUFRJ 0391-0571, DZUFR] 1957-2124,
DZUFR] 3245-3441).

Temperature (°C), salinity (reported following the Prac-
tical Salinity Scale) and dissolved oxygen (mg.l') were mea-
sured using a Hydrolab CTD (Quanta). In order to analyze these
parameters, two depths were chosen: at the surface (0.5 m) and
near (0.5 m above) the bottom, which covered the area sampled
by the net. Surface-water samples (0.5 m) for spectrophoto-
metric determination of the chlorophyll a (mg.m?) concentra-
tion (Lorenzen 1967) were taken with a Niskin bottle.

Analysis of variance (ANOVA) was used at a significance
level of p < 0.05 to identify statistical differences between the two
sample series (rainy and dry seasons) and among the stations. All
data were evaluated for normality and homogeneity prior to analy-
sis. The post-hoc test was used to identify the differences among
the collections when statistical differences were found.

Cluster Analysis and Multi-dimensional Scaling (MDS)
were carried out using the program package Primer 5. The data
were [log (x+1)]-transformed. A similarity matrix was constructed
using species with occurrences higher than 14% at the seven
stations in the two years of sampling. Hierarchical agglomerative
clustering was carried out using the Bray-Curtis similarity index
coupled with group average linkage to produce a dendrogram
depicting clusters of stations based on the total density. An MDS
was used to classify stations with different copepod community
structures. The stress value of representation lower than 0.1 rep-
resented good ordinations with a low risk of misinterpretation
of the data. Analysis of similarity (ANOSIM) was used to test for
significant differences in copepod assemblage structure between
sampling years and sampling stations. The SIMPER test (similar-
ity percentages) was used to identify the species that accounted
for most of the similarities within groups.

Correlations between the biotic and environmental vari-
ables (temperature, salinity, dissolved oxygen and chlorophyll
a at the surface and near the bottom) were estimated using the
Pearson r-index.

RESULTS

Environmental data

Three water masses were recognized in the estuary of the
Caravelas River and the adjacent coastal region during the en-
tire sampling period (2003-2004), at the two depths measured:
Tropical Water (TW - temperatures >20.0°C and salinities
>36.0), Mixed Water (MW - temperatures >20.0°C and salini-
ties from 34.5 to 36.0), and Coastal Water (CW — temperatures
>20.0°C and salinities <34.5) (Figs 2 and 3). The Mixed Water
(MW) is the result of mixing of the Tropical Water (TW) and
the continental drainage (Coastal Water — CW).



Seasonal variability of planktonic copepods in a tropical estuarine region in Brazil 707
> . < “ D . i
. VL e s
0°S L 1 L
S
10 BRAZIL - L 1§
20 -
30 L 17
70 60 50 40°W i
. : 19
34 30°W
| | |
17.6°S- -
177 = L
Caravelas,
17.8 4 -
179 = L.
:I=é
A -
T T T T
394 392 39.0 38.8°W
Figure 1. Study area and sampling stations in the Caravelas River estuary and adjacent coastal region.
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Figures 2-3. Temperature-salinity diagram of the water masses observed in the Caravelas River estuary and the adjacent coastal region:

(2) surface; (3) near the bottom.
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The hydrographic parameters differed between the cruises
(rainy and dry season 2003-2004). The presence of the CW was
observed during the 2003 dry season and the 2004 rainy sea-
son, with a mean salinity of 34.10 (S.D.: 0.78) and 34.11
(S.D.: 1.16) at the surface, and 34.17 (S.D.: 0.61) and 34.30
(S.D.: 1.18) near the bottom, respectively (Tab. I). The lowest
mean temperatures were observed during the 2003 dry season,
with a mean of 25.24°C (S.D.: 0.17) at the surface, and 25.21°C
(S.D.: 0.18) near the bottom. The occurrence of the CW was
observed at all the stations of the Caravelas River estuary and
the adjacent coastal region, during the 2003 dry season, and at
stations P1 and P2, which were located at the entrance of the
Caravelas River estuary, during the 2004 rainy season, mainly
at ebb tide.

The occurrence of the MW was observed during the 2004
rainy season, at the stations located in the coastal region adja-
cent to the Caravelas River (stations P3 to P7) (Tab. I).

In the 2003 rainy and 2004 dry seasons, the presence of
the TW was observed at all stations in the study area. The mean
temperature at the surface was 28.65°C (S.D.: 0.42) and 26.40°C
(8.D.: 0.50), and near the bottom was 28.40°C (S.D.: 0.32) and
25.64°C (S.D.: 0.23), respectively in the rainy and dry seasons
(Tab. I). The mean salinity was 37.10 (S.D.: 0.24) at the surface,

and 37.17 (S.D.: 0.26) near the bottom, in the 2003 rainy sea-
son, and 37.50 (S.D.: 0.50) at the surface, and 37.60 (S.D.: 0.49)
near the bottom, in the 2004 dry season.

The dissolved oxygen concentration ranged from 5.95
to 7.54 mg.l! at the surface, and 5.61 to 8.00 mg.l"! near the
bottom (Tab. I). Higher values were observed in the 2003 rainy
season (Fig. 4), with a mean value of 7.07 mg.I"* (S.D.: 0.42) at
the surface, and 7.23 mg.I"! (0.63) near the bottom.

Chlorophyll a concentrations ranged between 0.0004 and
0.0249 mg.m= at the surface, and 0.0004 and 0.0369 mg.m
near the bottom (Tab. I).

Precipitation did not follow the normal pattern (rainy
summer and dry winter); i.e., during the study period there was
no distinct dry or rainy season. During the sampling months
the values were below 72 mm (2003 rainy — 32.1 mm, 2003 dry
- 65.3 mm, 2004 rainy — 45.2 mm and 2004 dry - 71.4 mm).

The copepod assemblages

The overall mean of the total copepod density was 45,620
ind.m (S.D.: 40,496), with abundance peaks (up to a mean of
40,000 ind.m?) in the 2003-2004 rainy season. The copepod
density differed between sampling periods (p < 0.05). The high-
est density was recorded during the 2004 rainy season (Mean:
90,942 ind.m?; S.D.: 26,365) (Fig. 5).

Table I. Minimum, maximum, mean and standard deviation of the salinity, temperature (°C), dissolved oxygen (mg.I"") and Chlorophyll
a (mg.m3) of the sampling stations during the entire sampling period in the Caravelas River estuary and the adjacent coastal region.

Station 4 Station 5 Station 6 Station 7

Surface Bottom Surface Bottom Surface Bottom Surface Bottom

Station 1 Station 2 Station 3
Parameters
Surface Bottom Surface Bottom Surface Bottom

Salinity

Min 3240 32.60 32.50 32.60 34.37 34.37

Max 36.80 36.80 37.80 37.80 37.70 37.80

Mean 34.51 34.69 35.23 3528 3594 36.04

S.D. 242 227 2.48 243 1.66 1.71
Temperature

Min 25.16 2498 2490 24.94 25.41 25.44

Max 28.71 28.74 28.88 28.74 29.37 28.62

Mean 26.79 26.73 26.92 26.80 27.00 26.67

S.D. 1.78 1.83 1.67 1.64 1.71 1.45
Dissolved oxygen

Min 595 5.71 6.03 5.61 6.09 5.89

Max 6.39 6.35 6.65 6.46 7.06 7.16

Mean 6.18 6.05 6.36 6.14 6.54 6.31

S.D. 0.19 0.27 0.26 0.37 0.49 0.57
Chlorophyll a

Min 0.0000 0.0008 0.0018 0.0006 0.0015 0.0006

Max 0.0043 0.0041 0.0249 0.0369 0.0078 0.0099

Mean 0.00110.0019 0.0067 0.0097 0.0023 0.0030

S.D. 0.0022 0.0019 0.0122 0.0181 0.0037 0.0047

3451 3451 3451 3451 3440 3451 3451 34.51
37.60 37.80 37.60 37.70 37.70 37.80 37.70 37.80
36.13 36.20 36.08 36.15 36.00 36.10 36.03 36.20
1.55 1.59 1.55 1.58 1.79 1.74 1.66 1.64
2531 25.33 25.28 25.26 2530 2525 2530 25.25
28.72 28.37 28.45 28.02 28.09 2796 28.30 28.32
26.83 26.43 26.68 26.25 2690 2640 26.68 26.47
1.41 137 132 1.25 117 1.27 1.24 1.36
6.12 590 6.15 577 6.25 5095 6.14 6.03
7.40 8.00 710 7.38 7.37 7.49 7.54 7.79
6.61 6.54 6.53 6.42 6.61 6.41 6.55 6.56
0.58 0.98 0.43 0.69 0.52 0.73 0.67 0.83
0.0004 0.0006 0.0004 0.0000 0.0004 0.0004 0.0000 0.0012
0.0036 0.0064 0.00210.0008 0.0043 0.0050 0.0021 0.00714
0.0010 0.0018 0.0006 0.0002 0.0012 0.0020 0.0005 0.0007

0.0017 0.0031 0.0010 0.0004 0.0021 0.0021 0.0011 0.0008
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Figures 4-5. (4) Dissolved oxygen concentrations (Mg.I"") observed in the Caravelas River estuary and the adjacent coastal region during
the sampling periods. (5) Seasonal mean, standard deviation, and minimum and maximum variation in the density of the copepod
community (Ind.m?3) in the Caravelas River estuary and the adjacent coastal region during the sampling periods.

In relation to the sampling stations, copepod density ranged
between 2,652 ind.m™ (station P7, north of the Caravelas River)
during the 2003 dry season, and was higher than 117,000 ind.m"
3 (station P4 south of the Caravelas River, and station P6 north of
the Caravelas River) during the 2004 dry season (Fig. 6). Overall
copepod density differed among the sampling stations (p < 0.05).
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Figure 6. Seasonal mean, standard deviation, and minimum and maxi-
mum variation of the copepod density (Ind.m-) at the sampling sta-
tions in the Caravelas River estuary and the adjacent coastal region.

The Cluster Analysis grouped the stations located in the
Caravelas River (station P1), near the mouth of the river (sta-
tion P2) and to the south (stations P3 and P4), separated from

those located in the adjacent coastal region to the north (sta-
tions P6 and P7) and south (station PS5), near the 10-m isobath,
which showed the lowest copepod densities (Fig. 7).
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Figure 7. Cluster Analysis of the total copepod density between
the sampling stations.

A total of 17 species of Copepoda were identified (Tab. II).
The copepod assemblage of the Caravelas River estuary and the
adjacent coastal region showed coastal and estuarine character-
istics, and was numerically dominated by Paracalanus quasimodo
Bowman, 1971, Acartia lilljeborgii Giesbrecht, 1889, Parvocalanus
crassirostris (F. Dahl, 1894), and Temora turbinata (Dana, 1849).
These species represented 68% of the total density of copepods
collected (Tab. II). The abundant species changed during the
sampling period. Paracalanus quasimodo (78%) in the 2003 rainy
season, P. crassirostris (20%) in the 2003 dry season, and A.
lilljeborgii in the rainy (31%) and dry (25%) seasons of 2004 were
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the most abundant species in the copepod assemblage at those
times. The copepod community included inner-shelf and coastal-
water species such as Hemicyclops thalassius Vervoort & Ramirez,
1966 (with the exception of the 2004 rainy season), Oithona hebes
Giesbrecht, 1891 and Pseudodiaptomus acutus (F. Dahl, 1894) (dur-
ing the entire sampling period); marine-euryhaline species such
as Euterpina acutifrons (Dana, 1847) and Corycaeus giesbrechti F.
Dahl, 1894 (during the entire the sampling period); and tropical
species such as Paracalanus aculeatus Giesbrecht, 1888 (during
the 2003-2004 dry season) and Undinula vulgaris vulgaris (Dana,
1849) (during the 2003 dry season), outside the Caravelas River.

The results of multi-dimensional scaling from pairwise
tests of ANOSIM performed during the sampling periods dem-
onstrated that samples that were separated by different cope-
pod assemblages were all significantly different from each other
(ANOSIM significance level of sample statistic = 0.1% and glo-
bal R = 0.368) (Fig. 8, Tab. III).

Stress: 0.09
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Figure 8. Multidimensional scaling plot of the copepod assem-
blage structure (ind.m3) found during the 2-year sampling period
(2003-2004) in the Caravelas River estuary and the adjacent coastal
region (Bahia, Brazil): black triangle 2003 Rainy season, black in-
verted triangle 2003 Rainy season, black square 2004 Rainy sea-
son, black diamond 2004 Dry season.

Table Ill. ANOSIM analyses of similarity between groups of samples
in the Caravelas River and the adjacent coastal region. (R) Strength
of the difference between groups, (p) probability of R being
attained by chance. The global result is the overall differences
between groups.

Groups R - Statistic p
Rainy/2003-Dry/2003 0.205 0.028
Rainy/2003-Rainy/2004 0.437 0.004
Rainy/2003-Dry/2004 0.594 0.001
Dry/2003-Rainy/2004 0.315 0.009
Dry/2003-Dry/2004 0.420 0.004
Rainy/2004-Dry/2004 0.493 0.004

In 2003, four taxa accounted for 80% of the similarity in
the rainy season (center-right of the figure): Paracalanus
quasimodo (40.48%), C. giesbrechti (25.94%), Calanopia americana

F. Dahl, 1894 (8.54%), and Centropages velificatus (Oliveira, 1947)
(6.62%). In this sampling period, temperature (which was higher
than 28°C at the two depths) was correlated with density (Pearson
r-index, R = 0.82 at the surface and 0.91 near the bottom). In the
dry season (center-left of the figure), on the other hand, tem-
perature was positively correlated with salinity (between 32.44
and 34.51 at the two depths) and negatively correlated with den-
sity (Pearson r-index, R = -0.79 at the surface and near the bot-
tom). Paracalanus quasimodo, T. turbinata, Subeucalanus pileatus
(Giesbrecht, 1888), C. giesbrechti, E. acutifrons, C. americana, and
C. velificatus accounted for 16.13%, 15.35%, 10.64%, 9.86%,
9.10%, 9.08%, and 8.68% of internal similarities, respectively,
in that order (Fig. 8).

During the 2004 rainy season (upper-left of the figure),
P. quasimodo (15.56%), T. turbinata (14.82%), A. lilljeborgii
(13.69%), C. velificatus (12.31%), S. pileatus (11.75%), and C.
americana (8.26%) were the main taxa contributing to the de-
limitation of this sample group. During this sampling period,
the environmental variables showed no significant correlation
with the copepod community (p <0.05). In the 2004 dry sea-
son (center and below-left of the figure), E. acutifrons, P.
crassirostris, T. turbinata, P. quasimodo, A. lilljeborgii, and O. hebes
were the main taxa responsible for the delimitation of this sam-
pling group, accounting for 14.40%, 14.20%, 13.82%, 12.91%,
11.61% and 9.02% of internal similarities respectively, in that
order (Fig. 8), with the temperature (ranging from 25.4 to 26.9
at the two depths) negatively correlated with density (Pearson
r-index, R = -0.79 at the surface). The dissolved oxygen and
Chlorophyll a showed no significant correlation with the cope-
pod community during the entire sampling period.

Copepod assemblage structure did not show significant
differences between the sampling stations (ANOSIM signifi-
cance level of sample statistic = 27.2% and global R = 0.037) of
the Caravelas River estuary and the adjacent coastal region.

The diversity index (H’) varied between 0.11 (station P4)
in 2003 to 2.39 (station P3) in 2004 during the rainy season,
and between 1.40 (station P2) to 2.61 (station P5) in 2004 dur-
ing the dry season (Fig. 9). The lowest diversities were observed
during the rainy seasons of both years (rainy 2003 - mean:
0.70, S.D.: 0.61; and rainy 2004 — mean: 1.65, S.D.: 0.54). The
diversity index at stations P1, P2 (in the estuarine zone of the
Caravelas River) and P7 (located in the adjacent coastal region
of the Caravelas River estuary to the north) was high when
compared with the other stations. The lowest evenness (J) val-
ues (0.05 in the 2003 rainy season and 0.43 in the 2004 dry
season) were found at station P3, located in the adjacent coastal
region; and the highest evenness values (0.85 in the 2004 rainy
season and 0.79 in the 2004 dry season) were recorded at sta-
tions P3 and PS5 (located in the adjacent coastal region to the
south). Both species richness and diversity increased during
the dry season in the estuarine zone of the Caravelas River,
and to the north in the adjacent coastal region in both sam-
pling periods.
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Figure 9. Diversity index (H") and evenness (J) at sampling stations
on the inner shelf adjacent to Camamu Bay during the 2-year sam-
pling period (black — 2003 and open — 2004): circle — H’ (Rainy
season), square — H’ (Dry season), triangle — | (Rainy season), dia-
mond - | (Dry season).

DISCUSSION

The Caravelas River estuary and the adjacent coastal re-
gion are located on the northeast coast of Brazil, influenced by
the warm, nutrient-poor water of the Brazil Current (BrRaNDINI
et al. 1997). The shelf and open ocean off northeast Brazil are
largely affected by two water masses: the Tropical (TW) and
the South Atlantic Central Waters (SACW) (Castro & MIRANDA
1998, NEuMANN-LEITAO et al. 1999).

According to the results of this study, the oceanographic
structure of the Caravelas River estuary and the adjacent coastal
region is basically formed by the same water masses off the Bra-
zilian coast, as described by EmiLsson (1961), Stramma & ScHotr
(1999) and da Suva et al. (2005). The Coastal Water (CW) of the
Caravelas River estuary was observed over the continental shelf
during the dry season of 2003, during the ebb-flood tide. Its
influence continued during the rainy season of 2004, though
on a smaller scale. This was an indication of the continental
influence during the study period. The salinity values observed
at the station inside the Caravelas Channel indicate a dilution
of ocean water by continental water. This reduction in salinity
extended to other sampling stations, due to the effect of the
flood tide, which allows the inner waters of the Caravelas Chan-
nel to exit to the adjacent coastal areas. The continental influ-
ence on the spatial distribution of salinity was indicated by the
presence of the Mixed Water (MW), which also dominated at
the surface and near the bottom during the 2004 rainy season.
This suggests the effect of the lack of atmospheric precipitation,
as well as the action of wind, which can homogenize the water
column. The TW was recorded at both depths in the 2003 rainy
and 2004 dry seasons. The SACW was not recorded in this study:
the water temperatures remained high (>24.9°C).

Dissolved oxygen was more homogeneous, with the high-
est values in the adjacent coastal region. Chlorophyll a values
decreased at the stations in the Caravelas Channel toward the
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adjacent coastal region. These trends are related to the input
of nutrients in the Caravelas Channel. The values observed are
lower than those reported for estuarine areas such as the Paraiba
do Sul River, and similar to those observed in the Cabralia
coastal region (Bahia) (OvaLLE et al. 1999).

The copepods showed seasonal variation, with the high-
est densities during the 2003-2004 rainy seasons. This pattern
cannot be associated with a rainy season, because of the atypi-
cally low rainfall during the sampling. There was no distinct
dry or rainy season in relation to the precipitation. In regards
to the sampling stations, the Cluster Analysis separated those
that had the lowest copepod density values, which are located
at the north and south, in the adjacent coastal region. These
stations are located near the 10-m isobath, far from the estuary
influence. Biomass maxima due to coastal zooplankton spe-
cies were restricted to a rather narrow band influenced by the
Coastal Water, decreasing towards the outer shelf regardless of
the season (LorEs et al. 2006).

The copepod community was characterized by the nu-
merical predominance of the estuarine and estuarine/coastal
copepods P. quasimodo, A. lilljeborgii, T.turbinata and P.
crassirostris, which changed between the cruises. The presence
of marine euryhaline and oceanic species was well character-
ized by the occurrence of E. acutifrons, C. giesbrechti, P. aculeatus
and U. vulgaris vulgaris outside the Caravelas River estuary, as
well as by the typical inner species H. thalassius.

Many copepod species may occur in the community,
though generally only a few of them are dominant. These species
may vary seasonally and spatially along the estuary, being influ-
enced by freshwater and coastal inputs (StErza & LOUREIRO FERNANDES
2006). It is widely recognized that zooplankton (copepod) abun-
dance in shallow, tidal estuaries fluctuates considerably with time
in relation to physical and chemical parameters (e.g., tidal height,
salinity) due to tidal cycles (Ara 2004). In the present study, the
temperature and salinity influenced the differences between the
cruises in relation to the copepod community. The greater ho-
mogeneity of the dissolved-oxygen and Chlorophyll a contents
may have contributed to the lack of any significant correlation
with the copepod community during the sampling period. The
copepod community in the Caravelas River estuary is common
in estuarine and coastal waters of the southeastern (Dias 1994,
Lores et al. 1998, Ara 2004, Sterza & Lourero FernanDes 2006) and
northeastern Brazilian coast (Siva et al. 2003, 2004).

The seasonal variations of the environmental variables
could be related to the abundance of nearly all the species,
during the sampling, with the dominant species alternating.
Paracalanus Boeck, 1865 is one of the most important genera
in the neritic region of the Brazilian coast, and according to
Lores et al. (1999) its distribution pattern mirrored that of the
total copepods. Paracalanus quasimodo was the most abundant
species during the 2003 rainy season, while P. crassirostris was
abundant during the 2003 dry season. The dominant copepod
P. quasimodo is an estuarine-coastal species that is common
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along the Brazilian east coast (BraprorD-GRIEVE et al. 1999).
Paracalanus quasimodo is marine-euryhaline, and usually oc-
curs in areas with high salinities (Lorts et al. 1998). In the 2003
rainy season, the salinity values were higher than 36.8 (TW).
Parvocalanus crassirostris was more abundant in the stations of
the Caravelas Channel and in the adjacent coastal region (sta-
tion P3), confirming its characteristic as an indicator species of
coastal waters and reflecting the influence of estuarine out-
flow on the shelf. In Brazilian waters it can be observed only in
coastal or mixed coastal and shelf waters (Bjorngerg 1963). In
the 2003 dry season, salinities were lower than 34.5 (CW).

In the seasons when the density of members of the family
Paracalanidae decreased, A. lilljeborgii was the dominant species.
Acartia lilljeborgii occurred in the entire study area and was abun-
dant during 2004, mainly in the rainy season, when salinity
remained below 35.2 (CW and MW). Acartia lilljeborgii is a ma-
rine-estuarine species, and has been the most abundant Acartia
Dana, 1846 species in Brazilian estuaries (Lores 1994), mainly in
the middle and lower zones. Species of Acartia are indicators of
coastal waters, and are often dominant among the copepods in
the warm coastal and estuarine waters of higher salinity in Bra-
zil (Lores 1994). Acartia lilljeborgii and P. crassirostris appear in
Brazilian estuaries from the Amazon River up to 25°S (Lores 1994).
A similar alternation between species of the genera Acartia and
Paracalanus was also observed in Magdalena Bay (Mexico) by
Lorez-IBARRA & PaLoMARES-GARcia (2006) and other authors in the
region of the Baja California Peninsula (Mexico).

The copepod T. turbinata was observed at the Caravelas
River estuary and the adjacent coastal region. During the 2003
rainy season, this species was present at only two stations lo-
cated in the estuarine zone of the Caravelas River (stations P1
and P2), having become present at all stations since the 2003
dry season. Temora turbinata occurred in higher concentrations
(>1,400 ind.m) during the 2004 rainy season, with high tem-
perature (26.2-27.9°C) and low salinity (32.4-35.2) in the CW
and MW. Temora turbinata, which did not occur in northeast-
ern Brazil before 1993 (Araujo & MonTU 1993), now dominates
several coastal areas and estuaries of Brazil. Although this domi-
nance has been corelated with ship ballast water at ports on
the Brazilian coast (Ara 2002), more studies are necessary to
confirm this relationship.

The copepod community did not show spatial variation,
although different assemblages occurred during the sampling
period, with greater abundances and lower diversity occurring
during the rainy season. Since the majority of the species are
from coastal areas, the spatial distribution of their abundance
is controlled by the temperature and salinity gradients, as ob-
served by Lores (1996), Sterza & Loureiro FERNANDES (2006) and
Dias & Bonecker (2008a, b) in estuarine regions of southern
Brazil, and in other tropical regions (ViLLate et al. 1993). How-
ever, additional factors must be considered when evaluating
the distribution and abundance of zooplankton. In order to
achieve a more comprehensive understanding of the latter,

future studies should also take suspended matter into consid-
eration, because the environment under study is influenced
by anthropogenic sources along its length.

On the basis of the results obtained in this study, we con-
clude that, in contrast with copepod density at each sampling
station, the copepod community as a whole did not show spa-
tial variation. On the other hand, the copepod community
formed distinct assemblages during the sampling period, with
greater abundances occurring during the rainy season. The tem-
poral distribution of copepod abundance was controlled by
temperature and salinity gradients.
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