¥y ¥ ¥y

Anais da Academia Brasileira de Ciéncias
ISSN: 0001-3765

aabc@abc.org.br

Academia Brasileira de Ciéncias

Brasil

MAGALHAES, ANDRE; LEITE, NATALIA DA R.; SILVA, JOAO G.S.; PEREIRA, LUCI C.C.; COSTA,
RAUQUIRIO M. DA
Seasonal variation in the copepod community structure from a tropical Amazon estuary, Northern
Brazil
Anais da Academia Brasileira de Ciéncias, vol. 81, nim. 2, junio, 2009, pp. 187-197
Academia Brasileira de Ciéncias
Rio de Janeiro, Brasil

Available in: http://www.redalyc.org/articulo.oa?id=32713477005

How to cite e

Complete issue - .
P Scientific Information System

Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal
Journal's homepage in redalyc.org Non-profit academic project, developed under the open access initiative

More information about this article


http://www.redalyc.org/revista.oa?id=327
http://www.redalyc.org/articulo.oa?id=32713477005
http://www.redalyc.org/comocitar.oa?id=32713477005
http://www.redalyc.org/fasciculo.oa?id=327&numero=13477
http://www.redalyc.org/articulo.oa?id=32713477005
http://www.redalyc.org/revista.oa?id=327
http://www.redalyc.org

“main” — 2009/5/4 — 10:50 — page 187 — #1

<\, Anais da Academia Brasileira de Ciéncias (2009) 81(2): 187-197
ai (Annals of the Brazilian Academy of Sciences)
' ISSN 0001-3765

www.scielo.br/aabc

Seasonal variation in the copepod community structure
from a tropical Amazon estuary, Northern Brazil

ANDRE MAGALHAES!, NATALIA DA R. LEITE!, JOAO G.S. SILVA!, LUCI C.C. PEREIRA?
and RAUQUIRIO M. DA COSTA!

I aboratério de Plancton e Cultivo de Microalgas, Universidade Federal do Para, Instituto de Estudos Costeiros,
Alameda Leandro Ribeiro s/n, Aldeia, 68600-000 Braganga, PA, Brasil

2Laboratério de Oceanografia Costeira ¢ Estuarina, Universidade Federal do Par4, Instituto de Estudos Costeiros,
Alameda Leandro Ribeiro s/n, Aldeia, 68600-000 Braganca, PA, Brasil

Manuscript received on August 1, 2008; accepted for publication on October 7, 2008;
presented by ALEXANDER W.A. KELLNER

ABSTRACT

The main purpose of this study was to investigate the seasonal variation of copepod community structure during t
months of July, September and November 2003 (dry season) and January, March and May 2004 (rainy season) in t
Curuga estuary, northern Brazil. Samples were collected during neap tides via gentle 200 «m mesh net tows from a sm
powerboat. Measurements of surface water conductivity were accomplished in sifu using an electronic conductivime
and salinity was later obtained through the transformation of the conductivity values. Salinity varied seasonally frc
7.2£0.11t039.2 4+ 1.8 (mean = standard deviation) and was influenced mainly by differences in the amount of rainf
between the studied sampling seasons. In total, 30 Copepoda taxa were identified and Acartia tonsa comprised the m
representative species throughout the entire studied period followed by Acartia lilljeborgii, Subeucalanus pileatus a
Paracalanus quasimodo. In the present study, the density values, ecological indexes and copepod species dominan
presented a clear seasonal pattern, showing that the studied area may be considered seasonally heterogeneous in relati
to the investigated parameters.

Key words: copepod, salinity, ecological indexes, seasonal changes, Brazil.

INTRODUCTION key factor in the control of fish stock sizes (Pay
Rippingale 2001, Evjemo et al. 2003). As part

Mangrove estuaries are located in tropical and subtrop- . .
pelagic food webs, copepods also contribute trans

ical regions and in these ecosystems phytoplankton and ) .
energy and organic matter from the primary prod

the higher trophic levels of the aquatic system (I
etal. 1984). More recently, studies have also high

zooplankton productivity are sustained by the input of
organic and inorganic nutrients originated from adjacent

mangrove forests (Yafiez Arancibia etal. 1993, Schwam- ) )
the role of copepods in the consumption of carb

duced by the microbial loop (Champalbert and
2002, Sommer and Stibor 2002).
The seasonal and spatial variability observe

born et al. 1999). In these environments copepods are
usually the dominant zooplanktonic component compris-
ing 60 to 80% of the total biomass (Lopez-Ibarra and
Palomares-Garcia 2006) and playing an important role as

prey for many juvenile and adult zooplanktophage fish occurrence and distribution of copepods are dire
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(Escribano and Hidalgo 2000, Beyst et al. 2001). The
relationship between distribution of copepods and en-
vironmental variables have been studied in several es-
tuaries (e.g. Hassel 1986, Soetaert and Rijswijk van
1993, Sarkar and Choudhury 1998, Lawrence etal. 2004,
David et al. 2007) and salinity has been shown to be (Ara
2004, Froneman 2004, Uriarte and Villate 2005, Li et al.
2006) one of the main factors controlling species devel-
opment and seasonal distribution of copepods in estu-
arine and marine environments because the organism’s
capacity to osmoregulate affects ecological tolerances
(Rippingale and Hodgkin 1977, Cervetto et al. 1999).
According to Islam et al. (2006), estuaries are of
great interest for studying copepod population dynam-
ics, because they are extremely dynamic and heteroge-
neous ecosystems, subject to strong fluctuations in en-
vironmental parameters. In the Amazon estuaries of
Brazil, knowledge about copepod communities is rela-
tively scarce. There is little information published on
the community structure of these organisms (Krumme
and Liang 2004, Magalhédes et al. 2006).
the purpose of the present study was to assess the cope-
pod composition and characterize seasonal density and
dominance patterns as well as ecological indexes of their
populations related to salinity variations in the Curuga

Therefore,

estuary, northern Brazil.

STUDY AREA

The Curuga estuary is located on the Amazon littoral,
north-eastern Para State, near the city of Curuca
(00°43’48”S and 47°51'06”W) and is part of the second
largest contiguous mangrove unit of the world (Kjerfve
and Lacerda 1993). The predominant coastal vegetation
along the margins of the Curuga estuary is represented
by three genders of mangroves: Avicennia, Rhizophora
and Laguncularia. The main hydrodynamic feature is
a maximum tidal height of 5 m in a semi-diurnal cycle,
although this range can reach 6 m during the equinoc-
tial spring tides (DHN 2008). The region is character-
ized by a tropical hot and humid climate, which presents

a nrononneced ceacnnality with the dArvu ceacnn lactino

MATERIALS AND METHODS
SAMPLING STRATEGY AND LABORATORY METHODS

To assess spatial and temporal patterns of the copepods,
samples were collected at four stations in the inner part
of the Curuga estuary (Fig. 1) in the neap tides of July,
November and December 2003 (dry season) and Jan-
uary, March and May 2004 (rainy season). The plankton
tows were accomplished at sub-surface water level, us-
ing a conical-cylindrical net (200#m mesh size, 50 cm
diameter and 1.8 m in length) fitted with a flowmeter to
estimate the volume of water filtered through the net. All
samples collected were immediately conditioned in plas-
tic bottles and preserved in 5% formalin, buffered with
sodium tetra-borate. Only one tow was made at each sta-
tion, performed with a boat for approximately 3 min at a
speed of 1.5 knots, producing a total of 24 plankton sam-
ples. Measurements of sub-surface water conductivity
were accomplished in situ using an electronic conduc-
tivimeter (Orion, Model 105). Salinity was later obtained
through the transformation of conductivity values.

Due to the great amount of organisms present in
the samples, aliquots were taken using a Folsom Plank-
ton Sample Splitter according to the degree of organ-
ism concentration. Under a stereoscopic microscope the
copepod individuals were identified to the lowest possi-
ble taxonomic level and counted, using appropriate iden-
tification keys (Trégouboff and Rose 1957, Boltovskoy
1981, Bradford-Grieve et al. 1999).

ECOLOGICAL INDEXES AND STATISTICAL ANALYSES

The quantitative data obtained for each sample was used
to calculate absolute and relative density, as well as eco-
logical indexes (diversity and evenness). The copepod
diversity was calculated using the Shannon-Wiener’s
index (H', as log to the base 2) and evenness was calcu-
lated through Pielou’s index (J, as log to the base 2).
Additionally, to visualize and compare diversity
profiles in different seasonal periods and between sam-
pling months, K-dominance curves (Lambshead et al.
1983) were plotted. For this, species were ranked from
1 to x, with species 1 representing the largest percentage

nf taotal individiiale cneciec D the cecond laroect ofe
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Fig. 1 — Geographical localization showing the study area with the four sampling stations (C1, C2, C3 and C4) in the Curuga estuary (Para

(Modified from Hercos and Giarrizzo 2007).

ical indexes, were log(x + 1)-transformed so that their
distributions approached normality. The assumption of
homogeneity of variance was tested using Bartlett’s Chi-
square test. Where the variances were homogeneous,
one-way ANOVA with a 5% significance level was used
to determine possible seasonal and spatial differences in
density, diversity and evenness of copepods. However,
when variances were heterogeneous, the non-parametric
Mann-Whitney U-test was applied (Zar 1999).

Spearman’s correlation coefficient was calculated
to characterize the relationships between salinity, cope-
pod density and ecological indexes. All these statistical
analyses were conducted employing the program STA-
TISTICA, version 5, computer software package.

To investigate similarities among sampling months,
hierarchical agglomerative cluster analysis and non-
metric multidimensional scaling (MDS) ordination were
computed using the Bray-Curtis similarity index and

loo(v L N_trancfarmed dencitv data nerformed thronich

RESULTS

SALINITY AND RAINFALL

In the present study, salinity, as well as density ai
logical indexes, did not show spatially signific:
ferences (p > 0.05) among the four sampled s
Thus, reported values for each sampling mont
pooled and have been evaluated on seasonal scals
rainy seasons).

Results showed a significant seasonal vari:
sub-surface water salinity (Mann-Whitney U-tes
p < 0.05). The lowest value (7.2 & 0.1; ave
standard deviation) was registered in March (rai
son), while the highest value (39.2 & 1.8) was re
in November (dry season) (Fig. 2). When co
to salinity, an opposite trend was observed for

fal monthlyv ratinfall with the rainy ceacnn Nracant
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Fig. 2 — Seasonal variation of salinity (means = SD) in relation to total

monthly rainfall (ANA 2006) in the Curuga estuary.

COPEPOD COMPOSITION AND DENSITY

A total of 30 Copepoda taxa were identified (Table I).
Among them, eighteen could be assigned to species level
and the others were either not identified to the species
level or unidentified. Monthly and seasonal distributions
of copepod densities were presented (Figs. 3b, Sc and
Table I). Acartia tonsa (Dana, 1849) was the taxa most
represented throughout the entire study period, reaching
up to 91.5% of the total copepod density registered in
May, followed by Acartia lilljeborgii (Giesbrecht, 1889)
with 23.4% in September, Subeucalanus pileatus (Gies-
brecht, 1888) with 17.4% in November and Paracalanus
quasimodo (Bowman, 1971) with 14.9% in July.
Among the main taxa, 4. tonsa (ANOVA, F =
22.1, p < 0.001) and S. pileatus (ANOVA, F = 17.6,
p < 0.001) showed significant seasonal differences in
density patterns. Seasonal differences were also ob-
served for total copepod density (ANOVA, F = 17.6,
p < 0.05). Monthly results of the copepod density,
diversity and evenness were plotted against salinity
(Fig. 3). The Spearman coefficient showed a significant
relationship between salinity and densities of A. tonsa
(rs = —0.59, p < 0.05) and S. pileatus (rs = 0.54,
p < 0.05). On the other hand, there was no signifi-
cant correlation in the case of A4. lilljeborgii (rs = 0.40,

p > 0.05), P. quasimodo (rs = 0.30, p > 0.05) and to-
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Fig. 3 —Monthly means (= SD) in copepod ecological indexes (a) and
total copepod density (b) registered in the Curugé estuary. These data

were plotted against salinity (line).

COMMUNITY STRUCTURE

Consistent seasonal patterns of diversity and evenness
were evident throughout the sampling periods (Fig. 3a),
and the lowest values for all of these indexes were re-
corded in May.

Highly significant statistical differences were found
in diversity (ANOVA, F = 79.4, p < 0.00001) be-
tween the two seasons. The values increased during the
dry season and decreased in the rainy season, with av-
erage values oscillating between 0.47 + 0.33 (May) and
2.72 £ 0.25 (November) bits.ind!. The accentuated
decrease in diversity during rainy months was accom-
panied by high total copepod densities. An opposite
situation was detected for dry months. Similarly, even-
ness (ANOVA, F = 37.2, p < 0.00001) showed sig-
nificant seasonal difference, with average values ranged
from 0.17 £ 0.11 (May) to 0.75 £ 0.05 (November).

K-dominance curves also revealed a gradual decline
in diversity throughout the rainy months (Fig. 4b). The

rmrvee for thece monthe avhihited a hiocher Adoaminance
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TABLE 1
Taxonomic composition, absolute (means &= SD) and relative densities of copepods collected
during dry (July, September and November) and rainy seasons (January, March and May)
in the Curuca estuary.

Taxa

Dry % Rainy %

Acartia (juveniles)

1.5£25 0.06 0£0 0

Acartia tonsa Dana, 1849 1097.1 £729.0 | 41.74 | 4853.8 £814.9 | 85.44
Acartia lilljeborgii Giesbrecht, 1889 435.1+£275.6 | 16.55 208.7 £99.9 3.67
Acartia sp. 0.5+£0.8 0.02 0£0 0

Paracalanus quasimodo Bowman, 1971 306.0£ 1324 | 11.64 | 217.9+2314 3.84
Parvocalanus crassirostris (F. Dahl, 1894) 10.5+4.4 0.40 41+£7.0 0.07
Pseudodiaptomus marshi Wright, 1936 3.6£5.7 0.14 21.7+£12.0 0.38
Pseudodiaptomus richardi (F. Dahl, 1894) 0.5+£0.8 0.02 9.0£38.0 0.16

Pseudodiaptomus acutus (F. Dahl, 1894)

584 £31.5 222 50.3£62.9 0.89

Pseudodiaptomus sp.

345+£254 1.31 26.2 £ 14.7 0.46

Labidocera (juveniles) 104.4 £ 121.5 3.97 0+0 0
Labidocera fluviatilis F. Dahl, 1894 25.8 £26.9 0.98 81.8£132.7 1.44
Calanopia americana F. Dahl, 1894 5.0£5.7 0.20 2.7+4.0 0.05

Subeucalanus pileatus (Giesbrecht, 1888)

159.1 £104.9 6.05 28.5£23.6 0.50

Centropages furcatus (Dana, 1849)

17.3+£3.0 0.66 17.6 £ 18.1 0.31

Temora longicornis (Miiller, 1792) 10.0+4.3 0.38 0+0 0
Candacia sp. 09+£1.5 0.03 0£0 0
Corycaeus speciosus Dana, 1849 23439 0.09 5249.0 0.09
Corycaeus latus Dana, 1849 0+0 0 0.7£1.2 0.01
Corycaeus lautus Brady, 1883 7.8 £8.7 0.30 21.2+36.8 0.37
Corycaeus sp. 0+0 0 1.6 2.9 0.03
Oithona spp. 23.5+12.8 0.90 101.2 +£93.1 1.78
Oncaea sp. 48+78 0.18 0£0 0
Cymbasoma sp. 13.9£23.6 0.53 0.7£1.2 0.01

Tisbe sp. 124.0 £ 67.3 4.72 8.7+ 10.1 0.15
Euterpina acutifrons (Dana, 1847) 82.2 +£31.6 3.13 12.7+£12.2 0.22
Clytemnestra scutellata Dana, 1847 0.1 £0.1 b 0+0 0
Harpacticoida @ 0+0 0 6.5+9.8 0.11
Parasitic Copepoda ? 03+£0.5 0.01 0£0 0
Copepoda 2 (adults and juveniles) 99.0 +47.4 3.77 0+0 0

aQrganisms identified to group level; PLess than 0.01%.

density distributions among both dry and rainy seasons
(Fig. 4c¢).

The cluster and MDS analyses performed on
monthly density of taxa registered during the present
study clearly showed the temporal differences in the
copepod community at the Curuca estuary. The results

A oo Al e e e i e AL EOS Lt

these three sampling months, a gradual reductios
A. tonsa densities was verified following an inct
salinity. On the other hand, the second group,
corresponded to January, March and May (rainy -
showed a considerable increase in A. tonsa contri
on total copepod density, while salinity values de

V2 o - R § U2 MRS DRSS T SRS A
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100 T Lam-Hoai et al. 2006) seasonal changes in salinity are
S o,o'°’° mainly influenced by rainfall distribution between the
é 81 o"‘ 0, seasons. In general, decreases in pluviometric precipi-
% B0y g o u‘/% tation during the dry season caused gradual decreases in
= L /)'( river discharges and land run-off. Consequently, it was
% g’ /x/ possible to verify increases in salinity in the inner parts
g ,// 0 il of these estuaries due to the input of a larger volume of

a3 2t @ ; Sl\;;/) coastal and marine waters in those environments.
0 , , The distributional pattern observed for total cope-
1 10 100 pod density, with the highest values registered in the
3 Ho rainy season, was in part related to the behavior of 4.
2 tonsa which was the species most represented as was
% also reported in many other estuarine systems (Palo-
é 60 + mares-Garcia and Gomez-Gutiérrez 1996, Hoffmeyer
3 and Torres 2001, Vieira et al. 2003). This calanoid
% 40 1 planktonic copepod is a cosmopolitan species, common
g 0l Z ;ig: in estuaries of the Atlantic coast of South and North
5] (b) % May America (Bradford-Grieve et al. 1999), and is consid-
0 ered an important zooplankton component in most of
! 10 100 these estuaries showing a high degree of tolerance for

9 T o-0 ”‘”;-(:g;-gm’ environmental change.
g 80t Q,UO The significant and negative correlation between
e k2 salinity and density of 4. tonsa, evidenced the species
g o0 o ’ preference for estuarine waters that show mesohaline
g 40 “," characteristics (18.0 > surface salinity > 5.0), accord-
8 _ ing to the Venice system of classification of saline wa-
§ 20 : [R)Zny ters (Anonymous 1958). Intraspecific tolerance to low
0 (c) ) ) and moderate salinities could explain the higher numeri-
1 10 100 cal representativeness of 4. tonsa during the entire rainy
Species rank

Fig. 4 — Cumulative dominance curves of copepods for dry (a) and
rainy (b) sampling months and for the two seasons (c) in the Curuga

estuary.

site situation was verified. For the former, the highest
density was reported during the rainy season (group II),
while for the last three species these values were greater
in the dry season (group I).

DISCUSSION

Sub-surface water salinity was characterized by pro-

nonneed ceacnnalitvy with the laroect valiiee fornnd 1in

season, when salinities were not accentuated.

Numerous completed studies on estuaries describe
the reduction in copepod species density during the
rainy season (Lansac-Toha 1985, Mwaluma et al. 2003,
Osore et al. 2004, among others). An opposite trend was
verified for 4. fonsa in the Curugé estuary. This observa-
tion is consistent with the one described by Ara (1998),
who studied the temporal variability and production of
copepods in the Cananéia Lagoon estuarine system (Sao
Paulo, Brazil) and pointed out that the highest 4. fonsa
densities were registered in February, which represents
the rainy season.

Far O niloatire a eneciee af warm cnactal and chelf
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(a) Bray-Curtis Similarity (%)

(¢) Percentage

%0
+%0$
L %001
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> Group 1l

50 60 70 80 90

Transform: log (x+1)

Salinity

B A tonsa B A lillieborgii B P. quasimodo O S. pileatus Others

(b) MDS

Stress: 0.01

A Dry

O Rainy

Fig. 5 — Cluster (a) and MDS (b) analyses based on copepod taxa densities during dry (group I) and rainy (group II) sampling months in th

estuary. Percentage of the main taxa density (c). These data were plotted against salinity (line).

The highest densities recorded in the dry season suggest
that the presence of this species in the studied area de-
pends on the recruitment from the adjacent coastal zone.

A. lilljeborgii is the predominant species in vari-
ous Brazilian estuaries (Nascimento-Vieira and Eskinazi
Sant’Anna 1989, Dias 1999, Silva et al. 2003). How-
ever, in the present study it’s contribution to monthly
and seasonal copepod density was not expressive if com-
pared with 4. tonsa. As observed by Sterza and Fernan-
des (2006), evaluating the zooplankton community of
the Vitoria Bay estuarine system (southeastern Brazil),

areas (Lopes etal. 1999, Eskinazi-Sant’ Anna and
berg 2006), P. quasimodo together with A. [ill]
were the only main taxa that did not show a
tent seasonal pattern in terms of density. Moreo
oceanic copepods Corycaeus speciosus (Dana,
Corycaeus latus (Dana, 1849), Corycaeus lautus
1883) and Cymbasoma sp. were also recorded, al
they were not numerically representative in the
study.

At the Curugd estuary, the ecological
showed significant seasonal variations, which w
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pod diversity in rainy months was related to an increase
of 4. tonsa contribution for the total copepod density.
A. tonsa density was increased with the decrease in salin-
ity. This may have occurred due to the reduced contribu-
tion of coastal and marine waters during rainy months.
The opposite was detected for dry months. Copepod di-
versity values obtained in the Curugé estuary tended to
be greater than those observed in other estuaries world-
wide (Hsieh and Chiu 1997, Islam et al. 2006).

Evenness presented a similar trend to diversity, with
both parameters increasing with salinity values. The de-
cline of these parameters in the rainy season indicated
the presence of lower “stability” condition for the es-
tuary, when compared with the dry season. Thus, the
situation in the latter is completely different. The cope-
pod community structure is relatively more diverse and
the salinity influence on this community is greatest.

Monthly and seasonal changes in the balance of rel-
ative density of four main copepod species as visualized
in the K-dominance curves, directly affect the behavior
of ecological indexes. In particular, changes in A. fonsa
contribution in the studied period were strongly respon-
sible for alterations in these indexes. The present study
has shown a clear seasonal pattern in density, diversity
and evenness of copepod community and salinity values,
which had been confirmed by plots of cluster and multi-
dimensional scaling (MDS). Therefore, the studied area
may be considered spatially uniform and seasonally het-
erogeneous in relation to these parameters. Nevertheless,
further investigations on biomass and copepod commu-
nity production in the Curuga estuary should be assessed
for providing a better understanding of the trophic struc-
ture of this ecosystem.
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RESUMO

O presente estudo teve como objetivo principal avaliar a va-
riagdo sazonal na estrutura da comunidade dos copépodos du-
rante os meses de julho, setembro e novembro de 2003 (periodo
seco) e janeiro, mar¢o e maio de 2004 (periodo chuvoso) no
estuario do Curuga, Norte do Brasil. As amostras foram co-
letadas nas marés de quadratura com auxilio de uma rede de
plancton com 2004m de abertura de malha, rebocada por meio
de uma pequena embarcagdo a motor. As medidas de con-
dutividade da agua foram realizadas in situ utilizando-se um
condutivimetro eletronico e a salinidade foi posteriormente
obtida através da transformacédo dos valores de condutividade.
Os valores de salinidade variaram sazonalmente de 7,2 + 0, 1
a 39,2 £ 1, 8 (média £ desvio padrao), tendo sido principal-
mente influenciados pelas diferengas nas taxas de precipitagdo
entre os periodos de amostragem estudados. Foram identifi-
cados no total 30 taxons, com Acartia tonsa constituindo a
espécie mais representativa durante todo o periodo de estudo,
seguida por Acartia lilljeborgii, Subeucalanus pileatus e Para-
calanus quasimodo. Durante este trabalho, os valores de densi-
dade, indices ecologicos e dominancia das espécies de copépo-
dos apresentaram um padrdo sazonal claro, mostrando que a
area estudada pode ser considerada sazonalmente heterogénea

em relagdo a estes pardmetros investigados.

Palavras-chave: copépodos, salinidade, indices ecologicos,

mudangas sazonais, Brasil.
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