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Spatial and temporal distribution of Copepoda (Cyclopoida and
Calanoida) of an eutrophic reservoir in the basin of upper Iguaçu River,
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ABSTRACT: Spatial and temporal distribution of Copepoda (Cyclopoida and Calanoida) of an eutrophic
reservoir in the basin of upper Iguaçu River, Paraná, Brazil. Morphometrical and hydrological
characteristics of Iraí reservoir (upper Iguaçu River basin) are favorable to the development
of Cyanophyceae blooms. In this study, spatial and temporal variation of the most frequent
Copepoda species were evaluated monthly during seventeen months in six stations, through
analysis of correlation between environmental variables and phytoplankton abundance, in
addition to the analysis of the content of food ingested by copepods. For each sample
was filtered 200 liters of sub surface (0.3 meters) water in a conical plankton net (64 µm
mesh size).  Notodiaptomus spinuliferus was the species with the higher mean density,
followed by Microcyclops anceps, Tropocyclops prasinus, Acanthocyclops robustus, and
Thermocyclops decipiens. Acanthocyclops robustus and Tropocyclops prasinus did not
show any correlat ion with water physical or chemical var iables, but showed negat ive
corre la t ion wi th a lgae species Per id in ium umbonatum and Scenedesmus sp .  Only
Thermocyclops decipiens did not correlate with phytoplankton species. High abundances
of Microcyclops anceps, Acanthocyclops robustus and Notodiaptomus spinuliferus were
associated to per iods of high pluviosi ty and water temperature,  and with some algae
species, especially Bacillariophyceae and Chlorophyceae.  Regarding the content of food
ingested by copepods, colonial cyanophytes were identified for all species and for some
others, filamentous forms were observed. The morphometry, trophic level and age of Iraí
Reservoir pointed clear seasonal patterns for some copepod species, but other species
did not present any pattern of seasonal and spatial distribution.
Key-words: Copepoda, Cyanophyceae, Eutrophic reservoir, Iguaçu River Basin.

RESUMO: Distribuição espacial e temporal de Copepoda (Cyclopoida e Calanoida) em um reservatório
eutrófico na bacia do alto rio Iguaçu, Paraná, Brasil. Características morfométricas e hidrológicas
do reservatório do Irai (bacia do alto rio Iguaçu) são favoráveis ao desenvolvimento de
florações de Cyanophyceae. Nesse estudo, as variações espaciais e temporais das espé-
cies de Copepoda mais freqüentes foram avaliadas mensalmente durante dezessete me-
ses em seis pontos de amostragem, através de correlação entre variáveis ambientais e
abundância do f i toplâncton, em adição à análise de conteúdo al imentar ingerido pelos
copépodos. Para cada amostra filtrou-se 200 litros de água em rede de plâncton cônica de
64µm de abertura de malha. Notodiaptomus spinuliferus foi a espécie com a maior densi-
dade média, seguida por Microcyclops anceps, Tropocyclops prasinus,  Acanthocyclops
robustus e Thermocyclops decipiens. Acanthocyclops robustus e Tropocyclops prasinus
não mostraram nenhuma correlação com variáveis f ís icas e químicas da água, porém
apresentaram correlações negativas com espécies fitoplanctônicas Peridinium umbonatum
e Scenedesmus sp. Somente Thermocyclops decipiens não mostrou relação com nenhu-
ma espécie de fitoplâncton. Elevadas abundâncias de Microcyclops anceps, Acanthocyclops
robustus e Notodiaptomus spinuliferus foram associadas aos períodos de maior pluviosidade
e temperatura da água,  e  com a lgumas espécies de a lgas ,  especia lmente de
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Baci l lar iophyceae e Chlorophyceae. No conteúdo al imentar ingerido pelos copépodes,
algas cianofíceas coloniais foram identif icadas para todas as espécies e para algumas,
algas filamentosas foram observadas. A morfometria, estado trófico e idade do reservató-
r io do Iraí foram responsáveis por padrões sazonais claros para algumas espécies de
copépodes, porém para outras espécies, não verificou-se padrões claros de distribuição
temporal e espacial.
Palavras chave: Copepoda, Cyanophyceae, reservatório eutrófico, bacia do rio Iguaçu.

Introduction

The disordered occupation of areas in
hydrographic  bas ins has resu l ted in
eut rophicat ion of  severa l  water  bodies
around the world. The lack of resources to
the implementation of domestic and indus-
trial sewage treatment results in the release
of the ef f luents in receptor water bodies
(rivers and lakes), causing the effect named
eutrophication (Barbosa & Garcia, 2003).

The eutrophication can be defined as
the b io log ica l  e f fec ts  resu l t ing f rom the
increase in nutrient concentrations, mainly
nitrogen and phosphorus, above the limits
estab l ished by the cur rent  leg is la t ion .
Eut rophicat ion can cause Cyanophyceae
blooms in continental waters (Harper, 1983).

In  t ropica l  eut rophied envi ronments ,
several zooplankton community attr ibutes
are a l tered,  as the composi t ion ,  the
r ichness,  and the d ivers i ty.  Few species
dominate in high densities and are generally
associa ted to  cyanophytes b looms,
influencing the aquatic biodiversity, which
is  impor tant  to  the system dynamic
equil ibrium (Matsumura-Tundisi,  1999; Pin-
to-Coelho et al., 1999; Serafim-Júnior et al.,
2005) .

Phytoplankton constitutes an important
compound of  the d ie t  o f  zooplankton
organisms, inf luencing their  reproduct ion
and survivorship. In relation to food habits,
zooplankton species can be fi l ter feeders,
l ike cladocerans and Copepoda Calanoida
(Diaptomidae), carnivorous or omnivorous
as Copepoda Cyclopoida. Even in experi -
menta l  s tud ies as wel l  as  in  aquat ic
envi ronments of  temperate zones
(considered as more eutrophic than tropi-
ca l  ones ) ,  some microcrustaceans have
been associated to the ambient trophic level
and to  the phytop lankton composi t ion ,
mainly Cyanophyceae species (Rietzler et
al., 2002; Ferrão-Filho et al., 2000; Coelho-
Botelho, 2002; Darchambeau & Thys, 2005;
Pinto-Coelho et al., 2005; Matsumura-Tundisi
& Tundisi, 2003).

Copepods generally represent the most
part  of zooplankton biomass (Sendacz et

al., 2006).  They constitute an important link
of transference of energy and mass from
pr imary producers to  other  consumers .
Several species are very associated to water
var iab les ,  as conduct iv i ty  (Matsumura -
Tundisi & Tundisi ,  2003) and temperature
(Rietzler et al., 2002).

Consider ing the f requent  b looms of
Cyanophyceae algae at Iraí reservoir (Paraná
State, Brazil), the aim of this study was to
study the ef fects of  some environmental
var iab les and the phytop lankton
composi t ion on spat ia l  and tempora l
d is t r ibut ion of  adul t  copepods,  wi th
hypothes is  that  these organisms show
dif ferent  dist r ibut ion among stat ions and
months. For this purpose, it was evaluated:
( i )  the abundance of  these organisms in
relation to physical, chemical and biological
var iab les ,  ( i i )  the re la t ionships between
phytoplankton species and copepods, and
(ii i ) the ingestion of phytoplankton species
by copepods through the analyses of the
food content.

Material and methods

Study area
I r a í  Dam i s  loca ted  in  the  bas in  o f

the upper Iguaçu River,  among the ci t ies
of  P i raquara ,  P inha is  and Quat ro  Bar ras
(25 º  25 ’49 ”  S  and 49º  06 ’40”  W) .  The
reservoir occupies an area of 14 Km2 of the
alluvial plain in the intermediate stretch of
Iraí River, wi th a stored water volume of
58 x 106 m3,  mean  dep th   o f   4  mete rs
and a relat ively high residence t ime (300
-  450 days)  (F ig.  1 ) .

The main t r ibutar ies of  the reservoir
a re :  Cu r ra l i nho ,  Ce r rado ,  Cangü i r i  and
Timbú. The last  presented high loads of
nu t r i en ts  (ma in ly  n i t rogen  and
phosphorus), being 90 % of the total, due
to the use of the soi l  to agr icul ture and,
spec ia l l y ,  t o  the  inc rease  o f  u rban
occupa t ion  o f  t he  d ra in  bas in  a rea
(Andreoli & Carneiro, 2005).

S ince the end of  f i l l ing o f  I ra í
Reservoir, in the beginning of 2001, many
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successive Cyanophyceae genus (Anabaena,
Microcystis and Cylindrospermopsis) blooms
occurred and seriously affected the water
qua l i ty  and enhanced the costs  o f

treatment. The reservoir was classified as
eut rophic / h y p e r e u t r o p h i c   d u r i n g   t h i s
s tudy (Fernandes et  a l . ,  2005) .

Figure 1:  Local izat ion of Iraí reservoir and sampling stat ions.

Sampling and data analyses
Zooplankton was co l lec ted month ly

f rom March/2002 to Ju ly /2003,  in  s ix
sampling stations (Tab. I), distributed for all
the reservoir. In each station, 200 liters of
sub surface water collected at 0.3 m were
filtered using a motorized pump, in a conical
p lankton net  (64 µm mesh s ize ) .
Zooplankton sampl ing was done in  the
surface due to the low depth of the reservoir,
and also to correlate with the composition
and abundance of phytoplankton, obtained
in the same depth ,  s ta t ion and dates
(Fernandes et al., 2005).

The fi l tered material was  preserved
in 4% formal in  buf fered  wi th  ca lc ium
carbonate. In the laboratory, adult copepods

were ident i f ied according to Reid ( 1985) ,
Matsumura -Tundis i  ( 1986 ) ,  Rocha ( 1998 ) ,
P a g g i  ( 2 0 0 1 )  a n d  S i l v a  &  M a t s u m u r a -
Tundis i  (2005) .  In  quant i ta t ive ana lyses ,
a minimum of 200 individuals per sample
were counted (naupl ius, copepodites and
a d u l t s ) ,  i n  s u b s a m p l e s  o f  1  m L  i n
S e d g e w i c k - R a f t e r  c h a m b e r ,  u s i n g  a
S t e m p e l l  s a m p l e r.  T h e  a b u n d a n c e  o f
i n d i v i d u a l s  p e r  c u b i c  m e t e r  w a s
e s t i m a t e d  f r o m  t h e  c o u n t i n g s .  I n  t h i s
s tudy ,  on ly  adu l t  ind iv idua ls  o f  the  f ive
most  abundant  spec ies  a re  cons idered ,
when f requency of  occurrence is  h igher
than 10 %.

Data of abundance peaks were used
t o  s h o w  t h e  s p a t i a l  d i s t r i b u t i o n  o f

Table I: Localization and mean depth of sampling stations.

Sampling stations Localization Mean depth (m) 

1 – 2 – 3 Dam axis 8 

4 – 5 – 6 Main body of reservoir (5 and 6 near to tributaries rivers) 3 
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spec ies .   I t  can  be  recogn ized  by  da rk
patches proport ional  to the mean values
of  each po in t ,  in  min ia ture  maps o f  the

r e s e r v o i r  ( F i g .  2 ) ,  a c c o r d i n g  w i t h  t h e
p r e d o m i n a n t  w i n d s  ( F e r n a n d e s  e t  a l . ,
2003;  Gobbi  e t  a l . ,  2005) .

Figure 2: Spatial distribution during abundance peaks in the studied period. A. Cyanophyceae blooms in
the left shore of the reservoir dam, caused by the action of the predominant winds; B. A. robustus
(peaks in March and April/02) ; C. M. anceps (March/02) ;  D. T. decipiens (April/02) ; E.  T. prasinus
(May/02 and May/03); F. N. spinuliferus (Apri l /02, February/03).

Physica l ,  chemica l ,  and b io log ica l
(phytoplankton abundance and composition)
variables used in this study were obtained
elsewhere (Sanepar, 2006).  The fol lowing
var iab les were used:  to ta l  phosphorus ,
organic ni t rogen, ni t r i te,  ni t rate, pH, total
d issolved sol ids ,  d issolved oxygen,
temperature, turbidity, conductivity, water
t ransparency us ing Secchi  d isc and

chlorophyl l -a (Andreol i  & Carneiro, 2005) .
Table I I  summarizes the mean, minimum
and maximum values (± standard deviation)
of  these var iables for  I ra í  Reservoi r .
Pluviometric data were obtained from the
his tor ica l  data  base of  Technological
Institute Simepar to the city of Pinhais, and
the mean values are referent for 10 days
preceding the samplings.

 TotP OrgN Nitri Nitra pH TDS DO Temp Turb Cond Secc Chlor Pluv 

Mean 0.10 1.51 0.17 0.76 7.25 56.00 6.95 22.50 19.00 46.00 0.74 35.00 108.75 

SD 0.05 1.20 0.17 0.36 1.37 15.35 1.87 3.70 8.50 3.50 0.15 23.00 51.61 

Max 0.21 4.90 0.50 1.27 9.70 98.00 11.40 27.40 39.00 54.00 1.00 90.86 178.20 

Min 0.00 0.65 0.00 0.25 5.60 35.00 3.10 15.00 7.10 41.00 0.05 5.30 4.60 

 

Table II: Mean,  minimum, and maximum values (±  SD)  of  physical ,  chemical  and bio logical  var iables
used in this study. Legends and units: total phosphorus - TotP (mg L - 1) ,  organic nitrogen - OrgN
(mg L - 1 ) ,  ni tr i te -  Nitr i  (mg L - 1) ,  ni trate -  Nitra (mg L - 1 ) ,  pH, total  dissolved sol ids -  TDS (mg L - 1 ) ,
d issolved oxygen -  DO (mg L - 1 ) ,  temperature -  Temp (ºC) ,  turbidity -  Turb (NTU), conductivi ty -
Cond (µS cm - 1 ) ,  water t ransparency using Secchi  disc -  Secc (m), chlorophyll -a - Chlor (µg L - 1 )
and pluviosity -  Pluv (mm3) .
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After the normali ty test (Shapiro-Wilk)
of log transformed physical, chemical and
bio log ica l  data  (ch lorophyl l  and
phytoplankton species abundance), normal
distributions were observed, requiring non
parametric tests. In order to relate the mean
abundance of copepods species with the
other variables, Spearman correlation was
used (Statistica v6.0 - Statsoft, 2002).

In order to investigate the feeding habit
of the studied species, the content of the
food ingested by 30 indiv iduals of  each
species was analyzed. Before dissect ing,
to ta l  body length o f  ind iv idua ls  was
measured from the ocellus until the end of
the furca. The individuals were dissected
using fine pins mounted in wooded holds,
on Pet r i  d ishes and in s l ides,  under  a
stereomicroscope (200 x ) .  The content
resulting from the dissection was observed
in s l ides covered by covers l ips in
magnifications of 400 and 1000x, and thus
the phytoplankton ingested species were
identif ied by specialists.

Results

Spatial variation of plankton
Fi rs t ,  in  re la t ion to  phytoplankton,

spat ia l  d is t r ibut ion o f  a lgae was
homogenous and a lmost  complete ly
dominated by Cyanophyceae (97.0 – 99.9 %).
In the right and left shores from the dam
axis, i t  was observed an accumulation of
Microcyst is sp .  due to  the act ion of  the
predominant  east  winds,  wi th  densi t ies
vary ing  f rom 2 ,685 to  52 ,734 ce l ls  mL - 1

and chlorophyll -a from 29.9 to 96.4 µg L - 1

(F ig .  2A) .  Cy l indrospermopsis rac iborsk i i
densit ies ranged from 26,806 to 200, 726
cel ls mL - 1 and chlorophyl l -a ,  f rom 19.7 to
40.6 µg L - 1, in the same sites.

Considering copepods, Notodiaptomus
spinul i ferus and Tropocyclops pras inus
dominated in  the samples wi th  a  to ta l
frequency of 59 %, followed by Microcyclops
anceps (39 %) (Tab. III). In relation to body
length,  N.  spinul i ferus  and T.  prasinus
showed the higher and the lowest values
(1,470 µm and 450 µm, respectively).

Fig. 2 shows the spatial distribution of
each species when reached abundance
“peaks” .  Acanthocyc lops robustus ,  M.
anceps, T. prasinus and N. spinuliferus were
dispersed a long the reservoi r  dur ing
abundance “peaks” ,  d i f fe r ing f rom
Thermocyclops decipiens that was found
only in the dam axis of the reservoir (Fig 2
B-D) .  In  genera l ,  for  s i tes 1  and 3 ,
Cyanophyceae blooms were common. Low
densi t ies of  organisms were recorded in
station 1 and 3 compared to the site 2, in
the middle of  the dam. In  1  and 3 s i tes
higher densities were found for T. decipiens
and lower to N. spinuliferus (Fig. 2 D, F). In
site 2, high densit ies of M. anceps (1 ,065
ind. m -3 )  and N. spinuliferus (906 ind. m -3 )
were found. Conversely, T. prasinus (145 ind.
m-³) and T. decipiens (6 ind. m -³) presented
low densi t ies .  The h igher  abundance of
Acanthocyclops robustus (599 ind. m -³) was
found in  s i te  4 ,  overcomed only by N.
spinuliferus (803 ind. m -³). The abundance
of T. prasinus varied from 145 ind. m -³ (site
2) to 488 ind.m -³ (site 6).

Temporal variation of plankton
Notodiaptomus sp inu l i fe rus  showed

two abundance “peaks”, in April /02 (3,365
ind. m -3) and in February/03 (1,538 ind. m -3)
(Fig. 3), when the mean water temperature
was high.  Tropocyclops pras inus  h igher
densities occurred in winter, in May/02 (867
ind. m -3) and in May/03 (807 ind. m -3) , with

Copepoda species Fr. % Size (µm) 

Acanthocyclops robustus (G. O. Sars, 1863) 21 720 1,450 

Microcyclops anceps (Richard, 1897) 39 610 1,000 

Thermocyclops decipiens (Kiefer, 1929) 17 610 940 

Tropocyclops prasinus (Fischer, 1860) 59 450 660 

Notodiaptomus spinuliferus Dussart & Matsumura-Tundisi, 1986 59 900 1,470 

 

Table I I I :  Frequency of  occurrence (Fr .  %) of  Copepoda (Cyclopoida and Calanoida) ,  and body length
(maximum and minimum values) (µm) of dissected organisms, during the period of March/2002
to July/2003, at Iraí Reservoir.
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temperature values < 20º C, low pluviometric
va lues and presence of  b looms of
f i lamentous cyanophytes .  The greatest
abundance “peak” of Microcyclops anceps
was observed in March/02 (4,671 ind. m -3 ) ,
together with blooms of C. raciborski i .  In
the next  month,  th is species decl ined in
numbers, and N. spinuliferus and T. prasinus
increased in  dens i ty. Acanthocyc lops
robustus was also abundant in March/02
(1,284 ind. m -3) and April/02 (1,545 ind. m -3) ,
and  h ighe r  dens i t i es  occur red  aga in  in

December /02  ( 184  ind .  m - 3 ) ,  when the
pluviometric values increased. In general,
T.  dec ip iens showed low abundance
va lues  du r ing  the  s tud ied  pe r iod  and
h ighe r  mean  abundance  was  found  in
Apri l /02 (593 ind. m -3 ) .

N o  s i g n i f i c a n t  c o r r e l a t i o n  v a l u e s
were found between phys ica l ,  chemica l
a n d  b i o l o g i c a l  v a r i a b l e s  ( p l u v i o s i t y ,
n i t r i t e ,  n i t r a t e ,  d i s s o l v e d  o x y g e n ,
tu rb id i ty ,  conduc t iv i t y ,  and  ch lo rophy l l -
a )  a n d  c o p e p o d  s p e c i e s   ( T a b .  I V ) .

Table IV:  Spearman correlat ion between copepod species and environmental var iables (*  = signi f icant
correlation, p < 0.05).

Environmental variables M. anceps T. decipiens N. spinuliferus 

Total P 0.329 0.59 * -0.31 

Organic N 0.25 0.04 0.58 * 

pH 0.38 0.72 * 0.25 

Total dissolved solids -0.07 -0.65 * 0.16 

Temperature 0.48 0.49 0.63* 

Transparency (m) -0.60 * -0.40 -0.35 

Total phytoplankton 0.70 * 0.09 0.39 

 
Acanthocyclops robustus and T. prasinus
were s ign i f icant ly  cor re la ted only  wi th
phytoplankton species .  M icrocyc lops
anceps was negatively correlated with water
t ransparency and pos i t ive ly  wi th
phytoplankton total density. Thermocyclops
decipiens presented a negative correlation
with total dissolved sol ids and a posit ive
corre la t ion wi th to ta l  P and pH.  N .
spinuliferus was correlated positively with
organic N and temperature.

In the dissected organisms for the food
content ,  f ree ce l ls  o f  Microcyst is ,
Aphanocapsa,  Pseudoanabaena and
Aulacoseira, and some entire and in pieces
of Chlorophyceae were identified, with high
frequency and abundance values (Tab. V).
Small particles similar to detritus or food in
an advanced digestion process were also
found, but in low numbers. Aulacoseira sp.,
Merismopedia sp. ,  Dicthyosphaer ium sp.,
Microcyst is  sp. ,  Ankis t rodesmus sp. ,
Pediastrum simplex and Golenkinia radiata
were  identified  in  the  food  content  of
individuals of A. robustus.  The majority of
M. anceps individuals dissected contained
Microcyst is  sp.  and Aphanocapsa
delicatissima, and low numbers other algae,
l ike A.  so l i ta r ia ,  Aulacosei ra  sp .  and
Gomphosphaer ia  sp. .  T h e  s a m e  m o s t

inges ted   a lgae    (M .  ae rug inosa   and
A.  del icat iss ima )   were  found  a lso  in
T. decipiens (in addition to Scenedesmus sp.,
Staurastrum sp. and filamentous algae) and in
T. prasinus (plus filamentous Cyanophyceae).
Microcystis sp., Pseudoanabaena mucicola,
Gomphosphaeria sp., Dicthyosphaerium sp.,
Chrococcus sp., Staurastrum sp. and
Scenedesmus sp. were found in the food
contents of N. spinuliferus.

Spearman correlation between T. decipiens
and the phytoplankton species densities
showed no significant values (Tab. VI).
Tropocyclops prasinus was negatively
correlated with Peridinium umbonatum and
Scenedesmus sp. Acanthocyclops robustus
was positively correlated with A. granulata var.
angutissima,  A. granulata  var.  angutissima
f. spiralis, A. granulata var. granulata, Elakothotrix
sp., Eutetramorus sp., Tetrastrum sp.
Staurastrum sp., and negatively with Microcrystis
sp.. Microcyclops anceps was positively
correlated  with  A. ambigua var. spiralis, and
negatively with Anabaena solitaria, Microcystis
sp., P. umbonatum, Scenedesmus sp. and
Urosolenia sp.. Notodiaptomus spinul i ferus
was positively correlated with A. granulata
var. angustíssima, A. granulata var. granulata,
Eutetramorphus sp. and Staurastrum sp., and
negat ive ly wi th  Microcyst is  sp .  and
Urosolenia sp.
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Table V: Food items found in the food contents of dissected individuals (frequency > 30 %), and minimum
and maximum size of identif ied algae.

Phytoplankton species T. prasinus A. robustus M. anceps N. spinuliferus 

Cyanophyceae     
Anabaena solitaria -0.23 -0.29 -0.71 * -0.19 

Microcystis sp. -0.04 -0.68 * -0.57 -0.60 * 

Bacillariophyceae     
Aulacoseira granulata var. angustissima (Müller) 
Simon. 

-0.05 0.72 * 0.31 0.84 * 

Aulacoseira granulata var. angustissima f. 
spiralis  (Müller) Simon..  

 0.22 0.91 * 0.78 * 0.62 * 

Aulacoseira granulata var. granulata (Müller) 
Simon. 

-0.16 0.89 * 0.52 0.64* 

Urosolenia sp.  0.23 -0.15 -0.46 -0.69 * 

Chlorophyceae     
Elakothotrix sp. -0.09 0.92 * 0.50 0.46 

Eutetramorus sp.  0.09 0.73 * 0.48 0.66 * 

Scenedesmus sp. -0.67 * -0.10 -0.36 -0.23 

Tetrastrum sp. -0.19 0.83 * 0.35 0.53 

Zygnemaphyceae     
Staurastrum sp. -0.27 0.83 * 0.51 0.61 * 

Dynophyceae     

Peridinium umbonatum Stein -0.67 * -0.38 -0.70 * -0.31 

 

Table VI: Spearman correlation between copepod and phytoplankton species (* = signif icant correlation,
p < 0.05).

Copepoda  

species 
Most found items (30%) 

Size Mín.-Máx.  

(µm) 

A. robustus 

Aulacoseira sp., Aphanocapsa delicatissima and Microcystis 

sp. free cells and small colonies; small Chlorococcales; rotifer 

remains, nauplius, cladocerans, thecate protozoans, other  not 

identified organisms, detritus and not recognized particles. 

0.2 – 70 

M. anceps 

A. delicatissima, Microcystis sp free cells and small colonies; 

small Chlorococcales; pieces of Bacillariophyceae and 

filamentous Cyanophyceae; detritus and not recognized 

particles. 

0.2 – 54 

T. decipiens 

A. delicatissima and Microcystis sp.  free cells and small 

colonies; small Chlorococcales; filamentous algae, possibly 

Cyanophyceae and genus Aulacoseira; detritus and not 

recognized dark.    

0.2 – 50 

T. prasinus 

A. delicatissima, Microcystis spp. and M. aeruginosa free cells 

and small colonies; Chlorococcales; filamentous algae 

possibly Cyanophyceae and genus Aulacoseira; detritus and 

not recognized dark particles. 

0.2 – 44 

N. spinuliferus 

A. delicatissima and M. aeruginosa free cells; small 

Chlorococcales and remains of other algae not identified, but 

not filamentous; not recognized particles. 

0.2 – 56 
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Discussion

General characteristics of the environment
Due to the low depth of Iraí Reservoir

and to the in tense wind act ion,  water
column is often homogenous, considering
the major i ty  o f  phys ica l  and chemica l
var iables.  But ,  s t rat i f icat ion is f requent ly
observed in the dam zone. Most parameters
showed seasonal variat ions characterized
by cool-dry and warm-wet periods. However,
irregular seasonal patterns were recorded
at Iraí Reservoir, as high temperature and
precipitation in the cool-dry period (winter),
typical of the regional weather considered
as a  temperate  type Cfb f rom Köppen
classification (Bollmann et al., 2005).

 The circulation of the superficial water
mass by the act ion of  the predominant
winds (east and northeast directions) in Iraí
Reservoir causes the accumulation of the
algae on the water surface, in direction to
the dam (Gobbi et al., 2005; Fernandes et
al., 2005). Among these algae, Microcystis
aeruginosa was the predominant species
at  I ra í  Reservo i r  and i ts  dens i ty  was
corre la ted main ly  to  to ta l  phosphorus .
Because of  the gaseous vacuoles in  i ts
mucilaginous mass, this species tends to
occupy the surface of lakes, shading the
deeper  layers ,  and thus,  reducing
compet i t ion e f fects  wi th  other  a lgae
(Fernandes et al . ,  2005) .  Another l imit ing
factor  was p luv ios i ty ,  which caused the
homogenizat ion of  the super f ic ia l  water
together the winds, reducing colonies size.
Algae sinking can be observed in cases of
long periods of rain and winds. Thus, the
senescence of  a  la rge phytoplanktonic
biomass and the lack of strong winds results
in anoxic conditions in the deeper layers,
caused by the decomposi t ion of  these
algae, and in this way, indirectly can affect
the copepods.

Copepoda and physical and chemical
factors

Several  var iables (pluviosi ty,  n i t r i te ,
n i t ra te ,  turb id i ty ,  d isso lved oxygen,
conduct iv i ty  and ch lorophy l l -a )  were
correlated unsignif icant ly with Copepoda,
suggest ing an ind i rect  in f luence or
cumulat ive e f fects  o f  these var iab les .  A
good example would be the e f fect  o f
e lec t r ic  conduct iv i ty  on Calanoida
(Matsumura-Tundisi & Tundisi ,  2003),  fact
that was not observed at Iraí Reservoir. The

lack of correlation between N. spinuliferus
and conductivi ty can be attr ibuted to the
low variability (41- 54 µS cm-1) in the reservoir
during the studied period. This value can
also be considered low when compared to
other eutrophic reservoirs as Barra Bonita
(Tietê River, SP, Brazil ) (Matsumura-Tundisi
& Tundisi, 2003).

Water  temperature was posi t ive ly
correlated with N. spinuliferus. In addition
to temperature, this species also showed a
s ign i f icant  cor re la t ion wi th  organic  N,
associated, probably, due to the growth of
some palatable algae (ex: Staurastrum sp.).
Accord ing to  R ie tz ler  e t  a l .  (2002)  low
temperature (17 °C) was responsible for the
great mortality of copepodits and the lack
of reproduction in Argyrodiaptomus furcatus
and Notodiaptomus iheringi.

Tempora l  d is t r ibut ion of  adul t
ind iv idua ls  o f  zooplankton in  smal l  and
shallow reservoirs, as the case of Iraí, tends
to be more relevant than in a spatial scale.
Santos-Wisniewski & Rocha (2007) observed
the same pattern in Barra Bonita Reservoir
(T ie tê River )  and suggest  that  the great
production of copepods was sustained by
high primary production and by appropriate
condi t ions of  temperature ,  h igh
concentrations of nutrients and chlorophyll.

Copepoda food
In  eut rophic  t rop ica l  lakes ,  the

dominance of Cyclopoida over Calanoida is
mainly related to the feeding habits, from
omnivorous raptorial diets, while Calanoida
species are herbivorous and select ive to
the type of food, like some species of the
genus Notodiaptomus (Matsumura-Tundisi et
al., 1987; Sendacz & Kubo, 1999).

In relation to body size, some authors
poin t  out  a  tendency of  dominance of
smal ler  spec ies in  eut rophic  reservoi rs
(Sendacz & Kubo, 1999; Pinto-Coelho et al.,
1999).  In Iraí Reservoir it was observed the
dominance of  cyc lopoids o f  smal l  and
medium s ize ,  desp i te  o f  the  dominance
o f  N .  sp inu l i f e rus  and  t he  p resence  o f
A. robustus in some months. Lansac-Tôha
et al. (2005) registered high abundances of
smal l  young forms of  Cyc lopoida in  I ra í
Reservoir, and associated with chlorophyll-a.
Medium and la rge  organ isms,  l i ke  some
of  the Thermocyc lops and Mesocyc lops
g e n u s  c a n  a l s o  b e  f o u n d  i n  h i g h
abundance (P in to -Coe lho e t  a l . ,  1999 ) .

Regard ing the in f luence of  second
metabol i tes  (cyanotox ins )  on
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microcrustaceans,  cont rad ic tory  resu l ts
were pointed out (Caldwell et al., 2004). In-
fante & Riehl (1984) consider cyanophytes
as an excel lent  food to  zooplankton ic
organisms. Conversely Ferrão-Fi lho et al .
(2000) mention about the low nutritional and
tox ic  proper t ies  o f  Cyanophyceae for
Cladocera .  At  I ra í  Reservoi r,  we cannot
assert that there is a direct toxic effect of
cyanophytes on copepods, but a relevant
fact was the low densi ty of copepods in
the presence of  microcyst in  in  May/02
(2,094 µg L - 1) and August/03 (> 2,146 µg L - 1)
(Serafim-Júnior et al., 2005).

A relationship between the size of the
ingested particle and the size of the adult
organism was a lso observed.  But ,  the
presence or absence of mucilaginous mass,
co lonies shape,  d igest ib i l i ty  and
assimilation of cell content can difficult the
ingestion of algae (Lampert, 1987; Ferrão-
Filho et al., 2000; Turner et al., 2002).

The ingest ion of  Microcyst is  by
Copepoda species can occur due to the
f ragmenta t ion of  the co lon ies by the
turbulence of water caused by the action
of wind. Free cel ls or smal l  colonies are
considered an excellent food to copepods
since they were found in food contents. In
a condition without turbulence and winds,
Microcyst is  aeruginosa  remains in  the
sur face and,  in  cases of  turbulence,  the
colonies can break into pieces or return to
the water column (Naselli-Flores & Barone,
2003; O´Brien et al., 2004). Notodiaptomus
iheringi  showed higher values of grazing
rates when fed on f ree ce l ls  and smal l
colonies of M. aeruginosa, followed by large
colonies of  that  a lga ,  C.  rac iborsk i i  and
Anabaena sp. in an eutrophic reservoir of
the Southeast region of Brazil (Panosso et
al., 2003).

In  th i s  s tudy ,  abundance  peaks  o f
M.  anceps,  T. prasinus and T.  decipiens
occu r r ed  i n  t he  s i t e s  l oca ted  nea r  t he
d a m  ( s t a t i o n s  1 ,  2 ,  3 ) .  C y a n o p h y c e a e
a l g a e  ( f i l a m e n t o u s  a n d  c o l o n i a l ,  a s
Mic rocys t i s )  and a lso  some f i l amentous
Bac i l l a r iophyceae ,  p redomina ted  in  the
food contents  o f  the copepods.

T h e  h i g h e r  a b u n d a n c e  v a l u e s  o f
A c a n t h o c y c l o p s  r o b u s t u s  a n d
N o t o d i a p t o m u s  s p i n u l i f e r u s  w e r e
r e c o r d e d  i n  s i t e s  l o c a t e d  i n  t h e  m a i n
body of the reservoir (stations 6, 4 and 5).
In  these s i tes ,  i t  was a lso observed the
higher  abundance of  la rge Cladocera
(Daphnia), a filter feeder, as well as the most

elevated phosphorus levels (Carneiro et al.,
2003;  Seraf im-Júnior  e t  a l . ,  2005) .  The
spat ia l  d is t r ibut ion of  these p lankton ic
organisms can be re la ted to the
appropriated abiotic and biotic condit ions
(ex: water temperature, nutrients, resource
of food, ausence of predators), especial ly
the Cyanophyceae b looms (Roseinweig ,
1991; Bernot et al., 2004).

 Notodiaptomus spinuliferus was one
of the most frequent and abundant species,
suggesting that i t  is able to reproduce in
I ra í  Reservoi r ,  in  contrast  wi th other
Calanoida species ,  as some of  the
Argyrodiaptomus genus.  Notod iaptomus
spinuli ferus showed a posit ive signif icant
cor re la t ion wi th  some species of
Bac i l la r iophyceae and negat ive wi th
Microcystis sp. and Urosolenia sp., although
Microcyst is has been found in  the food
content analyzed, together to Aphanocapsa
del icat iss ima .  These Cyanophyceae are
probably not a main compound of the diet
of N. spinuliferus.

When ind iv idua ls  o f  N .  sp inu l i fe rus
used for dissection were sampled (March/
02 ) ,  a  br ie f  and in tense b loom of
Cyl indrospermopsis  rac iborsk i i  occurred
(Fernandes et al. ,  2005), but, this species
was  no t   found in  the  food conten t  o f
N .  spinul i ferus.  We can relate this to an
a l imentary  pre ference of  th is  Ca lanoida
species that decreased in density in April/
02 ,  probably  due to  in tense b looms of
fi lamentous cyanophytes. In November/02,
J anua ry  and  Feb rua ry / 03 ,  when  h i ghe r
p luv iomet r i c  i ndexes ,   l a rge  b looms o f
M .  aeruginosa  and other  co lon ia l
cyanophyceans were recorded,  the
Calanoida density increased again. Monteiro
(1996) observed a reduction in the filtering
capac i ty  and popula t ions dens i t ies  o f
Calanoida in eutrophic reservoirs, mainly in
the presence of f i lamentous cyanophytes.
Severa l  Ca lanoida spec ies are  ab le  to
d iscr iminate  a lgae not  on ly  by s ize and
shape, but a lso using chemical  features,
i .e . ,  s ince they possess chemioreceptors
(chemiosensors) located in their antennae
that  detect  food of  low and high qual i ty
(Ventelã et al., 2002).

Due to the small size (0.2 µm) of free
cel ls  o f  Microcyst is  and ce l ls  o f  o ther
Cyanophyceae species, N. spinuliferus feed
of particles varying from 0.2 to 50 µm. This
size range was similar to that observed to
N. iheringi while Argyrodiaptomus furcatus
(an organism with larger body size) prefer
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feeding on larger algae as Aulacoseira spp.,
S tauras t rum spp. ,  Cosmar ium and
Monoraphidium spp. (Rietzler et al. ,  2002;
Panosso et al., 2003). These copepods feed
on d i f fe rent  phytoplankton c lasses ,  l i ke
Cyanophyceae,  Bac i l la r iophyceae,
Dinophyceae,  Euglenophyceae and
Chlorophyceae. However, the data of the
present study indicate the ingestion of few
or none filamentous cyanophyceans that are
hard to manipulate or to ingest.

Despi te  the lack of  cor re la t ion
between A. robustus and the water physical
or chemical variables, this species showed
a s ign i f icant  pos i t ive cor re la t ion wi th
phytoplankton (Bac i l la r iophyceae and
Chlorophyceae) and, a negative correlation
with Microcystis sp. The dominance of these
groups of  a lgae in  the reservoi r  can be
considered as one of  the factors
respons ib le   fo r  the  low occur rence  o f
A .  robus tus .  This species showed higher
densit ies in the warm-wet period when a
decrease of Microcystis was observed. This
species is typical of summer periods, with
fas t  embryonic  and post -embryonic
development, tolerant to adverse ambient
condi t ions ,  l ike low levels  of  d issolved
oxygen, and is frequently found in eutrophic
lakes (Vijverberg & Ritcher, 1982; Maier, 1990,
Bruno et  a l . ,  2002) .  In I ra í  Reservoi r ,
f i lamentous a lgae (Cyanophyceae and
Bacillariophyceae) and other shaped forms
(Chlorophyceae),  as well  as nauplius and
rotifers, were found in the food contents of
A. robustus (Serafim-Júnior et al.,  2005).

The negat ive cor re la t ion o f
Microcyclops anceps wi th  water
t ransparency and the posi t ive wi th  to ta l
phytoplankton suggests that M. anceps has
a great plast ic i ty in adapt ing to di f ferent
condi t ions and also have an ample food
spectrum. In studies carried out in tropical
region,  M.  anceps was found in  severa l
environments, l ike reservoirs, f loodplains,
marginal lakes and others (Lopes et al., 1997;
Lansac-Tôha et al., 2002).

Al though Tropocyclops prasinus did
not  cor re la te  wi th  water  phys ica l  or
chemica l  var iab les ne i ther  wi th
cyanophyceans, a negative correlation with
dynophyceans and ch lorophyceans was
recorded.  In  the food contents ,  the
cyanophyceans A. delicatissima, Microcystis
spp.  and  M.  aeruginosa and the
baci l la r iophycean  Aulacosei ra  sp .  were
observed. This can ref lect  an al imentary
preference or an adaptation of this copepod

in   ingesting  different  types  of  algae.
T.  p ras inus  was found in  severa l  wate r
bodies in São Paulo state (Melão & Rocha,
2004;  S i lva & Matsumura -Tundis i ,  2005) .
Sendacz & Kubo ( 1999)  not iced that  a
signi f icant abundance of T. prasinus was
associated to T. decipiens and Metacyclops
mendocinus in Bill ings’s complex.

The relationship between T. decipiens
and total P levels was also found in other
Brazi l ian reservoi rs ,  suggest ing that  th is
spec ies is  adapted to  eut rophic
envi ronments .  This  species showed a
negat ive corre la t ion wi th tota l  d issolved
sol ids and a lso a  pos i t ive wi th  pH.
Converse ly ,  no cor re la t ion wi th
phytoplankton was detected.
Thermocyclops is a genus able to break
algal colonies and detritus aggregates into
pieces, and in Brazil ,  is represented by 2
species: T. decipiens and T. minutus (Pinto-
Coelho,  2002) .  T.  decipiens  has been
considered a species associated to meso-
eutrophic environments in several studies
(Tundisi & Matsumura-Tundisi, 1992; Lopes
et al. , 1997; Sendacz & Kubo, 1999; Pinto-
Coelho, 2002; Sendacz et al., 2006; Silva &
Matsumura-Tundisi, 2005).

General considerations
In  th is  s tudy,  a  regular  seasonal

pattern of some species like M. anceps and
T. decipiens was not recognized, and they
showed occasional abundance “peaks” in
March/02 and Apr i l /02 ,  respect ive ly.
However ,  they presented a successional
pattern   in    relation  to  the   seasons:
A. robustus presenting “peaks” in summer,
T. prasinus between autumn and winter and
N.  sp inu l i fe rus in  summer /autumn.
Fernandes et al. (2005) did not find a regu-
la r  pat tern to  phytoplankton spec ies
composit ion, which changed continuously
dur ing the studied per iod.  Regarding the
spatial distribution, the highest abundance
occurred in the dam axis, although a clear
pattern is not observed possibly due to a
long water residence time. Velho et al. (2005)
co m m e n t e d  t h a t  t h e  l o n g  w a t e r
res idence  t ime can  min imize  the  e f fec t
o f  l o n g i t u d i n a l  d i s t r i b u t i o n  o f
zooplankton in I ra í  Reservoi r .

Considering that sampling initiated in
the second year after filling of Iraí Reservoir,
the ins tab i l i ty ,  absence or  hard
interpretat ion of successional patterns of
aquatic communit ies can be explained by
the t ime necessary to the adaptat ion and
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colonization of the new ambient. Generally,
high fluctuations of physical and chemical
variables have direct and indirect influence
on phytop lankton and tend to  in ter fe re
ind i rect ly  on the composi t ion and
abundance of copepods that feed on them.

More deta i led s tudies about  the
a l te ra t ions in  copepod assoc ia t ions
(Cyclopoida and Calanoida) serve as tools
to moni tor  water  qua l i ty  (Gannon &
Stemberger, 1978). The presence of some
species can reflect trophic conditions of the
ambient .  In  São Paulo Sta te ,
Argyrodiaptomus furcatus was reported in
oligotrophic conditions, being replaced by
Notodiaptomus iheringi  in more eutrophic
envi ronments (Sendacz & Kubo,  1999;
Matsumura-Tundisi, 1999; Matsumura-Tundisi
& Tundisi, 2003).

The presence of  mass ive
Cyanophyceae b looms suggests the
adaptation of copepods in feeding mainly
on these algae, in addition to protozoans,
bacterias, and other organisms, which parts
were observed in  the food content
analyzed.

The major  number  o f  Cyc lopoida
species can be associated to their plasticity
in  re la t ion to  food,  and to  phys ica l  and
chemical condit ions. Only N. spinul i ferus
was dominant during the studied period and
this can be related to i ts abil i ty to ingest
Cyanophyceae, since variables considered
responsible to Calanoida al terat ions, l i ke
conduct iv i ty ,   presented low values and
did   not    corre la te  s ign i f icant ly   wi th
N.  spinuliferus.

Descr ipt ive and experimental  studies
about copepods and their relationship with
phytoplankton dominated by Cyanophyceae
are real ly necessary. The real importance
of other phytoplankton classes or unknown
food relationships on the diet of Copepoda
species, as well as the influence of physical
and chemica l  var iab les on sha l low and
eut rophic  reservo i rs  could be s tud ied.
Fur thermore ,  s tud ies on p lankton ic
Copepoda species of upper Iguaçu River
are also necessary due to the scarcity of
data.
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