
ZOOLOGIA 26 (4): 725–732, December, 2009

© 2009 Sociedade Brasileira de Zoologia | www.sbzoologia.org.br | All rights reserved.

Ecologists usually quantify the niche through analyses of
stomach content and the feeding behavior of consumers (KLING

et al. 1992). Recently, many studies have associated the use of
stable isotopes (�13C and �15N) with the population niche (LEVESQUE

et al. 2003, GREY et al. 2004) or with individual differences in diet
(POST 2003, BOLNICK et al. 2003). The �13C content may indicate
the carbon sources most used by the species; this is possible be-
cause of the enrichment of about 1‰ �13C by trophic level be-
tween the organism and its diet (VANDER ZANDEN & RASMUSSEN 2001,
POST 2002). To add to information generated by the carbon stable
isotope analysis, the 15N isotope indicates the species’ trophic
position because of the enrichment of 15N between the adjacent
trophic levels by approximately 3.4‰ (VANDER-ZANDEN et al. 1997,
VANDER-ZANDEN & RASMUSSEN 2001, POST 2002).

Studies using this technique with zooplankton generally
consider these organisms to be at the level of higher taxonomi-
cal groups. In temperate regions, this technique has been ap-
plied to a single species (KLING et al. 1992). These authors de-
fined the structure of the planktonic food chain through iso-
topic values from algae and zooplankton species in Arctic lakes
and, subsequently compared this new structure with the tradi-
tional analyses, thus obtaining more accurate results when
evaluating this community at the specific level.

In aquatic systems, several factors influence the signals
of sources used by zooplankton, including their productivity
and respiration (FRANCE et al. 1997), the allochtonous sources
of dissolved inorganic carbon (ARAVENA et al. 1992), the compo-

sition of particulate organic matter (GREY et al. 2001) and algal
species (ZOHARY et al. 1994).

Research performed by LANSAC-TÔHA et al. (2004, 2009)
has contributed to the knowledge of the zooplankton fauna
from the Upper Paraná River floodplain. Their studies analyzed
the composition, richness and abundance of principal plank-
ton species and their relationships to abiotic environmental
factors. The most recent studies highlight the variability of iso-
topic values from the main primary producers (LOPES et al. 2006)
and ichthyofauna (LOPES et al. 2007) in this floodplain. How-
ever, considering that zooplankton is the principal link in en-
ergy transfer to the other trophic levels, it is extremely impor-
tant to study it using isotopic variability. Besides their high
productivity, the floodplains are characterized by the input of
organic matter due to the high levels of sedimentation in these
environments (JUNK et al. 1989). This input hinders the deter-
mination of energetic sources through traditional methods for
the organisms dependent on this resource (ARAÚJO-LIMA et al.
1986, ALMEIDA et al. 1993, GERKING 1994).

Therefore, this study investigates the variability of �13C
and �15N for three zooplankton species, Notodiaptomus amazonicus
(Wright, 1935), Moina minuta Hansen, 1899 and Bosmina
hagmanni Stingelin, 1904, and for the phytoplankton commu-
nity occurring in five lakes from the Upper Paraná River flood-
plain. According to LANSAC-TÔHA et al. (2004), the cladocerans B.
hagmanni and M. minuta are species that occur in high densities,
whereas the copepod N. amazonicus is representative in its bio-
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mass. These species presents a wide range of feeding habits and
body sizes, from a few micrometers to some millimeters, which
contributes to the structural diversity of the environment (BOZELLI

& HUSZAR 2003). The zooplankton are filter-feeding organisms,
with a short life cycle and quick reproduction, (especially in the
case of cladocerans). Moreover, they are very sensitive to envi-
ronmental changes. In this paper we test the hypothesis that
there is isotopic variability among zooplankton species, in keep-
ing with the isotopic variation observed in phytoplankton in
the different environments from the Upper Paraná River flood-
plain.

MATERIAL AND METHODS
Sampling was undertaken during May 2007, which is the

rainy period in the Upper Paraná River floodplain (22°40’-22°50’S,
53°10’-53°40’W). In this season, the highest number of zoop-
lankton taxa is recorded (LANSAC-TÔHA et al. 2004, 2009). Also

during this period there is significant input of allochtonous
material from the flooded adjacent area, influencing the energy
flow of the food chains in floodplains (LANSAC-TÔHA et al. 2004).

The zooplankton was sampled at two subsystems, com-
prising five sampling stations. For the Baía subsystem, sam-
plings were performed in Lake Porcos, Guaraná and Maria Luiza.
In the Paraná subsystem, the Lake Garças and Leopoldo Back-
water were sampled (Fig. 1). These environments have distinct
features that may influence the structure of the local commu-
nities (ROBERTO et al. 2009).

From each sampled location, some abiotic variables were
measured; pH (Digimed DM-2 pHmeter), conductivity (Digimed
DM-3condutivimeter), temperature (°C) and dissolved oxygen
(YSI oximeter) (Tab. I). At each location, three zooplankton
samples were taken using 68-µm plankton nets. Three phy-
toplankton samples were also taken using 15-µm plankton nets
for each location. Samples were filtered in a Kitasato system

Figure 1. Locations of sampling stations in the Upper Paraná River floodplain: (LGAR) Garças Lake, (LGUA) Guaraná Lake, (LPO) Porcos
Lake, (LMLU) Maria Luiza Lake, (RLEO) Leopoldo Backwater. Each ellipse represents the sampling stations of the subsystems.
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and retained in sterilized glass fiber filters (Whatman SeS GF
52-C) in a muffle at 450°C for five hours.

All sampled material was taken to the Laboratories of
Zooplankton and Energetic Ecology from the Núcleo de Pesqui-
sas em Limnologia, Ictiologia e Aquicultura (Nupélia) of the
Universidade Estadual de Maringá (UEM), where the three zoop-
lankton species were sorted from each sample. From each
sample, we separated three to four subsamples of each of the
three zooplankton species sorted. The number of individuals
by species varied according to the body size, from 100 to 130
individuals for N. amazonicus, 150 to 200 for M. minuta and
from 250 to 300 for B. hagmanni (Tab. II).

After this procedure, the subsamples of the three zoop-
lankton species and the filtered phytoplankton samples were
dried at 50°C in a muffle for about 48 hours, and sent to Centro
de Isótopos Estáveis, of the Instituto de Biociências from the
Universidade Estadual Paulista (Unesp/Botucatu, State of São
Paulo), to determine the ratio �13C/�12C and �15N/�14N using a
mass spectrometer.

Considering that the assumptions of the Analysis of Vari-
ance were not violated, the spatial differences in the mean iso-
topic values (‰) from zooplankton and phytoplankton were
tested using the Analysis of Variance of Null Model (IO) with
the ECOSIM 7.0 software (GOTELLI & ENTSMINGER 2003). In this
analysis, the sampling sites were considered categorical vari-
ables. The significance level adopted was 5% probability. The
graphical representations were created using STATISTICA 6.0
software.

RESULTS

Abiotic variables
The abiotic parameters showed variations among the sam-

pling stations (Tab. II). The minimum water temperature was
registered in the Guaraná Lake, 23.2°C, and the maximum,
25.6°C, in Leopoldo Backwater. The values of dissolved oxygen
were higher in the Garças Lake (8.89 mg l-1) than in the Guaraná
Lake (5.86 mg l-1); in the same way, the pH was slightly acidic in
the Guaraná Lake (6.49) and basic in the Garças Lake (8.28). The
values of electric conductivity ranged from 24.2 ¼S cm-1 in Maria
Luiza Lake to 56.1 ¼S cm-1 in Leopoldo Backwater.

Spatial variation
Grouping the results from the lakes belonging to the

Paraná subsystem (Garças Lake and Leopoldo Backwater) and
Baía subsystem (Porcos, Guaraná and Maria Luiza lakes), there
was no significant difference among the isotopic means of car-
bon (IO = 1.54, p = 0.69) or nitrogen (IO = 0.0003, p = 1.0)
from the three zooplankton species (Fig. 2). The individuals
from the three zooplankton species taken from sampling sta-
tions belonging to the Paraná subsystems showed the lowest
mean both for �13C (-33.4 ± 4.64‰) and �15N (10.7 ± 1.74‰).
Those belonging to the Baía subsystem showed both the high-
est mean of �13C (-32.4 ± 3.02‰) and �15N (11.2 ± 2.64‰).

The mean isotopic values observed for the three species
showed high variability among the sampling stations, for both
carbon and nitrogen (Fig. 3). Nevertheless, for the Baía sub-
system, we verified a sequence of isotopic arrangement from
the three species. The lower values were observed for N.
amazonicus, whereas higher values were recorded for M. minuta.
For these subsystems, significantly different isotopic values were
also registered (Guaraná Lake: IO = 85.5, p = 0.1; and Maria
Luiza Lake: IO = 11.1, p = 0.04).

Intraspecific and interspecific variations of the
three zooplankton species

Notodiaptomus amazonicus showed the highest �13C values
in the Garças Lake (-30.5 ± 0.4‰) (Fig. 3). Meanwhile, in the
Leopoldo Backwater, the highest mean was registered for B.
hagmanni (-30.4‰), and the lowest for M. minuta (-39.1 ±
0.45‰). In the Guaraná Lake, the highest isotopic value (�13C)

Table I. Results of temperature, oxygen, pH and conductivity in the
sampling stations from the Upper Paraná River floodplain.

Sites Temperature
(°C)

Oxygen
(mg/l)

pH Conductivity
(µS/cm-1)

Porcos Lake 23,5 6,70 7,01 41,6

Guaraná Lake 23,2 5,86 6,49 43,4

Maria Luiza Lake 23,4 7,29 7,41 24,2

Garças Lake 24,7 8,89 8,28 53,7

Leopoldo Backwater 25,6 7,01 7,77 56,1

Table II. Number of samples obtained in the isotopic determinations for the three species of zooplankton and phytoplankton in the five
sampling stations.

Sites M. minuta B. hagmanni N. amazonicus Phytoplankton

Porcos Lake 3 3 3 2

Guaraná Lake 1 1 2 3

Maria Luiza Lake 3 3 3 3

Garças Lake 3 3 3 3

Leopoldo Backwater 4 1 3 3

Total  14   11  14  14
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was verified for M. minuta (-28.2‰), and the lowest one for N.
amazonicus (-39.0 ± 0.45‰). Moreover, in the Maria Luiza Lake,
the highest isotopic value was also observed for M. minuta (-29.4 ±
0.86‰), and the lowest one for N. amazonicus (-32.1 ± 0.94‰),
although the highest isotopic value for B. hagmanni (-29.4 ±
0.57‰) was found in this sampling station.

In general, the higher values of carbon isotope were veri-
fied for M. minuta in all locations (-28.2‰) except for the
Leopoldo Backwater (-39.1 ± 0.45‰) where the lowest mean
for this species was registered, whereas the lower values were
found for N. amazonicus in all locations (the lowest was -39.0 ±
0.45‰), except for Garças Lake (-30.4 ± 0.49‰), where the
highest isotopic value was recorded.

Regarding the �15N, there was no significant differences
among species in the Garças Lake (IO = 3.0, p = 0.26) and in
the Porcos Lake (IO = 0.92, p = 0.66). However, a significant
difference between M. minuta and N. amazonicus was verified
in the Leopoldo Backwater (IO = 7.11, p = 0.09) (Fig. 4).

In the Garças Lake and in the Leopoldo Backwater, the
highest value �15N was found in N. amazonicus (11.18 ± 0.91‰
and 12.78 ± 1.90‰ , respectively), whereas in the Porcos Lake,
the highest isotopic value was found for M. minuta (13.71‰).

Therefore, the results for �13C and �15N did not show a
pattern of spatial variation among the three species of zoop-
lankton, simply considering the range of isotopic variation for
the sampling stations.

Spatial variation of phytoplankton
The isotopic analyses evidenced that the phytoplankton

was significantly different among the sampling stations, con-
sidering the mean values of �13C (IO = 33, p < 0.05). The highest
mean was registered in Garças Lake (-27.1 ± 1.80‰), while the
lowest one was observed in the Leopoldo Backwater (-36.4 ±
1.3‰).

For the phytoplankton, the �15N results by sampling sta-
tion were significantly different among sampled environments
(IO = 21.4, p = 0.001). The highest mean value was registered
in Leopoldo Backwater (11.1 ± 1.13‰), followed by Garças Lake
(10.4 ± 1.39‰). The lowest value (3.7 ± 0.75‰) was recorded
in the Guaraná Lake (Fig. 4).

DISCUSSION

The limnological features of floodplain lakes are deter-
mined by local and regional processes (THOMAZ et al. 2004). In
the present study, there was physical and chemical variation
in all factors tested among the sampled lakes except the tem-
perature, a fact previously found by THOMAZ et al. (1997). The
isotopic composition of the three zooplankton species analyzed
here was significantly different among the five studied envi-
ronments. Nevertheless, for the lakes, which belonged to Baía
and Paraná subsystems, there were no differences for either
�13C or �15N among the zooplankton species. The zooplankton
community may change both its food resources, through in-
teractions with abiotic gradients and ecological processes
(MATTHEWS & MAZUMDER 2005), and the selection and spatial
exploitation of habitats (MATTHEWS & MAZUMDER 2006).

Variables such as pH and dissolved oxygen may be limit-
ing factors in some environments. Research carried out by
BONECKER et al. (1998) in Guaraná Lake found that some taxa
were not found in adverse conditions – for example in acidic
and hypoxic conditions. In the present study, the Guaraná Lake
also showed similar low pH and low levels of dissolved oxygen
(Tab. II). It is possible that these factors were part of the reason
for the low number of individuals observed in this sampling
station, resulting in few isotopic determinations.

Among such environmental factors, there is evidence that
the temperature may influence isotopic fractioning (BOSLEY et
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Figure 2. Mean values and standard deviation of �13C and �15N for the zooplankton species in Paraná and Baía subsystems. (�) Mean,
(I) standard deviation.
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al. 2002, OLIVE et al. 2003). A study performed with Daphnia
magna Straus, 1820 and Hyalella sp. indicated a negative rela-
tionship between �13C and �15N through the temperature gra-
dient. In this way, when an increase in temperature was ob-
served, there was an increase in the values of the �13C and a
decrease in the values of the �15N (POWER et al. 2003). In the
present study, although the temperature has been similar in
the different sampling sites the set of abiotic factors may have
influenced the isotopic variability and fractioning found among
the species in the different environments. In this sense, the
mean isotopic signals ranged from -39.1 to -27.1‰ for carbon
and from 3.7 to 13.7‰ for nitrogen.

The zooplankton communities in the lakes suffer from
the constant changes in the environment, e.g., with hydro-
logical cycles, since the different seasons may increase or de-
crease primary production, influence nutrient input from the
sediment and from the water column mixture, and affect the
depths of these lakes (TRAIN & RODRIGUES 1998, THOMAZ et al.
2004). Consequently, the zooplankton assemblages recorded
in these environments also are different (LANSAC-TÔHA et al.
2004).

We must also consider that in this study, the species
sampled showed a great range of isotopic variation among the
environments, reaching -10.9‰ for M. minuta. In the latter case,
it is possible that the species is using a variety of food resources.
MATHEWS & MAZUMDER (2006) stated that the interactions between

the abiotic gradients and the ecological processes may cause
changes in relation to food resources for zooplankton, since these
organisms may explore both autochthonous and allochtonous
resources, according to their adaptability to the habitat. On the
other hand, it is possible that species is using the same resource,
but obtaining different nutritional value. It is very complicated
to find these isotopic values due to the difficulties of separating
the algae from the other components associated with phy-
toplankton. This hinders the determination of an actual isoto-
pic signal for organisms dependent on this resource (MICHENER &
SCHELL 1994, FINLAY 2001, HESSEN et al. 2003). The omnivore N.
amazonicus is a selective filter-feeder. It ingests mainly phy-
toplankton and occasionally detritus, whereas M. minuta and B.
hagmanni, also filter-feeding species, ingest particles of varied
sizes, preferentially nanoplankton, in addition to detritus
(MARGALEF 1983, REYNOLDS 1984).

We must emphasize that there was no pattern of mini-
mum and maximum values in the variation of �13C and �15N
found in the phytoplankton relative to their environments. KLING

et al. (1992) observed that, although the species composition
was similar in eight Arctic lakes, the structure of the food chain
determined by the stable isotopes technique also varied among
the environments. Moreover, they verified that the absolute iso-
topic value is dependent on the bottom of the food chain. The
authors mention the difficulty of estimating this value, coming
as it does from the combination of food resources from several

Figure 3. Mean values and standard deviation of �13C by sampling station for each zooplankton species and for phytoplankton samples.
(�) Mean, (I) standard deviation.
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origins. Thus, it is possible that temperature is not a limiting
factor for the isotopic variation pattern of zooplankton in dis-
tinct ecosystems. Furthermore, BONN & BUNN (1994) and FINLAY

(2001) state that the spatial variations in the isotopic composi-
tion from primary producers must be always considered in or-
der to avoid misinterpretations about aquatic trophic structures.
The high variability in �13C values from algae and consumers
confounds the need for reliable values to use for accurate appli-
cation of isotopic methods in food chains (FINLAY 2001).

In the sampling sites of the present study, the null hy-
pothesis that isotopic variability among three zooplankton
species and the phytoplankton community varies isotopically
in the different environments from the Upper Paraná River
floodplain can be accepted. Therefore, studies on trophic dy-

namics of zooplankton communities must consider spatial
variations of the different species because each one has dis-
tinct ecological requirements in different environments.

In summary, the results of this study emphasize the need
to investigate the complexity of zooplankton dynamics through
stable isotopes. Meanwhile, our study evidenced high isotopic
variation for zooplankton and phytoplankton, highlighting
that research related to trophic structure in environments sub-
jected to constant changes should be carefully developed.
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Figure 4. Mean values and standard deviation of �15N by sampling station for each zooplankton species and for phytoplankton samples.
(�) Mean,  (I) standard deviation.
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