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Do changes in the water regime determine the abundance of the
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Abstract: Aim: Our study evaluated the effects of extreme weather events and environmental
conditions on the trophic groups of copepods (herbivores and omnivores) in the upper Parand River
floodplain. Methods: The zooplankton were collected and Copepods and Rotifers were analyzed in
nine environments of the upper Parand River floodplain during 2000 and 2010, during which time
the La Nifia (drought) and El Nifio (lood) climatic events occurred, respectively. Results: The results
suggest that in periods of extreme drought productivity-related variables act as determining forces
on abundance of copepod trophic groups due to the contraction of aquatic ecosystems. Although
the abundance of trophic groups is associated with system productivity, the responses between
them differ, since herbivore abundance was associated with chlorophyll-# and total phosphorus and
omnivores with rotifer abundance. In extreme flood (El Nifo), no significant relationship was found
between environmental variables and any trophic group. Conclusions: In general, it is believed that
in periods of extreme drought the variables associated with productivity act as determining forces on
the abundance of trophic groups of copepods due to the contraction of aquatic ecosystems. According
to the results found, it is suggested that other works be carried out with a greater number of extreme
events to corroborate our results and, and also to extrapolate to other aquatic communities.

Keywords: climate events; microcrustaceans; trophic guilds; floodplain.

Resumo: Objetivo: Nosso estudo avaliou os efeitos de eventos climdticos extremos e condicoes
ambientais sobre os grupos tréficos (herbivoros e onivoros) de copépodes na planicie de inundagio
do alto rio Parand. Métodos: O zooplancton foi coletado e copépodes e rotiferos foram analisados
em nove ambientes da planicie de inundagio do alto rio Parand, durante os anos de 2000 e 2010,
perfodos que ocorreram os eventos climdticos La Nifa (seca) e El Nino (cheia), respectivamente.
Resultados: Os resultados sugerem que em periodos de seca extrema (La Nifia) as varidveis associadas
a produtividade atuem como forgas determinantes sobre a abundancia de grupos tréficos de copépodes
devido a contragao dos ecossistemas aqudticos. As respostas entre as abundancias dos grupos tréficos

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits
BY

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-7626-901X
https://orcid.org/0000-0002-6583-4554
https://orcid.org/0000-0001-6266-5743
https://orcid.org/0000-0001-6746-8052

Lino, L.M.A. et al.

divergem apesar de estarem associados a produtividade do sistema, uma vez que a abundéncia de
herbivoros estd associada a clorofila- e ao fésforo total e dos onivoros A abundéncia de rotiferos. No
periodo de cheia extrema (El Nifio) ndo foi encontrada relacio significativa entre as varidveis ambientais
e grupos troficos. Conclusdes: Acredita-se que em perfodos de extrema seca as varidveis associadas
a produtividade atuam como forgas determinantes na abundancia de grupos tréficos de copépodes
devido 4 contragao dos ecossistemas aqudticos. De acordo com os resultados encontrados, sugere-se
que outros trabalhos sejam realizados com maior nimero de eventos extremos para corroborar com
nossos resultados e, ainda para extrapolar para outras comunidades aqudticas.

Palavras-chave: eventos climdticos; microcrustdceos; grupos tréficos; planicie de inundagio.

1. Introduction

Floodplains are ecosystems formed by distinct
aquatic, terrestrial and transitional environments
that have peculiar physical, chemical and biological
characteristics (Junk et al., 1989; Agostinho et al.,
2004; Tundisi & Matsumura-Tundisi, 2008).
They are generally characterized by high species
diversity due to habitat heterogeneity and their
significant structural and functional complexity
(Tockner et al., 2000; Ward et al., 2002). In
these systems, the hydrological cycle is one of
the main factors that regulate the structuring of
aquatic communities, marked by the flood pulse
(Thomaz et al., 2007).

Changes in the flood pulses in these environments
can be caused by two factors: dams, which control
downstream flow (Souza-Filho & Stevaux, 2002),
and weather events, such as ENSO (El Nino-
Southern Oscillation), which may increase or
decrease the river level due to the intensity of
rainfall in Neotropical regions. The term ENSO
is used to describe the interactions between the
Southern Oscillation Index (OS) and La Nifa and
El Nino episodes (Stenseth et al., 2003). This index
is a difference in atmospheric pressure between
the Central and West Pacific that intensifies or
weakens anomalous warming (El Nifio) or cooling
(La Nifa) of central and eastern Equatorial Pacific
waters (Cera & Ferraz, 2015). The processes that
lead to warming of the tropical atmosphere and,
consequently, the formation of ENSO, cause
changes in the global climate due to changes in
atmospheric circulation. In Brazil, this phenomenon
causes extreme drought in the Northeast and
severe rainfall in the South during the summer
(Grimm et al., 2000; Zhou & Lau, 1998; Cera &
Ferraz, 2015). Thus, this event has been acting as a
hydrological flow driver, promoting irregular flood
pulses in floodplain systems (Ward et al., 2002;
Risinen & Kummu, 2013).

Changes in the rainfall regime generally
alter the abiotic characteristics of aquatic
ecosystems (Simées et al., 2013a). In floodplain
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environments, during the period of extreme flood,
the environments (i.e. rivers and lagoons) connect,
leading to the homogenization of environmental
variables (Thomaz et al., 2007; Bozelli et al.,
2015). Consequently, these events influence
the establishment of many species from aquatic
communities (Maltchik et al., 2004; Pelicice et al.,
2005; Lansac-Toha et al., 2009).

Floodplains, especially those that retain their
natural characteristics, usually have a high number
of species and consequently support distinct trophic
groups (Ximenes et al., 2011). The term “trophic
groups” is a collection of species that exploit the
same food resource (Root, 1967; Yodzis, 1982;
Burns, 1989). Knowing the trophic pattern of
a given environment is not only important for
identifying the eating habits of organisms, but
also for understanding the relationships between
them as they connect and interact through their
eating habits (Elliott et al., 2007). Thus, assessing
trophic groups can function as an important tool for
ecosystem monitoring and conservation, providing
a description of the ecosystem’s organization and
functioning (Winemiller & Jepsen, 1998).

In the upper Parand River floodplain the
zooplankton community is characterized by being
highly diverse (Lansac-T6ha et al., 2009). Among
the groups that make up this community, copepods
are considered characteristic planktonic organisms
and are an important link in the transfer of energy
between trophic levels. Calanoids are basically
herbivores and use small particles that are filtered
by the arrows and setules found in their mouthparts
(Matsumura-Tundisi & Silva, 1999). In contrast,
Cyclopoida are considered raptorial omnivores, as
they have oral devices adapted to capturing larger
particles (Matsumura-Tundisi & Silva, 1999).

Admitting the importance of periods of extreme
flood and drought in the functioning and dynamics
of continental aquatic ecosystems, this study aimed
to: (i) investigate which environmental variables
have the greatest variation in the drought period
(2000) and extreme flood (2010); (ii) whether
environmental heterogeneity during these periods
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differs; and (ii) which variables are predictors of
abundance of copepod trophic groups (omnivores
and herbivores) in the extreme dry and flood years.

2. Material and Methods
2.1 Study area

The study was conducted on the upper Parand
River floodplain in the last dam-free stretch located
between the downstream stretch from the Porto
Primavera dam (Sao Paulo, Brazil) (220 37°S; 53°
6"W) and the backwater of the Itaipu reservoir
(Parand, Brazil) (23° 55°S; 54° 8"W) (Figure 1).

The upper Parand River floodplain is an
ecosystem characterized by seasonal periods of
hydrological regime that allow the formation of
various types of environments (Junk et al., 1989),
including areas of floodplains that are fundamental
for maintaining biodiversity (Ward et al., 2002).
The flood pulse, in these environments, shows a
typical seasonal dynamic throughout the year, since
floods generally occur in the months of March
and December. However, atypical variations occur
because of longer periods of drought or flood, which
are influenced, respectively, by La Nifia and El Nifio
episodes (Grimm & Tedeschi, 2009). Considering
these events, it was possible to observe that the years
(2000 and 2010) showed different flood dynamics,
indicating that 2000 was an atypical dry period in

which flood pulse attributes, such as the intensity
and amplitude of inundation and connectivity
index, were lower than in 2010 (Simées et al.,
2013a).

2.2 Sample design

In the floodplain study area, nine environments
were sampled (i.e. rivers, tributaries channels,
backwaters, tributaries, and temporary and
permanent lakes), belonging to three sub-basins
formed by the main river (Parand River sub-basin)
and two main tributaries (Bafa and Ivinhema river
basins) (Table 1). Zooplankton was collected in
March and December of 2000 and 2010, months
when climatic events were accentuated, and the
copepod and rotifer were analyzed. During the
studied months of 2000 the La Nifa event took
place, making the connectivity of the environments
last 11 days. On the other hand, in the studied
months of 2010, there was El Nifo, increasing the
connectivity time to 102 days.

The copepods and rotifers were sampled at the
same time and sample, at the subsurface of the
pelagic region of each aquatic environment (36
samples in total, March 2000/2010 and December
2000/2010), with a motor pump and plankton
net (68 Mm), and 600 liters of water per sample
were filtered. The collected material was placed in
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Figure 1. Sampling points of the high Parand river floodplain in the Parand sub-basin (PAR = Parana River, RES =
Pau Véio Ressaco, GAR = Gargas lake, OSM = Osmar lake, BAI= Baia river, GUA = Guarana lake and FEC = Fechada
lake) and Ivinhema (IVI = Ivinhema River; PAT = Patos lake; VEN=lakeVentura).
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Table 1. Environments studied in the high Parand river floodplain, considering their environmental characteristics.

Lakes

Environmental characterization

Parana River (22°45’ S; 53°15’ W)

Pau Véio ressaco (22°44’ S; 53°15’ W)

Gargas Lake (22°43’ S; 53°13’ W)

Osmar Lake(22°46’ S; 53°19' W)

Baia river (22°43’ S; 53°17° W)

Guarana Lake (22°43’ S; 53°18’ W)

Fechada Lake (22°42’ S; 53°16’ W)

lvinhema River
Patos’Lake (22°49’ S; 53°33’ W)

Ventura Lake (22°51’ S; 53°36° W)

Parana River sub-basin

It presents varied width, with the presence of islands. Average depth: 4.0
m. Maximum depth: 15 m. Vegetation composed of fields, the dikes being
occupied by sparse trees, remnants of the original vegetation. Occupied
areas occur along the left bank, Parana. Some islands still have arboreal
vegetation, moderately explored.

Average depth: 1.8 m - area: 3.0 ha; communicates with the right bank of
the Parana River. Its length is 1,146.4 m. On its right bank there are Ingas
(Inga uruguensis) and pasture fields, in addition to Croton.
Average depth: 2.03 m - area: 14.08 ha; it presents riparian forest in its
surroundings and extensive multispecific banks of aquatic macrophytes in
almost all its extension, with the predominance of Eichhornia azurea, and
submerged macrophyte banks; it also presents communication with the
river through a 5m long winding channel.

Average depth: 1.13 m - area: 0.006 ha; temporary lagoon located on an
island in the gutter of the Parana River, it presents terrestrial vegetation
on its margin that prevents the action of the wind in the water column, and
reduced banks of emerged and floating aquatic macrophytes; it has no
communication with the river, and it is 100 m away from its channel.

Baia River sub-basin

Average depth: 3.2 m. It has varied width and narrower stretches with
higher dikes occupied by riparian vegetation or man-made fields. In the
wider stretches, the dikes are lower and the vegetation consists of flooded
fields (floodplain). Winding river and moderately lotic water. Sampling was
carried out in wider areas, with less speed and with aquatic macrophytes
and slopes occupied by grasses.

Average depth: 2.06 m - area: 4.21 ha; it does not present riparian
vegetation in its surroundings and it has extensive multispecific banks of
aquatic macrophytes in almost all its extension, with the predominance of
Eichhornia azurea. It also presents communication with the river through

a short 70m long channel.

Average depth: 2.46 m - area: 7.46 ha; absence of riparian forest in its
surroundings, and reduced multispecific banks of aquatic macrophytes
on its banks, with the predominance of Eichhornia azurea. It has no
communication with the river and is 100m away from its channel.
However, during the flood period it connects with the river quickly due to
the absence of a high slope on the river bank.

lvinhema river sub-basin

Average depth: 3.50 m - area: 113.80 ha; it does not present large
extensions of riparian forest in its surroundings. It presents multispecific
banks of aquatic macrophytes in some stretches of its banks, with the
predominance of Eichhornia azurea, and communication with the river
through an 8 m long winding channel.

Average depth: 2.16 m - area: 89.79 ha; it presents riparian forest in its
surroundings and multispecific banks of aquatic macrophytes in some
stretches of its banks, with the predominance of Eichhornia azurea. Has
no communication with the river and is 200m away from its gutter

Source: Souza-Filho & Stevaux (2002).

properly labeled polyethylene bottles, fixed in 4%
formaldehyde solution and buffered with calcium
carbonate.

At the same time as taking samples of organisms,
depth, water temperature, dissolved oxygen, pH,
electrical conductivity, water transparency, total
suspended material were measured in situ, and
total nitrogen, nitrate, ammonia, total phosphorus,
phosphate and chlorophyll-a were measured in the
laboratory. Water temperature and dissolved oxygen
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were obtained in situ with an YSI portable digital
oximeter with thermometer attached. The pH and
conductivity were measured from portable digital
potentiometers (Digimed®). Water transparency
was determined with a 25 cm diameter Secchi
disc. Total nitrogen and phosphate concentrations
were determined according to Mackereth et al.
(1978), and those of nitrate, ammonia and total
phosphorus, according to Giné et al. (1980),
Koroleff (1976) and Golterman et al. (1978),
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respectively. The concentration of total suspended
material was determined by gravimetric method
(Teixeira et al., 1965). Chlorophyll-a concentration
was determined by filtration of water aliquots on
glass fiber filters (Whatman GF/F), 90% acetone
pigment extraction, spectrophotometer reading
(663 nm) and correction for other dissolved
compounds and turbidity (Golterman etal., 1978).

2.3 Zooplakton analysis

Taxonomic identification of species was
performed using the taxonomic keys of Matsumura-
Tundisi (1986), Santos-Silva (2000), Lansac-
Téha et al. (2002) and Perbiche-Neves (2011). To
estimate the abundance of individuals, subsamples
were obtained with a Hensen-Stempell pipette
(2.5 mL), and at least 50 individuals were counted
in Sedgewick-Rafter chambers under an optical
microscope according to the methodology of
Bottrell et al. (1976) modified. However, those
samples with a small number of individuals were
analyzed in full. Total abundance of organisms was
expressed in terms of individuals per cubic meter
(ind m?).

The classification of copepods into two trophic
groups, obtained through the literature, was based
on the type of food ingested by the organisms.
According to the literature, Cyclopoida are
omnivorous because they feed from bacteria to
rotifers (Rietzler, 1995; Pompéo, 1999; Landa etal.,
2007). However, Calanoids are herbivores, having
a preference for phytoplankton (Pompéo, 1999).
The rotifers, which are also part of the main diet
of the omnivorous Copepoda, were collected and

ime determine the abundance...

their abundance determined according to the same
methodology used for copepods.

2.4 Data analyses

To check for differences in environmental
variables between the months of March (2000
and 2010) and December (2000 and 2010)
we performed the Student’s t test (p < 0.05).
Besides that, we carried out the Permutational
Analysis of Multivariate Dispersions (PERMDISP;
Anderson et al., 2006) to detect if 2000 and 2010
had different levels of environmental heterogeneity.
In order to verify which variables act as predictors of
the abundance of trophic groups (i.e. omnivores and
herbivores) of copepods in the dry and extreme flood
years (covariate), a covariance analysis (ANCOVA)
was carried out between the environmental variables
and the abundance of these microcrustaceans in that
time. The t-test, PERMIDISP and ANCOVA were
made in R software (R Core Team, 2015) using the
‘vegan® package (Oksanen et al., 2012).

3. Results
3.1 Hydrological level

Through the values of variation of hydrological
level it was possible to observe that during the
year 2010 (flood period) presented the highest
level values, mainly for the month of March (8.6
meters), when compared to 2000 (dry period)
(4.2 meters). In 2000, specifically in the month of
March, short time intervals were observed in which
the hydrological level showed high values (Figure 2).
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Figure 2. Dispersion of periods of drought and extreme flood (2000 and 2010) through PCoA (Principal Coordinate
Analysis). The periods studied are identified by different colors.
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3.2 Environmental Variables

The environmental variables underwent great
variations between the years studied (2000 and
2010) (Table 2). It was observed that the variables
that showed significant differences between the
months of March 2000 and 2010 (t= 230.27; df=25;
p=0.02) and December of 2000 and 2010 (t=178.8;
df=25; p=0.01).

Considering the environmental heterogeneity, it
was observed that the years studied (2000 and 2010)
are significantly different (F = 3.8. df = 1;gl=5, p
= 0.048), and the year of extreme drought (2000)

was the most heterogencous.
3.3 Species composition and abundance

In total, 15 copepod taxa were registered, being
10 omnivorous and five herbivores. Furthermore,
2000 was the year with the highest number of taxa
(10 taxa) when compared to 2010 (six taxa) with
omnivores the most representative in both years
studied (Table 3).

The highest values of total copepod abundance
were recorded in 2000. With respect to copepod
trophic groups, the abundance varied over the years,
with the maximum values obtained in 2000 for
herbivores and in 2010 for omnivores. The most
abundant species in 2000 were Notodiaptomus
henseni (herbivores) and Thermocyclops decipiens
(omnivores), whereas in 2010 it was Zhermocyclops
minutus (omnivores) (Table 3).

3.4 Abundance of rotifers

The abundance of rotifers varied between the
years (2000 and 2010) studied. The highest value

of abundance was found in December 2010 (8.7
x 10° ind.m?) and the lowest value in December
2000 (8.5 x10% ind.m?).

During the year 2000, which was extremely
dry, the chlorophyll-z and total phosphorus were
considered the main predictors of herbivorous
copepods abundance. The estimated parameters
for the selected variables were significant (p<0.05)
and are part of model, but the hydrological period
(drought and flood) was not significant in our study.
In considering omnivorous copepods, in 2000, it
was possible to observe that rotifers were the main
predictor of the abundance of these copepods. In
2010, herbivore and omnivores abundance were
not related to the environmental variables stcudied
(Table 4). In 2010 (extremely rainy), rotifers were
considered the predictor responsible for copepod
abundance.

4 Discussion

The results found in our study demonstrated
that the extreme drought and flood events acted
differently on the environmental conditions of
the Upper Parand River floodplain, since during
extreme drought the environments were more
heterogeneous when compared to the flood periods.
Furthermore, it was possible to observe that
trophic groups (i.e. herbivores and omnivores) are
influenced by different variables.

According to the values of the hydrological level
found in the floodplain, it was noted that the year
2010 presented higher values, mainly for the month
of March, which is considered a rainy month, when
compared to the year 2000. It is known that changes

Table 2. Environmental variables (Minimum, Maximum, Mean) recorded during of the months (March and
December) of the years studied (2000 and 2010) in the high Paran4 river floodplain.

Years and study periods

Environmental variables 2000 2010

Mean (Min-Max)

Mean (Min-Max)

Depth (m)

Water temperature (° C)
Dissolved oxygen (mg L)

pH

Electrical Conductivity (uS cm)

Transparency (m)

Total Suspension Material (ug L™)
Chlorophyll-a (ug L)
Total Nitrogen (ug L)

Nitrate (ug L)
Ammonia (ug L)

Total Phosphorus (ug L)

Phosphate (ug L)

2.6 (0.95-5)
23.2 (17.7-29.8)
7.2 (1.5-10.87)
6.6 (5.73-8.85)
44.7 (24- 50)
0.87 (0.1-3.25)
7.01 (1.1-27.2)
10.4 (0.0-89.5)
389.6 (243-902.5)
73.5 (0.0-229)
9.4 (0.0-37)
51.9 (4.94-289.5)
6.8 (0.0-25.7)

3.8 (0.8-9)
26.05(22.3-29.6)
5.9 (0.18-9.64)
7.08 (6.23-8.52)
47.9 (22.3-70.2)
1.5 (0.4-5.2)
2.43 (0.33-10.7)
8.39 (0.41-50.2)
780.9 (396.6-1768.6)
68.3 (0.0-216.86)
14.2 (0.0-82.59)
35.8 (7.38-400.4)
7.6 (0.4-18.85)

*Min = Minimum, Max = Maximum.
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Table 3. List of copepod taxa and abundance (ind m™) registered during the years and study periods in the floodplain

of the upper Parand River.

Omnivores Herbivores

Taxons

2000 (Drough)

2010 (Flood) 2000 (Drough) 2010 (Flood)

Argyrodiaptomus furcatus (Sars, 1901)
Eucyclops solitarius Herbst, 1959
Eucyclops sp.

Mesocyclops longisetus (Thiébaud, 1912)
Mesocyclops longisetus curvatus Dussart, 1987 3
Mesocyclops meridianus (Kiefer, 1926)
Mesocyclops ogunus Onabamiro, 1957
Microcyclops anceps (Richard, 1897)
Notodiaptomus deitersi (Poppe, 1891)
Notodiaptomus henseni (Dahl, 1894)
Notodiaptomus iheringi (Wright, 1935)
Notodiaptomus cf. spinuliferus (Dussart, 1986)
Paracyclops sp.

Thermocyclops decipiens (Kiefer, 1929)
Thermocyclops minutus (Lowndes, 1934)
Total

251

266

3,278

9,167
5,189
18,143

333

2.7

356.2
51.9

491

56,011

1,309

4.9
2

4,552
26,717
31,691

62.6 491

Table 4. Summary of covariance analysis between abundance of herbivorous copepods and environmental variables.

Year/ Trophic group Model equation R? adjusted F N P
2000/ Herbivores Abh00=0.0016* chlorophyll-a +0.03370* 0.99 42.6 35 <0.01
Total phosphorus
2000/ Omnivores Abo10=0.0451*rotifers (abundance) 0.64 31.5 27 <0.01

*Abh = Abundance of herbivores; Abo = Abundance of omnivores.

in the hydrological regime cause drastic changes
in the environmental variables of environments
(Thomaz et al., 2007; Simées et al., 2013b). In
addition to directly or indirectly influencing the
structuring of aquatic communities, such as biotic
interactions and species distribution (Dunson &
Travis, 1991; Schwind et al., 2016). In floodplains,
the phases of hydrologic cycle have different
duration periods and very distinct characteristics,
which provide specific conditions for the existence
of certain organisms (Junk et al., 1989). In this
context, it is believed that changes in environmental
conditions, provided by the atypical years of
drought and extreme flood, may reflect changes
in the structure of trophic groups of copepods in
floodplain environments, as it can alter its attributes
such as abundance and species richness (Alho &
Sabino., 2012).

In addition, it was possible to observe that the
months sampled in the year 2000 showed greater
environmental heterogeneity than in 2010. Many
authors have demonstrated that environments
subjected to periods of extreme drought (such
as La Nifa events) have greater environmental
heterogencity (Thomaz et al., 2007; Melo &
Medeiros, 2013; Datry et al., 2014). This can
be justified by the fact that in the drier periods,
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habitats are more isolated from each other, causing
local forces (e.g. environmental conditions) to
act with different intensities in each environment
(Bozelli et al., 2015; Dias et al., 2016).

The greatest number of species and highest
abundance values for copepods were recorded in
the periods of extreme drought in 2000. According
to Simées et al. (2012), the hydrological level in
environments is closely related to the dynamics
of zooplanktonic community. Corroborating our
results, other studies carried out in floodplains
also found the highest number of species and
zooplanktonic abundance during dry periods
(Lansac-Toha et al., 1993; Rossa & Bonecker, 2003;
Henry et al., 2011).

The herbivores were more abundant in the
period of extreme drought and omnivores in the
flood. In periods of extreme drought, hydrodynamic
conditions were more stable, thus promoting
primary productivity, represented by algae, which
support large populations of zooplanktonic
organisms due to their longer residence time in
water (Baranyi et al., 2002), especially those that
feed on these organisms, such as herbivorous
copepods. On the other hand, in extreme floods,
environmental conditions are disadvantageous for
the development of large populations of algaec due
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to greater hydrodynamic instability, which can lead
to a decrease in the organisms that feed on them
(Baranyi et al., 2002). Furthermore, as expected
in our study, the greatest abundance values for V.
henseni (herbivores), T. minutus (omnivores), and
1. decipiens (omnivores), have often been found
in freshwater ecosystems (Ferrareze & Nogueira,
2011), mainly in the floodplain of the upper
Parand River (Lansac-Toha et al., 2004; 2009;
Palhiarini et al., 2017).

The chlorophyll-2 and total phosphorus,
considered as parameters of productivity, had a
strong positive relationship with the abundance
of herbivorous copepods during 2000. These
results corroborate those found in the same
study area (Simées et al., 2012), in reservoirs
(Brito et al., 2016), and on the Danube river
floodplain (Kiss et al., 2014). According to
Bastidas-Navarro & Modenutti (2007), variations
in the concentration of chlorophyll-a (proxy
to algal biomass) contribute to the availability
of food resources and, consequently, to the
distribution of aquatic organisms (Mantovano etal.,
2019). This relationship may be justified since
herbivorous copepods preferentially feed on small
phytoplankton organisms with high nutritional
value (Cimara et al., 2014). Total phosphorus
concentrations also contributed to explaining the
variation in abundance in the herbivorous copepod
community in the period of extreme drought. The
higher concentration of this nutrient in the aquatic
environment provides an increase in plankton
primary productivity (Bonecker etal., 2013), which
may indicate an indirect influence on the abundance
of herbivorous copepods in these environments
(Perbiche-Neves et al., 2007; Mantovano et al.,
2019). These results corroborate those found in a
study developed in 20 lakes in Central Amazonia
(Trevisan & Forsberg, 2007).

Still in 2000, omnivorous copepods had a
positive relationship with rotifer abundance.
This relationship may be associated with
the fact that omnivorous copepods, such as
cyclopoids, have a broad food spectrum with
raptorial habit (Perbiche-Neves et al., 2014).
According to Brandl, (2005), due to their
small size and restricted mobility, rotifers are
considered as the preferred food items in the
diet of omnivorous species. In drought periods,
such as in 2000, environments become more
isolated and influenced mainly by local forces
such as resource availability (Thomaz et al.,
2007, Simades et al., 2012), making environments
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more heterogeneous. This may justify the positive
relationship, found in our study, with the
abundance of copepod trophic groups. On the
other hand, in 2010, considered as extreme flood,
no variable showed a significant relationship with
the abundance of herbivorous and omnivorous
copepods. It is known that in the period of
extreme flooding the flood pulse provides
the exchange of biota, particulate matter and
nutrients between the environments, reducing
the environmental heterogeneity (Thomaz et al.,
2007; Bozelli et al., 2015) and, consequently, the
amount and quality of food resources available
for the maintenance of species (Tilman, 1982)
such as copepods.

Our study was carried out in two hygrologically
atypical periods years on a floodplain. Our results
showed that environmental variables differ between
years and that periods of extreme drought showed
greater environmental heterogeneity. In general,
it is believed that in periods of extreme drought
the variables associated with productivity act as
determining forces on the abundance of trophic
groups of copepods due to the contraction of aquatic
ecosystems. Although the abundance of trophic
groups is associated with system productivity, the
responses between them differ because herbivore
abundance is associated with chlorophyll-2 and
total phosphorus and omnivores with rotifer
abundance. The high abundance of omnivores
implies the absence of competition between them
for food resources in periods of extreme drought.
According to our results, we believe that the increase
in hydrological regime changes, intensified by the
growing effects of climate change, may alter the
copepod community, since they are organisms
that are highly sensitive to environmental changes.
Furthermore, because they are organisms that
represent an energy link between producers and
other consumers, they can change countless aquatic
communities.
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