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Abstract Fish predation on microcrustaceans is of
key importance for dominance of small zooplankters
in warm shallow lakes, yet its role in floodplain
environments remains poorly explored. We studied
seasonal and spatial variations of the abundance, diet
composition and feeding selectivity of small omniv-
orous—planktivorous fish in relation to zooplankton at
different habitats in a floodplain lake of the Lower
Parana River. Fish catches were very high in spring
and summer and scarce in autumn and winter, and
their distribution varied among habitats in response to
changes in refuge provision and oxygen concentration.
Fish diet comprised zooplankton, phytoplankton and
detritus, except in summer when Cyanobacteria pre-
vailed; in general, cyclopoid copepods and cladocer-
ans were positively selected. Macrozooplankton
biomass was the highest in spring when calanoid
copepods dominated, probably because their fast
swimming velocity enabled their escape from preda-
tors. Lower macrozooplankton biomass in summer
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with low waters, was likely caused by harmful effects
of Cyanobacteria or elevated salinity, while washing-
out or dilution processes may explain macrozooplank-
ton scarcity during cold seasons under low fish
predation pressure. Our results indicate that in flood-
plain lakes, factors affected by or related to hydrology
(salinity, Cyanobacteria development, dilution and
washing-out processes) may have stronger influence
than predation on zooplankton structure.

Keywords Trophic interactions -
Microzooplankton - Macrozooplankton - Seasonality -
Macrophytes - Water level

Introduction

In shallow lakes from warm temperate or subtropical
regions, small organisms such as rotifers and nauplii
(microzooplankton) usually dominate zooplankton
assemblages (Meerhoff et al., 2003; José de Paggi &
Paggi, 2007; Gelos et al., 2010; Chaparro et al., 2011).
Larger organisms, such as copepods and/or cladocer-
ans (macrozooplankton), are usually scarce although
seasonal increases can occur during autumn—winter
(Iglesias et al., 2008; Chaparro, 2013). This pattern has
frequently been explained because of the high preda-
tion pressure by omnivorous—planktivorous fish,
which are particularly abundant in these latitudes
(Mazzeo et al., 2003; Iglesias et al., 2008, 2011;
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Havens & Beaver, 2013). The reproductive season of
these small fish may extend from early spring to
autumn (Lorier & Berois, 1995; Garcia et al., 2004),
and they usually become very abundant in summer
(Mazzeo et al., 2003; Iglesias et al., 2007, 2008).
Omnivorous—planktivorous fish are visual predators
and thus, large zooplankton organisms are more
vulnerable to predation affecting the size structure of
zooplankton communities.

Aquatic plants play a relevant role in affecting
the spatial distribution of organisms and shaping
predator—prey interactions in shallow lakes (Mana-
tunge et al., 2000; Burks et al., 2006; Meerhoff
et al.,, 2007; Padial et al., 2009). In warm regions
planktivorous fish aggregate among aquatic plants
that offer shelter against piscivorous fish and birds
(Meerhoff et al., 2003; Iglesias et al., 2007;
Gonzalez Sagrario & Balseiro, 2010) and constitute
feeding areas (Casatti et al., 2003; Pelicice &
Agostinho, 2006). In particular, in shallow lakes
from Uruguay this group occurred with higher
abundances among submerged than among free-
floating plants and were scarce in open waters
(Meerhoff et al., 2003; Iglesias et al., 2008; Teixeira
de Mello et al., 2009). In turbid conditions, fish
(Snickars et al.,, 2004; Gelos et al.,, 2010) and
zooplankton (Estlander et al., 2008) are more
homogeneously distributed among vegetated and
open water areas, suggesting that the relevance of
aquatic plants as shelter for these organisms may
depend on water clarity. Notwithstanding, the pre-
sence of macrophytes may reduce the efficiency of
fish predation because their mobility is hampered
and their invertebrate preys may hide among plant
structures (Manatunge et al., 2000; Padial et al.,
2009). Padial et al. (op. cit.) asserted that trophic
interactions in vegetated Neotropical environments
are complex and comparative studies including
different plant architectures and analyses of the
feeding strategies of predators (selective or oppor-
tunist) are required in order to improve their
understanding.

In floodplain environments, the hydrological
regime exerts a strong influence on zooplankton
structure (Baranyi et al., 2002; Lansac-Té6ha et al.,
2009; Chaparro et al., 2011). Rotifers have short
development times and show fast population recov-
ery from floods, whereas microcrustaceans have
longer growth rates and are more negatively affected
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(Baranyi et al., 2002; Paidere, 2009). Rennella &
Quirds (2006) asserted that in shallow lakes from
the Pampa Plain zooplankton development depends
on water residence time, then hydrology might have
stronger effects on macrozooplankton biomass than
top—down control by planktivores. Likewise, Mor-
mul et al. (2012) suggested that in a subtropical
floodplain pond zooplankton is more likely affected
by water level fluctuations than by fish predation.
Hydrology also regulates food availability and
quality by affecting the abundance and composition
of phytoplankton, a main food resource for zoo-
plankton. High abundance of phytoplankton usually
occurs at low waters in the warm season (Izaguirre
et al.,, 2010; Chaparro et al., 2011), however the
dominance of large Cyanobacteria during these
periods (Paerl & Huisman, 2009; Unrein et al.,
2010; O’Farrell et al., 2011) may determine a low
quality of this food resource (Laurén-Méittd et al.,
1997; Deng et al., 2010).

Most studies focused on macrozooplankton from
warm climates were performed in shallow lakes not
regulated by flood regime, and thus knowledge in
floodplain environments is still scarce. An experi-
mental study accomplished in a Parana River
floodplain lake (Laguna Grande) corroborated the
suppressive effect of the small omnivorous—plank-
tivorous fish Jenynsia multidentata Jenyns on mac-
rozooplankton (Sinistro, 2010), but annual studies
including temperature and hydrological variability
were not performed yet. Macrozooplankton com-
prise the most efficient filter feeders with the ability
to reduce organic turbidity by the control of
phytoplankton biomass (Jeppesen et al., 1997; Cyr
& Curtis, 1999). Since many warm lakes are
nutrient enriched, new insights are needed into
trophic interactions in order to plan potential lake
restoration methods, especially since eutrophication
is expected to increase in the future owing to
economic development and global warming (Jeppe-
sen et al., 2007).

The objective of this study is to acquire further
understanding of the influence of omnivorous—plank-
tivorous fish predation on micro and macrozooplank-
ton biomass in vegetated warm temperate floodplain
lakes. We hypothesize that hydrology related factors
might weaken the effects of fish predation on
zooplankton structure in vegetated warm temperate
floodplain lakes.
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Fig. 1 Geographic location of the study area. Asterisks indicate
the sampling area at Laguna Grande. PLef pelagic-littoral edge
with emergent macrophytes and temporary cover of free-
floating plants, Pow pelagic open waters, Lf littoral with free-
floating plants

Materials and methods
Study area

The study was performed in the Otamendi Natural
Reserve, a RAMSAR floodplain wetland delimited by
the Parana de las Palmas and Lujan Rivers in Buenos
Aires Province, Argentina (34°10-34°17'S; 58°48'—
58°53'W) (Fig. 1). The region has a temperate
climate, with hot summers and without dry season,

according to the updated Koppen—Geiger classifica-
tion (Peel et al., 2007). The mean monthly temperature
ranges between 10 and 24°C in July and January,
respectively; precipitations occur during the whole
year with a mean annual value of 950 mm. The area is
influenced by a high and fluctuating water table and
periodically flooded by rainfall (Chichizola, 1993). In
periods of high waters, the river pulse contributes to
the hydrometric levels of the water bodies within the
wetland, since they are connected underground with
the adjacent rivers (Auge, 2004; Silva Busso & Santa
Cruz, 2005). The water level of the main lake, Laguna
Grande (~ 156 ha, mean depth <1 m), is largely
influenced by hydrometric fluctuations of Parana de
las Palmas river and secondarily by local rainfall, as
revealed in long and medium term studies performed
in this lake (O’Farrell et al., 2011, Chaparro et al.,
2013). Laguna Grande is eutrophic and exhibits
profuse aquatic vegetation mainly composed by
rooted emergent and free-floating macrophytes; sub-
merged plants are generally absent.

Sampling and physico-chemical analyses

One field sampling per season was performed in
Laguna Grande from November 2011 to September
2012: spring (November 7), summer (March 7),
autumn (June 12) and winter (September 5). Samples
were taken from three distinct habitats located along a
transect of 300 meters perpendicular to the shoreline,
within an area of high heterogeneity where all
environments of the lake (related to vegetation cover
and life form) are represented (Chaparro et al., 2013):
pelagic-littoral edge, with emergent macrophytes and
temporarily covered by free-floating ones (PLef),
pelagic open waters (Pow) and littoral with free-
floating macrophytes (Lf) (Fig. 1). Temperature, pH,
conductivity and dissolved oxygen were measured
in situ at each habitat using HI 991301 Hanna® and HI
9143 Hanna® portable instruments, water depth with a
portable meter and lake water level with a fixed scale
located at the littoral close to the Lf sampling site.
Free-floating plants (FFP) cover was estimated using a
0.25 m? quadrant placed at random three times within
each habitat. Dissolved nutrients were analyzed after
sample filtration through fiberglass filters (0.7 pm
pore): phosphate with the stannous chloride method,
nitrate with the cadmium reduction method using
Hach® reagents and ammonium with the phenate
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method (American Public Health Association, 2005).
Samples for chlorophyll a were filtered through
fiberglass filters (0.7 um pore) and stored at —20°C.
After 24 h, pigments were extracted with ethanol
(60-70°C), measured with a spectrophotometer and its
concentration was calculated following Marker et al.
(1980). Suspended solids were determined drying the
non-filterable residue at 70°C until constant weight
(American Public Health Association, 2005). Rainfall
data were provided by the Servicio Meteoroldgico
Nacional (Argentina) and hydrometric levels of the
Parana de las Palmas River by the Subsecretaria de
Puertos y Vias Navegables, measured at the nearest
station (Zarate).

Zooplankton

Samples for zooplankton were taken with a transpar-
ent acrylic bottle adequate for both vegetated and open
water areas (Paggi et al., 2001). Ten to twenty litres of
integrated water (from surface to near bottom) were
collected at each habitat, filtered through a 40-um
mesh sieve and preserved with 4% formaldehyde.
Microzooplankton (nauplii and rotifers) was counted
in a 1-ml Sedgwick—Rafter counting cell using an
optical microscope; subsamples were taken with a
Hensen—Stempel pipette. Macrozooplankton (copepo-
dites, adult copepods and cladocerans) was examined
and enumerated in a 5-ml Bogorov chamber under a
stereomicroscope and subsampled with a Russell
device. The counting error was below 10%. Rotifer
biovolume was estimated from geometric formulas
(Ruttner-Kolisko, 1977) based on body measurements
(length and width) and transformed into wet weight as
follows: 10° pm® equals 1 pg (Bottrell et al., 1976).
Dry weight was determined as 10% of wet weight. The
dry weight of copepods and cladocerans was estimated
from body length—dry weight relationships according
to Dumont et al. (1975) and Bottrell et al. (1976).
Twenty to forty individuals from each species were
measured on every sampling date and habitat.

Phytoplankton (>2 pm)

Water samples for phytoplankton were taken at each
habitat and season and preserved with 1% Lugol’s
iodine solution. Counts were performed according to
Utermohl (1958). Phytoplankton was classified in two
size categories of greatest axial linear dimension
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(GALD) according to its palatability to zooplankton
(GALD < 30 pum, edible algae; GALD > 30 pum,
inedible algae); this criterion was previously used by
Sinistro et al. (2007) in studies performed in Laguna
Grande in accordance to published food web studies
(Lampman & Makarewicz, 1999; Bell, 2002; Buyuk-
ates & Roelke, 2005; Symons et al., 2012). Phyto-
plankton biovolumes were calculated according to
Hillebrand et al. (1999) and Jun & Dongyan (2003).

Small omnivorous—planktivorous fish

In the habitats PLef and Pow, fishes were sampled with
a hand net (0.30 x 0.25 m; 290 pm mesh) by three
19-m long subsurface sweeps at each habitat, filtering
0.7-1.4 m® of water (on each occasion the sampling
volume was estimated considering the area of the net,
the length of the sweep and the depth of net
immersion). In the littoral habitat (Lf), samples were
taken with a hand net (0.7 x 0.7 m; 290 pm mesh)
provided with a plastic net in the top for retaining free-
floating plants. Three 11.7-m long sweeps were
performed, filtering 1.2-2.8 m® of water. Individual
sweeps were stored separated and preserved in form-
aldehyde (10%, final concentration). All samplings
were performed during morning, between 10 and 12
am.

Fish species were determined following Ringuelet
et al. (1967) and counted under stereosmicroscope.
When fish abundance was very high, samples were
fractionated with the Folsom technique (McEwen
et al., 1954); fish abundance was expressed as
individuals m ™. For Cnesterodon decemmaculatus
Jenyns (the most abundant fish species), 30-40
individuals of from each spring and summer sample
and all individuals from autumn—-winter samples (2-28
individuals) were measured; all the individuals of less
abundant fish species were also measured. All the gut
contents of these fish were analyzed (total of 271). The
frequency of occurrence of each prey type encoun-
tered was calculated as the number of guts containing
at least one individual of the prey type related to the
total number of guts with some content (Hyslop,
1980). Zooplankton organisms present in the gut
content were counted and classified to the maximum
possible taxonomic level. The biovolume of each
zooplankton group (rotifers, nauplii, cyclopoid cope-
pods, calanoid copepods and cladocerans) was esti-
mated on the basis of biovolume estimations



Hydrobiologia (2015) 752:187-202

191

performed for the organisms collected in the environ-
ment at each respective habitat and date. The feeding
selectivity of C. decemmaculatus to zooplankton
groups was assessed using Pearre’s index with a
Yate’s correction for continuity (Pearre, 1982):

1/2
c= 2 ((lad e bl - n/z>2>

(a-b-e-d)

where a = aq + ae, b= be + bd? d= aq + bd,
e =d.+ b, n =a+ b, aqg and a, values represent
the biomass of organisms of the type a in the diet and
the environment, respectively; bq and b, represent the
biomass of all other prey consumed in the diet and the
environment, respectively, and n equals the total
biomass of all prey types, considering the diet plus the
environment. The index varies between —1 and 1;
values different from zero indicate that the prey type is
positively (positive values) o negatively (negative
values) selected, and values close to zero indicate
neutral selection.

Data analyses

Spearman rank correlations were used to assess
relationships among biological and environmental
data (SPSS Statistics 17.0). Direct ordination analyses
were used to assess for significant relationships
between biological and environmental data. Previ-
ously, a detrended correspondence analysis (DCA)
was performed and, as data showed a linear response, a
redundancy analysis (RDA) was applied. All environ-
mental parameters that were not highly correlated
(r<0.7) and with an inflation factor <15 were
included in the analysis as explanatory variables; the
biomass of main zooplankton groups (rotifers, nauplii,
cladocerans, cyclopoid and calanoid copepods), phy-
toplankton <30 pum and >30 um and mean fish
density were included as response variables. Signifi-
cance of ordination axes was assessed by Monte Carlo
permutation test (499 permutations). Multivariate
analyses were performed using CANOCO program,
version 4 (ter Braak & Smilauer, 2002). To explore the
possible relationship between fish size and the size of
organisms ingested, scatter plots were performed with
the entire data set and separated by habitat and
seasons. The statistical significance of Pearre’s index
was tested using the X? statistic (Pearre, 1982):
X’ =nx Cz, where n and C are calculated as

described above. In order to reduce type 1 error, a
Bonferroni correction was applied to the X? statistic.

Results
Environmental variables

Daily variations of river water level are presented in
Fig. 2a and mean values for 10-day prior to each
sampling date in Fig. 2b. Water level of Laguna
Grande fluctuated seasonally influenced mainly by the
hydrometric level of the Parana de las Palmas River
and secondarily by local rainfall (Fig. 2b). In spring it
was intermediate in coincidence with relatively high
river water level, it decreased markedly in summer
despite high river water level and rainfall, probably
because of high evapotranspiration and then increased
to higher values in autumn and winter, when river
water level registered high values. Accordingly, water
depth varied seasonally at the sampling sites, with
lowest values in summer and highest in the cold
seasons (Table 1). Water temperature varied accord-
ing to the seasons and it was always lower at the
littoral habitat (Lf), which also showed the lowest
concentrations of dissolved oxygen (<3.3 mg 17 ') and
an extensive cover of free-floating plants (around
80—-100%). Dissolved nitrogen (nitrate + ammonium)
was scarce in the warm seasons, especially at PLef and
Pow; phosphorous concentration was mostly high but
it decreased markedly in summer at these habitats.
Phytoplankton chlorophyll a concentration was lower
at Lf, under floating plants, and was higher in summer
at PLef and Pow (Table 1). Negative significant
correlations were detected between water depth and
conductivity (r = —0.78, P < 0.01), pH and chloro-
phyll a concentration (r = —0.75, P < 0.01) and
dissolved oxygen and FFP cover (r= —0.77,
P < 0.01).

Phytoplankton and zooplankton

Total phytoplankton biomass was very high in summer
(>4 x 10® um® mI™"), intermediate in spring and
winter and minimum in autumn (<4 x 107 pm?
ml™'); higher biomass always occurred at pelagic
open waters (Pow) (Fig. 3a). The edible fraction (algae
<30 pm) dominated only in spring as in all other
seasons the inedible fraction (algae >30 pm)

@ Springer



192 Hydrobiologia (2015) 752:187-202

2.2 a
1.7
2
o 1.2
[}
s
0.7
0.2
-0.34
b
0.9 4 160
07 4 / 120
-
+«— U0 4 [}
g / L. 80 a
0.3
/ L 40
0.1 I ] I I

/ L
Oct-11 Nov-11  Dec-11 Jan-12  Feb-12 Mar-12  Apr-12  May-12  Jun-12 Jul-12 Aug-12  Sep-12

Daily river water level (m) O Water level Laguna Grande (m)
FA River water level (mean value of 10 days prior to sampling date) Il Monthly accumulated rainfall (mm)

Fig. 2 a Daily variations of water levels of Parana de las Palmas river; b monthly accumulated local rainfall, water level of Laguna
Grande at each sampling date and mean values of river water levels corresponding to 10 days prior to each sampling date

Table 1 Limnological variables and percent of cover of free-floating plants measured at each habitat and season

Habitat Spring Summer Autumn Winter

PLef Pow Lf PLef Pow Lf PLef Pow Lf PLef Pow Lf

Water depth (m) 040 050 035 039 050 0.27 040 058 047 060 0.70 0.53
Water temp. (°C) 25.8 253 205 28 29.5 226 78 82 53 133 135 13
Dissolv. O, (mg/l) 6.2 7.0 2.5 8.5 16.1 0.0 48 64 33 63 53 16
Susp. solids (mg/1) 64 13 74 274 190 115 53 11 16 3 52 9
pH 6.6 6.8 6.6 8.4 8.7 5.8 62 6.6 66 66 7 6.4
Conductivity (uS/cm) 2,050 1,900 2,150 1,790 1,720 2,630 890 1,030 1,040 627 460 550
N-NH, (mg/l) ND ND 006 006 0.04 2211 023 1.12 0.19 003 045 0.04
N-NO; (mg/l) ND ND ND ND 0.01 ND ND ND ND ND ND ND
P-PO, (mg/1) 059 043 041 007 0.06 1.04 068 156 061 025 025 025
Chlorophyll a (ug/l) 8.7 109 1.5 448.4 124.1 414 8.7 13.1 9.8 19.6 479 109
Mean cover of free-floating plants (%) 0 0 80 2 0 95 50 0 100 2 0 100

PLef pelagic-littoral edge with emergent macrophytes and temporary cover of free-floating plants, Pow pelagic open waters, Lf
littoral with free-floating plants. ND no detectable
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prevailed, and particularly in summer, it was repre-
sented by Cyanobacteria. Total zooplankton biomass
was markedly higher in warm than in cold seasons
(Fig. 3b). At PLef and Pow, biomass was higher in
spring due to the dominance of calanoid copepods and
then decreased in summer when euryhaline rotifers
prevailed; in the littoral habitat (Lf) zooplankton was
principally represented by cyclopoid copepods. These
changes in zooplankton composition determined vari-
ations in the relative contribution of micro and
macrozooplankton (Fig. 4a). At PLef and Pow, the
macrozooplankton fraction was higher in spring
(~90%), intermediate in autumn and winter, and
minimum in summer (<10%). At the littoral habitat, it
was higher in warm seasons (~ 80%) and decreased in
cold ones (~40%). The ratio between zooplankton
biomass and edible phytoplankton biovolume (ZB/
EPB) was very low in all seasons at all habitats
(Fig. 4b). The values varied around 1 x 1078 from
spring to autumn and then decreased in winter, when
edible phytoplankton biomass increased relative to
zooplankton (see Fig. 3a). Edible phytoplankton
(<30 um) was positively correlated with water tem-
perature (r = 0.87, P < 0.0001) and conductivity
(r=10.62, P <0.05). Microzooplankton biomass
was positively correlated with edible phytoplankton

biomass (r = 0.73, P < 0.01), water temperature
(r =0.86, P < 0.0001) and conductivity (r = 0.71,
P < 0.01); macrozooplankton biomass was positively
correlated with conductivity (r = 0.71, P < 0.01). On
behalf of the correlation results concerning conduc-
tivity, we consider this variable as a proxy of water
level of the lake.

Small omnivorous—planktivorous fish

Cnesterodon decemmaculatus Jenyns (Poecilidae)
was the dominant species accompanied by few
individuals of Jenynsia multidentata Jenyns (Anabl-
epidae) and Cyphocharax voga Hansel (Curimatidae).
The abundance of these predators was markedly
higher  during spring—summer (total catch
~0-750 ind m>) than in autumn—winter
(~0-5 ind m™>) (Fig. 5). Fish abundance was max-
imum in spring at the pelagic-littoral edge (PLef),
where the proportion of young of the year (YOY) was
0.15, and similar values were found in Pow and Lf,
where YOY represented only a fraction of 0.03. In
summer, fish were more abundant at Pow, where
blooms of Cyanobacteria occurred, and were almost
absent at the littoral site under a 95% cover of free-
floating plants. YOY represented 0.05 of total summer
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Fig. 5 Abundance of omnivorous—planktivorous fish at each
habitat and season (estimated by catch fish). Bars indicate
standard deviation. PLef pelagic—littoral edge with emergent

fish population and were almost absent during cold
seasons. Fish size (total length) was similar among the
species encountered and varied between 11 and
21 mm in autumn and winter, respectively and showed
intermediate values in spring and summer. Scatter
diagrams showed no relationship between fish size and
the size of zooplankters ingested neither for the entire
data set, nor separately by season or habitat. The
density of C. decemmaculatus was positively
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macrophytes and temporary cover of free-floating plants, Pow
pelagic open waters, Lf littoral with free-floating plants

correlated with water temperature (r = 0.73,
P < 0.01) and total zooplankton biomass (r = 0.66,
P < 0.05).

The diet of C. decemmaculatus was mainly com-
posed by zooplankton, algae and detritus; Cyanobac-
teria were largely represented in summer. From 271
dissected fishes, 95% presented some content in their
gut. In spring rotifers were the most frequent prey
encountered at PLef and Pow (frequency ~0.8), and
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Fig. 6 Percentage of each
zooplankton group present
in fish diet (a) and
environment (b) at each
respective habitat and
season. PLef pelagic—littoral
edge with emergent
macrophytes and temporary
cover of free-floating plants,
Pow pelagic open waters, Lf
littoral with free-floating
plants
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cyclopoid copepods and insects at the littoral (fre-
quency ~0.5, each), whereas in summer the fre-
quency of occurrence of all prey types was low, as
Cyanobacteria prevailed in the fish diet (frequency
~1; occupying ~100% of gut volume). In autumn
cyclopoid copepods and rotifers were present in all gut
contents (frequency ~ 1) and ostracods and insects
had a frequency of 0.5 each. In winter calanoid
copepods and cladocerans were best represented at the
littoral (frequency ~0.8, each), accompanied by
rotifers and nauplii (frequency ~0.5, each). The
comparison between the composition of zooplankton
from the environment and from the gut contents
revealed that macrozooplankton were generally over-
represented in the diet respective to their proportion in
the environments, while microzooplankton (mainly
rotifers) showed the opposite pattern (Fig. 6; Table 2).

B Nauplii @ Total zooplankton

In spring, in vegetated habitats (PLef and Lf) the
proportion of cyclopoid copepods was higher in the
diet that in the respective habitats, while in open
waters (Pow) the composition of zooplankton was
quite similar in the diets and the environment. Under
rotifer dominance in summer, the proportion of
cyclopoid and calanoid copepods was highest in the
diets at PLef, and that of nauplii was highest at Pow. In
autumn and winter, when zooplankton assemblages
were mainly composed by rotifers and nauplii, the
diets were mostly represented by cyclopoid and
calanoid copepods.

The feeding selectivity index of C. decemmaculatus
(Table 2) reflects the described differences between
the proportions of zooplankton groups in the diets and
their respective environments. In spring, cyclopoid
copepods were positively and nauplii negatively
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Table 2 Pearre’s index of

-~ Habitat Rotifers Nauplii Calanoid copepods Cyclopoid copepods Cladocerans
selectivity for C.
decemmaculatus towards Spring
zooplankton groups at each PLef 0.02 —~0.20 009 0.44 —0.04
habitat and season ’ : ’ : ’
Pow 0.00 —0.13 —0.12 0.10 —0.03
Lf —0.08 —0.12 —0.12 0.07 0.23
Summer
PLef -0.13 0.05 0.05 0.04 -
Pow -0.21 0.14 - —-0.49 -
Lf - - - - -
PLef pelagic-littoral edge Autumn
with emergent macrophytes
and temporary cover of PLef —0.46 —0.46 —-0.42 0.12 —0.17
free-floating plants, Pow Pow - - - - -
pelagic open waters, Lf Lf -0.59 —0.38 -0.51 0.74 0.83
littoral with free-floating .
Winter
plants. Bold numbers
indicate values significantly PLef 0.01 —0.36 0.14 0.41 0.58
different from zero (after Pow - - - - _
Bonferroni correction Lf —075 044 057 0.21 0.46

P <0.01)

selected in PLef, while cladocerans were positively
selected in Lf. In summer, all groups were negatively
or neutrally selected, as fish diet was composed by
Cyanobacteria despite the great abundance of zoo-
plankton in the lake. In autumn and winter, cyclopoid
copepods and cladocerans were positively selected
and rotifers, nauplii and calanoid copepods were
negatively selected in most cases.

The diet of J. multidentata was analyzed only at
PLef in summer, when these were more abundant. It
was composed by zooplankton, algae and detritus and
no Cyanobacteria were encountered in their gut
contents, despite its high abundance in the environ-
ment. The analysis of a few individuals of C. voga
revealed a diet composed by zooplankton, mainly
cyclopoid copepods and cladocerans.

Relationship among biological and environmental
data

The RDA revealed a high correlation between biolog-
ical communities and environmental parameters
(r =0.92 and 0.81 for axis 1 and 2, respectively).
The first and second axis explained 85.3% of variance
in this relationship; the Monte Carlo permutation test
for the first axis was significant (P = 0.03). The first
axis represented changes in FFP cover and associated
variations of dissolved oxygen (intraset correlation

@ Springer

coefficients: —0.45 and 0.8, respectively); the second
axis represented changes in water depth (intraset
correlation coefficient: —0.73) (Fig. 7). Samples with
high FFP cover and low water depth are located at the
upper-left part of the figure; these are samples from
spring and summer and are characterized by high
cladocerans and cyclopoid copepods biomass and
scarce phytoplankton and fish. Samples from warm
seasons and with scarce FFP cover and elevated
dissolved oxygen are plotted towards the center and
right side of the figure; these show elevated biomass of
rotifers, nauplii, phytoplankton (both edible and
inedible fractions) and high fish density. At the
lower-left side of the figure appear most of autumn—
winter samples, which show highest water depth and
lower biomass of phyto and zooplankton and fish
scarcity.

Discussion

Aquatic macrophytes and temperature seasonality are
major factors affecting the spatial distribution and
temporal dynamics of fish in warm temperate and
subtropical shallow lakes (Garcia et al., 2004; Iglesias
et al., 2008; Teixeira de Mello et al., 2009; Goyenola
et al., 2011). Our results in a floodplain lake show
marked seasonal fluctuations in the catch of small
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Fig. 7 RDA triplot of
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omnivorous—planktivorous fish, which was high in
spring and summer and very low in autumn and winter.
Fish distribution varied among vegetated and open
waters habitats, probably in response to changes in
refuge provision and environmental conditions,
namely oxygen concentration.

The seasonal fluctuations of fish catch in the studied
floodplain lake agree with previous findings in shallow
lakes from warm temperate (Mazzeo et al., 2003;
Iglesias et al., 2008; Gelds et al., 2010) and subtropical
regions (Garcia et al., 2004). Studies on J. multiden-
tata revealed low survival to winter temperatures and
decreasing duration of their breeding season (during
spring—summer) with increasing latitude (Garcia et al.,

2004; Goyenola et al., 2011). Similarly, C. decemma-
culatus presents a breeding season restricted to warm
months (Lorier & Berois, 1995). Besides, the temper-
ature drop during cold seasons may have caused a
decrease of fish activity, resulting in low fish catch, as
explained by Scasso et al. (2001), Mazzeo et al. (2003)
and Iglesias et al. (2008).

The trends on fish catch changes among open
waters and vegetated habitats between spring and
summer were probably driven by environmental
conditions influenced by macrophytes and water level
fluctuations. In spring, with intermediate water levels
and clear waters (low chlorophyll a and suspended
solids concentrations), fish were more captured among
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emergent plants (PLef) and similar lower catches were
obtained at open waters and free-floating habitats
(Pow and Lf). As asserted by Iglesias et al. (2007), fish
preference for emergent plants is related to the
characteristics of this habitat that offers good shelter
against piscivorous fish and birds, as well as sufficient
food availability (zooplankton and phytoplankton).
Despite free-floating plants may also constitute an
adequate habitat for small fish (Meerhoff et al., 2007),
the low oxygen concentrations such as those registered
in this study beneath dense floating mats (<3 mg 17 1),
were considered harmful for many fish species (Mossa
& Scotta, 1961; Miranda & Hodges, 2000; McNeil &
Closs, 2007) and may explain the low fish catches
among dense FFP mats (RDA analysis, Fig. 7).
Previous findings reported fish migration within water
bodies, from hypoxic to more oxygenated areas
(Miranda et al., 2000; Agostinho et al., 2007); this
behavior supports the pattern found in our study,
where small omnivorous—planktivorous fish aggre-
gated in well-oxygenated habitats with emergent
plants. Additionally, dense floating mats strongly
limit light availability in the water column (de
Tezanos Pinto et al., 2007), impairing the feeding
efficiency of these small visual predators and further
contributing to their scarcity in this vegetated envi-
ronment. Low fish catches at open waters coincide
with patterns reported for other lakes in similar
latitudes (Meerhoff et al., 2003; Iglesias et al.,
2007), possibly because of higher predation risk in
this less protected habitat. In summer, when water
level dropped, the enhanced turbidity caused by
cyanobacteria blooms may have promoted a more
even distribution among open waters and habitats with
emergent plants. Experimental results suggested that
high water turbidity impairs the predation efficiency of
piscivorous (De Robertis et al., 2003; Snickars et al.,
2004) and thus, small omnivorous—planktivorous fish
would have less need for shelter in turbid conditions.
This idea is supported by findings on decreased anti-
predator behavior of fish (seek for refuge among
macrophytes during daytime) in conditions of elevated
turbidity (Gelos et al., 2010). Besides, Engstrém—Ost
et al. (2006) showed that some small fish used
cyanobacteria blooms as shelter against predators.
Our results suggest that the spatial distribution of
omnivorous—planktivorous fish in vegetated shallow
lakes might be influenced by a suite of interacting
factors, namely oxygen availability and shelter that are
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in turn affected by the macrophyte cover and water
turbidity.

The diet of C. decemmaculatus mostly comprised
zooplankton, algae and detritus, in agreement with
previous analyses (Lopez Cazorla et al., 2003; Iglesias
et al., 2008; Quintans et al., 2009). In general, fish
selected positively cyclopoid copepods and cladocer-
ans in the more complex vegetated environments
(PLef and Lf), while at open waters neutral selection
occurred. Similar findings were reported on other
aquatic predators (Perca flavescens Mitchill, Menippe
mercenaria Gmelin and Busy concarica Say) that
showed a higher selectivity in structurally more
complex habitats than in simpler ones (Hughes &
Grabowski, 2006; Weber et al., 2010). Selectivity may
occur because it promotes the coexistence of predators
by decreasing competition, or simply because preda-
tors choose the more easily captured prey. The
different swimming velocities of copepods and cla-
docerans determine unequal escape probabilities and
may result in apparent prey selection by fish (Drenner
et al., 1978). The positive selection towards cyclopoid
copepods here described may reflect that these are
more easily captured than fast swimming calanoid
copepods, which likely use this ability as antipredatory
strategy (Drenner et al., 1978; Gonzalez Sagrario &
Balseiro, 2010). In summer, the elevated turbidity
caused by Cyanobacteria may have impaired fish
vision and consequently, their feeding on zooplankton.
Our results suggest different feeding behavior between
the prevailing fish species: habitat structure and water
turbidity influenced C. decemmaculatus selectivity
towards macrozooplankton, whereas J. multidentata
fed on the most abundant prey (rotifers) and clearly
avoided Cyanobacteria.

The variations of the relative biomass of micro and
macrozooplankton seemed not to be solely driven by
fish predation, but probably by a combination of
factors, as showed by the RDA analysis (Fig. 7).
Calanoid copepods were very abundant in spring even
in habitats with high fish abundance, probably on
behalf of their ability to escape from fish predation by
fast swimming (Drenner et al., 1978; Lenz & Hartline,
1999; Lenz et al., 2000). Cladocerans and cyclopoid
copepods, with slower swimming velocities, domi-
nated in habitats with dense FFP where fish were very
scarce. These findings suggest that FFP may act as a
refuge for macrozooplankton, especially when plant
cover is high and planktivorous fish seem to avoid
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them. These results do not agree with those from other
warm lakes, where macrophytes constituted a poor
refuge for zooplankton because of high predation risk
(Meerhoff et al., 2003, 2007) and indicate that plant
cover should be considered to evaluate their role as
refuge. In summer, fish predation was potentially
elevated in environments lacking FFP, because of high
fish abundance. However, fish diet was mainly com-
posed by Cyanobacteria and scarce zooplankton.
Macrozooplankton scarcity in these environments
would not be a response to top—down control by fish,
but was most likely a cause of the harmful effects of
Cyanobacteria and/or elevated salinity, as suggested
by Havens et al. (2000) and Jeppesen et al. (1994,
2007). These environmental conditions favored the
dominance of euryhaline rotifers, as previously
reported in Laguna Grande (Chaparro et al., 2011)
and other shallow lakes (Crome & Carpenter, 1988;
Cirés-Pérez et al., 2001; Claps et al., 2009). In the cold
seasons coinciding with enhanced water depth, fish
abundance was lowest and no increase of macrozoo-
plankton biomass was observed. The lake water level
rise, related to higher rainfall and increased water
levels of Parana de las Palmas river (O’Farrell et al.,
2011; Chaparro et al., 2013), may have provoked a
change to more lotic conditions in the lake, which
impaired macrozooplankton development through
washing-out and dilution (Baranyi et al., 2002;
Rennella & Quirds, 2006). The availability of phyto-
plankton as food resource remained sufficient during
the study period (as depicted by the very low ratios of
zooplankton to phytoplankton biomass) and would
have minor impact on the variations of zooplankton
structure.

Our results suggest that fish predation is not the
only driver of macro and microzooplankton biomass
in warm temperate floodplain lakes, implying that fish
manipulation alone is not an efficient measure to
control water turbidity through trophic cascades.
Water level variations constitute a major factor
affecting macrozooplankton populations in these
environments, through washing-out or dilution pro-
cesses (Baranyi et al., 2002; José de Paggi & Paggi,
2007; Paidere, 2009). Considering that hydrology also
plays a major role for phytoplankton development
from floodplain lakes, and particularly cyanobacteria
blooms are favored at low waters during warm seasons
(Paerl & Huisman, 2009; O’Farrell et al.,, 2011),
measures to control water turbidity in these

environments should deal with the maintenance of
water level fluctuations through the periodical occur-
rence of floods.

Acknowledgments We are grateful to the staffs of the
Limnology Laboratory (UBA) and the Reserva Natural
Otamendi for their field assistance. We thank the Servicio
Meteorol6gico Nacional and the Subsecretaria de Puertos y Vias
Navegables for the meteorological and hydrological data. This
study was supported by Grants PIP 5355-CONICET and PICT
536-ANCyPT.

References

American Public Health Association (APHA), 2005. Standard
Methods for the Examination of Waters and Wastewater.
APHA, Washington, DC.

Agostinho, A. A., S. M. Thomaz, L. C. Gomes & S. L. S. M. A.
Baltar, 2007. Influence of the macrophyte Eichhornia
azurea on fish assemblage of the Upper Parana River
floodplain (Brazil). Aquatic Ecology 41: 611-619.

Auge, M., 2004. Vulnerabilidad de acuiferos. Revista Latino-
americana de Hidrogeologia 4: 85-103.

Baranyi, C., T. Hein, C. Holarek, S. Keckeis & F. Schiemer,
2002. Zooplankton biomass and community structure in a
Danube River floodplain system: effects of hydrology.
Freshwater Biology 47: 473-482.

Bell, T., 2002. The ecological consequences of unpalatable
prey: phytoplankton response to nutrient and predator
additions. Oikos 99: 59-68.

Bottrell, H. H., A. Duncan, Z. M. Gliwicz, E. Grygierek, A.
Herzig, A. Hillbricht-Ilkowska, H. Kurasawa, P. Larsson &
T. Weglenska, 1976. A review of some problems in zoo-
plankton production studies. Norwegian Journal of Zool-
ogy 24: 419-456.

Burks, R. L., G. Mulderij, E. Gross & I. Jones, 2006. Center
stage: the crucial role of macrophytes in regulating trophic
interactions in shallow lake wetlands. In Bobbink, R., B.
Beltman, J. T. A. Verhoeven & D. F. Whigham (eds),
Wetlands: Functioning, Biodiversity Conservation and
Restoration. Springer, Berlin: 37-59.

Buyukates, Y. & D. Roelke, 2005. Influence of pulsed inflows
and nutrient loading on zooplankton and phytoplankton
community structure and biomass in microcosm experi-
ments using estuarine assemblages. Hydrobiologia 548:
233-249.

Casatti, L., H. F. Mendes & K. M. Ferreira, 2003. Aquatic
macrophytes as feeding site for small fishes in the Rosana
Reservoir, Paranapanema River, Southeastern Brazil.
Brazilian Journal of Biology 63: 213-222.

Chaparro, G., 2013. Influencia del nivel hidrico y de la macro-
fitia en los patrones espaciales y temporales del zoop-
lancton de una laguna de inundaciéon. PhD Thesis,
University of Buenos Aires, Buenos Aires. Available at:
http://digital.bl.fcen.uba.ar/gsdl-282/cgi-bin/library.cgi?a=
d&c=tesis&d=Tesis_5305_Chaparro.

Chaparro, G., M. C. Marinone, R. Lombardo, M. R. Schiaffino,
A. Guimardes & 1. O’Farrell, 2011. Zooplankton

@ Springer


http://digital.bl.fcen.uba.ar/gsdl-282/cgi-bin/library.cgi?a=d&c=tesis&d=Tesis_5305_Chaparro
http://digital.bl.fcen.uba.ar/gsdl-282/cgi-bin/library.cgi?a=d&c=tesis&d=Tesis_5305_Chaparro

200

Hydrobiologia (2015) 752:187-202

succession during extraordinary drought—flood cycles: a
case study in a South American floodplain lake. Limno-
logica 4: 371-381.

Chaparro, G., P. Kandus & 1. O’Farrell, 2013. Effect of spatial
heterogeneity on zooplankton diversity: a multiscale hab-
itat approximation in a floodplain lake. River Research and
Applications. doi:10.1002/rra.2711.

Chichizola, S. E., 1993. Las comunidades vegetales de la Res-
erva Natural Estricta Otamendi y sus relaciones con el
ambiente. Parodiana 8: 227-263.

Cirés-Pérez, J., A. Gémez & M. Serra, 2001. On the taxonomy of
three sympatric sibling species of the Brachionus plicatilis
(Rotifera) complex form Spain, with the description of B.
ibericus n. sp. Journal of Plankton Research 23: 1311-1328.

Claps, M. C., N. A. Gabellone & N. C. Neschuk, 2009. Influence
of regional factors on zooplankton structure in a saline
lowland river: the Salado River (Buenos Aires Province,
Argentina). River Research and Applications 25: 453-471.

Crome, F. H. J. & S. M. Carpenter, 1988. Plankton community
cycling and recovery after drought-dynamics in a basin on
a floodplain. Hydrobiologia 164: 193-211.

Cyr, H. & J. Curtis, 1999. Zooplankton community size struc-
ture and taxonomic composition affects size-selective
grazing in natural communities. Oecologia 118: 306-315.

Deng, D., S. Zhang, Y. Li, X. Meng, Y. Wei, L. Yan & L.
Xiuxiu, 2010. Effects of Microcystis aeruginosa on pop-
ulation dynamics and sexual reproduction in two Daphnia
species. Journal of Plankton Research 32: 1385-1392.

De Robertis, A., C. H. Ryer, A. Veloza & R. D. Brodeur, 2003.
Differential effects of turbidity on prey consumption of
piscivorous and planktivorous fish. Canadian Journal of
Fisheries and Aquatic Sciences 60: 1517-1526.

de Tezanos Pinto, P., L. Allende & I. O’Farrell, 2007. Influence
of free-floating plants on the structure of a natural phyto-
plankton assemblage: an experimental approach. Journal of
Plankton Research 29: 47-56.

Drenner, R., J. R. Strickler & W. J. OBrien, 1978. Capture
probability: the role of zooplankter escape in the selective
feeding of planktivorous fish. Journal of the Fisheries
Research Board of Canada 35: 1370-1373.

Dumont, H. J., I. van de Velde & S. Dumont, 1975. The dry
weight estimate of biomass in a selection of Cladocera,
Copepoda and Rotifera from the plankton, periphyton and
benthos of continental waters. Oecologia 19: 79-97.

Engstrém-@st, J., M. Karjalainen & M. Viitasalo, 2006. Feeding
and refuge use by small fish in the presence of cyanobac-
teria blooms. Environmental Biology of Fishes 76:
109-117.

Estlander, S., L. Nurminen, M. Olin, M. Vinni & J. Horppila,
2008. Seasonal fluctuations in macrophyte cover and water
transparency of four brown-water lakes: implications for
crustacean zooplankton in littoral and pelagic habitats.
Hydrobiologia 620: 109-120.

Garcia, A. M., J. P. Vieira, K. O. Winemiller & M. B. Raseira,
2004. Reproductive cycle and spatiotemporal variation in
abundance of the one-sided livebearer Jenynsia multiden-
tata, in Patos Lagoon, Brazil. Hydrobiologia 515: 39-48.

Gelés, M., F. Teixeira de Mello, G. Goyenola, C. Iglesias, C.
Fosalba, F. Garcia-Rodriguez, J. P. Pacheco, S. Garcia &
M. Meerhoff, 2010. Fish community seasonal and diel
variation in four subtropical shallow lakes with different

@ Springer

water transparency (Southern Uruguay). Hydrobiologia
646: 173-185.

Gonzélez Sagrario, M. A. & E. Balseiro, 2010. The role of
macroinvertebrates and fish in regulating the provision by
macrophytes of refugia for zooplankton in a warm tem-
perate shallow lake. Freshwater Biology 55: 2153-2166.

Goyenola, G., C. Iglesias, N. Mazzeo & E. Jeppesen, 2011.
Analysis of the reproductive strategy of Jenynsia mult-
identata (Cyprinodontiformes, Anablepidae) with focus on
sexual differences in growth, size, and abundance. Hy-
drobiolgia 673: 245-257.

Havens, K. E., T. L. East, J. Marcus, P. Essex, B. Bolan, S.
Raymond & J. R. Beaver, 2000. Dynamics of the exotic
Daphnia lumholtzii and native macro-zooplankton in a
subtropical chain-of-lakes in Florida, U.S.A. Freshwater
Biology 45: 21-32.

Havens, K. E. & J. R. Beaver, 2013. Zooplankton to phyto-
plankton biomass ratios in shallow Florida Lakes: an
evaluation of seasonality and hypotheses about factors
controlling variability. Hydrobiologia 703: 177-187.

Hillebrand, H., C. D. Durselen, D. Kirshtel, U. Pollingher & T.
Zohary, 1999. Biovolume calculation for pelagic and
benthic microalgae. Journal of Phycology 35: 403—424.

Hughes, A. R. & J. H. Grabowski, 2006. Habitat context influ-
ences predator interference interactions and the strength of
resource partitioning. Oecologia 149: 256-264.

Hyslop, E. J., 1980. Stomach contents analysis — a review of
methods and their application. Journal of Fisheries Biology
17: 411-429.

Iglesias, C., G. Goyenola & E. Jeppesen, 2007. Horizontal
dynamics of zooplankton in subtropical Lake Blanca
(Uruguay) hosting multiple zooplankton predators and
aquatic plant refuges. Hydrobiologia 584: 179-189.

Iglesias, C., N. Mazzeo, G. Goyenola, C. Fosalba, F. Teixeira de
Mello, S. Garcia & E. Jeppesen, 2008. Field and experi-
mental evidence of the effect of Jenynsia multidentata, a
small omnivorous—planktivorous fish, on the size distri-
bution of zooplankton in subtropical lakes. Freshwater
Biology 53: 1797-1807.

Iglesias, C., N. Mazzeo, M. Meerhoff, G. Lacerot, J. M. Cle-
mente, S. Flavio, C. Kruk, G. Goyenola, J. Garcia-Alonso,
S. L. Amsinck, J. C. Paggi, S. José de Paggi & E. Jeppesen,
2011. High predation is of key importance for dominance
of smallbodied zooplankton in warm shallow lakes: evi-
dence from lakes, fish exclosures and surface sediments.
Hydrobiologia 667: 133-147.

Izaguirre, 1., H. Pizarro, P. de Tezanos Pinto, P. Rodriguez, I.
O’Farrell, F. Unrein & J. M. Gasol, 2010. Macrophyte
influence on the structure and productivity of photosyn-
thetic picoplankton in wetlands. Journal of Plankton
Research 32: 221-238.

Jeppesen, E., M. Sondergard, E. Kanstrup, B. Petersen, R.
B. Eriksen, M. Hammershoj, E. Mortensen, J. P. Jensen &
A. Have, 1994. Does the impact of nutrients on the bio-
logical structure and function of brackish and freshwater
lakes differ? Hydrobiologia 275-276: 15-30.

Jeppesen, E., M. Sondergaard, M. Sondergaard & K. Christof-
fersen, 1997. The structuring role of submerged macro-
phytes in lakes. Ecological studies. Springer, New York.

Jeppesen, E., M. Sgndergaard, A. R. Pedersen, K. Jiirgens, A.
Strzelczak, T. L. Lauridsen & L. S. Johansson, 2007.


http://dx.doi.org/10.1002/rra.2711

Hydrobiologia (2015) 752:187-202

201

Salinity induced regime shift in shallow brackish lagoons.
Ecosystems 10: 48-58.

José de Paggi, S. & J. C. Paggi, 2007. Zooplankton. In Iriondo,
M. H., J. C. Paggi & M. J. Parma (eds), The Middle Parana
River: Limnology of a Subtropical Wetland. Springer,
Berlin: 229-249.

Jun, S. & L. Dongyan, 2003. Geometric models for calculating
cell biovolume and surface area for phytoplankton. Journal
of Plankton Research 25: 1331-1346.

Lampman, G. G. & J. C. Makarewicz, 1999. The phytoplankton
zooplankton link in the Lake Ontario food web. Journal of
Great Lakes Research 25(2): 239-249.

Lansac-Toha, F. A., C. C. Bonecker, L. F. M. Velho, N.
R. Simdes, J. D. Dias, G. M. Alves & E. M. Takahashi,
2009. Biodiversity of zooplankton communities in the
Upper Parana River floodplain: interannual variation from
long-term studies. Brazilian Journal of Biology 69:
539-549.

Laurén-Maittd, C., J. Hietala & M. Andwalls, 1997. Responses
of Daphnia pulex populations to toxic cyanobacteria.
Freshwater Biology 37: 635-647.

Lenz, P. H. & D. K. Hartline, 1999. Reaction times and force
production during escape behavior of a calanoid copepod,
Undinula vulgaris. Marine Biology 133: 249-258.

Lenz, P. H., D. K. Hartline & A. D. Davis, 2000. The need for
speed. 1. Fast reactions and myelinated axons in copepods.
Journal of Comparative Physiology 186: 337-345.

Lopez Cazorla, A., W. Durdan & L. Tejera, 2003. Alimentacion
de la ictiofauna del Rio Sauce Grande, Provincia de Buenos
Aires, Argentina. Biologia Acuatica 20: 73-79.

Lorier, E. & N. Berois, 1995. Reproducciény nutricién embri-
onaria en Cnesterodon decemmaculatus (Teleoste: Poe-
ciliidae). Revista Brasileira de Biologia 55: 27—44.

Marker, A. F. H., A. Nusch, H. Rai & B. Riemann, 1980. The
measurement of photosynthetic pigments in freshwater and
standardization of methods: conclusions and recommen-
dations. Archiv fur Hydrobiologie Beihandlung Ergebnisse
der Limnologie 14: 91-106.

Manatunge, J., T. Asaedaa & T. Priyadarshana, 2000. The
influence of structural complexity on fish—zooplankton
interactions: a study using artificial submerged macro-
phytes. Environmental Biology of Fishes 58: 425-438.

Mazzeo, N., L. Rodriguez-Gallego, C. Kruk, M. Meerhoff, J.
Gorga, G. Lacerot, F. Quintans, M. Loureiro, D. Larrea &
F. Garcia-Rodriguez, 2003. Effects of Egeria densa
Planch. beds on a shallow lake without piscivorous fish.
Hydrobiologia 506-509: 591-602.

Meerhoff, M., N. Mazzeo, B. Moss & L. Rodriguez-Gallego,
2003. The structuring role of free-floating versus sub-
merged plants in a subtropical shallow lake. Aquatic
Ecology 37: 377-391.

Meerhoff, M., C. Iglesias, F. Teixeira de Mello, J. M. Clemente,
E. Jensen, T. L. Lauridsen & E. Jeppesen, 2007. Effects of
habitat complexity on community structure and predator
avoidance behaviour of littoral zooplankton in temperate
versus subtropical shallow lakes. Freshwater Biology 52:
1009-1021.

McEwen, G. F., M. W. Johnson & T. R. Folsom, 1954. A sta-
tistical analysis of the performance of the folsom plankton
sample splitter, based upon test observations. Archiv fur
Meteorologie, Geophysyk und Klimatologie A7: 502-527.

McNeil, D. G. & G. P. Closs, 2007. Behavioural responses of a
South—East Australian floodplain fish community to grad-
ual hypoxia. Freshwater Biology 52: 412-420.

Miranda, L. E. & K. B. Hodges, 2000. Role of aquatic vegetation
coverage on hypoxia and sunfish abundance in bays of a
eutrophic reservoir. Hydrobiologia 427: 51-57.

Miranda, L. E., M. P. Driscoll & M. S. Allen, 2000. Transient
physicochemical microhabitats facilitate fish survival in
inhospitable aquatic plant stands. Freshwater Biology 44:
617-628.

Mormul, R. P., S. M. Thomaz, A. A. Agostinho, C. C. Bonecker
& N. Mazzeo, 2012. Migratory benthic fishes may induce
regime shifts in a tropical floodplain pond. Freshwater
Biology 57: 1592-1602.

Mossa, D. D. & D. C. Scotta, 1961. Dissolved-oxygen
requirements of three species of fish. Transactions of the
American Fisheries Society 90: 377-393.

O’Farrell, 1, I. Izaguirre, G. Chaparro, F. Unrein, R. Sinistro, H.
Pizarro, P. Rodriguez, P. de Tezanos Pinto, R. Lombardo &
G. Tell, 2011. Water level as the main driver of the alter-
nation between a free-floating plant and a phytoplankton
dominated state: a long-term study in a floodplain lake.
Aquatic Sciences 73: 275-287.

Padial, A. A.,S. M. Thomaz & A. A. Agostinho, 2009. Effects of
structural heterogeneity provided by the floating macro-
phyte Eichhornia azurea on the predation efficiency and
habitat use of the small neotropical fish Moenkhausia
sanctaefilomenae. Hydrobiologia 624: 161-170.

Paerl, H. W. & J. Huisman, 2009. Climate change: a catalyst for
global expansion of harmful cyanobacterial blooms.
Environmental Microbiology Reports 1: 27-37.

Paggi, J. C.,R. O. Mendoza, C. J. Debonis & S. B. José de Paggi,
2001. A simple and inexpensive trap-tube sampler for
zooplankton collection in shallow waters. Hydrobiologia
464: 45-49.

Paidere, J., 2009. Influence of flooding frequency on zoo-
plankton in the floodplains of the Daugava River (Latvia).
Acta Zoologica Lituanica 19: 306-313.

Pearre, S., 1982. Estimating prey preference by predators: uses
of various indices and a proposal of another based on 12.
Canadian Journal of Fisheries and Aquatic Sciences 39:
914-923.

Peel, M. C., B. L. Finlayson & T. A. McMahon, 2007. Updated
world map of the Koppen—Geiger climate classification.
Hydrology and Earth Systems Sciences 11: 1633—1644.

Pelicice, F. & A. Agostinho, 2006. Feeding ecology of fishes
associated with Egeria spp. patches in a tropical reservoir,
Brazil. Ecology of Freshwater Fish 15: 10-19.

Quintans, F., F. Scasso, M. Loureiro & A. Yafe, 2009. Diet of
Cnesterodon decemmaculatus (Poeciliidae) and Jenynsia
multidentata (Anablepidae) in a hypertrophic shallow lake
of Uruguay. Iheringia 99: 99-105.

Rennella, A. M. & R. Quirés, 2006. The effects of hydrology on
plankton biomass in shallow lakes of the Pampa Plain.
Hydrobiologia 556: 181-191.

Ringuelet, R. A., R. H. Aramburu & A. A. Aramburu, 1967. Los
peces Argentinos de Agua Dulce. Comision de Investiga-
cion Cientifica de la Provincia de Buenos Aires, La Plata.

Ruttner-Kolisko, A., 1977. Suggestions for biomass calculations
of plankton rotifers. Archive for Hydrobiology Beiheft
Ergebnisse and Limnology 8: 71-76.

@ Springer



202

Hydrobiologia (2015) 752:187-202

Scasso, F., N. Mazzeo, J. Gorga, C. Kruk, G. Lacerot, J. Cle-
mente, D. Fabian & S. Bonilla, 2001. Limnological chan-
ges in a sub-tropical shallow hypertrophic lake during its
restoration: two years of a whole lake experiment. Aquatic
Conservation: Marine and Freshwater Ecosystems 11:
31-44.

Silva Busso, A. & J. Santa Cruz, 2005. Distribucion de ele-
mentos traza en las aguas subterraneas del partido de
Escobar, Buenos Aires, Argentina. Ecologia Austral 15:
31-47.

Sinistro, R., 2010. Top—down and bottom—-up regulation of
planktonic communities in a warm temperate wetland.
Journal of Plankton Research 32: 209-220.

Sinistro, R., M. Sanchez, M. Marinone & 1. Izaguirre, 2007.
Experimental study of the zooplankton impact on the tro-
phic structure of phytoplankton and the microbial assem-
blages in a temperate wetland (Argentina). Limnologica
37: 88-99.

Snickars, M., A. Sandstro & J. Mattila, 2004. Antipredator
behaviour of 0+ year Perca fluviatilis: effect of vegetation
density and turbidity. Journal of Fish Biology 65:
1604-1613.

Symons, C. C., S. E. Arnott & J. N. Sweetman, 2012. Grazing
rates of crustacean zooplankton communities on intact

@ Springer

phytoplankton communities in Canadian Subarctic lakes
and ponds. Hydrobiologia 694: 131-141.

ter Braak, C. & P. Smilauer, 2002. CANOCO Reference Manual
and Canocodraw for Windows User’s Guide: Software for
Canonical Community Ordination (Version 4.5). Micro-
computer Power, Ithaca: 500.

Teixeira de Mello, F., M. Meerhoff, Z. Pekcan-Hekim & E.
Jeppesen, 2009. Substantial differences in littoral fish
community structure and dynamics in subtropical and
temperate shallow lakes. Freshwater Biology 54:
1202-1215.

Unrein, F., I. O’Farrell, 1. Izaguirre, R. Inistro, M. dos Santos
Afonso & G. Tell, 2010. Phytoplankton response to pH rise
in a N-limited floodplain lake: relevance of N,-fixing het-
erocystous Cyanobacteria. Aquatic Sciences 72: 179-190.

Utermohl, H., 1958. Zur vervollkommnung der quantitativen
phytoplankton-methodik. Mitteil. Verhandlungen der In-
ternationalen Vereinigung fiir Theoretische und Ange-
wandte Limnologie 9: 1-38.

Weber, M. J., J. M. Dettmers, D. H. Wahl & S. J. Czesny, 2010.
Effects of predator—prey interactions and benthic habitat
complexity on selectivity of a foraging generalist. Trans-
actions of the American Fisheries Society 139: 1004—-1013.



	Hydrology driven factors might weaken fish predation effects on zooplankton structure in a vegetated warm temperate floodplain lake
	Abstract
	Introduction
	Materials and methods
	Study area
	Sampling and physico-chemical analyses
	Zooplankton
	Phytoplankton ( greaterthan 2 microm)
	Small omnivorous--planktivorous fish
	Data analyses

	Results
	Environmental variables
	Phytoplankton and zooplankton
	Small omnivorous--planktivorous fish
	Relationship among biological and environmental data

	Discussion
	Acknowledgments
	References


