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Abstract 

We investigated the hierarchical importance of local factors including lake area, macrophyte cover, and phytoplankton 
chlorophyll a (Chl-a) influencing zooplankton diversity (i.e., number of species) and the response of planktonic and 
littoral zooplankton species to these factors in 23 lakes in a Neotropical floodplain. Results of a regression tree clustered 
4 groups of lakes separated according to the following factors in order of importance: percentage of macrophyte cover 
(environmental complexity), lake area (size of environment), and phytoplankton Chl-a (food resource). Macrophytes 
were significantly related to species diversity, as found by simple regression, whereas area and Chl-a were not signifi-
cantly related to total zooplankton diversity. Planktonic species diversity correlated positively with area and Chl-a but 
negatively with macrophyte cover. By contrast, the opposite occurred for the littoral species, which correlated positively 
with macrophyte cover but negatively with lake area and Chl-a. We conclude that, in tropical shallow lakes, 
macrophytes are the most important factor influencing total zooplankton diversity; thus, maintenance and management 
of macrophytes should increase and promote conservation of aquatic biodiversity in these lakes.

Key words: aquatic macrophytes, food resource, hierarchical importance, lake area, tropical floodplain lakes, 
zooplankton species

Introduction

Species diversity is one of the most intuitive and 
informative metrics of communities, influenced by 
complex local factors such as size and structure of the 
environment, food availability, biotic interactions 
(competition and predation; Hutchinson 1959) and/or 
regional factors that influence the dispersal and  
colonization ability of individuals (Hubbell 2001). This 
complexity of interactions has different levels of hierar-
chical importance for species diversity and might work in 
additive, synergistic, and antagonistic ways, or might even 
interact with specific ecological traits and phylogenetic 
relationships to form a specific species pool. 

Exploration of the effect of environment size on 
species diversity was triggered by the species–area  
relationship theory (MacArthur and Wilson 1967, Connor 

and McCoy 1979), which predicts that larger environ-
ments contain greater species richness than smaller envi-
ronments. Several studies have confirmed this positive re-
lationship (Dodson 1991, Reche et al. 2005), more so for 
terrestrial ecosystems than aquatic environments 
(Søndergaard et al. 2005). Importantly, species diversity 
(i.e., number of species) often depends not only on the 
size of the environments but also on other factors, such as 
the structural complexity of environments (Tews et al. 
2004, Scheffer et al. 2006), which is not positively 
correlated with habitat size in terrestrial environments.

In tropical lakes, the heterogeneity of environments is 
not only characterized by abiotic factors such as depth, 
turbidity, and water temperature, but also by biotic factors 
such as the composition and abundance of macrophytes, 
trees, and decomposing wood (Meerhoff et al. 2007, Choi 
et al. 2014). Aquatic macrophytes play an important role 
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in structuring the ecosystem, both in tropical and 
temperate shallow lakes and floodplains, determining the 
composition of invertebrate species and influencing the 
diversity patterns of aquatic organisms (Timms and Moss 
1984, Declerck et al. 2007, Thomaz et al. 2008). The high 
biomass of macrophytes provides a more complex habitat 
structure (Choi et al. 2014) with a range of microhabitats 
and surfaces for colonization by numerous organisms, 
including periphytic algae and closely related organisms, 
bacteria, ciliates, flagellates, rotifers, cladocerans, and 
copepods (Schwarzbold 1990, Meerhoff et al. 2007, Buosi 
et al. 2011). Their presence therefore indirectly increases 
the area for colonization in addition to serving as refugia 
from predators (Figueiredo et al. 2013). 

In addition, the productivity of the environment is 
usually considered a local factor that determines the 
variation in the number of species (Hutchinson 1959, 
Grenouillet et al. 2002, Ortega-Mayagoitia et al. 2011). 
Despite reports of a unimodal relationship (Simões et al. 
2013a), there is a tendency for a direct relationship 
between species diversity and local productivity (Tilman 
1982, Cardinalle et al. 2009) because resource availability 
might limit the number of species occurring locally.  
Environments with high resource abundance might favor 
the occurrence of more species owing to the lower 
competition for resources (Gross and Cardinalle 2007), 
but this relationship is dependent on the food requirement 
of each organism.

Floodplains are ecosystems suitable for studies of 
factors influencing species diversity. They are formed by 
different aquatic environments with unique physical, 
chemical, and biological characteristics (Junk et al. 1989, 
Ward et al. 2002) that support a significant diversity of 
species. Lakes within floodplains have different sizes and 
proportions of macrophyte cover and are highly 
productive (Train and Rodrigues 2004, Thomaz et al. 
2007, Lansac-Tôha et al. 2009).

Zooplankton are characterized by high species 
diversity (Lansac-Tôha et al. 2009) and comprise one of 
the various aquatic communities found in floodplains. 
Present in both the pelagic and littoral zones of lakes 
(Maia-Barbosa et al. 2008), they exhibit specific peculiar 
characteristics and are known to be primarily influenced 
by local factors (Dodson 1992, Simões et al. 2013b). 

The hierarchical effects of local factors on species 
diversity are poorly elucidated. The specific responses 
depend on local characteristics such as mode of life, feeding 
habitats, morphological structures, and reproductive  
characteristics. Each species can be exclusive or prefer to 
inhabit a certain region (Allan 1976, Bonecker et al. 2009). 
Species inhabiting the pelagic zone of lakes are likely more 
affected by lake area than species inhabiting the littoral 
zone. For littoral species, changes in macrophyte cover 

directly affect diversity because macrophytes often serve as 
colonizing surfaces (Declerck et al. 2007, Maia-Barbosa et 
al. 2008). Thus, using a deconstructive approach (Marquet 
et al. 2004) based on habitat preference (planktonic or 
littoral species) is needed to investigate the influence of 
local factors on species diversity. Assuming that 
zooplankton species diversity (hereafter defined as the 
number of species) is influenced by size (i.e., area of the 
lake), environment structure (i.e., macrophyte cover), and 
food availability (i.e., phytoplankton chlorophyll a), this 
study investigated the degree of importance of these local 
factors on species diversity and determined whether the hi-
erarchical importance of local factors differed among 
species with different modes of life (planktonic and littoral) 
in lakes connected to the main rivers of a floodplain.

Material and methods

This study was conducted in the Upper Paraná River 
floodplain (22°40′–22°50′S; 53°10′–53°24′W), located in 
the La Plata River basin, South America. In Brazil, this 
basin covers an area of ~802.150 km2. Located between 
the reservoirs of Porto Primavera (São Paulo State) and 
Itaipu (Paraná State; Fig. 1), this complex ecosystem 
encompasses numerous wetlands with different degrees of 
connectivity between them, including 3 main rivers that 
form a river–floodplain system (Junk et al. 1989). The 
floodplain is regulated by the flood pulse, a consequence 
of the hydrological regime (floods and droughts), which is 
considered a key factor for maintaining the connectivity 
between the ecosystems (Junk et al. 1989).

Samples were collected from 23 lakes permanently 
connected to the main rivers that form the floodplain. We 
sampled 9 lakes associated with the Paraná River, 7 
associated with the Ivinhema River, and 7 associated with 
the Baía River. To exclude the possible influences of 
factors other than the local factors considered in this study, 
connected lakes were chosen over isolated ones. These 
lakes were not stratified, having a mean temperature of 
24 °C. Lake depth ranged from 1.0 to 3.13 m, with a mean 
of 1.91 m, whereas Secchi transparency depth ranged 
from 0.3 to 2.20 m, with a mean of 0.9 m. Based on our 
chlorophyll a (Chl-a) values and the classification of 
Wetzel (1975), these lakes ranged principally from oli-
gotrophic to mesotrophic (minimum = 0.82 µg L−1, 
median = 10.92 µg L−1, and maximum = 54.61 µg L−1). 
Some lakes, however, were classified as eutrophic. The 
range in trophic state is related to which river these 
lakes are connected. 

Based on monitoring data in the same floodplain from 
2000 until 2012 (Long-Term Ecological Research [LTER] 
site [PIAP - PELD/CNPq]), 125 fish species were 
registered (Ortega et al. 2015; Online Resource4) in the 
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study area. Most of the fish species identified were 
omnivorous and piscivorous, but some planktivorous fish 
were also reported, such as Astyanax altiparanae, Astyanax 
fasciatus, Hemigrammus marginatus, Moenkhausia 
intermedia, Bryconomericus stramineus, Moenkhausia 
sanctaefilomenae, and Hyphessobrycon eques, principally 
associated with aquatic macrophytes (Crippa et al. 2009). 
The invertebrates that prey on zooplankton in the same 
floodplain are primarily from the family Chironomidae, 
including genera such as Ablabesmya, Larsia, Saetheria, 
and Pentaneura (Butakka et al. 2014).

Sampling for this study was conducted in October 
2012 in the period between droughts and floods to 
represent environmental conditions prevalent during 
most of the year (Simões et al. 2013b). The littoral zone 
was colonized by different morphological species of 
submerged and emergent aquatic macrophytes. 

Composite samples of zooplankton were collected 
from each lake at 20 random points through 20 vertical 
hauls using a plankton net (68 µm), trawling from the 
bottom to the surface. The vertical haul ensured 
collection of samples from all layers and prevented 
possible losses due to the daily vertical migration. A 
mean of 2720 L of water was filtered for each lake, with 
a standard error of 717.4. Samples were preserved in a 
4% formaldehyde solution buffered with calcium 
carbonate. This spatial design allowed us to capture the 
variability within and between the waterbodies.

Species taxonomic richness was used to represent 
species diversity in each lake (Colwell 2009, Magurran 
2011). For data analyses, we used the species diversity 
estimated from a rarefaction curve by estimating the 
number of species per lake from a fixed number of 
individuals, a standard derived from our study, and the 
number of species identified in each lake. This procedure 
was adopted to remove the effect of abundance on species 
diversity (Gotelli and Colwell 2001). 

Species of rotifers, cladocerans, and copepods were 
identified based on specialized literature (see 
Lansac-Tôha et al. 2009). Abundance of individuals was 
estimated by analyzing a minimum of 3 subsamples 
(Bottrell et al. 1976) in a Sedgewick-Rafter chamber, 
using an optical microscope. Samples with few 
individuals were counted integrally. 

To evaluate the effect of environment size, lake area 
was estimated from 4 scenes from the China-Brazil Earth 
Resources Satellite (CBERS), available at the National 
Institute for Space Research (INPE), from the period  
corresponding to zooplankton samplings and georeferenced 
according to the Universal Transverse Mercator (UTM) 
coordinates. Image processing was performed with the 
software Spring 5.0.6, and the area was expressed in 
hectares. The CBERS sensor was chosen because it has 

a spatial resolution of 5–64 m, allowing satisfactory 
identification and delimitation of the lakes studied.

The proportion of macrophyte cover was used to 
evaluate the effect of habitat structure on species 
diversity. Thus, the calculation was based on the 
presence/absence of both submerged and emergent 
macrophytes at 20 sampling locations in each lake 
(methodology adapted from Kosten et al. 2009). 
Macrophyte cover was expressed as a percentage, ranging 
from complete absence to 100% for total coverage. 

The productivity of each lake was evaluated by means 
of water samples taken concurrently from under the water 
surface in Van Dorn bottles (5 L) for the analyses of  
phytoplankton Chl-a (μg L−1). The phytoplankton Chl-a 
concentration was determined by filtering aliquots of 
water samples through Whatman GF/F glass fiber filters, 
extracting pigments with 90% acetone, and reading in a 
spectrophotometer at 663 and 775 nm, processed 
according to Golterman and Clymo (1969). Calculations 
were made following the formula described by Wetzel and 
Likens (1991). 

The concentration of phytoplankton Chl-a was used 
as an indicator of the biomass of planktonic algae that 
serve as food for zooplankton (Dodson et al. 2000). This 
method was in accordance with Declerck et al. (2007), 
who noted that the use of alternative measures of  
productivity, such as the concentration of nutrients 
(phosphorus and nitrogen) or phytoplankton Chl-a, is 
effective when productivity cannot be determined by 
other methods.

To test the hierarchy of importance of local factors 
(lake area, percentage of macrophytes cover, and  
phytoplankton Chl-a) on zooplankton species diversity, a 
regression tree analysis (Regression Tree – TREE; De’ath 
and Fabricius 2000) was run. This analysis provides a 
rank order of importance of the effect of each local 
variable on the species diversity, the threshold value of 
separating nodes, and a set of environments from the most 
parsimonious model (De’ath and Fabricius 2000). 

A single data matrix with 4 columns was constructed 
for this analysis, and the species diversity was estimated 
from the rarefaction curve and the local factors. The size 
of the tree (number of groups) was calculated by the cross-
validation procedure, and the model was selected based on 
the lowest cross-validated relative error (CVRE), as 
described by De’ath and Fabricius (2000).

The total dataset was separated at each hierarchical 
node identified by TREE to test the effect of the variable 
selected on species diversity using a simple regression 
(species diversity of the community as the dependent 
variable and selected local factor as the explanatory 
variable) and an ANCOVA (species diversity of each 
mode of life as the dependent variable, selected local 
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factor as the explanatory variable, and mode of life as the 
covariate). This procedure allowed us to test the signifi-
cance of the selected local factors on the species diversity 
of each hierarchical subgroup structured in the TREE.

The community was further divided into planktonic and 
littoral species using a deconstructive approach based on the 
mode of life. The ANCOVA (Zar 1996) was used to check 
whether species with different modes of life (planktonic and 
littoral) respond similarly to each local factor. For this 
analysis, local factors were used as explanatory variables, 
species diversity as the response variable, and mode of life 
as the covariate. We tested the hypothesis of parallelism 
before testing for significant differences in slope. When 
significant differences in slope were found (i.e., lack of 
parallelism), a further “separate slopes” model was applied; 
by contrast, when nonsignificant differences in slope were 
found, a traditional ANCOVA design was applied.

For both analyses, the areas of the lakes and phyto-
plankton Chl-a concentrations were log-transformed (log 
(x + 1)) for data standardization, and the species diversity 
used was estimated from the rarefaction curve. 

All analyses were conducted with software R 3.0 (R 
Development Core Team 2013). TREE was run with the 
package “tree” (Ripley 2013), the species richness was 
estimated from rarefaction, and the ANCOVA was 
performed with the package “vegan” (Oksanen et al. 
2011). Graphics were constructed with the software 
Statistica 7.0 (Statsoft Inc. 2005).

Results 

We collected 150 zooplanktonic species, including 88 
rotifers, 39 cladocerans, and 23 copepod species, from the 
23 lakes. Of the 31 families represented, Brachionidae and 
the highest number of species was represented by 
Lecanidae for rotifers (14 species each), Chydoridae for 
cladocerans (22 species), and Cyclopidae for copepods 
(15 species; Supplementary Material).

Species diversity (i.e., number of species) ranged from 
24 species in Manezinho Lake to 54 species in Boca do 
Ipoitã Lake (Table 1). Species diversity estimated from 
the rarefaction curve ranged from 8 to 48 species. The 
modes of life were characterized by 67 planktonic and 83 
littoral species (Supplementary Material). 

For local factors, lake area ranged between 0.29 and 
105 ha in Santa Rosa Lake and Patos Lakes, respectively, 
whereas percent plant cover ranged between 95% in 
Campinho and Bilé lakes to 0% in Leopoldo Lake. The 
concentration of phytoplankton Chl-a ranged from  
0.8 μg L−1 in the Campinho Lake to 54.6 μg L−1 in Mané 
Cotia Lake (Table 1). 

According to the hierarchy of importance of local 
factors for zooplankton species diversity, the TREE 
analysis resulted in the formation of 4 groups (A-group 
through D-group), explaining 34% of the data, with a 
CVRE = 0.59 (Fig. 2). The analysis revealed the following 
order of importance: percentage of aquatic macrophytes, 
area, and phytoplankton Chl-a. 

Fig. 1. Upper Paraná River floodplain (PR/MS), with sample lakes marked by black dots.
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Table 1. Values that describe the zooplankton community: species diversity1 (S), species diversity estimated from rarefaction curve2 (Sr), littoral 
species3 (NPK), planktonic species4 (PK); and values that describe the local factors analyzed in our study: lake area (ha), macrophyte cover (CM in 
percentage) and phytoplankton chlorophyll a concentration (Chl-a in μg L−1) registered in Upper Paraná River floodplain’s lakes, Brazil.
 

S1 Sr2 NPK3 PK4 Area (ha) CM (%) Chlorophyll a (μg L−1)
Mean 39 25.50 20 19 13 45 15.04
Minimum 24 8.00 9 9 0.29 0 0.82
Maximum 54 48.00 29 34 105 95 54.61
Standard deviation 8 9.00 5 7 27.30 33 13.45

1 Number of species present in each lake. 
2 Number of species estimated from a rarefaction curve, by estimation of the number of species per lake from a fixed number of individuals, 
and the number of species identified in each lake. 
3 Number of littoral species present in each lake. 
4 Number of planktonic species present in each lake.

Fig. 2. Regression tree for zooplankton species diversity (i.e., number of species) explained by local factors in the Upper Paraná River 
floodplain: lake area, macrophyte cover, and phytoplankton chlorophyll a concentration. At each node is the variable selected for the 
split and the threshold value for the composition of each group. Lengths of vertical lines are proportional to the deviation correspond-
ing to each split. Below each group, the number of lakes forming the group (23 lakes) is indicated (n), together with the mean number 
of species observed in each environment.
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The first split (node 1) was determined by the 
percentage of macrophyte cover with a threshold value of 
75%, thus separating the lakes into those with >75% cover 
from those with less cover. The right branch of the tree 
shows the mean value of zooplankton species diversity for 
higher values of macrophyte cover (D-group with n = 5; 
Fig. 2). Zooplankton species diversity was significantly 
related to macrophyte cover (simple regression: R2 = 0.25; 
p = 0.018). When analyzing the effect of macrophytes on 
the diversity of planktonic and littoral species, however, 
a significant interaction was recorded (F1,44 = 5.82;  
p = 0.006), indicating that the planktonic species 
diversity decreased with increasing vegetation cover, 
whereas the diversity of littoral species increased with 
vegetation (Fig. 3).

In lakes with macrophyte cover <75% (node 2), lake 
area was the variable with the greatest effect on total 
species diversity, with a threshold value at 4.80 ha. In 

lakes with areas >4.80 ha, mean species diversity was 25 
species (C-group, n = 6; Fig. 2). Zooplankton species 
diversity was not significantly related to area (simple 
regression: R2 = 0.05; p = 0.10). When analyzing the effect 
of area on the diversity of planktonic and littoral species, 
however, a significant interaction was recorded  
(F1,32 = 6.19, p = 0.001), indicating that the diversity of 
planktonic species increases with area, whereas the 
diversity of littoral species was not affected (Fig. 3).

In lakes with smaller areas, the community was 
structured according to the phytoplankton Chl-a concen-
tration (node 3), with a threshold of 1.0 μg L−1. In lakes 
with phytoplankton Chl-a concentrations <1.0 μg L-1, the 
community was composed of, on average, 17 species 
(A-group, n = 5; Fig. 2), and in others, the mean number 
of species was 22 (B-group, n = 7; Fig. 2). The phyto-
plankton Chl-a concentration was not significantly related 
to zooplankton species diversity (simple regression:  

Fig. 3. Relationship between species diversity and the local factors: lake area (log m2), macrophyte cover and phytoplankton chlorophyll a con-
centration (log μg L−1), with respect to the mode of life of species: littoral species (open circles) and planktonic species (closed squares), 
recorded for each lake in October 2012 in the Upper Paraná River floodplain (PR/MS). Species diversity on the y-axis = number of species 
estimated from a rarefaction curve, by estimation of the number of species per lake from a fixed number of individuals, and the number of 
species identified in each lake. Solid black line = littoral species tendency; Dotted line = planktonic species tendency.
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R2 = 0.09; p = 0.9). When analyzing the effect of this 
factor on the diversity of planktonic and littoral species, 
however, a significant interaction was recorded  
(F1,20 = 8.05, p = 0.01), indicating that the planktonic 
species diversity increased with the phytoplankton Chl-a 
concentration, whereas the littoral species diversity 
decreased with phytoplankton Chl-a (Fig 3).

Discussion 

Notable differences were observed among effects of local 
factors (i.e., lake area, macrophyte cover, and Chl-a) on 
total zooplankton species diversity and the number of 
planktonic and littoral species in the floodplain lakes 
studied in Brazil. Each local factor represented 1 of 3 
ecological theories (lake area: species–area relationship; 
macrophyte cover: structural, structural complexity; and 
Chl-a: productivity) that predict trends in species richness 
among environments. Our results also allowed us to assess 
the relative effect of each of these local factors or 
ecological theories on the number of zooplankton species 
in our study lakes.  

Macrophyte cover was the most important local factor 
influencing zooplankton diversity in our study and played 
a key role in influencing the species diversity, presenting a 
threshold value of 75%, a factor value percentage 
determined from the TREE analysis indicative of a 
significant change in species diversity. This value separates 
these lakes from the other lakes with less cover. Lakes with 
>75% of macrophyte cover had significantly more 
zooplankton species than those with less cover (D-group; 
Fig. 2). In temperate lakes, 25–30% of covered area 
essentially promotes changes in the community structure 
(Meerhoff et al. 2007). This value was much lower than the 
value we obtained, indicating that unlike in temperate 
conditions, in tropical lakes, broader macrophyte coverage 
is needed to enhance species diversity. 

The presence of macrophytes is important for creating 
more heterogeneous freshwater environments (Meerhoff et 
al. 2007, Cunha et al. 2012, Choi et al. 2014). In tropical 
lakes, it is much debated whether macrophyte presence acts 
as a refuge or facilitates predation (Meerhoff et al. 2007); 
however, the function of macrophytes in temperate lakes is 
better understood. Nevertheless, submerged or free-floating 
macrophytes promote an increase in the number of species 
in tropical lakes (Bazzaz 1975, Cazzanelli et al. 2008), 
increasing the area for colonization, the habitat available 
for feeding, and refuge from predators (Meerhoff et al. 
2007, Buosi et al. 2011). Macrophytes provide protection, 
especially for large invertebrates such as copepods and 
cladocerans (Kruk et al. 2009, Jensen et al. 2015). During 
the day, these organisms leave the pelagic zone for 
macrophyte cover in the littoral zone (Burks et al. 2002).

The high number of littoral species reported in lakes 
with >75% macrophyte cover indicates that these species 
have morphological adaptations, such as feet and fingers, 
that favor their attachment to vegetation (Green 2003). 
Littoral species require substrates such as stems or 
surfaces for fixation (Phiri et al. 2011) and have an 
advantage over planktonic species due to their small size 
and low movement, which makes them less likely to be 
detected by predators (Meerhoff et al. 2007). In contrast, 
planktonic species are less often found in the littoral zone; 
they are captured easily by predators because of their 
continuous movement, particularly the jumping motion 
exhibited by cladocerans species (Jeppesen et al. 1997). 
Furthermore, the high abundance of macrophytes could 
hinder the swimming and feeding behavior of planktonic 
zooplankton (Manatunge et al. 2000); therefore, vegetated 
areas are dominated by littoral zooplankton.

In addition, the highest species diversity in lakes with 
extensive vegetation cover (D-group; Fig. 2) might be 
related to the presence of macrophyte stands in the pelagic 
zone, which, under the influence of wind, favor the 
exchange of organisms between the 2 zones (Maia-Barbosa 
et al. 2008). Moreover, the rates of flushing into these 
lakes promote movement of water masses between zones 
(Simões et al. 2013a, Furst et al. 2014) and favor this 
exchange of organisms. The direction of flux from rivers 
to lakes is generally observed in periods between droughts 
and floods, which coincided with the period of our study. 

The second local factor regarding the hierarchical 
order of importance was area, related with the species˗area 
relationship. As reported in other studies, the area of an 
environment might have a major influence on the species 
diversity of waterbodies (Dodson 1991, Reche et al. 
2005). Some authors also argue that environment size 
frequently affects (directly or indirectly) other local 
factors, including structure and food availability, which in 
turn might determine species diversity (Scheffer et al. 
2006). In general, lakes >4.80 ha, included in the second 
group (C-group; Fig. 2) supported a higher number of 
species. This higher diversity of species in large lakes  
corroborates one of the hypotheses seeking to explain the 
species–area relationship, in which larger environments 
support a higher number of niches than smaller ones, 
mainly because of more complex structure (e.g., by 
aquatic macrophytes, as observed in this study). The 
presence of macrophytes might enhance the effect of lake 
area on species diversity (Declerck et al. 2007), and, in 
this case, the observed result can be considered a  
multiplicative effect on increasing species diversity (Kruk 
et al. 2009). Furthermore, as expected, only planktonic 
species showed a positive relationship with lake area, 
indicating that lake size is a more important factor for 
planktonic species than for littoral species.
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Furthermore, our findings suggest that the mode of life of 
zooplankton species (i.e., planktonic vs. littoral) defines 
the effect of the environmental structure (aquatic 
macrophyte cover), lake area, and productivity (Chl-a 
concentration) on the number of zooplankton species in 
the floodplain lakes of this study. 
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