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Abstract: The combination of species distribution models based on climatic variables, with spatially explicit 
analyses of habitat loss, may produce valuable assessments of current species distribution in highly disturbed 
ecosystems. Here, we estimated the potential geographic distribution of the threatened palm Euterpe 
edulis Mart. (Arecaceae), an ecologically and economically important species inhabiting the Atlantic Forest 
biodiversity hotspot. This palm is shade-tolerant, and its populations are restricted to the interior of forest 
patches. The geographic distribution of E. edulis has been reduced due to deforestation and overexploitation 
of its palm heart. To quantify the impacts of deforestation on the geographical distribution of this species, we 
compared the potential distribution, estimated by climatic variables, with the current distribution of forest 
patches. Potential distribution was quantified using five different algorithms (BIOCLIM, GLM, MaxEnt, 
Random Forest and SVM). Forest cover in the biome was estimated for the year 2017, using a recently-
released map with 30 m resolution. A total of 111 records were kept to model climatic suitability of E. edulis, 
varying from 6 to 1500 m a.s.l and spanning almost the entire latitudinal gradient covered by the Atlantic 
Forest (from 7.72º S to 29.65º S). Based on climatic suitability alone, ca. 93 million hectares, or 66% of the 
area of the Atlantic Forest, would be suitable for the occurrence of E. edulis. However, 76% of this climatically 
suitable area was deforested. Therefore, currently, only ca. 15% of the biome retains forest patches that are 
climatically suitable for E. edulis. Our analyses show that E. edulis has suffered a dramatic loss of potential 
distribution area in the Atlantic Forest due to widespread deforestation. Our results provided updated 
information on the distribution of E. edulis, and may be used to identify which forested and deforested areas 
could receive priority in future conservation and restoration efforts. 
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Abstract: The Pantanal has an exuberant biodiversity that is constantly regulated by the dynamics of the 
climate and by the flood pulses. The objective of this work was to characterize and evaluate the biotic 
(macrophytes and macroinvertebrates) and abiotic factors (pH, temperature, dissolved oxygen, conductivity, 
total dissolved solids, water turbidity, chlorophyll a and pheophytin-a) of Pantanal ponds depending on the 
dry or rainy season. Therefore, five ponds with different characteristics were analyzed and five samples of 
water were collected during the dry and rainy season. For sampling of the macrophytes and collection of the 
macroinvertebrates we used hand nets (area of 0,09m2, opening of 5000 μm). This was done in order to observe 
seasonal difference in pH, chlorophyll-a and pheophytin-a and spatial differences between dissolved oxygen, 
electrical conductivity, turbidity, chlorophyll a and pheophytin-a was observed. The aquatic macrophyte 
Eichornia azurea (‎Commelinales, Ponteridaceae) showed high dominance and relative vegetation cover in 
at least three ponds, which was also related to higher values of macroinvertebrate biomass. On the other 
hand, the ponds that presented low dominance or absence of E. azurea presented high diversity of aquatic 
macrophytes. However, these intrinsic biological characteristics of the ponds altogether with the abiotic 
parameters demonstrated that there are distinct patterns in the dynamics of these ecosystems during the 
drought and flood regimes.
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INTRODUCTION

Considered one of the largest floodplains in Latin 
America, the Pantanal complex, or simply the 
Pantanal is placed in the center of South America, in 
Upper Paraguay basin, occupying Brazilian territory 

and a small part of the Bolivian and Paraguayan 
territory (Silva et al. 2009). Its area corresponds to 
about 140 thousand km2, with 65% of its territory 
in the state of Mato Grosso do Sul and 35% in Mato 
Grosso (Pott 2004, Marengo et al. 2015). Pantanal 
is an area of great scenic beauty and a showcase 
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for exuberant fauna and flora that are constantly 
regulated by the dynamics of the climate and by 
the flood pulses of the adjacent areas of its main 
rivers. About 88% of the native vegetation cover is 
still preserved, while about 12% has anthropic use 
(Marengo et al. 2015).

Pantanal is considered by UNESCO as a World 
Natural Heritage and Biosphere Reserve (Silio-
Calzada et al. 2017) and has become an ecosystem 
of national and international reference due to its 
intrinsic characteristics that combine a mosaic of 
different environments that shelter a rich terrestrial 
and aquatic biota (MMA 2007). The region is a 
floodplain influenced by rivers that drain the Upper 
Paraguay basin, with a great diversity of fauna and 
flora, being influenced by four adjacent biomes: 
Amazonia, Cerrado, Chaco and Atlantic forest (Alho 
& Gonçalves 2005).

Hydrological variability over seasonal and 
multi-annual timescales strongly shapes the 
ecological structure and functioning of floodplain 
ecosystems (Silio-Calzada et al. 2017). Pantanal 
works as a large reservoir, storing the water of the 
surrounding plateaus during the rainy season 
and then slowly draining to the lower sections of 
Paraguay River (Marengo et al. 2015). They are key 
hydrological characteristics for shallow ponds and 
floodplain wetlands which are subject to periodic 
annual flooding from adjacent rivers.

Many ponds that are originated during flood 
periods remain during the dry season. These are 
shelter for a great diversity of aquatic vegetation, 
which contributes considerably to the occurrence 
of a wide range of aquatic and terrestrial fauna. 
The ponds are open environments, depositional, 
and subject to water level fluctuations, influx and 
outflow of organic matter and lotic ecosystem 
organisms, interconnected with the main channels 
of the drainage basin (Catian et al. 2012). Because of 
the standing and shallow water, the most common 
species in these habitats are emergent macrophytes 
(Pott & Pott 2000).

Aquatic macrophytes are vital components 
of the Pantanal complex. They promote changes 
and evolution of natural landscapes, as well as 
providing the occurrence of a diverse fauna. 
Macrophytes contribute to a considerable increase 
of the available area in a pond allowing colonization 
by invertebrates. They also provide habitat for 
associations of periphytic algae and nitrogen-

fixing bacteria (Diniz et al. 2018). In this aquatic 
environment, invertebrates play a role in the flow 
of energy and matter, participating in the process 
of decomposition of organic matter, reducing the 
size of the particles and serving as food for several 
species of fish and other animals (Eaton 2006, Silva 
et al. 2009, Oliveira-Junior et al. 2013, Diniz et al. 
2018).

Despite the great importance of the Pantanal 
complex for the diversity of fauna and flora, basic 
ecological information for most invertebrates 
is still incipient (Eaton 2006). Information on 
hydrological changes and invertebrates are 
valuable to understand the structure and dynamics 
of limnic communities and for records of ecological 
processes resulting from changes caused by flood 
(Oliveira-Junior et al. 2013). The lack of studies 
aiming the conservation of invertebrates in 
Pantanal occurs part due to the extremely high 
species richness, the enormous abundance of 
some groups, the taxonomic difficulties mainly of 
the hyperdiver groups, the anthropic alterations of 
the habitat as well as due to the lack of resources for 
conservation programs (MMA 2007).

In the Pantanal of Mato Grosso do Sul, Miranda 
subregion, is “Pantanal Portal”, represented by a 
plain with several aquatic habitats influenced by 
the flood pulse of the Miranda River. Despite the 
environmental changes in the landscape associated 
with agriculture, fishing and tourism (Pott & Pott 
2000, 2003), it is still possible to observe a dense 
area with several vegetation units, forming a mosaic 
with different communities, with frequent abrupt 
changes. Thus, it is common to find vegetation 
types of cerradão woodland, seasonal forest and 
riparian forest wthin only 100 meters of ancient 
levee or earth mound (Pott & Pott 2000).

In view of the above, the aim of this study was: (1) 
to classify aquatic habitats under the influence of 
the Miranda River; (2) to describe the composition 
and relative coverage of aquatic macrophyte 
species present in the sampled habitats; (3) 
to evaluate the distribution of invertebrates 
associated with aquatic macrophytes; (4) to 
analyze the effect of flood pulse on the structure of 
macrophyte-associated invertebrate communities; 
(5) to evaluate the correspondence of the physical 
and chemical parameters on the aquatic habitats 
and the relative coverage of macrophytes. It is 
expected that this research may bring important 
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contributions to the understanding of the dynamics 
of aquatic communities under effects of flooding in 
Mato Grosso do Sul Pantanal.

MATERIAL AND METHODS

The selected tract for the study corresponds to 
a fluvial plain, distributed in a floodable area of 
the Miranda River (Miranda, Mato Grosso do 
Sul, Brazil). Five ponds were selected under the 
influence of the Miranda River flood flow, located 
on BR-262 highway between the municipalities 
of Miranda and Corumbá (State of Mato Grosso 
do Sul, Brazil). The ponds selected for sampling 
were classified according to Pott & Pott (2000) and 
are distinguished as: Pond 1 “Rice field”; Pond 2 
“Borrow pit/low water”; Pond 3 “Permanent flooded 
grassland”; Pond 4 “Permanent flooded grassland/
low water”; Pond 5 “Borrow pit” (Figure 1).

In order to reach the objectives of this study, the 
following methodological steps were adopted: (1) 
photograph the ponds and describe the coverage 

of the macrophytes; (2) measure the physical and 
chemical parameters of ponds; (3) filter water 
samples for further analysis of chlorophyll-a and 
pheophytin-a; (4) weigh macrophyte samples 
using scale and hand net and collect associated 
invertebrates; (5) identify and prepare exsicates 
of the sampled macrophytes in the ponds; (6) 
collect and identify the macrophyte-associated 
invertebrate biomass.

The collections were conducted semiannually 
between May 2010 and April 2011, two in the dry 
season and two in the rainy season. Five water 
samples were collected in each pond using a Van 
Dorn bottle. Water temperature (ºC), pH, electrical 
conductivity (μS.cm-1), dissolved oxygen (mg.L-1), 
total dissolved solids (mg.L-1) and turbidity (FTU) 
were measured in loco with multiparameter Horiba 
U-50, and chlorophyll-a (μg.L-1) and pheophytin-a 
(μg.L-1) were analyzed in the laboratory by the 
spectrophotometric method (CETESB 2014).

To measure the relative coverage of macrophytes 
(RCM %), a DJI (Mavic Air Fly model) drone was used 

Figure 1. Location, position and aspect of the ponds in the perimeter of Pantanal, municipality of Miranda, 
state of Mato Grosso do Sul, Brazil.
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to obtain aerial images of each pond. Afterwards 
the images were selected and superimposed on 
a millimeter grid to estimate the relative surface 
coverage of each species by the formula (ei/E)*100, 
where ei = sum of the coverage projection of all 
individuals of species i under the surface area of the 
pond; E = total extent of sampling in square meters 
(adapted from Santos-Junior & Costacurta 2011).

Macrophytes and macroinvertebrates were 
collected only in the coastal zone, obtaining five 
samples per pond. Sampling was performed 
with a 30 x 30 cm opening and depth of 30 cm 
(0.09 m2 area, 500 μm opening) square hand net. 
The macrophytes were weighed and inspected 
for separation of macroinvertebrates. The 
macrophytes were returned to the ponds after their 
inspection. Only a sample of the macrophytes was 
collected to preparet the exsicates. The aquatic 
macrophytes were identified with assistance of a 
specific dichotomous key (Pott & Pott 2000, Flora 
do Brasil 2020 2019). The macrophytes collected 
in the hand net were weighed in the field to 
obtain their biomass (g-1.m2), then washed in the 
net to separate the macroinvertebrates. In the 
lab, the macroinvertebrates were screened under 
stereomicroscope and weighed to obtain their fresh 
biomass (g-1.m2). Chemical physical parameters 
of the water were analyzed using Kruskal-Wallis 
non-parametric test and the fresh biomass of 
macrophytes and macroinvertebrates were 
analyzed using Spearman correlation test (StatSoft 
1996).

The physical and chemical parameters and 
the relative surface cover of macrophytes per 
pond and per station were submitted to Principal 

Component Analysis (PCA) in order to simplify the 
environmental variability in a few interpretable 
axes. This analysis was performed through the 
routine “rda” using the vegan package (Oksanen et 
al. 2018) using the R environment (R Development 
Core Team 2018).

The process of ecological succession has been 
studied quantitatively considering the changes 
in the abundance of microalgae throughout the 
colonization process. This analysis was applied 
to the 7 most abundant species of each pond and 
period, having a graphical representation of the 
relative abundance for each day of sampling. 

The density was also analyzed by density-
dominance curves of macroinvertebrates taxa, 
which were constructed by plotting on the ordinate 
the log10 (x + 1) of the abundance of each taxon and 
on the abscissa the importance number of each 
taxon (ranking), in order of decreasing abundance 
(Brower & Zar 1984). 

RESULTS

The minimum and maximum values for each 
physical and chemical parameter measured in 
the ponds. Significant differences (p < 0.05) were 
observed only for pH values between dry and 
rainy seasons, dissolved oxygen and conductivity 
between the ponds (Table 1).

The highest percentage of macrophyte surface 
cover was observed for the rainy season, mainly for 
ponds 1 and 3, followed by ponds 2 and 4. On the 
other hand, pond 5 presented the highest diversity 
of macrophytes (Table 2).

The highest abundance of invertebrates 

Table 1. Descriptive statistics of the minimum and maximum values for each physical and chemical 
parameters of the water of Pantanal ponds in the Miranda river floodplain (municipality of Miranda, state of 
Mato Grosso do Sul, Brazil). Qui Square (X2) and probability (p) estimates of Kruskal-Wallis non-parametric 
analysis.

Parameters
Seasons Ponds

Mean Min. Max. X2 p X2 p
Temperature ºC 28.7 20.8 33.8 0.90 0.34 2.40 0.66
pH 6.9 6.4 7.4 19.60 < 0.05 9.00 0.06
Dissolved oxygen (mg.L-1) 2.0 0.4 3.6 0.00 1.00 10.00 < 0.05
Conductivity (µS.cm-1) 164 80 210 0.40 0.53 17.00 < 0.05
Turbidity (FTU) 36 6 157 0.00 1.00 5.00 0.29
Chlorophyll-a (µg.L-1) 31.6 11.9 72.4 16.78 < 0.05 10.30 < 0.05
Pheophytin-a (µg.L-1) 28.9 7.3 67.9 12.32 < 0.05 9.80 < 0.05
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Table 2. Composition, biological form and relative coverage of macrophytes (RCM %) sampled in ponds in 
dry (DS) and rainy (RS) season of Pantanal ponds in the Miranda river floodplain (municipality of Miranda, 
state of Mato Grosso do Sul, Brazil). Legends of the ponds: 1- “Rice field”; 2- “ Borrow pit/low water “; 3- 
“Permanent flooded grassland”; 4- “Permanent flooded /low water”; 5 - “Borrow pit”. Legend: Abundance: 
+ between 1 to 5%; ++ from 6 to 20%; +++ from 21 to 60% and > 61%. Absence of macrophytes (-). Biological 
form (BF): (1) Free-floating; (2) Rooted-floating; (3) Fixed-submerged; (4) Emergent; (5) Amphibious; (6) 
Epiphyte.

Species
Pond 1 Pond 2 Pond 3 Pond 4 Pond 5

BF DS RS DS RS DS RS DS RS DS RS

Salvinia auriculata Aubl. 1 - ++ +++ + +++ ++ ++ - - -

Hygrophila costata Nees 4 - - - - - - - - + +++

Echinodorus paniculatus 
Micheli. 4 - - - - - - - - + ++

Echinodorus glaucus Rataj 4 - - - - - - - - - +++

Pistia stratiotes L. 1 - + - + - - +++ ++ - -

Cyperus blepharoleptos Steud. 6 - - - - - - + - - -

Rotala ramosior (L.) Koehne 4 - - - - - - - - ++ -

Thalia geniculata L. 4 + + - - - - - - - -

Nymphaea amazonum Mart. & 
Zucc. 2 + + - - - + - + + ++

Ludwigia helminthorrhiza 
(Mart.) H.Hara 2 ++ +++ - - - - - - - -

Ludwigia inclinata (L.f.) 
M.Gómez 3 - - - - - - - - ++ -

Echinochloa polystachya (Kunth) 
Hitchc. 5 - - ++ + - - - - -

Hymenachne amplexicaulis 
(Rudge) Nees 5 - - - - - ++ - - - ++

Polygonum punctatum Elliott 4 - - - - - - - +++ - -

Eichhornia azurea (Sw.) Kunth 2 O O +++ O +++ O ++ +++ - +

Pontederia cordata L. 4 + - - - - - - - + -

RCM% 66 93 61 87 73 90 70 86 30 41

associated with aquatic macrophytes was observed 
for pond 1 during the rainy season (Table 3). We also 
observed for the rainy season a high correlation 
(Spearman correlation = 0.908; p < 0.05) between 
the biomass of the macrophytes and the biomass 
of the associated invertebrates; in the dry season 
a low correlation (Spearman correlation = 0.199; p 
= 0.11) was observed (Figure 2). When the curve of 
density and dominance of taxa is analyzed, it can 
be observed that pond 1 showed the highest species 
dominance in both dry and rainy season (Figure 3). 

The Principal Component Analysis (PCA) 
performed with the limnological parameters and 
the relative coverage of macrophytes in the ponds 
during the dry season showed that the first two 
axes explained 82.75% of the data variation (Figure 
4a). The variables considered most important to 
explain the relative coverage of macrophytes were 
Pheophytin-a and Chlorophyll-a. Regarding data 
from the rainy season, the first two axes explained 
80.23% of the data variation (Figure 4b). The 
variables considered most important for the relative 



 Carvalho et al. | 945 

Oecol. Aust. 23(4): 940–950, 2019

Figure 2. Spearman correlation estimates between the macrophyte and macroinvertebrate biomass 
collected in Pantanal ponds, municipality of Miranda, state of Mato Grosso do Sul, Brazil, in the dry (a) and 
rainy season (b).

Figure 3. Curve of density and dominance of taxa in dry (a) and rainy (b) seasons in each pond in the 
Pantanal, municipality of Miranda, state of Mato Grosso do Sul, Brazil. For legends of the ponds see Table 2.
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Table 3. Abundance, richness and diversity of Shannon Wiener (H’) of aquatic invertebrate taxa sampled in 
the five Pantanal ponds in dry (DS) and rainy (RS) season of Pantanal ponds in the Miranda river floodplain 
(municipality of Miranda, state of Mato Grosso do Sul, Brazil). Legends of the ponds: 1- “Rice field”; 2- “ 
Borrow pit/low water “; 3- “Permanent flooded grassland”; 4- “Permanent flooded /low water”; 5 - “Borrow 
pit”. * In this season the pond was dry.

Taxa
Pond 1 Pond 2 Pond 3 Pond 4 Pond 5

DS RS DS RS DS* RS DS RS DS RS
Hemiptera
Belostomatidae - - - - - - - - 1 1
Mesovelidae - - - - - - - - - 7
Lepidoptera
Pyralidae - - - - - - - - 7 -
Diptera
Chaoboridae - - - - - - - - 2 -
 Chironomidae 176 612 - 9 - 12 - 8 15 6
Culicidae - - - - - - 6 - - -
Ceratopogonidae - 150 1 1 - 7 - 1 28 -
Odonata
Dicteriadidae - - - - - - - - 2 -
Libellulidae 1 - - - - 1 - - 6 -
Aeshnidae 2 - 1 - - - - 1 - -
Gomphidae - - - - - - - 1 - -
Coleoptera
Hidrophylidae - - - - - - - - 1 -
Elmidae - 9 - - - - 1 1 - -
Gyrinidae - - - - - 1 - - - -
Noteridae - - - - - - - - - 1
Haliplidae - - - - - 1 - - - -
Dytiscidae - 3 - 1 - - - - - -
Megaloptera
Corydalidae 3 - - 1 - - - - - -
Ephemeroptera
Leptohyphidae - - - 1 - 1 - - - -
Leptophlebiidae - - - - - - - - 9 -
Bivalvia - 99 - - - - - - - -
Gastropoda - 18 - 6 5 - 4 4 4
Hirudinea - 15 - 1 - 4 - - - 22
Oligochaeta 231 48 - - - 4 1 - - 1

Abundance 413 954 2 20 - 35 8 16 75 42
Richness 5 8 2 7 - 9 3 6 10 7

Diversity (H’) 0.76 1.16 0.69 1.46 - 1.47 0.73 1.38 1.8 1.40

coverage of macrophytes were water temperature, 
turbidity and chlorophyll-a.

DISCUSSION
The observed results for the survey of the biotic 
versus the abiotic factors of the ponds of the Miranda 

floodplain in the Pantanal suggest a complex 
relation of factors, such as the dispersal capacity 
of the invertebrates associated to the macrophytes, 
intrinsic characteristics of the habitats, physical 
and chemical parameters of the water and flood 
from overflow of the Miranda river. Although they 
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Figure 4. Principal Components Analysis (PCA) of individual influence of the limnological variables and 
relative macrophyte coverage (RMC) in ponds of the Pantanal, municipality of Miranda, state of Mato Grosso 
do Sul, Brazil, in the dry (a) and rainy season (b). For legends of the ponds see Table 2.

are present in our results, these factors are not 
easily disentangled.

The physical and chemical parameters indicated 
important seasonal and spatial characteristics in 
pond dynamics. The seasonal difference observed 
in the pH may be related to a higher concentration 
of organic matter during the dry season, which 
brought more acidity to the water (Esteves 1998). 
These variations in pH can be explained mainly 
by a natural phenomenon known as “decoada” 
or “dequada” (Esteves 1998). This event is 
characterized by the natural alteration of water 
quality during the hydrologic phase of flood, whose 
intensity varies according to the climate and the 
annual flood patterns (Oliveira-Junior et al. 2013). 
Besides, water losses due to evapotranspiration of 
macrophytes must exceed the intakes, especially 
during the dry season, leading to an increase in pH 
and alkalinity (Eaton 2006).

However, the variations observed for 
Chlorophyll-a and pheophytin-a may be the 
result of the availability of mineral salts through 
the complete decomposition of the organic 
matter leading to a significant increase in the 
development of microalgae. The high values of 
electrical conductivity of the water also indicated 
the concentration of mineral salts.

The variation of the physical and chemical 
parameters observed between the ponds, mainly 

between the values of dissolved oxygen, electrical 
conductivity, water turbidity, chlorophyll a and 
pheophytin-a can be explained both by the 
permanent and intermittent characteristics of 
the ponds (Silva & Carniello 2007) and by the 
concentration of organic matter at the bottom, 
which led to the depletion of dissolved oxygen 
in the benthic zone. Besides the senescence of 
many aquatic macrophytes (Oliveira-Junior et al. 
2013), the leaching of the terrestrial litter raises the 
organic material inside the system. However, many 
Pantanal fauna and flora communities are adapted 
to such seasonal and temporal variations, which 
ultimately determine many biological patterns.

The composition and biological forms of the 
aquatic macrophytes may determine intrinsic 
characteristics on the aquatic fauna and, 
consequently, on the environmental parameters. 
The rooted floating macrophyte Eichornia azurea 
(anchored water hyacynth) was dominant in at 
least three of the five analyzed ponds and with 
the free floating macrophytes Salvinia auriculata 
(Salviniales, Salvinaceae) (eared watermoss) 
and Pistia stratiotes (Alismatale, Araceae) (water 
lettuce), comprised between 70 and 90% of 
vegetation cover in the ponds. Both biological forms 
of macrophytes contribute with a large surface area 
that support the colonization of a great diversity 
and density of invertebrates, offering habitats for 
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refuge, reproduction and feeding. In addition, 
macrophytes provide a transitional environment 
between the aquatic and terrestrial environments 
(ecotone), allowing the occurrence of ecological 
communities of both environments.

On the other hand, pond 5 that presented 
the highest diversity of macrophytes species 
also presented the lowest vegetation cover. This 
pond was characterized by a great diversity of 
emerging and or amphibious biological forms. 
The invertebrates Belostomatidae, Mesovelidae, 
Pyralidae and Leptophlobiidae occurred 
only in this pond, while the dominant groups 
Chironomidae and Oligochaeta were absent. Such 
differences in invertebrate composition may be 
related to the architecture of the macrophytes, 
which present a smaller horizontal surface area, 
making it impossible to retain organic matter 
and the colonization of invertebrates with little 
mobility. Studies have shown that the richness and 
density of invertebrate species vary depending on 
the architecture and aquatic macrophyte biomass 
(Moretti et al. 2003, Peiró & Alves 2006). 

The biomass of invertebrates showed significant 
correlation estimates with the biomass of aquatic 
macrophytes (only in the rainy season). Moretti et al. 
(2003) found higher density of macroinvertebrates 
in macrophytes with floating biological forms. 
Also, our results suggest that the dominance of 
the floating E. azurea macrophyte in ponds 1, 2 
and 3 had a significant relation with the density of 
invertebrates. This species of macrophyte presents 
a larger surface area in contact with water, giving 
greater area for colonization by invertebrates. 
Besides, data from the literature indicate that 
the dimensions of E. azurea roots may play an 
important ecological role as a shelter and place 
of food accumulation for invertebrates in ponds 
(Saulino & Trivinho-Strixino 2014). This fact 
explains the dominance of Chironomidae and 
Oligochaeta in ponds under the dominance of E. 
azurea, S. auriculata and P. stratiotes.

Another important characteristic in floating 
macrophytes is their ability to spread during the 
flooding. This allows the colonization of different 
invertebrate communities resulting from adjacent 
areas connected by rising water levels. In lotic 
environments many aquatic invertebrates use 
the water current to colonize new areas, either for 
food or shelter (Carvalho & Uieda 2004). In lentic 

environments the macrophytes must contribute 
significantly to the dispersion of the invertebrates. 
This shows the influence of flood flow on the 
distribution of macrophytes and consequently on 
invertebrate colonization. Data from the literature 
confirm that the composition and abundance of 
invertebrates present in the macrophyte stands 
are determined by the amplitude of the flood pulse 
(Eaton 2006, Oliveira-Junior et al. 2013). 

Summing up, the Principal Component Analysis 
indicated that there are seasonal and spatial 
differences between the limnological variables 
that possibly influenced the superficial coverage 
of macrophytes in the ponds of the Miranda River 
floodplain in the Pantanal. In the dry season 
Pheophytin-a pheopigment and the chlorophyll-a 
pigment indicated high replacement rates in 
phytoplankton biomass. Chlorophyll molecules are 
not stable and depending on the conditions of the 
environment, such as changes in pH, temperature 
or excessive light, they can be degraded, causing 
pheopigment (pheophytin-a), which are products 
of chlorophyll-a degradation (CETESB 2014).

In the rainy season, the limnological variables 
that best explained the surface cover of macrophytes 
in the ponds were water temperature, dissolved 
oxygen, turbidity and Chlorophyll-a. As discussed 
previously, these indicators are directly related to 
the entry and decomposition of organic matter, 
which in turn is indirectly related to the flood from 
overflow of the Miranda River.

Finally, permanent and intermittent Pantanal 
ponds present high dominance and vegetation 
coverage by anchored water yacynth (E. azurea), 
which was also related with higher values of 
macroinvertebrate biomass. On the other hand, the 
ponds that presented low dominance or absence 
of E. azurea presented high diversity of aquatic 
macrophytes. However, these intrinsic biological 
characteristics of the ponds altogether with the 
abiotic parameters demonstrated the distinct 
patterns in the dynamics of these ecosystems in 
accordance to flood regime.
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