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Abstract: Environmental characteristics of an invaded environment can predict the invasion success of a 
species, depending on its habits and life strategies. Cichla kelberi is a visual and voracious predator introduced 
in the upper Paraná River floodplain, an area that suffers with several upstream dams that caused many 
environmental changes over the years (e.g. increased water transparency). As this species is a pre-adapted 
species to environments that presents high water transparency, our main goal was to test the hypothesis 
that variables related to the underwater visibility would be important drivers of the successful invasion 
of C. kelberi in the upper Paraná River floodplain. We predict that turbidity (proxy of water transparency) 
is one of the major limnological determinants of occurrence and abundance of C. kelberi. Individuals of 
the invasive species and seven limnological variables were sampled quarterly between February 2000 and 
November 2018. This long-term data is part of the sixth site of the Brazilian Long Term Ecological Program 
(PELD). We fitted two regression models to all occurrence and abundance data (response variables) against 
the limnological variables (explanatory variables). For occurrence data, we fitted a Generalized Linear Mixed 
Model and for abundance data, we fitted a Linear Mixed Effects Model. The occurrence data of C. kelberi 
showed that turbidity and dissolved oxygen were the variables that most influenced the presence of this 
species, negatively and positively, respectively. The abundance data showed that dissolved oxygen and 
concentration of chlorophyll-a were the ones that most influenced the abundance of this species, negatively 
and positively, respectively. Our findings showed that besides turbidity, other limnological variables were 
also determinants for the occurrence and abundance of C. kelberi. Therefore, our results provided important 
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information about the main environmental drivers of the establishment process of C. kelberi in the upper 
Paraná River floodplain.

Keywords. Brazilian Long Term Ecological Program; Paraná River floodplain; Peacock-bass; successful 
invasion; underwater visibility.

INTRODUCTION

Biological invasions are complex phenomena and 
their impacts have been intensified in the last 
years due to human activities, reflecting in huge 
challenges to the conservation of biodiversity 
worldwide (Essl et al. 2011, Vitule et al. 2012, 
Simberloff et al. 2013, Pelicice et al. 2014, Leuven 
et al. 2017, Clusa et al. 2018). Invasive species 
may promote modifications in the occurrence 
patterns of native species and lead to biotic 
homogenization (Rahel 2000, Villéger et al. 2011). 
These modifications may result in deterministic 
shifts in the invaded communities and may even 
lead to the decline and extinction of native species 
(Mouillot et al. 2013). However, the invasion 
process and establishment success depends on a 
number of factors, such as biological interactions 
with native species (e.g., competition, predator-
prey interactions; Strayer 2010) and environmental 
characteristics of the invaded environment (e.g., 
environments that are modified by humans may be 
more susceptible to invasions; Huston 1979, 2004). 
Thus, researchers have formulated hypotheses 
aiming to explain which factors explain the success 
of invasive species (Catford et al. 2009).

Many hypotheses are based on the influence 
of abiotic variables on the invasion process (e.g., 
environmental heterogeneity, habitat filtering, 
disturbance, dynamic equilibrium, among others; 
see Catford et al. 2009 for more details). According 
to the Environmental Heterogeneity hypothesis, 
highly heterogeneous environments present higher 
opportunities of niches, which enable the invasion 
success when some of these niche opportunities 
are not occupied by native species (Melbourne et al. 
2007). Moreover, there is also the Disturbance and 
Dynamic Equilibrium hypothesis, which predicts 
that impacted (e.g., by anthropogenic actions) and 
naturally disturbed environments are more likely 
to be invaded (Huston 1979, 2004, Melbourne 
et al. 2007). For example, the environmental 
changes promoted by reservoirs filling are one of 
the main causes of biodiversity loss in freshwater 

environments, once these changes may favor 
the dispersion and establishment of invasive 
species and may trigger the decline of native ones 
(Agostinho et al. 2007a, Espínola & Júlio Júnior 
2007, Júlio Júnior et al. 2009, Gois et al. 2015).

The construction of several dams is known to 
affect the upper Paraná River floodplain, although 
this plain still preserves most of its natural spatial 
and temporal heterogeneity (Oliveira et al. 2018). 
Spatially, the floodplain is composed by lotic 
(e.g., rivers and secondary channels), and lentic 
environments (e.g., backwaters, connected and 
isolated floodplain lakes); these lakes may be 
temporary or permanent features of the landscape 
(Agostinho et al. 2004a). Temporally, this floodplain 
is subject to seasonal alterations caused by the flood 
pulse (i.e., dry and rainy seasons), with different 
stages of organic matter input, connectivity and 
heterogeneity levels throughout the hydrological 
cycle (Junk et al. 1989, Thomaz et al. 2007). 
However, the several dams constructed upstream 
the floodplain alter some limnologic features such 
as water transparency, which decreases along the 
Paraná River reservoir chain (Agostinho et al. 1994, 
Stevaux et al. 2009, Oliveira et al. 2018, dos Santos 
et al. 2018). Thus, because of the heterogeneous 
environment resulting from frequent disturbances, 
in addition to the anthropogenic impacts, this 
floodplain has become very susceptible to the 
establishment of non-native species (Júlio Júnior et 
al. 2009, Tonella et al. 2018). Some of the invasive 
species that succeeded in this environment are 
the golden mussel Limnoperna fortunei (Dunker 
1857) (Takeda et al. 2003), the aquatic macrophythe 
Hydrilla verticillatta (L. f.) Royle from Asia (Cook & 
Lüönd 1982, Langeland 1996) and the fish Clarias 
gariepinus (Burchell 1822), an African catfish 
probably introduced by fish farming and escapes 
from recreational angling ponds located along 
upstream rivers (Ota et al. 2018), among others.

A major example of an invasive fish in this 
floodplain is the peacock-bass Cichla kelberi 
Kullander, Ferreira 2006 (Cichliformes, Cichlidae), 
a visual and voracious predator that is native 
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from the Amazon River basin. This species has 
been extensively introduced into many South 
American basins for sport fishing, remaining 
established until nowadays in the floodplain. Its 
first record in this floodplain dates back from the 
early 90’s and its main vector of introduction are 
escapes from recreational angling ponds (Ota 
et al. 2018). The invasion of C. kelberi harms the 
native fishes through predation and competition, 
once it may cause reductions in the abundance 
of small foraging fishes that may serve as food for 
native piscivorous (Agostinho et al. 2007a, Pelicice 
& Agostinho 2009, Pelicice et al. 2015, Queiroz-
Sousa et al. 2019). In addition, C. kelberi has pre-
adaptations to thrive in the lacustrine conditions 
of reservoirs, environments that present high water 
transparency (Agostinho et al. 2004b, Agostinho et 
al. 2007a) and it seems to favor the occurrence of 
this species in this kind of environment (Espínola 
et al. 2010). 

From the information presented above, 
we assume that i) C. kelberi is successfully 
established in the upper Paraná River floodplain; 
ii) environmental variables are determinants of the 
invasion and establishment processes, and iii) C. 
kelberi is a visual predator favored by high values of 
water transparency in reservoirs. Our objective is to 
look for patterns and tendencies in the relationship 
between limnological variables and the occurrence 
and abundance of C. kelberi since its first records 
in the upper Paraná River floodplain. Therefore, 
our hypothesis is that variables related to 
underwater visibility should be important drivers 
of the successful invasion of C. kelberi in the upper 
Paraná River floodplain. We predict that turbidity 
(proxy of water transparency), whether related to 
organic or inorganic components, is one of the 
major limnological determinants of occurrence 
and abundance of C. kelberi, affecting negatively its 
probability to occur and its abundance. 

MATERIAL AND METHODS

Study area
The study was carried at the upper Paraná River 
floodplain (Figure 1). The sampled area is included 
in the last free-flowing stretch of the Paraná River 
located inside Brazil. The floodplain is located 
between the Sergio Motta Dam (locally known as 
Porto Primavera Dam) and the Itaipu Reservoir 

(22º40’S to 22º52’S and 53º12’W to 53º38’W), 
corresponding to a 230 km stretch and reaching 20 
km in wide during floods. This plain is an intricate 
anastomosis with secondary channels, floodplain 
lakes and tributary rivers, carrying a high diversity 
of organisms, especially fish (Agostinho et al. 
2007b). The sampled area presents different 
environments in the floodplain, such as the three 
main river channels (Paraná, Ivinhema and Baía), 
floodplain lakes that are permanently connected 
to the river channel and floodplain lakes that only 
connect to the river during high-water periods. 
These environments differ mainly in the water 
velocity (higher velocity in the lotic environments 
and lower velocity in the floodplain lakes) and 
in conspicuous limnological differences (Ortega 
et al. 2015). Besides, the region is mainly affected 
by several dams located above the floodplain and 
many limnological changes have been noticed over 
time, such as oligotrophication in the Paraná River 
(Granzotti et al. 2018, Oliveira et al. 2018). The other 
two rivers, Ivinhema and Baía, are considered as 
less impacted, as they are not dammed and only 
receive waters from the Paraná River during periods 
of floods. 

Besides these limnological heterogeneities, 
the biota has also suffered with modifications 
along time, which has a high number of invasive 
fish species (Ota et al. 2018). These limnological 
and biotic changes, in turn, are only noticed 
because the study area corresponds to the sixth 
site of the Brazilian Long Term Ecological Program 
(PELD). This program contributes to research by 
undergraduate and graduate students, as well as 
professors. In addition, these researches contribute 
to reinforce the need to preserve the Paraná River 
Islands and Lowlands Environmental Protection 
Area (“Área de Proteção Ambiental das Ilhas e 
Várzeas do Rio Paraná”) and the Ivinhema River 
State Park (“Parque Estadual do Ivinhema”).

Fish samples
Fish were sampled quarterly between February 
2000 and November 2018 at 21 sites:  seven lotic 
environments (rivers and secondary channels), 
nine connected floodplain lakes (connected to 
a river in the region) and five isolated floodplain 
lakes (not connected to a river). All samplings were 
conducted using gillnets of different mesh sizes 
(24, 30, 40, 50, 60, 70, 80, 100, 120, 140 and 160 
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Figure 1.  Map of the study area inside the upper Paraná River Floodplain. Numbers indicate the sampling 
stations. EPSG: 4326.

mm between opposite knots) set at each sampling 
site for 24 h. After samples, all individuals were 
identified to the species level according to Graça & 
Pavanelli (2007) and counted.  

Limnological variables
Along with fish surveys, we measured seven 
limnological variables: turbidity (NTU), obtained 
with a digital device (LaMotte Company, model 
nº 2020e), water temperature (ºC) and dissolved 
oxygen (mg/L) obtained using a digital oximeter 
(YSI incorporated – model YSI 550A), as well as total 
suspended material (mg/L), chlorophyll-a (µg/L), 
total nitrogen (µg/L), and total phosphate (µg/L), 
obtained following Teixeira et al. (1965), Goltermam 
et al. (1978), Zagatto et al. (1981) and Mackereth 
et al. (1978), respectively. We selected these 
variables because they are recognized as related 
to water quality and underwater visibility, primary 
production of the system and to the metabolism 
of fish. This long-term data set of limnological 
variables provide us significant fluctuations of 

the variables, making it fundamental to detect 
emerging relationships between the environment 
and the biota.

Data analyses 
Occurrence and abundance data of C. kelberi were 
obtained for each sample across years. Abundance 
data were indexed according to the catch per unit 
effort (CPUE; number of individuals/1000 m² 
of gillnets in 24 h). To investigate whether those 
variables related to the underwater visibility 
affect the invasion success of C. kelberi, we fitted 
regression models to occurrence and abundance 
data (response variables) separately, considering 
all limnological variables (explanatory variables). 
We choose to use regression models in order to find 
significant effects of the explanatory variables on 
C. kelberi occurrence and abundance. For this, we 
evaluated if the estimates of the beta parameters 
were significant (p-value), as well as their effect 
(positive or negative). 

Before model construction, we evaluated 
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Spearman correlations among explanatory 
variables, which did not suggest issues related 
to multicollinearity. In addition, samples with 
missing environmental data were excluded 
from analyses (136 samples – 16.42 % in all data 
set), resulting in 692 samples for the occurrence 
model and 314 samples for the abundance model 
(see Table S1 in Supplementary Material 1 for 
details). Because occurrence data was binary 
and abundance data was continuous, we used 
Generalized Linear Mixed Models (GLMM) 
with binomial and normal errors, respectively; 
abundance data was log-transformed prior to 
model fitting. Mixed effects models allow for 
the use of random terms, which are important 
to consider where there is non-independence 
among samples (Zuur et al. 2009). As our sampling 
design involved different but the same sites of the 
floodplain that were sampled over several years, 
the year of sampling and the identity of sampling 
sites were used as random effects on the intercepts 
of models. This structure accounts for the 
particularities of each site and year but still focus 
on the main effects of all predictor variables (Zuur 
et al. 2009). We compared models with and without 
random effects using the Akaike’s Information 
Criteria (AIC) to check if the inclusion of random 
terms improved model performance. In practice, 
in our models, we did not focus on the effect of 
time and sites because limnological variables may 
vary according to annual flood pulses at different 
sites and this could reflect in specific changes in 
the biota. In fact, this would be an effect of annual 
and spatial changes and not fluctuations of the 
limnological predictors themselves. Therefore, we 
considered these models as best options to find 
possible effects of limnological variables on the 
occurrence and abundance of C. kelberi. Besides, 
we were only interested in the overall effect of each 
visibility-related predictor, rather than on each 

site- or year-related particularity. Global models 
were fit using all predictors but the final models 
only included those variables whose coefficients 
were significant (p < 0.05) and had low variance 
inflation factor (VIF < 2). All analyses were 
performed in the R environment (R Development 
Core Team 2017) using functions glmer and lmer 
from the lme4 package (Bates et al. 2015). 

RESULTS

The regression models identified significant 
limnological variables for both occurrence and 
abundance of C. kelberi in the upper Paraná River 
floodplain. The GLMM using the occurrence 
data of C. kelberi as response variable showed 
that turbidity and dissolved oxygen significantly 
influenced the presence of C. kelberi (Table 1), with 
turbidity decreasing the probability of occurrence 
of this species, whereas this species was likely 
present in waters with high oxygen levels (Figure 
2). 

On the other hand, the regression model 
using the abundance data of C. kelberi as 
response variable showed that dissolved oxygen 
and concentration of chlorophyll-a were those 
variables that significantly influenced the 
abundance of the species (Table 2). In this case, the 
abundance of C. kelberi decreased with dissolved 
oxygen and increased with chlorophyll-a (Figure 
3). Then, greater amounts of dissolved oxygen in 
the environment coincided with few individuals 
of C. kelberi, whereas greater the concentration of 
chlorophyll-a had a positive relationship with the 
abundance of C. kelberi.

For both models, the inclusion of random 
effects significantly improved the quality of the 
model, considering the AIC, when compared 
with the model without random effects (∆AIC for 
occurrence model = 145.3; ∆AIC for abundance 

Table 1. Generalized linear mixed model (GLMM) results for occurrence data of Cichla kelberi with the 
estimate of the significant parameters, standard error, Z value and the probability of finding a Z value lower 
than the one obtained (p < 0.05). Only the fixed part of the model is shown. *Significant values.

Estimate Std. Error Z value p
Intercept -1.033 0.463 -2.231 0.026*
Turbidity -0.020 0.006 -3.298 < 0.05*

Dissolved oxygen 0.168 0.052 3.221 0.001*
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Table 2. Linear mixed eff ects model (LMM) results for abundance data of Cichla kelberi with the estimate of 
parameters, standard error, Z value and the probability of fi nding a Z value lower than the one obtained (p < 
0.05). Only the fi xed part of the model is shown. *Signifi cant values.

Estimate Std. Error Z value p
Intercept 2.454 0.199 12.303

Dissolved oxygen -0.058 0.026 -2.200 0.028*
Chlorophyll-a 0.009 0.004 2.249 0.023*

Figure 3. Relationship between the abundance of Cichla kelberi and two signifi cant limnological variables: 
dissolved oxygen (left) and concentration of chlorophyll-a (right). The lines represent the eff ect of the 
limnological variable on the abundance (catch per unit eff ort; CPUE) of C. kelberi.

Figure 2. Relationship between the occurrence of Cichla kelberi and the two signifi cant limnological 
variables: turbidity (left) and dissolved oxygen (right). The lines represent the eff ect of the limnological 
variable in the occurrence of C. kelberi. 
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model = 28.4). The abundance model did not 
present overdispersion or trends in residuals 
(Figure S1 in Supplementary Material 2).

DISCUSSION

Our findings showed that, in addition to turbidity, 
other limnological variables were determinants 
for the occurrence and abundance of C. kelberi, 
as dissolved oxygen and concentration of 
chlorophyll-a. Therefore, the variables related to 
underwater visibility are not the only important 
drivers for the successful invasion of C. kelberi in 
the upper Paraná River floodplain. The turbidity 
still is an important driver for the occurrence (i.e., 
presence/absence) of C. kelberi, but variables 
related to metabolism and productivity of 
fish species are more important to regulate its 
abundance. Therefore, since the invasion of C. 
kelberi in the upper Paraná River basin, it was 
believed that appropriate conditions (as higher 
transparency proposed by Espínola et al. 2010) 
allowed a higher invasibility of this species in new 
environments, but analyzing its abundance along 
several years revealed that its population growth is 
controlled by other limnological features.

These significant limnological variables to 
the variation of the occurrence and abundance 
of C. kelberi tend to vary in the floodplain along 
the hydrological cycles, besides varying among 
sites (Rodrigues et al. 2002). Temporally, the 
values of these variables tend to be similar among 
sites because periods of high water homogenize 
the entire plain (all environments show similar 
limnological features; Thomaz et al. 2007). However, 
as the water recedes, each site tends to present 
particular limnological features. On the other hand, 
the spatial variation is due to several dams that 
are located above the floodplain: the Paraná River 
is the most affected system, with distinct values 
of the limnological variables when compared to 
Ivinhema and Baía rivers. It is even affirmed that 
the Paraná River is suffering with impacts such as 
oligotrophication (Oliveira et al. 2018), influencing 
directly in variables related to underwater visibility 
and productivity of the system. Therefore, despite 
the temporal and spatial variabilities, the amount 
of different values in the long-term data set utilized 
allowed us a better investigation of our question, 
considering all the limnological conditions in the 

environments of the floodplain.
The environments of the Paraná River were the 

first ones where it was recorded the first occurrence 
of C. kelberi (unpublished data), river known by 
its lower values of turbidity due to sedimentation 
in several upstream reservoirs (Oliveira et al. 
2018; see Table A1 in Appendix 1). Therefore, we 
believe that these lower values of turbidity were 
essential for the invasion and establishment by 
this species in the floodplain. Espínola et al. (2010) 
found, in their results, that water transparency 
(proxy of turbidity) was one of the most important 
variables to explain the occurrence of C. kelberi 
in reservoirs of the upper Paraná River basin. At 
Rosana reservoir, also in the upper Paraná River 
basin, the introduction of C. kelberi let to a decline 
in native fish diversity (Pelicice & Agostinho 2009, 
Pelicice et al. 2015). Espínola et al. (2010) argue 
that, at the same reservoir, there were low values 
of water transparency, explaining the occurrence 
of C. kelberi, since this species is a daytime visual 
predator with high feeding plasticity (Novaes et al. 
2004, Fugi et al. 2008).

Allied with turbidity, dissolved oxygen was also 
significant for the occurrence of C. kelberi. This 
variable is known to determine the distribution 
of fish species (Miranda 2000). For C. kelberi, its 
occurrence is more common in environments 
with higher concentrations of dissolved oxygen, 
since situations with low concentrations of oxygen 
depress metabolism of fish (Pörtner et al. 2004). 
However, dissolved oxygen also regulates the 
abundance of C. kelberi in the floodplain. This 
relationship showed lower abundance of the 
species in environments of the plain with higher 
values of dissolved oxygen. Calls attention that the 
highest abundance of the species occurred in low 
concentration of oxygen (around 2.5 mg/L). We 
believe that these contrasts between the abundance 
and occurrence of C. kelberi may have favored its 
establishment in the floodplain, suggesting that 
this species is tolerant to lower concentrations 
of dissolved oxygen. Therefore, this may have 
conferred some advantages over most native fish 
species (Lagos et al. 2017).

Another significant variable for the abundance 
of C. kelberi was chlorophyll-a, a proxy for system 
productivity. The positive association between the 
abundance of C. kelberi and the concentration of 
chlorophyll-a revealed that the species increases 
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its abundance in locations where productivity is 
higher. The hypothesis of dynamic equilibrium 
for invasive species predicts that productivity and 
disturbance are factors that, together, affect the 
invasion process in new environments (Huston 
1979, 2004). The upper Paraná River floodplain, 
besides being considered one of the most pristine 
area within the basin, is not an environment free 
from anthropogenic disturbances. The construction 
of dams upstream the plain affects and disrupts the 
natural hydrological cycle, altering the minimum 
(due to continued water releases from the dam) and 
the maximum (reservoirs retain water) values of the 
hydrograph, leading to higher water levels during 
dry periods and to lower water levels (decrease in 
intensity) during floods. Besides the disturbance, 
the productivity of floodplain lakes may reach high 
values, presenting higher productivity in relation to 
the main river (see Table A2 in Appendix 1). Thereby, 
we may suggest that C. kelberi shows a preference 
for lentic environments, since these environments 
have propitious conditions that may facilitate its 
establishment, as well as reservoirs, as suggested 
by Espínola et al. (2010).

This significant positive influence of 
chlorophyll-a in the abundance of C. kelberi 
appears to be a result of a bottom-up process, 
in which the increase in phytoplanktonic 
productivity reflects in the increase in abundance 
of C. kelberi population. Some studies have already 
shown the relationship between the trophic 
state of the environment with the abundance 
of invasive species of fish (Vatland & Budy 2007, 
Bajer et al. 2015, Lechelt & Bajer 2016). In general, 
environments that are more productive seem to 
favor the recruitment of juveniles and support 
greater biomass and abundance of invasive species 
(Lechelt & Bajer 2016). And in this case, piscivore 
species benefit itself from the high availability of 
forage fish species and juvenile forms of large-
sized species (Luz-Agostinho et al. 2008, Pereira 
et al. 2016), facilitating the long-term success of 
invasion (Tonella et al. 2018). However, values of 
chlorophyll-a have great variability throughout the 
years, due to flood and dry periods, increasing its 
concentration at low water levels and decreasing 
at high water levels (Rodrigues et al. 2002). This 
may explain why C. kelberi has kept its abundance 
in low values over time (Agostinho et al. 2004c).

Our results provide important insights on the 

main environmental drivers of the establishment 
process of C. kelberi in the upper Paraná River 
floodplain. It was possible to observe that the 
variables explaining the presence of the species, 
in the floodplain, are not necessarily those that 
regulate its population density. The presence of 
regions with high visibility and high concentration 
of oxygen were determinants of its occurrence. 
However, system productivity and regions with low 
oxygen concentrations were those that regulated 
the abundance of the species. Furthermore, it 
seems that the natural dynamics of this river-
floodplain system (i.e., hydrological cycles) and its 
high environmental heterogeneity (i.e., presence of 
lentic and lotic environments) were fundamental 
for keeping at lower values the abundance of this 
invasive species. This conclusion was possible due 
to the several variabilities found in the long data 
set, regarding the data of the species (occurrence 
and abundance) and the data of the limnological 
variables. Besides, the fact that the inclusion of 
random effects remarkably improved the quality 
of the models reveal that there are important 
idiosyncrasies that should be investigated further. 
Although the floodplain inevitably suffers from 
anthropogenic impacts, our findings suggest that 
the maintenance of some natural features of the 
system provides some resistance to prevent the 
outspread of invasive species.
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Appendix 1

Table A1. Descriptive statistics of significant environmental variables in the three rivers of the upper Paraná 
River floodplain. SD: standard deviation.

N Minimum Mean (SD) Maximum
Turbidity (NTU)

Baía 249 0.45 17.43 (19.77) 113.30
Ivinhema 244 0.36 30.03 (34.89) 198.00
Paraná 199 0.00 6.31 (8.50) 68.70

Dissolved Oxygen (mg/L)
Baía 249 0.11 5.32 (2.11) 9.42
Ivinhema 244 0.18 5.95 (2.20) 10.02
Paraná 199 0.34 6.17 (1.99) 9.68

Chlorophyll-a (ug/L)
Baía 249 0.00 9.80 (13.98) 124.50
Ivinhema 244 0.00 7.56 (9.89) 53.92
Paraná 199 0.20 6.23 (11.89) 113.76

Table A2. Descriptive statistics of significant environmental variables in the four environments of the upper 
Paraná River floodplain. SD: standard deviation.

N Minimum Mean (SD) Maximum
Turbidity (NTU)

Channels 45 0.36 9.25 (6.90) 31.90
Connected floodplain lakes 315 0.00 13.84 (17.12) 126.10
Isolated floodplain lakes 154 0.45 41.41 (40.82) 198.00
Rivers 178 0.00 9.94 (9.41) 47.10

Dissolved Oxygen (mg/L)
Channels 45 1.68 6.17 (1.77) 8.76
Connected floodplain lakes 315 0.11 5.16 (2.35) 10.02
Isolated floodplain lakes 154 0.66 5.76 (1.93) 9.64
Rivers 178 1.64 6.82 (1.53) 9.68

Chlorophyll-a (ug/L)
Channels 45 0.20 4.20 (4.07) 18.66
Connected floodplain lakes 315 0.00 8.93 (11.37) 113.76
Isolated floodplain lakes 154 0.68 13.05 (17.67) 124.50
Rivers 178 0.00 2.89 (4.22) 34.13


