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Abstract The Brazilian Cerrado, one of the world’s 34
biodiversity hotspots, is today under increasing pressure
from the intensification of agriculture, with the replace-
ment of traditional extensive pastures by arable crops.
Manmade ponds are currently widespread in rural areas of
the Cerrado and provide many ecosystem services such as
cattle watering, fish production, irrigation and erosion
protection. As in other parts of the world, ponds are also
likely to play a critical role in the conservation of fresh-
water biodiversity, although in the Cerrado there is still
very little known about their biota. Good water quality, in
particular the level of eutrophication, is a key factor in
maintaining aquatic biodiversity at the regional scale.
Therefore, we aimed here to assess the water quality of
ponds in the Cerrado. We also assessed whether the main
types of socioeconomic pond uses have an impact on their
water quality. We focused on measures of primary pro-
duction and conducted socioeconomic inquiries for 56
waterbodies in the Goiania Cerrado region (GO, Brazil) at
the beginning of the 2012 dry season. Overall, differences
in water quality appeared to be linked to the type of pond
use. The trophic level, as indicated by the chlorophyll
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concentration and conductivity, was greater in fish ponds
and seemed to be related to management practices such as
fish feeding and the type of water supply, in particular
relatively low inflow volume. This contrasted with ponds
used for cattle watering in extensive agricultural land-
scapes characterized by a low trophic level potentially
beneficial for regional biodiversity. Good water quality in
pasture ponds may be maintained by spring water inflow or
heavy precipitation. Overall, the water quality of the Cer-
rado ponds was good compared with the same type of
waterbodies in other regions of the world. These results
highlight the high potential of the Cerrado ponds in
extensive agricultural landscapes to provide an important
habitat for aquatic biodiversity. Biodiversity inventories
and assessments are now needed to increase our knowledge
of these waterbodies and inform management activities at
the local and regional scale.

Keywords Savannah - Small waterbodies - Reservoirs -
Socioeconomic uses - Water quality - Chlorophyll

Introduction

Freshwater biodiversity is particularly threatened today (e.g.,
Dudgeon et al. 2006). Small waterbodies such as ponds play
an important role in strategies aimed at conserving fresh-
water biodiversity (Oertli et al. 2010). Indeed, it has now
been clearly recognized that they can support great species
richness and many endangered species (Williams et al.
2003). Small standing waterbodies are extremely numerous
in both natural and anthropogenic landscapes (Downing
et al. 2006) and are very diverse in size, origin and uses. A
pond is defined as a body of fresh water (occasionally
brackish) that can vary in size from 1 m? to 2 hectares and
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that holds water for 4 months of the year or more (Oertli
et al. 2005) (see http://www.europeanponds.org). Small
reservoirs that have been dug directly on streams are often
also considered ponds as the water is generally lentic with a
biocoenose typical of stagnant waterbodies. Human activi-
ties are often closely linked to pond origins and to their
maintenance in the landscape. Artificial waterbodies can
contribute significantly to regional freshwater biodiversity,
as demonstrated for a wide variety of pond types, such as
storm water ponds (Le Viol et al. 2009; Moore and Hunt
2012; Scher and Thiery 2005), reservoirs (Clements et al.
2006), irrigation pools (Abellan et al. 2006), farm ponds
(Casas et al. 2012), traditional troughs (Garcia-Gonzalez and
Garcia-Vazquez 2011), water treatment ponds (Becerra-Ju-
rado et al. 2012), garden ponds (Davies et al. 2009) and fish
ponds (Rosset et al. 2014; Wezel et al. 2014).

The Cerrado, one of the world’s 34 biodiversity hotspots
(Mittermeier et al. 2005), has been largely shaped by human
activity. The present landscape mostly comprises extensive
pastures, although since the 1970s these have been
increasingly replaced by more intensive arable land (Klink
and Machado 2005; Klink and Moreira 2002; Miiller 2003;
Schiesari and Grillitsch 2011). The extensive agricultural
landscape of the Cerrado is characterized by the presence of
an aquatic network of more or less connected streams and
small manmade waterbodies (ponds and reservoirs). Many
very small reservoirs were built along streams to sustain
rural activities. The services provided by these small
waterbodies include water supplies for cattle, domestic
production of vegetables and fruits, domestic activities such
as housecleaning, leisure activities (e.g., fishing), fish
farming and erosion control. Furthermore, they may also act
as nutrient traps and carbon sinks (Downing et al. 2006;
EPCN European Pond Conservation Network 2008; Hans-
son et al. 2005). As in other parts of the world, ponds are
also likely to play a key role in sustaining freshwater bio-
diversity by providing a habitat for a wide range of wildlife,
including many endangered species. However, in the Cer-
rado, the potentially exceptional pond resource has not been
investigated until now. The future evolution of the Cerrado,
in particular the intensification of agriculture (Klink and
Moreira 2002), will probably lead to a decrease in the
number of these aquatic networks and is also likely to
impact the water quality, as has already happened in
industrialized countries (e.g., Bronmark and Hansson 2002).
Nutrient enrichment leading to eutrophication will without
doubt constitute one of the major factors impairing the pond
networks in the Cerrado in the future, and this is likely to
lead to a more homogenized network dominated by
eutrophic to hypertrophic ponds and a likely decrease in
regional biodiversity (y biodiversity) (Rosset et al. 2014).

To understand the potential of the aquatic networks of
ponds and small reservoirs to support the aquatic
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biodiversity of the Cerrado, one of the first steps is to assess
the water quality and how it relates to waterbody types and
uses. Therefore, the present investigation aims to: (1)
describe the types of waterbodies present (e.g., sizes, ori-
gins and uses), (2) assess their quality (e.g., water quality)
and (3) relate their use (ecosystem services) to their
potential to support biodiversity. To achieve these objec-
tives, we studied 56 ponds from several networks of
waterbodies in a test area (700 kmz) characteristic of the
present Cerrado landscape, situated near the city of Goiania
(GO, Brazil).

Study site

The Cerrado is a savannah ecosystem situated entirely in
Brazil. It covers 2 million km? which represents 22 % of
the country surface area (Oliveira Filho and Ratter 2002). It
is the second largest South American biome and the most
threatened because of land conversion from native vege-
tation to pasture and cropland (Balbino et al. 2002; Marris
2005). It belongs to one of the earth’s richest biological and
most endangered terrestrial eco-regions, also called biodi-
versity hotspots (Myers et al. 2000).

The Cerrado has a typical savannah climate, character-
ized by two distinct seasons: a warm and rainy summer
(October-March) and a mild and dry winter (April—
September). The annual rainfall is between 800 and
1600 mm (National Meteorology Institute, http://www.
inmet.gov.br). Half of the Cerrado’s soils, including those
of the entire study area, are characterized as ferralsols
(Motta et al. 2002; The Brazilian Institute of Geography
and Statistics—IBGE, http://www.ibge.gov.br). These soils
are usually well drained with low natural fertility and a
relatively stable physical structure. Soil pH is between 4
and 6.1 (Motta et al. 2002).

Cerrado’s biodiversity (flora, fauna and fungi) is esti-
mated at 160,000 species. The number of endemic vascular
plants has been recently estimated at 4400 species, which
represents 1.5 % of the worldwide vascular plant species.
Endemism for vertebrate animals ranges from 3 % for
birds to 15 % for amphibians (Oliveira and Marquis 2002).

There are several different types of landscape in the
Cerrado. Today, more than half of the Cerrado’s landscape
has been modified by human activity. The annual defor-
estation has been higher in the Cerrado than in the Ama-
zonian forest since the 1970s (Klink and Moreira 2002).
According to these authors, the landscape distribution in
2005 was made up of 44.5 % natural landscape, 41.6 %
planted grass landscape (cattle pasture), 11.4 % agricul-
tural crops (including planted forests) and 1.9 % urban
areas. The most common anthropic landscape in the Cer-
rado is extensive pasture (Sano et al. 1999) although arable
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fields, particularly soybean, are increasingly common in
the landscape (Klink and Moreira 2002; Miiller 2003).

The study area is located 25 km southeast of the city of
Goiania (GO, Brazil) and covers 70,000 hectares
(20 x 35 km) (Fig. 1). It has been chosen for its repre-
sentativeness of the Cerrado’s pasture landscape as it is
characterized by open pastures separated by a few strips of
natural savannah.

All waterbodies were identified by visual interpretation
of satellite images in Google Earth. A total of 2787 ponds
were found in the study area (about 4.5/km?), reflecting a
pond network much denser than in most parts of the world
(e.g., densities presented in Downing et al. 2006). A total of
56 ponds were selected using a stratified random design
according to size and isolation (Table 1). The surface area
of the selected ponds varied from 50 to 9000 mz, whereas
the distance to the nearest pond varied from 107 to 1207 m.

Materials and methods

The 56 ponds were surveyed at the beginning of the dry
season (5 June—6 July 2012). During that time, data on the
socioeconomy, waterbody morphometry and water
physicochemistry were collected.

Standardized information including pond age, pond
uses, management (e.g., fish feeding) and water supply was
collected from enquiries to landowners. Four types of water
supply were distinguished: direct stream water (the inlet is
the stream itself), stream water from a stream derivation

Table 1 Distribution of the sampled ponds in relation to pond size
and isolation in the study area

Surface area (mz) Isolation (m)

300 500 700 900 >900
190 2 2 1 - 1
600 3 1 2 - 4
1900 5 2 2 4 4
6000 3 3 2 1 1
10000 3 2 2 3 3

Pond isolation was measured as the linear distance to the nearest
neighbor pond

(ditch), stream water from a small stream derivation (pipe)
and no stream water inflow (i.e., rain water and surface
runoff were the only water sources). The volume of the
inflow varied according to the type of water supply: from
very high for direct stream inflow, medium for ditch
inflow, low for pipe inflow and null for rainwater-fed
ponds.

All physical and chemical data were measured in situ.
As heavy rain can dilute the concentration of solutes in
ponds, water chemistry measurements were undertaken
only if no rain had been recorded during the preceding
3 days. Water transparency was measured using a modified
Snellen method: a piece of plastic marked with alphabetical
characters from A to N was connected to a ruler. It was
dipped into the pond water, and when the letters started to
become unreadable, the depth was recorded in centimeters.

‘ Goiénia; '

Fig. 1 Location of the study area (20 x 35 km) and the waterbodies surveyed, close to the city of Goiania, state of Goias, Brazil

@ Springer



242

Limnology (2016) 17:239-246

The values obtained using this method are clearly corre-
lated to those obtained by the Snellen method (Oertli,
unpublished data).

Total chlorophyll, pH, dissolved oxygen (DO), con-
ductivity and temperature were measured using a YSI 6820
v2 multiparameter water quality probe with the pH sensor
YSI 6565, chlorophyll sensor YSI 6025 and oxygen sensor
YSI 6150. A water sample was taken from the middle of
the pond at 30 cm depth with a bucket. All variables were
measured once during the study period. However, for
quality control purposes, selected ponds were sampled at
higher frequency. Sixteen ponds were sampled twice in
order to test the impact of heavy rain on the physico-
chemical variables collected. In addition to the 56 ponds
surveyed, a quality control for pH and oxygen values was
undertaken using continuous monitoring in order to assess
the magnitude of temporal variability (day-night; season)
on two additional ponds. The loggers were positioned at
3 m from the shore in a place characterized by a depth of
60 cm (water level typical of the rainy season). They were
situated at mid-depth of the water column, i.e., 30 cm from
the substrate (and 30 cm from the water surface). Measures
were recorded continuously (every 30 min) in one fish
pond during a 10-day period (end of the rainy season;
February 2013) using the HOBO U26 dissolved oxygen
data logger and WTW WQL-pH pH data logger (Online
Supplementary: Appendix 1). Similarly, temperature and
conductivity measurements were collected between the 15
February and 7 September 2013 (covering the dry and
rainy season) in both a fish and cattle watering pond
(Online Supplementary: Appendix 2). The results of these
continuous monitoring programs evidenced high nycthe-
meral variability of oxygen, pH and temperature values; for
this reason, these three parameters were not used in the
statistical analyses (as the 56 ponds were measured only
once). The data are nevertheless presented here as they
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collectively present an overview of the range of values that
can be measured in the ponds studied.

Relations between total chlorophyll concentrations and
potential predictor variables (surface area, pond age, pond
use and type of water supply) were assessed by mean of
generalized linear models (GLMs) with a Gaussian distri-
bution. An iterative stepwise backward selection was used
to select the most predictive variables to be kept in the
model. First, a full model including all four predictor
variables was built. A model simplification procedure
based on Akaike’s information criterion (AIC) was then
used to remove the less informative parameters included in
the start model, with the model having the lowest AIC
value being selected as the best approximating model
(Symonds and Moussalli 2011). Prior to analyses, the pond
surface, pond age and total chlorophyll concentration were
log transformed. Pond use was integrated in the models as a
factor with three levels (fish pond, cattle watering pond and
other usages) and water supply as a factor with two levels
(stream fed, not stream fed).

Testing for spatial autocorrelations was carried out by
means of Mantel tests using Euclidian distance matrices for
continuous variables and Gower distance matrices for cate-
gorical variables. Among the tested variables, only age
showed a weak spatial dependence (Mantel test statistic r:
0.1606, significance: 0.046). Therefore, the effects of spatial
autocorrelations were not taken into account in the analyses.

Results
Socioeconomic characteristics of ponds
Most of the 56 studied ponds were relatively young: all

except one were created less than 50 years ago. Five types
of main uses characterize them (Fig.2 and Online

| I I
0 - .

Ultra- Eutrophic

(8-25 pg/L Chl.)

Oligotrophic
(1-2.5 pg/L Chl.)

Mesotrophic
(2.5-8 pg/L Chl.)

Super-
oligotrophic
(<1 pg/LChl)

eutrophic
(25-75 pg/L Chl)

Trophic level (OECD categories)

Fig. 2 Prevailing uses of the 56 studied ponds and types of water supply (a) and pond trophic levels (b)
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Supplementary: Appendix 3). As the investigated area is
dominated by pastures, most of the ponds (41) were used
for cattle watering. Eight were used for local fish produc-
tion and the remaining seven for other various uses (e.g.,
irrigation, erosion control, leisure). Direct anthropic inputs
of nutrients took place only in the fish ponds through fish
feeding by landowners.

Fish ponds were often located just beside the owner’s
houses while those used for cattle watering were mostly
located in pastures. Fish production was rarely commer-
cialized and was mostly consumed by the owners and their
relatives.

The type of water supply, and so the quantity of the
water supply (and the rate of water renewal), was the other
main variable linked to anthropic interventions character-
izing the ponds: most (43) of the 56 investigated ponds
were stream impoundments (small dams) and therefore
were fed by a large volume of water from small streams. Of
these 43 “stream-fed ponds,” 29 were located less than
500 m from the springs. The springs were located further
away for the other 14 ponds. Three other ponds were fed by
a diversion ditch from the stream (“ditch-fed ponds”). For
eight ponds, all fish ponds, the inflow was a pipe linked to
the stream (“pipe-fed ponds”), which supplied a smaller
volume of water than via the diversion ditch and prevented
fish from escaping from the pond. Two other ponds had no
inflow and were fed by rain and surface water runoff.
Ponds used for cattle watering were almost all stream-fed.

Water quality

Total chlorophyll (Fig. 2) ranged from 0.2 to 33.5 ng/l,
with a mean of 4.2 pg/l (standard deviation 6.7), which
corresponds to the mesotrophic category of the OECD
classification (OCDE 1982). According to this classifica-
tion, 18 % of the ponds are characterized as ultra-olig-
otrophic (<1 pg/l), 50 % as oligotrophic (1-2.5 pg/l),
21 % as mesotrophic (2.5-8 pg/l), 7 % as eutrophic
(8-25 pg/l) and 4 % as hypertrophic (25-75 pg/l). Trans-
parency values ranged from 10 to 80 cm, with a mean of
29 cm (SD 13). Pond pH values ranged from slightly acid
(6.4) to basic (8.5), with a mean of 7.1 (SD 0.4). Con-
ductivity was often low and ranged from 11 to 227 uS/cm,
with a mean value of 78 uS/cm (SD 58).

The detailed measurements of all water parameters are
presented in Online Supplementary: Appendix 3.

Relationships among the water quality,
environmental variables and pond use

The relationships among the four main local variables (total
chlorophyll, water transparency, conductivity, pond surface
area) were explored through a Spearman correlation test. The

Table 2 Final generalized linear model results for the total chloro-
phyll concentration in the water of the Cerrado ponds, including the
parameter estimates, standard errors (SE) and significance levels

Explanatory variable Estimate SE p
Pond use (cattle watering) —0.6509 0.152 9.88E—05
Pond use (other usages) —0.639%4 0.2205 0.00581

40

35

30 -

254

20 4

15 4

Chlorophyll [pg/L]

10 4

[

Fish ponds (n=8) Cattle watering ponds (n=41) Other ponds (n=7)

Type of pond uses

Fig. 3 Total chlorophyll concentration in ponds with the three types
of uses: fish production, cattle watering and other uses

concentration in total chlorophyll (as a surrogate for pro-
ductivity or for nutrient concentrations, i.e., water quality)
was negatively correlated with water transparency
(r=-0.264, p = 0.049). Indeed, ponds identified as
eutrophic or hypertrophic tended also to have low water
transparency. Water transparency was also negatively cor-
related with conductivity (r = —0.502, p = 0.0001).

Among the four predictor variables selected in the GLM
models (surface area, pond age, pond use and type of water
supply), only pond use was kept in the final GLM model,
which evidenced the strong effect of this variable on total
chlorophyll concentrations (Table 2). Overall, the model
explained about 30 % of the deviance. The detailed steps
of the model selection are shown in Online Supplementary:
Appendix 4.

Total chlorophyll concentration was significantly higher
in fish ponds than in the cattle watering ponds and in the
other pond types (Fig. 3). Most of fish ponds were classi-
fied as mesotrophic or eutrophic, but most of the cattle
watering ponds and other ponds were oligotrophic.

Discussion
According to the latest classification of biodiversity hot-
spots, the Cerrado is the sixth most important biogeo-

graphic area in the world, with its high biological richness
especially threatened by human activities (Myers et al.
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2000). This is a result of massive clearing of native veg-
etation to replace it by arable land or pasture. In our studied
area, cleared land was mainly transformed into pasture, but
the cropland area is expected to expand in the future. The
present trend is toward agricultural intensification and a
landscape dominated by irrigated crops (Carvalho et al.
2009). In this context of a changing landscape, the aquatic
networks existing today will most likely suffer important
physical (e.g., damming, draining) and chemical (water
pollution) impairments, including increased nutrient inputs
leading to eutrophication (Firbank et al. 2008; Matson et al.
1997). It is therefore crucial to assess the water quality of
the existing networks and its contribution to the Cerrado’s
biodiversity.

The prevailing pond use in the investigated area was cattle
watering, which is consistent with what is observed in many
Cerrado areas characterized by cattle-raising activities. Fish
ponds are also common, as they represent an additional eco-
nomic gain or leisure activity. Irrigation ponds were less
common as irrigation is usually associated with more inten-
sive land uses. Our study showed that most of the ponds
studied had low levels of total chlorophyll at the beginning of
the dry season, with most values being typical of oligotrophic
conditions. This is markedly below the trophic level measured
in ponds from other regions of the world where mostly
eutrophic or hypertrophic conditions are prevalent (e.g., Barbe
et al. 2000; Declerck et al. 2006; Hiramatsu et al. 2005;
Kadoya et al. 2011; Kuczynska-Kippen and Joniak 2009;
Qertli et al. 2000; Robin et al. 2014; Rosset et al. 2014).
Comparisons have to be made with caution as these studies
were realized in temperate climates. However, the chlorophyll
concentrations found in this study were also lower in the
Cerrado ponds than those reported for other types of tropical
waterbodies from Brazil, such as dam reservoirs, for example
(Tundisi et al. 1993; Rodgher et al. 2005). Similarly, con-
ductivity values (mean: 78 1S/cm), another potential indicator
of impairment, were also clearly low.

Nutrient enrichment (and the consequent increase in
primary production) is a major impairment of aquatic
systems and has a direct impact on local and regional
biodiversity. It is well known that in general ecosystem
biodiversity (local biodiversity) decreases in ecosystems
suffering nutrient enrichment (Carson and Barett 1988;
Odum and Barret 2005).

The relationship between the eutrophication of fresh-
water systems and biodiversity (species richness and
threatened species) tends to follow a hump-shaped pattern,
with the highest richness in mesotrophic conditions (Mit-
telbach et al. 2001; Waide et al. 1999). A negative rela-
tionship between high nutrient load and local biodiversity
is particularly clear when looking at macrophyte species
richness (Rosset et al. 2014; Wezel et al. 2014). The hump-
shaped curve nevertheless characterizes the local species
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richness (pond scale). At the regional scale, the species-
poor oligotrophic systems are expected to make a unique
contribution (e.g., with specialized species) to the regional
richness (e.g., Rosset et al. 2014), therefore enriching it.

The mainly low to medium chlorophyll concentration
values obtained in the 56 Cerrado ponds are therefore
indicators that these waterbodies have good potential for
supporting a biodiversity with a high conservation value
(e.g., specialized species, often rare and endangered). A
study focusing on pond biodiversity, carried out in the
same set of freshwater bodies, confirmed that these ponds
are colonized by diverse bird, amphibian, fish and
macroinvertebrate communities as well a large number of
algae species and macrophytes (De Marco et al. 2014).
Amphibians and beetles were likely to be sensitive to
eutrophication. This study nevertheless has to be supple-
mented by additional investigations to better assess the
conservation statutes of the different groups and the driving
variables at the regional scale.

The low chlorophyll concentration values found in most
of the studied ponds are probably linked to: (1) the extensive
nature of the dominant agricultural land use in the studied
area (cattle pasture), with low or no use of fertilizers in the
catchment, (2) good stream water quality (ponds are mostly
situated near springs toward the top of catchments) and (3)
pond water dilution due to large amounts of rainwater.
Indeed, of the 56 studied ponds, 35 were fed by springs
located nearby. Groundwater in areas with low intensity land
use (e.g., where there are no or a low input of fertilizers) has
reduced nutrient loads compared to streams, and concen-
trations of other dissolved elements are also lower as the soil
acts as a filter. Furthermore, an unexpected rain occurred at
the beginning of the data collection campaign, contributing
to water dilution.

Our results show that the two dominant types of
socioeconomic pond use in the study area, cattle watering
and fish production, had different impacts on water quality.
Ponds in cattle pastures had low chlorophyll concentrations
and oligotrophic conditions. In contrast, fish ponds had
higher chlorophyll concentrations, typical of mesotrophic
to eutrophic conditions, and were therefore still suitable for
supporting diversified communities. High productivity in
fish ponds is linked to management practices: in all cases,
fish feeding took place almost daily. Food that is not
directly consumed by fish tends to settle on the sediment
where microbial decomposition takes place and oxygen is
consumed. Once mineralized, the elements are available
for uptake by phytoplankton and promote their develop-
ment. According to Verdegem (2007), only 20 % of the
nitrogen and phosphorus entering as food is eaten by fish;
the rest (80 %) ends up in the sediment. Fish feeding cer-
tainly has a much greater impact on water quality during
the dry season when it can potentially lead to major anoxia



Limnology (2016) 17:239-246

245

and even fish mortality, an event reported by farmers
during socioeconomic enquiries. In the future, it will
therefore also be important to monitor water quality during
the dry season, especially in fish ponds. Another manage-
ment practice likely to reduce water quality in fish ponds is
the inflow water volume. This tended to be small in fish
ponds and was managed by pond owners through small
pipes. In contrast, pasture ponds were generally fed by
small stream/ditch inflows ensuring a greater volume of
clean water entering the pond and helping to maintain good
water quality.

In conclusion, our study shows that ponds in the extensive
agricultural landscape from the Cerrado have good water
quality at the beginning of the dry season and are likely to be
important as a habitat for aquatic fauna and flora, con-
tributing therefore to the regional biodiversity. Ponds used
for cattle watering, which represent the majority of water-
bodies, show little impairment, suggesting that extensive use
as grazing land maintains good water quality in ponds.
However, the ponds used for fish production, which are less
frequent in the landscape, tend to have lower water quality,
and this is clearly linked to management practices.

The next steps are now (1) to monitor pond quality in the
long term (one to several years), (2) to inventory the biodi-
versity of ponds and (3) to assess the contribution of ponds to
the conservation of the Cerrado’s freshwater biodiversity on
a regional scale. These two last steps have recently been
initiated: biological surveys are in progress (de Marco et al.
2014) in both the study area and other parts of the Cerrado.
The results of these physicochemical and biological studies
will inform management recommendations to maintain the
biodiversity value of the pond resource. This information
will be disseminated to land managers and the political
authorities to help influence policies linked to the conser-
vation of freshwater in the Cerrado.

The Cerrado is changing very quickly because of the
intensification of agriculture, and its land use is switching
from grassland to cropland, increasingly causing degrada-
tion of surface water ecosystems. Nutrient enrichment and
pesticide residues will undoubtedly increase in the short
term (Dudgeon et al. 2006; Schiesari and Grillitsch 2011)
and so will the threat to the Cerrado’s unique biodiversity.
It is therefore crucial to intensify research that will directly
inform freshwater biodiversity conservation and manage-
ment in this part of the world.
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