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Abstract: Aim: This study aimed to answer: (i) can phytoplankton communities be used as
surrogate of zooplankton communities?; (ii) can we use ecological approaches like functional
groups (FG) or morphofunctional classification (MBFG) as surrogate for phytoplankton species?;
(iii) can we use substitute groups (cladocera, copepod, rotifer or testate amoebae) as surrogate for
zooplankton species?; (iv) are the environmental variables’ ordination standards concordant with
the ordering patterns of phytoplankton and zooplankton species?; and (v) for both communities, is
the spatial pattern of ordination maintained using density data or presence/absence of individuals
or lower taxonomic resolutions? Methods: The study was conducted in 25 water bodies that supply
central-pivot irrigation in the Federal District - Brazil (Rio Preto Basin), in October 2012. We evaluated
some physical and chemical variables as well as phytoplankton and zooplankton samples. To evaluate
correlation among biological groups, numerical and higher taxonomic resolutions, we performed
some Mantel and Procrustes analyses. Results: Evaluating the use of substitute groups, comparisons
between phytoplankton and zooplankton, FG and MBFG classifications and almost all the comparisons
between zooplankton groups suggested concordant patterns. However, the values of » were low, all
below 0.70. Biological analyses with phytoplankton and zooplankton can be performed using presence/
absence of individuals without significant loss of information, except for MBFG classification and
copepods. Data may also be used at genus or family level for copepods and testate amoebae and only
data at genus level for cladocerans and rotifers. Different results were found concerning taxonomic
resolution for phytoplankton considering that, while being significant, the 7 value was less than 0.70.
Conclusions: For environmental monitoring purposes, it is important to sample both phytoplankton
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and zooplankton communities because one is not surrogate of the other one, in the same way as
phytoplankton density and their functional and morphofunctional approaches. On the other hand,
to simplify the environmental monitoring, it is possible to adopt presence/absence species data instead
of abundance data for both zooplankton and phytoplankton communities, except for copepods and
morphofunctional approach. It is also possible to adopt genera level for zooplankton community and
family level for copepods and testate amoebae.

Keywords: reservoir; concordance; substitute groups; numerical resolution; taxonomic resolution.

Resumo: Objetivo: Este estudo pretende responder: (i) as comunidades de ficoplancton podem
ser utilizadas como substitutos de comunidades zooplanctonicas? (ii) podemos utilizar abordagens
ecoldgicas como grupos funcionais (FG) ou classificagio morfofuncional (MBFG) como substitutos
para espécies de fitoplancton?; (iii) podemos usar grupos substitutos (cladéceros, copépodes, rotiferos
ou amebas testdceas) como substitutos para espécies zooplanctonicas?; (iv) a ordenagio das varidveis
ambientais ¢ concordante com o padrio de ordenagao de espécies de fitoplancton e zooplancton?;
e (v) para ambas as comunidades, o padrio espacial de ordenagio ¢ mantido utilizando dados de
densidade ou presenga/auséncia de individuos ou resolucoes taxonémicas menores? Métodos: O
estudo foi conduzido em 25 corpos d’dgua que fornecem irrigagio por pivd central no Distrito Federal
- Brasil (Bacia do Rio Preto), em outubro de 2012. Nés avaliamos algumas varidveis fisicas e quimicas,
além de amostras de fitoplancton e zooplancton. Para avaliar a correlagio entre grupos bioldgicos,
resolugdes numéricas e maiores resolucoes taxondmicas, realizamos algumas andlises de Mantel e
Procrustes. Resultados: Avaliando o uso de grupos substitutos, as comparacdes entre fitoplancton e
zooplancton, as classificacoes de FG e MBFG e quase todas as comparagdes entre grupos de zooplancton
sugeriram padroes concordantes. No entanto, os valores de 7 obtidos foram baixos, todos abaixo de
0,70. As andlises biol4gicas com fitoplancton e zooplancton podem ser realizadas utilizando dados de
presenca/auséncia de individuos sem perda significativa de informacao, exceto a classificagajo MBFG
¢ os copépodes. Os dados também podem ser usados em nivel de género ou familia para copépodes e
amebas testdceas e s6 dados em nivel de género para cladéceros e rotiferos. Diferentes resultados foram
encontrados quanto a resolugdo taxondmica do fitoplancton, considerando que, embora significativo,
o valor foi menor que 0,70. Conclusio: Para fins de monitoramento ambiental, é importante amostrar
tanto as comunidades de fitoplancton como de zooplancton, porque uma nio é substituta da outra, da
mesma forma que a densidade do fitoplancton e suas abordagens funcional e morfofuncional. Por outro
lado, para simplificar o monitoramento ambiental, ¢ possivel adotar dados de presenca/auséncia de
espécies em vez de dados de abundincia para as comunidades de zooplancton e fitoplancton, exceto
para copépodes e para abordagem morfofuncional. Também ¢ possivel adotar nivel de género para a
comunidade zooplanctdnica e nivel de familia para copépodes e amebas testadas.

Palavras-chave: reservatério; concordincia; grupos substitutos; resolugio numérica; resolugao

taxondmica.

1. Introduction

In recent decades, the degradation of
aquatic ecosystems has occurred quickly and
continuously due to multiple environmental
impacts from human activities, especially those
related to agriculture. This activity causes different
environmental impacts such as deforestation,
erosion, sedimentation of rivers and reservoirs and
the indiscriminate use of fertilizers and pesticides
that can easily be leached to water bodies and
groundwater (Soldne et al., 2004), changing the
water quality.

Multiple changes in hydric ecosystem properties
and functions have exerted severe impacts on the
wildlife habitat and biodiversity in recent years
(Cardador et al., 2015). Therefore, quick and
effective assessment of the habitat suitability for
species through time is a decisive step in habitat
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conservation and restoration (Tang et al., 2016).
In order to monitor any alterations or disturbances
in water ecosystems, it is necessary to establish an
effective environmental monitoring system using
predictive models that take into account both the
environmental conditions and the composition
of ecological assemblages (Bennett et al., 2014).
For this, simple, fast and low-cost methods should
be used. In this context, some methods may provide
a way to follow, through summarized information,
the possible deterioration of water resources
throughout the basin for a certain period, such as the
use of surrogate groups and/or different numerical
approaches and higher taxonomic resolution
(Toledo & Nicollela, 2002).

These approaches are related to the community
concordance, that is the degree to which the
structure of different communities in a set of sites
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are similar to each other (Bini et al., 2008). There
is a range of mechanisms that may generate this
community concordance, such as the interactions
between organisms (when a group is regulated by
predation, competition or facilitation, for example)
or by similar communities’ responses to different
environmental variables variations (Paavola et al.,
2003).

The use of one or two taxonomic groups as
a substitute for another has recently attracted
considerable attention (Leal et al., 2010).
Thus, if the pattern of community structure
is significantly concordant with others, only
one may be sampled, providing a possibility
of simplifying the biomonitoring program
in this location (Johnson & Hering, 2010;
Landeiro et al., 2012). For microorganisms
this approach (simplification) is an important
strategy, because microorganisms quickly respond
to environmental changes and are difficult to
identify (Machado et al., 2015).

Moreover, the assessment of the biodiversity
of microscopic organisms is vital, but it is also a
very difficult task in ecology as it is an intensive
activity that requires time (Benfield et al., 2007)
and skilled labor to ensure that morphological
differences are perceived. Thus, the work becomes
tiring, expensive and subject to error (Irfanullah,
2006). One option is to use higher taxonomic
resolution, which indicates that the organisms can
be identified using higher taxonomic levels without
undergoing a significant loss of information
(Khan, 20006).

Numerical resolution can also be used for this
simplification, significantly reducing the time spent
on analysis. Typically, quantitative data (abundance
or biovolume) should be preferred instead of
qualitative data (presence/absence) to contain
more information on the response of organisms to
environmental gradients (Heino, 2014). However,
quantitative and qualitative data have typically
reported high correlations (Cushman & McGarigal,
2004; Heino et al., 2010a, b.). In these cases,
presence/absence of individuals can replace the
abundance data.

However, these practices should be adopted
only if the patterns of similarity/correlation
between the groups are high (Melo, 2005; Heino,
2010), in order not to lose a significant amount
of information. This is an assumption that should
be tested and not assumed (Paszkowski & Tonn,
2000; Grenouillet et al., 2008), mainly because the
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results can vary from region to region (Padial et al.,
2012).

In this study, we have worked with phytoplankton
and its functional and morphofunctional groups
and zooplankton communities (cladocera, copepod,
rotifer and testate amoebae). Functional approaches
have been widely used (Mutshinda et al., 2016) and
they provide reliable predictions of environmental
conditions in various aquatic ecosystems, making
it easier to understand the impacts on ecosystems
(Webb et al., 2010; Brasil & Huszar, 2010)
and promote a link between the ecosystem and
the community, reducing the difficulty of the
communities study in achieving generalizations
and predictions (Simberloff, 2004). Classifications
based on functional groups (FG) usually provide
reliable predictions of environmental conditions
in various aquatic ecosystems such as lakes,
reservoirs and wetlands (Anneville et al., 2005;
Caputo et al., 2008; Becker et al., 2010). They can
be more efficient than taxonomic approaches as
they may present a strong concordance with data
from species, genera and families (Carneiro et al.,
2010; Kruk et al., 2010), as well as being more
eflicient in describing the environmental conditions
(Nabout et al., 2006; Becker et al., 2009a, b;
Costa et al., 2009). Regarding morphofunctional
classification (MBFG) morphological features as
the size of the bodies, the presence of flagella or
mucilage are shown to provide useful information
on the assemblages of phytoplankton (Kruk et al.,
2010). The presence of similar structures, sizes or
shapes in distant phylogenetically related species
can be interpreted as a set of common similar
characteristics under strong natural selection
(Salmaso et al., 2015).

Therefore, considering the importance and
difficulty of microorganism identification at
species level, the aim of this study was to evaluate
the concordance of higher taxonomic resolution,
groups and ecological approaches for phytoplankton
and zooplankton species, using density and
presence/absence data. To this end, the following
questions were asked: (i) can phytoplankton
communities be used as surrogate of zooplankton
communities?; (ii) can we use ecological approaches
as surrogate for phytoplankton species?; (iii) can we
use substitute groups (cladocera, copepod, rotifer
or testate amocbac) as surrogate for zooplankton
species?; (iv) are the environmental variables’
ordination standards concordant with the ordering
patterns of phytoplankton and zooplankton
species?; and (v) for both communities, is the spatial
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pattern of ordination maintained using density
data or presence/absence of individuals or higher
taxonomic resolutions?

2. Material and Methods
2.1. Study area

The Rio Preto Basin is part of the Sio
Francisco basin in Brazil, and it covers an area of
1.045.900 hectares in the states of Goids, Minas
Gerais and the Federal District (DF). In the DE
the basin covers 131.300 hectares, representing
22.5% of its territory, being pre-eminently rural
and responsible for about 80% of agricultural
production in this region (Carneiro et al., 2007).
By being fully within the Cerrado biome, the basin
presents strong seasonal climatic variation, with two
notably distinct seasons, a dry season, which lasts
from April to September, and a rainy season, which
lasts from October to March.

In the study area, land use is characterized by
intensive farming and mechanized high-technology
agriculture, which especially uses intensive-central
pivots in the irrigation process (Borges et al.,
2007). The use of water in the basin is primarily
intended for agricultural activities, particularly
irrigation, which accounts for over 90% of
the total water used, with the remaining 10%
destined for fish farming, pig farming and cattle
(Carneiro et al., 2007).

During the dry season, the safe and continuous
water supply is uncertain, mainly for irrigation
purposes. The water retention and storage

process are the way people use to maintain the
water supply over time, constructing a barrier
transversely to the direction of the flow of the
watercourse (Rodrigues et al., 2007). In chis
study, we selected 25 of these man-made
reservoirs that supply central-pivot irrigation,
each one regarding a sampling unit (Figure 1).
The main differences between sampling sites are
related to local environmental variables (Table 1)
and the degree of which its border is used or
preserved (Table 2).

The sampling period occurred in the beginning
of October 2012 because this is the period in which
the pivots are heavily used.

2.1.1. Environmental variables

Some physical and chemical variables
were determined in the field using portable
Digimed equipment: water temperature and
conductivity (DM-3P model); pH (DM-2P model);
turbidity (DM-TU model) and dissolved oxygen
(DM-4P model). Chlorophyll-z was determined
using a chloroform-methanol method (APHA,
1995), held in the Water Analysis Laboratory of
the Faculty of Technology, University of Brasilia.
Total phosphorus and ions (Na, K, Ca, Mg, F, Cl,
NO, and SO,) were determined using colorimetric
methods and ion chromatography (APHA, 1995),
respectively, at EMBRAPA’s Water Chemistry
Laboratory. The detection limit of this analysis
was <0.001 mg.L"'. Values below this limit were
attributed to zero.

Table 1. Mean, Minimum (Min) and Maximum (Max) values, Standard Deviation (SD) and Coeflicient of Variation
(CV) of environmental variables in water bodies associated with agriculture in the Distrito Federal (Brazil).

Variables Mean Min Max SD CV (%)
pH 6.32 4.03 7.75 0.80 0.13
Conductivity (uS.cm™) 10.33 217 32.10 7.64 0.74
Temperature (°C) 24.50 21.10 28.00 1.80 0.07
Turbidity (NTU) 12.41 1.70 52.10 13.11 1.06
Dissolved Oxxygen (mg.L") 4.95 3.12 6.15 0.64 0.13
Deph (cm) 247.08 43.00 750.00 175.77 0.71
Clorophill-a (ug.L™") 2.77 0 22.91 4.62 1.67
Total Phosphorous (P) (ug.L™") 0.46 0 5.50 1.14 2.49
Sodium (Na) (mg.L™") 0.39 0 1.07 0.28 0.73
Potassium (K) (mg.L") 0.19 0 1.33 0.36 1.88
Calcium (Ca) (mg.L™") 1.50 0 6.17 1.63 1.09
Magnesium (Mg) (mg.L") 0.19 0 0.73 0.24 1.26
Fluoride (F) (mg.L") 0.05 0 1.14 0.23 4.23
Chlorine (Cl) (mg.L™") 0.39 0.08 1.11 0.32 0.83
Nitrate (NO,) (mg.L™") 0.16 0 0.72 0.21 1.29
Sulfate (8O,) (mg.L") 0.04 0 0.36 0.09 2.35
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Figure 1. Hydrological map of the Federal District with the sampling sites used in this study.
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Table 2. Data related to the perimeter, area, percentage of land use and remnant vegetation of the 25 sampling sites

studied.
Sites Perimeter Area Land Use Remnant Vegetation
(m?) (m?) (%) (%)
1 176.13 971.65 12.25 87.75
2 30.14 43.74 25.72 74.28
3 28.01 44.52 9.50 90.50
4 559.47 11629.35 39.70 60.30
5 90.76 260.48 9.80 90.20
6 1118.39 22568.46 12.85 87.15
7 1751.75 82652.06 39.88 60.12
8 632.61 8219.29 74.07 25.93
9 1327.08 54131.76 54.55 45.45
10 421.50 9254.90 73.09 26.91
1 258.77 217413 12.91 87.09
12 821.90 33230.33 53.35 46.65
13 4979.65 218752.19 50.23 49.77
14 424.07 5327.89 41.21 58.79
15 2844.58 250283.67 27.25 72.75
16 696.77 10735.48 10.17 89.83
17 471.36 9285.36 56.68 43.32
18 52.88 94.25 29.32 70.68
19 62.47 149.51 26.02 73.98
20 38.49 90.46 16.97 83.03
21 619.19 19852.14 26.80 73.20
22 3913.38 362554.46 58.32 41.68
23 905.19 30756.27 21.14 78.86
24 2418.10 99990.26 54.12 45.88
25 2844.58 250283.67 27.25 72.75

2.1.2. Biologic variables

Phytoplankton samples were fixed with acetic
acid-modified Lugol solution (Vollenweider,
1974), and its density was estimated according to
the method of Utermohl (1958), using an inverted
microscope. Members of the phytoplankton
community were classified to the species, genus
and family levels according to the taxonomic
system proposed by Round (1965), Round (1971)
and Round et al. (1990), in addition to their
functional (Reynolds et al., 2002; Padisdk et al.,
2009) and morphofunctional groups (Kruk et al.,
2010).

For samples of zooplankton, 300 L of water
were filtered using plankton net of 68 pm mesh size.
The samples were fixed in 4% formalin and buffered
with calcium carbonate. For quantitative analysis,
the samples were concentrated to 60 mL, and
about 10% of that volume was sub-sampled with a
Hensen-Stempell pipette. At least 250 individuals
from each zooplankton group were counted per
sample using a Sedgewick-Rafter chamber and
an optical microscope. Samples that showed few
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individuals were fully counted. For qualitative
analysis, after decantation, aliquots of 2 mL were
removed from the bottom of the bottle and read
until no new species were found.

The phytoplankton and zooplankton
identification was conducted at the lowest possible
taxonomic level, and total phytoplankton density
was expressed in individuals.mL"' (ind.ml") and
zooplankton in individuals.m? (ind.m?).

2.1.3. Land use variables

The orthophotographs used in this study are
scaled of 1:10,000 and are dated from 2009. They
were downloaded in the website of the Secretariat of
Housing, Regularization and Urban Development
—SEDHAB (http://www.sedhab.df.gov.br/mapas_
sicad/index_sirgas.htm). The georeferenced points
were inserted into the orthophotographs using the
program ArcMap 10.1 (ESRI, 2012). The reservoirs
were identified, selected and transformed into
polygons. Thus, the area and perimeter of each
water body was calculated using the Xtools tool
(ArcGis extension).
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Then, a 50m buffer was performed around
each sampling site. We delimitated two classes
within the 50m buffer: (i) remnant vegetation,
which refers to the vegetation preserved around
the reservoirs and (ii) land use, which refers to
the land zone used for any anthropic purpose,
in order to suppress the local native vegetation.
These classes were identified by the process of
visual interpretation of the images. Each buffer,
already classified, was cropped from the image and
transformed into polygons. The area of each class
was calculated in m? using the Xtools.

2.1.4. Data analysis

To evaluate the correlation between the
zooplankton groups (cladocerans, copepods,
rotifers and testate amoebae), the groups related
to the phytoplankton (species matrices, functional
and morphofunctional) and numerical and higher
taxonomic resolutions, Mantel and Procrustes tests
were performed (Legendre & Legendre, 2012).
Previously to the analysis, the biological data were
log(x+1) transformed. The matrices of distance
required were constructed using the Bray-Curtis
index (density data), Jaccard (presence/absence
species data) and Euclidean (environmental data
and spatial matrix — geographical coordinates).
A partial Mantel test was used to evaluate the
relationships between environmental variables and
the zooplankton groups (cladocerans, copepods,
rotifers and testate amoebace), between the groups
related to phytoplankton (species, functional
and morphofunctional data), controlling for
dependence on space. For the Procrustes test
were used the scores of the Principal Coordinate
Analysis (PCoA).

Significances of all analysis were calculated by
9.999 randomizations. Mantel and Partial Mantel
tests were performed using a mantel function
on vegan package (Oksanen et al., 2013), both
performed in program R 2.13.2 (R Development
Core Team, 2013).

3. Results

In relation to phytoplankton, 89 taxa
were identified (Table 3). The taxa found
had representatives in 17 of the 40 different
functional groups (the most abundant to least
abundant: codons Lo, X1, B, E, MP, E N, W1,
J1S2, K, Q, B D, X3, S1, G) and in all the seven
morphofunctional groups (the most abundant
to least abundant: IV, V, 1, II, VII, III and VI).
Regarding the zooplankton, 205 taxa were identified,
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distributed into four groups: 32 cladocerans,
12 copepods including their larval and juvenile
forms (nauplii and copepodites), 61 rotifers and
98 testate amoebae (Table 4).

There was concordance between the
phytoplankton and zooplankton species in both
Mantel and Procrustes tests (Table 5). The density
of phytoplankton at the species level is concordant
with their FG and MBFG classifications. These two
classifications are also concordant with each other.
In relation to zooplankton groups, copepods and
testate amoebae were the only groups that were
not concordant among themselves in both tests.
Cladocerans and rotifers were not concordant in
Procrustes test. There was concordance between
phytoplankton species level and environmental
data, but there was no concordance between its
morphofunctional group with environmental
data in both tests and no concordance between
its functional group with environmental data only
in Mantel test. In contrast, zooplankton groups
are significantly concordant with environmental
data, except for the testate amoebae that was
not significantly concordant in Mantel test and
cladocerans that was not significantly concordant
in Procrustes test.

For the numerical resolution (Table 6), the
abundance and presence/absence data for species
from all groups showed concordant values, the lowest
7 value being 0.53 for MBFG (phytoplankton)
in Procrustes test and the largest 0.93 for FG
(phytoplankton) and testate amoebae (zooplankton)
for Mantel test and for phytoplankton for Procrustes
test.

As occurred in relation to the numerical
resolution, using higher taxonomic resolution
(Table 7) all matrices analyzed were considered
concordant, both in comparisons between species
and genera data and between species and families
data for phytoplankton and zooplankton for both
Mantel and Procrustes tests.

4. Discussion

The concordance analysis between communities
measures the intensity in which different groups of
organisms present spatial and/or similar temporal
variation patterns in relation to species richness or
compositional similarity (Jackson & Harvey, 1993).
One possible explanation for this concordance can
be a similar response to environmental gradients.
In this case, a high level of concordance is expected
between organisms with similar environmental
requirements (Grenouillet et al., 2008). However,
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Table 5. Mantel, Partial Mantel and Procrustes’s test results for concordance between phytoplankton and zooplankton

groups using species density data.

Groups Tested Matrices Mantel Procrustes
r P r P
Phytoplankton x Zooplankton 0.20 0.015 0.84 <0.001
Phytoplankton Species x FG 0.47 0.001 0.81 <0.001
Species x MBFG 0.41 0.001 0.72 <0.001
FG x MBFG 0.50 0.001 0.82 <0.001
Species x Environmental 0.27 0.003 0.48 0.004
FG x Environmental 0.12 0.144 0.49 0.003
MBFG x Environmental 0.03 0.393 0.37 0.067
Zooplankton Cladocerans x Copepods 0.24 0.002 0.69 <0.001
Cladocerans x Rotifers 0.21 0.001 0.77 0.722
Cladocerans x Testate Amoebae 0.24 0.001 0.85 0.006
Copepods x Rotifers 0.28 0.003 0.68 <0.001
Copepods x Testate Amoebae 0.11 0.132 0.63 0.112
Rotifers x Testate Amoebae 0.40 0.001 0.82 0.002
Zooplankton x Environmental 0.26 0.021 0.43 0.017
Cladocerans x Environmental 0.22 0.002 0.36 0.067
Copepods x Environmental 0.26 0.021 0.42 0.019
Rotifers x Environmental 0.17 0.035 0.41 0.029
Testate Amoebae x Environmental 0.08 0.237 0.45 0.012

Table 6. Mantel and Procrustes test results for numerical resolution (density versus presence/absence of species).

Groups Tested Matrices Mantel Procrustes
r P r P
Phytoplankton Species 0.71 0.001 0.93 <0.001
FG 0.93 0.001 0.70 <0.001
MBFG 0.86 0.001 0.53 <0.001
Zooplankton Cladocerans 0.87 0.001 0.86 <0.001
Copepods 0.78 0.001 0.63 <0.001
Rotifers 0.84 0.001 0.86 <0.001
Testate amoebae 0.93 0.001 0.91 <0.001

Table 7. Mantel and Procrustes test results for concordance between higher taxonomic resolutions (genus and family)

and species of phytoplankton and zooplankton using species density data.

Mantel Procrustes Mantel Procrustes
Groups Tested Matrices Genus x Species Genus x Species Family x Species Family x Species
r P r P r P r P
Phytoplankton 0.59 <0.001 0.86 <0.001 0.54 <0.001 0.85 <0.001
Zooplankton Cladocerans 0.84 <0.001 0.95 <0.001 0.63 <0.001 0.81 <0.001
Copepods 0.97 <0.001 0.99 <0.001 0.79 <0.001 0.96 <0.001
Rotifers 0.74 <0.001 0.94 <0.001 0.69 <0.001 0.93 <0.001
Testate Amoebae 0.73 <0.001 0.84 <0.001 0.73 <0.001 0.83 <0.001

biological interaction can also generate positive
or negative correlation between different organic
groups (Paine, 1980). This last possibility is more
likely when the biological groups studied have
different responses to environmental variables
(Grenouillet et al., 2008).

In this study, the matrices of phytoplankton
and zooplankton species densities sampled were
concordant. Significant levels of concordance
between phytoplankton and zooplankton were
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expected results, as they are directly and intimately
connected by trophic interactions (Brett & Goldman,
1996; Havens et al., 2009). However, Heino (2010)
warns that it is not enough to find significative
concordance between the communities tested for
meaningful decision-making in environmental
monitoring programs, but the strength of the
effect (in this case, the Mantel r or the Procrustes 7)
must be equal to or higher than 0.70. Correlations
weaker than 0.70 are not advisable to be used in
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environmental monitoring programs because an
important amount of information may be lost.
The value of 7 shown in the comparison between
the matrices of phytoplankton and zooplankton was
0.20 for Mantel test and 0.84 for Procrustes test.
We choose to work with the most restrictive values
given by the two tests analyzed. For this reason we
encourage to work with these two communities in
an environmental monitoring program in this study
area. Significant results, albeit also with 7 values less
than 0.70, were found in other studies (Lopes et al.,
2011; Padial et al., 2012).

The comparison between phytoplankton species
density and its ecological groups (FG and MBFG)
suggested significant concordant patterns. However,
even though significant, the r value was considered
low (mean » = 0.44 for Mantel test). This result was
expected because FG and MBFG approaches are not
clearly related to species taxonomical classification,
but related to environmental conditions or
morphological characteristics, respectively. In order
to avoid loss of important information, it is advisable
that the FG and MBFG classifications should not be
used as substitute for phytoplankton species density
in environmental monitoring programs in the
study area. Other studies also showed concordant
patterns but with low 7 in comparisons between
the density of phytoplankton species and their
classification in FG and/or MBFG (Gallego et al.,
2012; Machado et al., 2015).

It is worth considering that these phytoplankton
classifications are not intended to replace the full
extent of the information that can be obtained
from the species density data. These phytoplankton
classifications bring different and complementary
information about this community and may be so
important as density data, depending on the aim
of the study. Knowing which species dominate
a functional group, for example, is of prime
importance when information about conservation,
trophic functions and toxicity, among others,
are essential to confront certain ecological or
environmental issues (Salmaso et al., 2015).

In relation to zooplankton, higher concordance
between cladocerans and copepods and
concomitantly lower concordance among the
rotifers and microcrustaceans (cladocerans and
copepods) were expected results. This can be
explained by the fact that these microcrustaceans
are phylogenetically closer to each other than
to the others, thus presenting a more similar
ecological niche. Consequently, it was expected
that rotifers and microcrustaceans would respond
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differently to underlying environmental gradients
(Bini etal., 2008). Almost all combinations assessed
between zooplankton groups in this study showed
significant values (except between copepods and
testate amoebae in both Mantel and Procrustes
tests and cladocerans and rotifers in Procrustes test).
However, as found in the phytoplankton, all the
restrictive significant combinations of zooplankton
taxonomical groups matrices showed lower 7 values
(0.27 mean for Mantel test), suggesting that these
taxonomical groups could not replace other in
monitoring this region.

For environmental monitoring purposes in the
study area, almost all biological analyses can be
performed using presence/absence data, except for
MBEG dlassification and copepods (both less than
0.70 in Procrustes test). Similar results regarding
to zooplankton community were found in other
articles (Xu et al., 2011; Gomes et al., 2015).
A probable reason for this result may be the fact that
the community patterns in our study system were
not boosted by some dominant species, mainly due
to the logarithmic transformation, which tends to
decrease the weight of the effects of abundant species
on patterns of ordination (Carneiro et al., 2010).

The use of genus or family as a replacement
for the identification at the species level offers
advantages, since the identification of some
species depends on the examination of structures
that may not always be present, or involves
groups with high morphological variability (e.g.
phytoplankton species of Scenedesmus, Cladophora
and Stigeoclonium genera). Furthermore, the
species identification of complex groups based on
small physical structures can be extremely difficult
(Irfanullah, 2006). Generally, identification
at genus and/or family level may be less time
consuming, with reduced costs, and can even be
more reliable and safer. Species identification is
complex and laborious, especially in many tropical
and subtropical environments. Previous studies
have shown that higher taxonomic resolution is
easily understood as a valid strategy to describe the
community variation (Sanchez-Moyano et al., 2006;
Ribas & Padial, 2015).

The results presented in this study revealed
that higher taxonomic levels (genus and family)
were concordant with the species data for both
phytoplankton and zooplankton communities.
However, we found that the » values showed a
small decrease as the taxonomic level became
higher, so that higher » values were obtained for
the genus data and lower for the family data,
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except for testate amoebae, which had the same
value for both taxonomic levels. Therefore,
in relation to zooplankton, we recommend
the use of data at genus or family level for
copepods and testate amoebae, and only data
at genus level for cladocerans and rotifers in
monitoring studies in the study area. This result
is in agreement with previous studies for different
organisms, such as fungi, plants (Villasefor et al.,
2005), invertebrates (Balmford et al., 2000;
Maurer, 2000; Olsgard & Somerfield, 2000;
Wunsam et al., 2002; Dauvin et al., 2003;
Waite et al., 2004; Guzman-Alvis & Carrasco,
2005; Melo, 2005; Bilton et al., 2006; Khan, 2006;
Marshall et al., 2006; Sanchez-Moyano et al.,
2006; Heino & Soininen, 2007; Lovell et al.,
2007) and phytoplankton (Passy & Legendre,
2006; Carneiro et al., 2010; Gallego et al., 2012).
Therefore, related to phytoplankton community, it
is not advisable to use data at genus or family levels
because the 7 value obtained was smaller than 0.70.

5. Conclusion

As we have seen in this study, it is important
to establish a permanent limnological monitoring
program to rapidly detect any disturbance in water
bodies, especially those associated with anthropic
activities such as agriculture. For this reason,
it is necessary to optimize the environmental
monitoring with easy, fast and low cost analyzes.
But this optimization should not occasion major loss
of environmental and biological information.

In this sense, we do not advise to simplify
the environmental monitoring by sampling only
the zooplankton or phytoplankton community,
because one community is not surrogate of the
other one. In the same way, we suggest to use
phytoplankton species density and their functional
and morphofunctional approaches, depending on
the objective of the study, in order to avoid loss
of information. Likewise, it is important that all
zooplankton groups are sampled (cladocerans,
copepods, rotifers and testate amoeba) because no
group had effectively replaced other groups, as well
as the environmental variables.

However, it is feasible that both phytoplankton
and zooplankrtonic biological analyzes are performed
using presence/absence species data, except for
copepod and MBFG classification. With regard to
the use of a higher taxonomic resolution, it is also
feasible to use genera level data for all zooplankton
community and only family level data for copepods
and testate amocbae.
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