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SUMMARY

The effect of nutrients inputs, mainly nitrogen and phospho-
rus on the structure of the zooplankton community, including
diversity, evenness, dominance, and richness, in Pampulha
Reservoir in the city of Belo Horizonte, Brazil was evaluat-
ed. The samples were taken on 15 September 2009 at 23
sampling stations, covering the entire reservoir. The spatial
analysis showed that species richness gradually decreased
in those sites with increased nutrients; copepods and rotifers
increased in density along this same spatial gradient (mainly
Thermocyclops decipiens, Metacyclops mendocinus and
Brachionus calyciflorus). Thematic maps describing the
horizontal distribution of some variables showed that areas
with higher nutrient concentrations were associated with in-
creases in dominance and decreases in diversity and species
richness.

Key words: Eutrophication, diversity, nutrients, tropical res-
ervoir, plankton.

RESUMEN

Se evalué el efecto de la entrada de nutrientes, principalmente
nitrégeno y fésforo, en la estructura de la comunidad
zooplancténica, incluida la diversidad, la equidad, la
dominancia y la riqueza, en la Represa de Pampulha, en
la ciudad de Belo Horizonte, Brasil. Las muestras fueron

tomadas el 15 de septiembre de 2009 en 23 estaciones de
muestreo, cubriendo completamente el embalse. El anélisis
espacial mostré6 que la riqueza de especies disminuy6
gradualmente en los sitios con mayor cantidad de nutrientes;
los copépodos y rotiferos incrementaron su densidad a lo
largo de este mismo gradiente espacial (principalmente
Thermocyclops decipiens, Metacyclops mendocinus
y Brachionus calyciflorus). Los mapas teméticos que
describen la distribucién horizontal de algunas variables
mostraron que las dreas con concentraciones de nutrientes
més altos estuvieron asociados con un incremento en la
dominancia y una disminucién de la diversidad y la riqueza
de especies.

Palabras clave: Eutroficacion, diversidad, nutrientes, embalse
tropical, plancton.

INTRODUCTION

Among the most notorious effects of pollution and other
forms of human impacts on the aquatic ecosystems are the
loss of species and the increase in dominance of a few op-
portunistic organisms (Johnston & Roberts, 2009). Although
these approaches are generally accepted, few reports have
clearly associated eutrophication with the structural prop-
erties of tropical plankton communities on a spatial basis
(Tundisi & Matsumura-Tundisi, 2008).
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Zooplankton has long been used as an indicator of the tro-
phic state of aquatic ecosystems (Gannon & Stemberger,
1978; Bays & Crisman, 1982; Pejler, 1983; Pinto-Coelho et
al. 2005). Nonetheless, variable responses of zooplankton to
trophic state are common (Ravera, 1996), perhaps, in part,
because zooplankton also respond to other environmental fac-
tors such as water chemistry (Pinel-Alloul et al. 1990; Hulot
et al. 2000), shoreline disturbances and watershed land use
(Stemberger & Lazorchak, 1994; Pinto-Coelho, 1998; Patoine
et al. 2000), ambient heterogeneity (Kobayashi, 1997; Hobeek
et al. 2002; Hall & Burns, 2003) as well as levels of vertebrate
and invertebrate predation (Hanazato & Yasuno, 1989; Walls
et al. 1990; Boveri & Quirés, 2007; Manca et al. 2008).

One of the major human-induced changes in aquatic envi-
ronments is eutrophication, usually caused by external inputs
of high concentrations of nutrients (mainly phosphorus and
nitrogen) (Paerl, 2005; Yang et al. 2008). Eutrophication has
dramatically affected phytoplankton biomass and commu-
nity in lakes (Anneville & Pelletier, 2000; Dokulil & Teubner,
2005). Eutrophication effects often propagate up to higher
trophic levels resulting in changes to the zooplankton com-
munity (Ravera, 1980; Lovik & Kjelliberg, 2003; Anneville et
al. 2007) such as density, richness, diversity, evenness and
dominance (Odum, 1986; Sampaio et al. 2002). Small ur-
ban lakes and reservoirs are the aquatic ecosystems that are
most affected by cultural eutrophication (Smith, 1998).

Brazil has an immense richness of freshwater ecosystems.
Nevertheless, this country is facing a dramatic shift in the
water quality of several important systems, caused by a vari-
ety of human impacts: dam construction, erosion and silting,
eutrophication, contamination with metals and Persistent Or-
ganic Pollutants (POPs), habitat fragmentation, introduction
of alien species, among others (Pinto-Coelho, 1988; Torres
et al. 2007; Tundisi & Matsumura-Tundisi, 2008).

Pampulha Reservoir, located within the city of Belo Horizonte,
Brazil is a typical example. Eutrophication of the Pampulha
Reservoir was initially detected and characterized by Giani et
al. (1988). Since then, several studies have demonstrated
the continuous intensification of eutrophic conditions in the
reservoir, which has caused recurrent cyanobacteria blooms
and outbreaks of aquatic macrophytes (Pinto-Coelho, 1998;
Pinto-Coelho & Greco, 1999; Greco & Freitas, 2002; Tor-
res et al. 2007; Pinto-Coelho, 2012). These changes may
result in the exclusion of some species such as Bosmina lon-
girostris, B. hagmanni and Scolodiaptomus corderoi and
increased population growth of others such as Thermocy-
clops decipiens, Metacyclops mendocinus and Brachionus
calyciflorus (Pinto-Coelho, 2012).

Previous investigations (Pinto-Coelho, 1998; Rietzler et al.
2001; Friese et al. 2010) have demonstrated that most bio-

logical and chemical properties of this reservoir are rather
homogeneous during the dry season, usually May through
late October.

Here, the effect of the nutrient input, mainly nitrogen and
phosphorus, on structural attributes of the zooplankton com-
munity, including diversity, evenness, dominance, and rich-
ness, during a sampling campaign was examined.

MATERIALS AND METHODS

Study area: The Pampulha Reservoir (Figure 1) is located
in the northern part (43°56°47 "W; 19°55°09"S) of the city of
Belo Horizonte, capital of the state of Minas Gerais, Brazil.
This is a small artificial lake constructed in 1938, intended as
a recreational area and a drinking-water supply. However, the
use of the reservoir as drinking water source was interrupted
in 1980 because of frequent blooms of blue-green algae.
Furthermore, large areas of the lake have been lost by silt-
ing in the last four decades. From the original volume of 18
million of m’, actually, the reservoir stores only 9.9 million m’
and the lake area was reduced from 2.1 to 1.9 km®. The max-
imum depth still remains close to the original of 16 m but the
mean depth is now reduced to 5 m (Resck et al. 2008). The
architectural complex around the reservoir is a major tourist
area for the city, but uncontrolled occupation of the basin has
caused extensive deterioration of this water body, mainly by
the accelerated eutrophication and decreased depth (Aratjo
& Pinto-Coelho, 1998).

The Pampulha Reservoir has three different compartments.
The first is the shallowest area, the silted area around Amores
Island. It is strongly influenced by inputs from the heavily pol-
luted Sarandi and Ressaca rivers and to a lesser extent by
Olhos d’/\gua, AABB, Baratina, and Agua Funda streams.
The second area is the deeper middle reservoir, extending
from the broader lake surface to the dam. This region has
cleaner water and lower densities of algae despite discharges
from Tijuco and Mergulhao streams. The third area is an in-
termediate zone located between Bandeirantes and Jardim
Atlantico sectors, with particular conditions that show transi-
tions between the two opposite zones.

Field and laboratory work: The samples were taken between
10:00 and 17:00 hs on 15 September 2009 at 23 sampling
stations, covering the entire reservoir. At each station, depth,
water transparency (Secchi disk), chlorophyll a (Fluorimetric
Sonde Turner/SCUFA), water temperature, dissolved oxygen
and electrical conductivity (Yellow Springs Instruments-YSI
multi-parameter probe, model 556) were measured. Sub-
surface (0.5m depth) water samples were collected in 5L
plastic containers for measuring turbidity (DIGIMED model
M-3), total solids (gravimetric; Clesceri et al. 1998), total or-
ganic nitrogen (semi-micro Kjeldahl; Clesceri et al. 1998)
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Figure 1. Location of the Pampulha Reservoir and its drainage basin (Streams: I. Olhos d’Agua; II. AABB; Ill. Baratna; IV.
Agua Funda; V. Sarandi; VI. Ressaca; VII. Tijuco; VIII. Mergulhao; IX. Effluent. Sectors: JA. Jardim Atlantico; G. Gargas; B.
Bandeirantes; ISF. Igreja de Sao Fancisco de Assis; SL. Sao Luis) and of the 23 sampling stations (the black area within the

reservoir accounts for Amores Island).

and phosphorus (reaction with ascorbic acid; Clesceri et al.
1998), ammoniun, nitrite and nitrate was measured followed
Mackereth et al. (1978) in the laboratory.

Zooplankton was collected with vertical hauls, from the
bottom to the surface, with a plankton net (30 cm diame-
ter and 68 um mesh). The organisms were preserved with
4% buffered formalin and transported to the Laboratory of
Environmental Management of Reservoirs of the Biologi-
cal Sciences Institute at the Universidade Federal de Minas
Gerais. Zooplankton was identified mostly to species level by
means of taxonomic keys by Koste (1978), Sendacz & Kubo
(1982), Zoppi de Roa et al. (1985), Koste & Shiel (1987),
Elmoor-Loureiro (1997), and Fernando (2002). Zooplank-
ton was counted in a Sedgwick-Rafter chamber of 1.0mL.
Aliquots of 1.0mL were counted fully to complete at least
400 individuals in each sample, to ensure accuracy not lower
than 90% (Edmonson & Winberg, 1971; McCauley, 1984;
Pace, 1986). The density was reported in organisms per li-
ter. We used a Leica DMLB microscope at 100x magnifica-
tion. Using the zooplankton density data, we calculated the

community-structure indices: Richness, Diversity (Shannon
and Weaver’s Index), Dominance (Simpson Index) and Even-
ness (Pielou Index), with the PAST statistical program. For
each variable, we calculated the mean, standard deviation,
and Pearson variation coefficient (Table 1). Relationships be-
tween variables were established with a Principal Component
Analysis (Figure 2). All data variables were In-transformed
(xt=In(x+ 1)) prior the analysis. The rotation procedure VARI-
MAX was used. No resampling was considered. The correla-
tion matrix for extraction was used. Only the first two axis
were considered since they host the bulk of total variability
(70%). The software SYSTAT version 11 for Windows 7.0 was
used (Licence: LGAR-FUNDEP-UFMGQG).

Thematic maps of the horizontal variation of the variables
(Figure 3) were obtained using the program Surfer 9.0°
(Golden Software Inc.), and the kriging interpolation method
was used. The reservoir shoreline was digitized with the pro-
gram Didger 3.0” (Golden Software Inc.) from a high-resolu-
tion image of the Pampulha Reservoir obtained from Google
Earth Pro” (Google Inc.). After digitalization, the image was
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Table 1. Exploratory basic statistical analysis for the abiotic and biotic variables measured at 23 sampling stations in the Pam-
pulha Reservoir.

Variables Min. Max. Mean SD CV%
Water temperature (°C) 22.7 28.5 26.1 1.68 6.5
Transparency (m) 0.1 1.0 0.4 0.23 55.7
Conductivity (uS/cm) 385 470 411.9 28.13 6.8
Dissolved oxygen (mg/l) 5.2 14.5 8.4 2.27 27.1
Chlorophyll a (ug/l) 38.7 70.0 53.5 9.39 17.6
Turbidity (NTU) 24.8 421.0 147.2 101.48 68.9
Total solids (mg/l) 19.7 188.4 68.0 41.24 60.7
Total nitrogen (mg/l) 1.1 18.0 7.0 3.85 53.8
Nitrate (mg/l) 0.05 10.1 4.2 3.47 82.6
Nitrite (mg/1) 0.05 0.8 0.5 0.23 45.4
Ammonium (mg/l) 1.7 5.6 2.6 1.15 43.7
Total phosphorus (mg/l) 0.1 1.2 0.4 0.22 62.4
Nitrogen:Phosphorus Ratio 6.0 53.4 22.1 11.99 54.2
Diversity (H") 1.30 2.17 1.8 0.22 12.0
Evenness (J7) 0.54 0.84 0.7 0.07 9.7
Dominance (Ds) 0.14 0.37 0.2 0.06 27.3
Species richness (S) 10.0 16.0 12.7 2.05 16.1
Density of Copepods (org/l) 119.1 4911.9 694.9 988.95| 142.3
Density of Rotifers (org/l) 10.3 288.6 91.8 91.73 99.9
Density of Cladocerans (org/l) 15.1 325.4 590.7 69.78| 117.0
Density of Ostracods (org/l) 11.3 260.3 68.6 72.66| 105.9

Figure 2. Biplot diagram showing the results of PCA for environmental variables (NO2: nitrite, NO3: nitrate, SECCHI: water
transparency, NH3: ammonium, CLOR: chlorophyll a, OD: dissolved oxygen, TS: total solids, TURB: turbidity, TP: total phos-
phorus). The biotic variables refer to zooplankton community descriptors (EV: species evenness, S: species richness, DENS:
density). The symbols LN before each variable indicate that they are In-transformed prior to PCA analysis.
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geo-referenced with nine neighboring control points with RESULTS AND DISCUSSION
high-precision coordinates (error < 0.05 m) using DGPS
GTR-A” (TechGeo Ltda.). The figure 2 showed the biplot diagram with the results of

PCA for environmental variables and the biotic variables refer

Figure 3. Spatial distribution of variables describing the trophic gradient observed in surface waters (0.5m depth) of 23 sam-
pling points distributed in all compartments of Pampulha Reservoir on September 15, 2009. (Streams: I. Olhos d’Agua; I
AABB; Ill. Baratna; IV. Agua Funda; V. Sarandi; V1. Ressaca; VII. Tijuco; VIII. Mergulhéo; IX. Effluent. The sectors: G. Garcas;
B. Bandeirantes; ISF. Igreja de Sdo Fancisco de Assis; SL. Sdo Luis; JA. Jardim Atlantico. The white dot in the reservoir indi-

cates Amores Island).
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to zooplankton community descriptors. The first two axis cor-
respond, respectively to 49.8% and 20.2% of total variance.

The PCA factor 1 was able to describe well important zoo-
plankton community species structure descriptors such as
total density and total species richness. The PCA showed
that the total zooplankton species richness was associated to
water transparency and nitrogen forms (nitrates and nitrites)
and negative association with the phosphorus concentration,
total solids and turbidity. Conversely, total density of zoo-
plankton was associated to variables such as total solids and
turbidity. Factor 2 was able to show the expected association
between chlorophyll-a and dissolved oxygen was confirmed
and this factor showed an association between zooplankton
evenness and ammonium.

As shown in table 1 the nitrogen and phosphorus concentra-
tions are typical of a highly eutrophic environment (Tundisi
& Matsumura-Tundisi, 2008). The coefficients of variation
for the nutrients were above 43% and, overall, the nitrogen
concentration was 6 to 53 times higher than the phosphorus
concentration.

The highest concentrations of the major nutrients were found
in the shallow areas of the reservoir, mainly around Amores
Island. This area has higher turbidity and increased biologi-
cal productivity. Total nitrogen was highest at the mouth of
Olhos d’Agua and Tijuco streams (Figure 3A), total phos-
phorus at the mouths of AABB, Baratina and Agua Funda
streams (Figure 3B). The highest values for richness of spe-
cies (Figure 3C) were found in the deeper areas, mainly to-
ward the dam area, near the outflow, in this area the water
is clean and has lower densities of algae. Diversity (Figure
3D) was highest near Amores Island and the dam area. The
highest values of Dominance (Figure 3E) were found at the
mouth of Tijuco stream near the Igreja de Sdo Fancisco de
Assis and Copepods (Figure 3F) showed the highest density
(15982.20rg/L) and were concentrated mainly in the area
near the Igreja de Séo Fancisco de Assis, at the confluence
of the Tijuco and Mergulhéo streams.

Copepods were represented by two species (Metacyclops
mendocinus and Thermocyclops decipiens), cladocerans by
four species (Diaphanosoma spinulosum and Bosmina freyi
showed the highest densities) and rotifers by seven species
and two morphospecies (mainly Brachionus calyciflorus, B.
angularis and Trichocerca sp.). One ostracod species was also
obnswerved. Adult forms of copepods were most numerous,
followed by rotifers, next ostracods and finally cladocerans.

For the community-structure indices, the coefficients of
variation were low and generally close to 27%. The densities
of all zooplankton groups varied widely, with coefficients of
variation of 99% or higher in all cases.

Our short-term survey indicated that horizontal distribution
of zooplankton community structure in the Pampulha Reser-
voir is influenced by the imputs of nutrients, mainly nitrogen
and phosphorus, so the species richness decreased along a
spatial gradient of nutrients and several highly opportunistic
ordanisms increased in dominance along the same spatial
gradient.
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