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Abstract: Aim: The aim of this work is to diagnose the limnological conditions of
the Castanhao Reservoir which is the largest and most important reservoir in the State of
Ceard. This diagnosis is focused on physical-chemical variables, trophic state indices, and
phytoplankton assemblages; Methods: Water samples were collected during six occasions
from November/06 to July/07 from surface and bottom of the water column at three
sites across the reservoir aiming to characterize physical-chemical (depth, transparency,
suspended matter, temperature, dissolved oxygen, pH, redox potential, dissolved silicon,
nitrogen and phosphorous) and biological (Chlorophyll-z, phytoplankton assemblages
and total density) variables; Results: The trophic state index variables obtained for
the reservoir showed Secchi disk depth ranging from 0.65 to 2.4 m, Chlorophyll-2
from 0.71 to 15 pg.L™', total phosphorous from 11 to 369 pg.L™" and soluble reactive
phosphorous from 9.0 to 236 pg.L™'. The results characterized a riverine-lacustrine
transition area with low depth, transparency, dissolved oxygen with one anoxic event, and
high values of suspended matter, total phosphorous and ammonium. The reduced light
availability is probably the main factor inducing the low values for total phytoplankton
density and Chlorophyll-a. The predominant class of phytoplankton was Bacillariophyceae
with main species Aulacoseira distans var. distans as functional assemblage C. Typical
lacustrine portion of the reservoir has higher depth and transparency than inlet reservoir
what probably explains the higher total phytoplankton density. Cyanophyceae was the
predominante phytoplankton class with main species Cylindrospermopsis raciborski as
functional assemblage Sn. The phytoplankton assemblages in the Castanhio Reservoir
were typical for mesotrophic/eutrophic aquatic environments confirming the trophic
state of the reservoir; Conclusion: After five years completely flooded, the Castanhao
Reservoir might be considered a mesotrophic, although depletion of dissolved oxygen
and presence of a potentially toxic phytoplankton species (C. raciborskii) suggests the
necessity of reservoir management focused on anthropogenic nutrient emission control
and maintenance of natural ecological succession of the reservoir.

Keywords: trophic state, phytoplankton assemblages, reservoir, semi-arid, State of
Ceard.
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Resumo: Objetivo: O objetivo do presente estudo ¢é realizar um diagndstico das
condic¢es limnoldgicas do agude Castanhio que é 0 maior e mais importante reservatdrio
do Estado do Ceard. Este diagnéstico inclui a determinacao de varidveis fisico-quimicas,
estado tréfico e assembléias fitoplanctonicas do acude; Métodos: Amostras de dgua foram
coletadas durante seis ocasides durante novembro/06 e Julho/07 na superficie e fundo da
coluna d’dgua e trés por¢oes do agude visando caracterizar parimetros fisico-quimicos
(profundidade, transparéncia, material particulado em suspensio, temperatura, oxigénio
dissolvido, pH, potencial redox, condutividade, silica dissolvida, nitrogénio e fésforo)
e biolégicos (Clorofila-a, identificagio e contagem de organismos fitoplanct6nicos);
Resultados: As varidveis analisadas para determinacio do estado tréfico do agude
indicaram valores de profundidade de Secchi variando entre 0.65 e 2.4 m, Clorofila-2
entre 0.71 e 15 pg.L, fésforo total entre 11 e 369 pg.L™, fésforo solavel reativo entre
9.0 e 236 pg.L". Todas as varidveis analisadas pelo presente estudo caracterizaram
uma drea de transicio entre a por¢io fluvial e lacustre com menores profundidades,
transparéncia e oxigénio dissolvido com um evento de anoxia, maiores valores de material
particulado em suspensao, fésforo total e amonia. A limitagdo de incidéncia luminosa é
o principal fator que induz a reduzida producio fitoplanctonica, representada inclusive
pelos reduzidos valores de clorofila 4. A classe fitoplancténica predominante nesta por¢io
foi Bacillariophyceae representada principalmente pela espécie Aulacoseira distans var.
distans, assembléia funcional C. A porcio lacustre apresentou maior profundidade e
transparéncia que induz a maior producio fitoplanctonica. Nesta por¢io do acude a
classe fitoplanctonica predominante foi a Cyanophyceae com destaque para a espécie
Gylindrospermopsis raciborskii, assembléia funcional Sn, que configurou entre as mais
abundantes. As principais assembléias fitoplanctonicas observadas sio tipicas de ambientes
aqudticos mesotréficos/eutrdficos corroborando as andlises sobre o atual estado tréfico do
acude; Conclusao: Apés cinco anos da completa inundagio, o agude Castanhdo pode ser
considerado mesotréfico, embora eventos de anoxia e a presenga da espécie fitoplanctonica
potencialmente t6xica C. raciborskii indiquem a necessidade de um manejo adequado
visando o controle da emissio de nutrientes por atividades antrépicas e a manutengio
da sucessdo ecoldgica natural deste acude.

Palavras-chave: estado tréfico, assembléias fitoplanctonicas, acude, semi-drido,
Estado do Cear4.
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1. Introduction

Trophic state, phytoplankton assemblages, and
physical-chemical variables are important aspects
of lake/reservoir survey usable to establish the
freshwater’s conditions (Carlson, 1977; Esteves,
1998; Reynolds et al., 2002). This practical
hierarchy classification and limnological diagnosis
usually indicates a “snapshot picture” of the reservoir
conditions, although the results should also be taken
as a transient momentum of the natural reservoir
succession (Kimmel and Groeger, 1986; Figueiredo
and Bianchini Jr., 2008).

During the ontological process, reservoirs
commonly become more productive soon after
reservoir filling, although ontogeny does not
always lead to reservoir eutrophication (Kimmel
and Groeger, 1986; Hall et al., 1999). After the
upsurge period, the reservoir then declines if
external nutrient loads remain constant during the
reservoir aging. However, multiple reservoir uses
and watershed-based human activities bring changes
on nutrient inputs that are probably the major
reason to induce modification on the reservoir’s

trophic status, phytoplankton assemblages and
physical-chemical conditions. According to the
magnitude and interval of the stressor, continuous
deviation from natural succession might reduce the
reservoir recovery capacity and induce alternative
states that decrease or prevent the ecologic and
socioeconomic services provided by made-man lakes
(Schefter, 1990).

The above-mentioned context should be highly
considered in the State of Ceard wherein about
8,000 reservoirs provide water for socioeconomic
establishments in a region under the influence
of semi-arid tropical climate (Frischkorn et al.,
2003, SRH, 2008; Martins et al., 2007). The
water supply is based on small-farm dams to large
reservoirs interconnected by a large-scale water
diversion scheme involving almost all watersheds
of the state. The Castanhio Reservoir is the largest
impoundment of the State of Ceard and the major
reservoir of the large-scale public water supply
distribution system across the state. As many other
reservoirs of the system, the five-year old Castanhao
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Reservoir with 6.7 billion m? of storage capacity
provides multiple water uses such as drinking water,
irrigation, fishing, tourism, and cage aquaculture
(SRH, 2008).

This recently flooded reservoir is probably still
defining its ontogeny and the natural succession
pathway; however it is already responsible
for providing water for social and economic
development. With increasing water availability
the development of in-lake and watershed-based
activities have been induced frequently without any
control to assure preservation of this waterbody.
Conflicts among multiple uses of the reservoirs
will probably occur if a better understanding of
the limnological conditions and the effects of
pollution-prone activities will not be converted
into effective management practices. Moreover,
the semi-arid rainfall regime limits the freshwater
inputs into the reservoir while outputs from dam
are highly regulated according to management
purposes. A simple water mass-balance budget
indicates that reduced input and output define long
water residence times of semi-arid reservoirs such as
Castanhao which might enhance the threats of the
nutrient over-enrichment (Molisani et al., 2007).

Thus, the aim of this work is to diagnose the
limnological conditions of the Castanhio Reservoir
through trophic state indices, phytoplankton
assemblages and physical and chemical variables.
This integrative analysis provides a first limnological
characterization of this reservoir which will guide
future management practices.

2. Study area

This study was carried out in the “agude”
Castanhio Reservoir, the largest reservoir in the
State of Cear4 located at the border of middle
and lower Jaguaribe River basin (Figure 1). The
Jaguaribe River basin, with 72,645 km?, is the largest
watershed in the State of Ceard. The watershed
is under the influence of semi-arid climate, with
average annual rainfall increasing from 450 mm
in land to about 1,000 mm at the coast. Most of
the rainfall (95%) occurs during the rainy season
(January to June) and is characterized by discrete
precipitation pulses. During the dry period (July to
December) rainfall is scarce. Potential evaporation
amounts for about 2,100 mm (SRH, 2008). Rainfall
regime and high evaporation are key environmental
factors which induce the ephemeral conditions
of the Jaguaribe River. During the rainy season
the river flow averages 71 m’.s” with maximum
discharge reaching 3,485 m’.s™'. In view of the
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ephemeral conditions, the runoff is absent during
the dry periods (COGERH, 1997). The inter-
annual rainfall variability is high, with annual
rainfall variable coefficient of 0.36 (Gaiser et al.,
2003) which is a major factor influencing the water
management across the watershed.

The Castanhdo Reservoir was completely
flooded in 2004, covering a flooded area of 325 km?.
Behind the 3.5 km wide and maximum 60 m height
dam, 6.7 billions of m? of water can be stored with
optimal storage volume of 4.5 billons of m®. The
reservoir is 48 km long and has a maximum depth
of 60 m. These characteristics classify the Castanhao
as medium reservoir based on the flooded area and
volume. The theoretical water residence time values
0f4,000 and 7,295 days according to fluvial regime
(Cogerh and Dnocs, 2003; Molisani et al., 2007)
categorize it into the C class (residence time longer
than one year) (Straskraba, 1999). The flooded area
consists predominantly of crystalline bedrock and
usually shallow soils with xerophytic woodland
(Caatinga) as the dominant natural vegetation
(Figueiredo, 19806).

"The water stored in Castanhio Reservoir supplies
2.5 million inhabitants across the State of Ceard
through a large-scale water diversion and irrigates
about 40,000 ha of agricultural lands. In summary,
dam operational rules are defined in relation to the
water volume stored during the antecedent rainy
season and meet demand withdrawal throughout the
subsequent hydrological year (Cogerh and Dnocs,
20006). The multiple water uses also include tourism,
fishing, and cage aquaculture. Cage fish farming
have become the main activity of this reservoir with
projected production of 50,000 ton/year when law
limit of 1% of reservoir area will be used for cage
aquaculture (Barcellos and Nunes, 2006).

3. Material and Methods

Water quality was monitored in six events during
November/06, January, February, March, May and
July/07 during the rainfall period. Water samples
were taken in the inlet (riverine-lacustrine transition
portion), middle and dam reservoir (Figure 1) at
the subsurface and ~1 m from the bottom of water
column using the Van Dorn bottle. Samples were
stored in pre-cleaned bottles which were rinsed
with the local water before filled. Physical-chemical
variables (temperature, conductivity, pH, Eh, and
dissolved oxygen) were measured in situ using an
YSI 556 Multi Probe System. Transparency was
measured with a Secchi disk. Z__was expressed as
the maximum water column depth. The euphotic



15°0°0"S

9436526

Molisani, MM. et al.

Acta Limnologica Brasiliensia

Atlantic Ocean

e ———
0 500 1000 2000 km
55°0'0"W 557890
\ )
W <<}> E #30
) %}ﬁ(/ KK C:Q
N
= NS
[<e} vA
2 o]
{ Castanhéo
o~ Reservoir
S N (
= ) ~
5 U
#1
fﬁ 0 25 5 10 km
532178 547178 562178

Figure 1. Study area and sampling sites across the Castanhao Reservoir (#1 inlet, #2 middle and #3 dam reservoir).

zone (Z,_ ) was estimated as 3 times the Secchi disk
extinction depth (Cole, 1994).

Duplicate water samples were filtered through
a 0.45 pm membrane filter immediately after
sampling and the filtrate kept frozen until analyzed
within one day. Filters were used to obtain the
suspended matter concentration in water samples
through using the gravimetric procedure. Filtrate
water samples were analyzed by spectrophotometric
methods for ammonia (NH,"), soluble reactive
phosporous (SRP) and dissolved silicate (D-Si)
(Hubaux and Vox, 1970; APHA, 1998). Unfiltered

samples were collected and kept frozen until
spectrophotometric analysis for total nitrogen (TN)
and total phosphorous (TP) (APHA, 1998). Water
samples were also filtered through glass fiber filters
and Chlorophyll-z determination was carried out
after 90% acetone extraction by spectrophotometric
analysis (APHA, 1998).

Phytoplankton samples for qualitative
identification were collected at the water surface with
20 pm mesh phytoplankton net and immediately
preserved with 10% formalin solution. The main
works used to algal identification were Anagnostidis
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and Komirek (1988), Gonzilez (1996), Komdrek
and Anagnostidis (1989, 2000), Round et al.
(1990), Tell and Conforti (1986) and Wehr and
Sheath (2003). For quantitative analysis, water
samples were taken from the surface and bottom
with Van Dorn bottle and preserved immediately
with 1% Lugol solution in opaque glass bottles. A
sedimentation method was used for counting under
an inverted microscope (Olympus CK2), according
to the Utermohl technique (magnification of 400x).
Phytoplankton were enumerated until at least
100 organisms (cell, colonies and filaments) per
dominant species were recorded; giving a precision
of £ 20% within 95% confidence limits (Wetzel
and Likens, 2000). Relative abundance (%) of
classes and species were calculated based on the
phytoplankton density (number of organisms.L™).
The phytoplankton was expressed as taxa descriptive,
functional group, life form and frequency of
occurrence for different sampling stations (inlet,
middle, and dam reservoir). The functional group
analysis followed the Reynolds’ assemblages
approach (Reynolds et al., 2002) which attributes
a phytoplankton recognition nomenclature based
upon the functional associations of species.

The trophic state of the reservoir was obtained
by using the Modified Carlson Trophic Index
(Toledo Jr. et al., 1983) and the index proposed by
Lampatrelli (2004). Both indices are composed by
a set of Equations:

a) Trophic State Index (TSI) modified from

Carlson (1977)
TSI (SD) = 10 (6 _W) "
TSI (Chl) = 10 (6 _W) @
n

TSI (TP) = 10 (6 _ln (80.32 /TP)) 3)

In2

In2 )

TSI (SRP) = 10 (6 In (21.67/SRP))
where: SD = Secchi disk (m); Chl = Chlorophyll-2
(pg.L'"); TP = Total phosphorous (pg.L"'); and
SRP = Soluble reactive phosphorus (pg.L")

The limits defined were:

* Oligotrophy: TSI < 44

* Mesotrophy: 44 < TSI > 54

* Eutrophy: TSI > 54

b) Trophic State Index (TSI) proposed by

Lamparelli (2004)
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TSI (SD) = 10 (6 — ((InSD)/1n2)) )
TSI (Chl) = 10 (6 - (0.92 - 0.34 (In Chl/In2)) (6)

TSI (TP) = 10 (6 - (177 = 042 (InTP) - n2))  (7)

where: SD = Secchi disk (m); Chl = Chlorophyll-«
(pg.L'"); and TP = Total phosphorous (pg.L?)

The limits defined were:

¢ Ultra-Oligotrophy: < 47

¢ Oligotrophy: 47< TSI < 52

* Mesotrophy: 52 < TSI <59

* Eutrophy: 59 < TSI < 63

* Supereutrophy: 63 < TSI < 67

* Hypereutrophy: >67

The Spearman correlation matrices were obtained
to determine the statistical relationship (p < 0.05)
between different limnological variables. The #-test
was used to show statistically significant (p < 0.05)
spatial differences in the reservoir variables.

4. Results

4.1. Physical, chemical and biological variables

Table 1 shows the physical, chemical and
biological variables relative to inlet, middle and
dam reservoir (Figure 1). The riverine-lacustrine
transition area has a fluvial physiography with lower
depth (Z_ ) and smaller channel width (-40 m)
than typical lacustrine middle and dam sites. All
analyzed variables were not significantly different
between surface and bottom of the water column
(p > 0.05). These lotic features related to fluvial
influence might induce the statistically higher
suspended matter, lower values of transparency and
Z_ in the inlet reservoir than lacustrine middle and
dam reservoir. The statistically higher suspended
matter concentration attenuates the transparency of
the water column of inlet reservoir which explains
the lower primary phytoplankton productivity as
represented by the statistically lower Chlorophyll-a
and total phytoplankton organism density than in
middle and dam reservoir. Lower dissolved oxygen
with one anoxia event in the bottom of water
column in the inlet reservoir might be attributed to
the addition of organic matter from river inflow and
decomposition of macrophyte mats of Eichhornia
crassipes Solms-Laubach which extensively colonize
the lesser deep inlet waters. The concentration of
D-Si, SRPand TN in this transitional zone were not
statistically different of other sampling sites. Only
TP concentration was statistically higher in the inlet
than lacustrine areas. Ammonium concentrations
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Table 1. Mean (SD) and range of limnological variables
measured in the inlet, middle and dam reservoir.

#1 #2 #3
(Inlet)y ~ (Middle) ~ (Dam)
Mean depth (m) 7.0 19 32
z (m) 70(1.0) 17(40) 33 (7.0)
Z,, (m) 34(11) 56(09 6.0(1.0)
Secchi disk depth (m) 1.1 (0.38) 1.9(0.32) 2.0(0.33)
06515 1623  1.7-24
Suspended matter 11(10)  3.7(21) 26(2.5)
(mg.L) 46-33 07284 0.72-85
Temperature (°C) 292(0.7) 289(1.0) 286(1.2)
28.3-30.4 27.8-309 27.3-30.8
pH 71(04) 74(020) 7.7(17)
6.6.78 7277  7.2-81
Conductivity (ms.cm) 230 (100) 230 (90) 230 (80)
130-350  130-280  100-280
Dissolved Oxygen 22(17) 40222 51(17)
(mg.L") 0-4.4 1265 2777
Dissolved Si (mg.L") ~ 5.7(0.82) 5.1(1.3) 52(1.5)
4169 3477  40-86
NH," (ug L") 180 (50) 130 (13) 290 (40)
125-255  110-150  110-1,200
SRP (ug.L") 70(80)  46(21)  33(49)
9.0-236  23-76 21120
TN (ug.L") 920 (300) 850 (410) 790 (450)
600-1,543 320-1,700 190-1,800
TP (ug.L") 150 (110) 58 (29)  48(32)
26-369 24-84 114123
N:P (mol) 28(30)  55(49)  87(100)
3697  12-164  11-361
Chlorophyll-a (ug.L)  3.3(14) 75(45) 6.7(35)
1655 07115  1.7-13
Phytoplankton density  3.5(4.2) 44 (22) 24 (26)
(x10° organisms.L") 01112 1.0-73  0.34-68

were statistically higher than in middle portion and
similar to dam reservoir.

The middle and dam reservoir have typical
lacustrine physiographic with higher depth
(Z,.) and longer width channel (-4 km). In the
middle reservoir, statistically higher values of total
phytoplankton density (58 x 10° organisms.L™)
and lower concentration of TP were found
in surface (33 pg.L™') than in bottom waters
(30 x 10° organisms.L" and 57 pg.L", respectively).
For all other limnological variables statistical
differences were not found between surface and
bottom of the water column. The dam reservoir
presented statistically higher values of total
phytoplankton, temperature and dissolved oxygen
in surface water (46 x 10° organisms.L™, 29.6 °C
and 6.0 mg.L"!, respectivelly) than the bottom of
the water column (6.0 x 10¢ organisms.L, 28.4 °C
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and 4.8 mg.L, respectively). For all other variables
statistical differences were not found in surface and
bottom of the water column.

The distance from Jaguaribe River inlet
(-20 km) reduces the suspended matter which
increases the transparency and Z_ of the water
column in the middle and dam reservoir. The
higher light penetration into the water column
induces phytoplankton productivity as revealed
by the statistically higher values of Chlorophyll-4,
total phytoplankton compared to inlet reservoir
(Table 1). D-Si, SRE, NH *, TN, TP, Chlorophyll-z,
total phytoplankton, and suspended matter were
statistically similar for middle and dam sites.

4.2. Phytoplankton assemblages

Table 2 shows descriptor zxon, life form and
frequency of occurrence in the different sampled
reservoir portions. The phytoplankton flora was
composed by 105 zaxa including the Cyanophyceae
(27%), Chlorophyceae (25%), Bacillariophyceae
(13%), Euglenophyceae (10%), unidentified
phytoflagellates (<15 pm) (9%), Cryptophyceae
(7%), Zygnemaphyceae (5%), Dinophyceae
(2%) and Xanthophyceae (2%). Twenty-nine
descriptive taxa were found during the sampling
period and were composed by those with >5% of
the total phytoplankton density (organisms.L™")
in least one sample (Crosseti and Bicudo, 2008).
According to the Reynolds’ assemblages approach
(Reynolds et al., 2002) and recent review from
Padisdk et al. (2009), 19 functional groups were
identified during the study.

The inlet reservoir showed total phytoplankton
density varying from 0.11 x 10° to 12 x 10°
organisms.L"!'. On average, no statistically differences
were observed in phytoplankton density between
surface (4.5 x 10°% 4.6 x 10° organisms.L"") and
bottom waters (2.6 x 10°+ 3.7 x 10°organisms.L™").
This reservoir portion had 18 descriptive zxa from at
least 8 functional groups (Table 2) and 5 taxonomic
classes (Table 2). Concerning relative abundance,
Bacillariophyceae (45  30%) accounted for the
highest among all phytoplankton classes followed
by Chlorophyceae (20 £+ 15%), Cryptophyceae
(17 £ 17%), Cyanophyceae (8 £ 10%),
Phytoflagellates (7 £ 6%) and Euglenophyceae
(2 £ 5%). The more abundant species belong to
the functional groups C, X1, Y and J, respectively
(Figures 2 and 3). The most representative taxa
of Bacillariophyceae were Aulacoseira distans
var. distans and Cyclotella sp., representative of
functional group C. Cryptomonas (functional
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Table 2. Descriptive taxa of phytoplankton, functional group, life form and frequency of occurrence in Castanhao

Reservoir.
Descriptor taxa Sampling Functional Life Frequency of
site group ' form?2 occurrence
Cyanophyceae
Aphanocapsa sp. 2 Dam K CNF Rare
Cyanotetras sp. Middle ? CNF Rare
Cylindrospermopsis raciborskii (Woloszynska) Middle/Dam Sn Fi Constant
Seenayya & Subba Raju
Planktolyngbya limnetica (Lemmerman) Middle/Dam S1 Fi Constant
Komarkova-Legnerova & Cronberg
Pseudanabaena galeata (Bocher) and P. catenata (Lauterborn) Middle/Dam MP Fi Constant
Pseudanabaena limnetica (Lemmerman) Komarek Middle/Dam S1 Fi Constant
Pseudanabaena cf. raphidioides (Geitler) Anagnostidis & Komarek Middle/Dam ? Fi Constant
Microcystis sp. Middle M CNF Rare
Synechocystis aquatilis Sauvageau Inlet/Middle/Dam Lo UNF  Constant
Synechocystis sp. 2 Inlet K UNF Rare
Romeria sp. Inlet ? Fi Rare
Chlorophyceae
Botryococcus spp. Dam CNF Rare
Crucigenia sp. Inlet/Dam J CNF  Common
Monoraphidium minutum (Nageli) Komarkova-Legnerova Inlet X1 UNF  Common
Monoraphidium tortile (West & West) Komarkova-Legnerova Inlet X1 UNF Rare
Pseudodidymocystis fina (Komarek) Hegewald & Deason Dam X1 CNF  Common
Scenedesmus securiformis Playfair Inlet/Dam J CNF  Common
Scenedesmus graevenitzii (Bernard) Kofoid Inlet J CNF Rare
Schroederia sp. Inlet X1 UNF  Common
Euglenophyceae
Trachelomonas sp. 1 Inlet W2 UNF Rare
Cryptophyceae
Cryptomonas sp. 1 Inlet Y UF Common
Cryptomonas sp. 2 Inlet Y UF Rare
Cryptophyceae 1 Inlet Y UF Common
Bacillariophyceae
Achnanthidium minutissimum (Kiitzing) Czarnecki Middle/Dam MP UNF  Constant
Aulacoseira distans (Ehrenberg) Simonsen var. distans Inlet C CNF  Common
Cyclotella sp. 1 Inlet C UNF  Common
Navicula sp. 2 Inlet MP UNF  Common
Phytoplagelates no identified (< 15 pym)
Phytoflagellate 1 Inlet/Dam UF Common
Phytoflagellate 2 Inlet/Dam ? UF Common

! Functional group: defined according to Reynolds et al. (2002). ? Life form: unicellular flagellates (UF), colonial
flagellates (CF), unicellular non-flagellated (UNF), colonial non-flagellated (including coenobia) (CNF), and fila-
ments (Fi). ? Frequency of occurrence (%): rare (F < 10%), common (10% < F < 50%) and constant (F > 50%)
based on the occurrence related to the total number of samples (? - unidentified taxa functional group).

group Y) were the main genera of Cryptophyceae
while Monoraphidium spp. (X1), Schroederia sp.
(X1), Crucigenia spp. (J) and Scenedesmus spp. (J)
were the main taxa of Chlorophyceae. Synechocystis
aquatilis (Lo) and Romeria sp. (?) were the main
taxa of Cyanophyceae.

For the lacustrine middle and dam reservoir,
the phytoplankton assemblages had density

varying from 0.34 x 10° to 73 x 10° organisms.L".
Statistically higher density was reported in surface
(53 x 10°+ 18 x 10° organisms.L") than bottom
waters (18 x 10°+ 20 x 10° organisms.L?). In
middle reservoir 9 descriptive zaxa from at least
5 functional groups and 2 taxonomic classes were
found. In dam reservoir was found 14 descriptive
taxa were found from at least 8 functional groups
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and 3 taxonomic classes (Table 2). Cyanophyceae
was the most abundant class in middle and dam
reservoir (82 + 8% and 78 £ 11%, respectively).
The main functional groups were S1, MP, Lo
and Sn (Figure 2 and 3). The most representative
Cyanophyceae were Cylindrospermopsis raciborskii
(Sn), Planktolyngbya limnetica (S1), Pseudanabaena
spp. (galeata/catenata) (MP), Pseudanabaena
limnetica (S1), Pseudanabaena cf. raphidioides
() and Synechocystis aquatilis (Lo). Other classes
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Figure 2. Total mean density (organisms.L") of the main
phytoplankton functional groups and mean concentra-
tion of Clorophyll- for the three sampling sites across the
Castanhido Reservoir during the sampling period.
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Figure 3. Mean relative abundance (%) of the phyto-
plankton functional groups for the three sampling sites
across the Castanhio Reservoir during the sampling
period.
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were also important in middle and dam reservoir
such as Bacillariophyceae (14 £ 7% and 14 + 9%,
respectively) and Chlorophyceae (3 = 2% and
4 £ 5%, respectively), with predominant diatom
such as Achnanthidium minutissimum (MP) and
greens Botryococcus spp. (F), Crucigenia spp. (]),
Pseudodidymocystis fina (X1) and Scenedesmus
securiformis (J).

4.3. Trophic state evaluation

An attempt to evaluate the trophic state of
the Castanhdo Reservoir was made by using the
Modified Carlson Index and the index proposed
by Lamparelli (2004) which set more accurate
classification for the trophic status of tropical/
subtropical reservoirs. Table 3 shows the application
of both indices to each reservoir portion and to the
overall conditions of Castanhio Reservoir. Both
indices classify the inlet reservoir as eutrophic and
the middle and dam reservoir as mesotrophic. On
average, the overall trophic state of the Castanhao
Reservoir is the mesotrophic according to both
indices.

5. Discussion

The trophic state evaluation indicated that
the Castanhio Reservoir is actually a mesotrophic
environment, although no inference could be
made upon which position the reservoir is in the
upsurge-depression curve (Kimmel and Groeger,
1986). The average time for the formation of a
reservoir has been shown to vary from 4 to over
10 years. The Amazonian reservoirs, for example,
are emphasized as taking more than 10 years to
achieve stabilization as a result of the low decom-
position rates of the submerged forest (Straskraba
and Tundisi, 2000). The results from Figueiredo
and Bianchini-Jr. (2008) indicated that after three
years of impoundment flood, the Manso Reservoir
was at the stabilization phase.

The physical and chemical conditions of the
reservoir are important controlling factors of the
phytoplankton assemblages. The more abundant
assemblages in the inlet reservoir (C, X1, Y and
J) are generally typical of mixed and/or turbid
environments which might also have high nutrient
content (Reynolds et al., 2002; Padisdk et al.,

Table 3. Classification of trophic state of inlet (#1), middle (#2), and dam (#3) reservoir and as a mean for the whole

Castanhio Reservoir.

Inlet Middle Dam Castanhdo Reservoir trophic state
Modified Carlson Index 56 53 50 53 Mesotrophy
Lamparelli (2004) 60 57 56 58 Mesotrophy
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2009). Despite the higher N:P ratio, the higher TP
concentrations and the statistically inverse Spearman
correlation between total phytoplankton density and
SRP (r=-0.58; P < 0.05) suggest that phosphorous
is not a limiting factor for phytoplankton growth,
at least in the inlet reservoir (Table 4). The positive
correlation between the total phytoplankton density
and transparency (r = 0.48, P < 0.05) (Table 4)
and the higher concentration of suspended matter,
lower transparency and Z_ indicate light as a
limiting factor for inlet limnological conditions.
Thus, some of the most representative algae species
develop adaptations to survive under the low
transparency conditions reported in inlet waters.
The data from Bovo-Scomparin and Train (2008)
reported the dominance of Aulacoseira distans (C)
and Cryptomonas spp. (Y) in the floodplain Ventura
lagoon (Brazil) under high inorganic dissolved
nitrogen concentrations, especially ammonium,
N:P ratios, turbidity and low light availability,
soluble reactive phosphorous and mixture of the
water column. According to Kruk et al. (2002),
other species found in the inlet area such as
Monoraphidium minutum and M. tortile (both
X1) also benefit from high TP, SRP and NH,
concentrations.

The lacustrine middle and dam reservoir have
higher density of total phytoplankton than the
inlet reservoir based on lower suspended matter
and higher Secchi transparency. Among the more
abundant functional groups found in this reservoir
portion, the functional groups Sn, S1 and MP
should be highlighted as adapted to high turbidity
and well-mixed waters (Reynolds et al., 2002;
Padisdk et al., 2009). Despite these groups indicate
a well-mixed water column, this condition might
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be restrict to surface waters in view of significant
differences (p < 0.05) found between surface and
bottom waters for variables as temperature, dissolved
oxygen, TP, and total phytoplankton density. The
higher relative abundance of Cyanophyceae whose
species have gas vacuoles that decrease the sink of
organisms (Padisdk, 1997; O’Farrell et al., 2007)
also indicate more stable water column conditions
compared to inlet waters. Additionally, physical-
chemical conditions of lacustrine middle and dam
reservoir sites are also important controlling factors
of phytoplankton assemblages. Total phytoplankton
has statistical inverse correlation with D-Si
(r=-0.38) and SRP (r =—0.58) (Table 4) suggesting
that nutrient uptake by phytoplankton assemblages
for metabolic purposes (Esteves, 1998; Reynolds,
1984) might be an important controlling factor
of dissolved nutrient distribution across lacustrine
reservoir portion.

Among the Cyanophycea species, the
Oylindrospermopsis raciborskii is a representative taxa
which is also reported in many reservoirs, including
those eutrophic, located at semi-arid Brazilian
Northeastern (Bouvy et al., 2000; Huszar et al.,
2000; Chellappa and Costa, 2003) as well as in
the State of Ceard (Barroso, 2006; Oliveira, 2006)
suggesting adaptation of C. raciborskii to ecological
conditions of aquatic environments under the
influence of semi-arid climate. The ecological
importance of C. raciborskii relies on dense bloom
formation, potential toxicity and toxin production
with serious public health threats (Padisdk, 1997;
FUNASA/MS-Brasil, 2003; Chellappa et al.,
2008).

Other Cyanophyceae species such as P/ limnetica
(81), Ps. galeata/catenata (MP), Ps. limnetica (S1),

Table 4. Spearmam rank order correlation of limnological variables of Castanhao Reservoir. Marked correlations are

significant at p < 0.05000.

D-Si SRP TP NH,* TN Chl-a  TSS Phyto. Cond. O, pH  Transp.
density
D-Si 1.000 - - - - - - -
SRP -0.061 1000 - - - - - -
TP -0.0021 0.564 1.000 - - - - - -
NH,’ 0057 -0.022 -0.053 1.000 - - - - - -
™ 0017 0062 0249 -0.042 1000 - - - - - -
Chl-a -0.555 -0.339 -0279 0.299 -0.136 1.000 - - . - -
TSS -0.249 0285 0390 0213 0050 0337 1000 - - -
Sﬁxzﬂyaann 0382 -0577 -039 -0.13 0048 0585 -0.083 1000 - - -
Conductivity ~ 0.218  0.029 0040 0.175 -0.506 -0.143 0.228 -0.326 1.000 - -
0, -0.465 -0.527 -0.448 0.135 0039 0572 0169 0445 0247 1000 -
ph 0134 -0261 -0.458 -0.092 -0.004 -0.038 -0.383 0.176 -0.535 0.129 1.000
Transparency -0.294 -0.417 -0.656 -0.001 -0.140 0.135 -0.608 0.482 0.093 0.744 -0.091 1.000
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Ps. cf. raphidioides (?) and S. aquarilis (Lo) were
also found in Castanhao Reservoir. According to
Marinho and Azevedo (2007) nitrogen availability
might be a key factor of non-nitrogen-fixing
Cyanophyceae dominance. Thus, Cyanophyceae
species from lacustrine portion of the Castanhio
Reservoir are favoured by ammonium concentration
based on positive correlation between this nutrient
and Chlorophyll-z (r = 0.30; P < 0.05) (Table 4).
At the same time, low sink rates, low susceptibility
of grazing and adaption to low light intensity are
also important features related to high representative
of Cyanophyceae in lacustrine freshwaters (Padisdk,
1997; Nixdorf et al., 2003; Salmaso, 2003;
Padisdk et al., 2009). Additionally, species such as
Pl limnetica, Ps. catenata, Ps. galeara, , Ps. limnetica
and S. aquatilis are widely found in mesotropic/
eutrophic aquatic environments (Adler et al.,
2000; Salmaso, 2002; Villena and Romo, 2007;
Soares etal., 2007) justifying the abundance of these
species in the Castanhio Reservoir.

Also in the lacustrine portion of the reservoir, the
presence of diatom Achnanthidium minutissimum
and not A. distans var. distans, which were reported
in the inlet reservoir, might also be associated to
higher water column stability. As Achnanthidium
minutissimum individuals are smaller than A. distans
var. distans, we might suppose that lower weight favors
flotation of A. minutissimum in less turbulent waters.
The A. minutissimum is usually reported in aquatic
environments ranging from oligotrophic to eutrophic
conditions (Potapova and Charles, 2007).

In summary, after five years of complete
flooding the Castanhao Reservoir is a mesotrophic
environment. However, both in-lake and watershed-
based activities (eg. urbanization, agriculture,
husbandry, aquaculture, all without proper waste
treatment) might become prone-pollution sources
to the reservoir and induce or accelerate eutrophic
conditions considering its mesotrophic state. The
results suggested that phytoplankton assemblages
might be influenced by nutrient content and light
availability to the water column. Thus, changes
on nutrient inputs might induce modification on
quantitative and qualitative algae composition
inducing for example the algae bloom of potential
toxic species Cylindrospermopsis raciborskii and
other symptoms of euthrophycation as depletion
of dissolved oxygen which was already found in
the Castanhio Reservoir.
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