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Abstract Long-term phytoplankton dynamics in a

floodplain lake, between periods of limnophase and

potamophase was studied using the morphology-based

functional classification (MBFG). The work was

carried out to test the hypothesis that the temporal

distribution of MBFGs is influenced by the hydrosed-

imentological regime of the Paraná River, and that

these differences can be registered by analyzing the

dominant MBFGs in the two periods. Samples were

taken in an isolated floodplain lake on the Upper

Paraná River floodplain, Brazil, from 2000 to 2012,

and water level, water temperature, conductivity, pH,

dissolved-oxygen, euphotic zone, maximum depth,

and nutrients were used to explain the distribution of

MBFGs. 478 taxa were identified and distributed in

seven MBFGs (I–VII). MBFG V (flagellates algae)

and VI (diatoms) showed 100% frequency of

occurrence. MBFG II was associated exclusively with

the limnophase; MBFG IV and VII were associated

with limnophase periods with higher pH and dis-

solved-oxygen content; and MBFG I, III, V, and VI

were associated with limnophase and potamophase,

mainly associated with transparency, nutrients, and

conductivity. The MBFG approach represented the

trends of each group in terms of its occurrence and

biovolume, according to the hydrosedimentological

regime, providing broad-scale information on changes

in the phytoplankton.

Keywords Phytoplankton � Biovolume �
Morphological traits � Shallow lake � Floodplain

Introduction

Phytoplankton is a highly diverse ecological group,

encompassing hundreds of species of algae and

Cyanobacteria with different morpho-functional

strategies. The co-occurrence of these species depends

largely on differences in biological processes such as

growth, acquiring resources (light and nutrients),

ability to inhibit loss processes (predation and sedi-

mentation), regulation of buoyancy, and vertical

migration (Mihaljević et al., 2015). These organisms

may show a highly variable morphology, according to

the environmental variability and ecosystem charac-

teristics (Naselli-Flores et al., 2007).
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Núcleo de Pesquisas em Limnologia, Ictiologia e

Aquicultura, Universidade Estadual de Maringá, Avenida
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The need for understanding the relationships

between structural and functional properties of ecosys-

tems has led to the development of various classifi-

cations of the aquatic biota, based on structural,

taxonomic and functional characteristics, to help

explain the organization of ecological communities

by simplifying the complexity of real ecosystems

(Reynolds et al., 2002; Weithoff, 2003; Salmaso &

Padisák, 2007; Padisák et al., 2009; Salmaso et al.,

2015). Among the classifications that are currently

applied in phytoplankton studies is the morphology-

based functional classification (MBFG) proposed by

Kruk et al. (2010), which considers the maximum

linear dimension (MLD), volume (V), rate sur-

face:volume (S/V), and the presence of flagella,

siliceous structures, mucilage, and aerotopes.

In this classification system, the authors summa-

rized the functional characteristics and the variability

of the species in seven groups (MBFG I–VII), which

reflect their different abilities to absorb light and

nutrients, growth, and mechanisms to prevent sedi-

mentation and predation (Pacheco et al., 2010). The

formation of different groups facilitates predictions of

community composition and relationships to particu-

lar environmental conditions (Kruk et al., 2011; Kruk

& Segura, 2012).

The approach based on functional traits allows

wider generalizations than the traditional phylogeny-

based approaches, and has stimulated interest in

classifying species into groups that are directly related

to ecosystem functions (Litchman & Klausmeier,

2008; Brasil & Huszar, 2011) as well as many groups

that comprise species with different structural and

functional properties (Žutinić et al., 2014). Knowing

of the factors that regulate the dynamics of phyto-

plankton is a prerequisite to understanding how the

traits of the species influence their responses to the

environment (Jamil et al., 2014).

In a floodplain system, the main hydrological and

ecological features are dependent on the flood pulse.

Maintaining connectivity resulting from natural fluc-

tuations in water levels is critical to the integrity,

functioning, and maintenance of the dynamic charac-

teristics of the aquatic communities in floodplain lakes

(Leira & Cantonati, 2008; Bovo-Scomparin et al.,

2013) and the changes in connectivity may influence

the distribution of morpho-functional strategies of

planktonic algae in these environments. Although

most rivers of South America are modified hydro-

morphologically (Pelicice et al., 2014), there are long

sections of rivers in the lowland systems that appear to

be close to their natural state, such as the Upper Paraná

River floodplain that is the last remaining undammed

section of the Paraná River in Brazil, containing a

variety of habitats, among which many lakes, sup-

porting a high diversity of organisms (Agostinho et al.,

2004). Thus, many floodplain lakes can significantly

contribute to inoculation of the rivers’ phytoplankton

by euplanktic species. In South America, the studies in

floodplain lakes emphasize that the composition and

dynamic phytoplankton are explained by external

(hydrological) and internal (environmental filters)

factors (De Emiliani, 1997; Huszar & Reynolds,

1997; Ibanez, 1998; Izaguirre et al., 2004; Bovo-

Scomparin & Train, 2008; O’Farrell et al., 2011;

Bortolini et al., 2014a; Granado & Henry, 2014; Pinto

et al., 2014).

Although several studies have used the approach of

MBFGs in different environments (Pacheco et al.,

2010; Izaguirre et al., 2012; Hu et al., 2013; Segura

et al., 2013; Mihaljević et al., 2013; Abonyi et al.,

2014; Mihaljević et al., 2015), for Brazilian flood-

plains only the study of Bortolini et al. (2014b) has

addressed the phytoplankton variability and the

application of this classification, in a side channel of

the Upper Paraná River.

Since planktonic algae have well defined traits that

determine their niche, the study of phytoplankton

communities would be an ideal approach to answer

questions raised in trait-based ecology (Litchman &

Klausmeier, 2008). Using this approach, we describe

and compare the phytoplankton dynamics between

periods of limnophase and potamophase in a subtrop-

ical floodplain lake, on a long-term scale, using the

morpho-functional classification (MBFG). We

hypothesized that the temporal distribution of MBFGs

in the lake would be influenced by the hydrosedimen-

tological regime of the Paraná River, and that the

dominant MBFGs would differ between the two

distinct periods.

Materials and methods

Study area

The Upper Paraná River includes the first third of the

Paraná River basin, the second-longest river in South
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America, and the tenth largest in the world in terms of

discharge. The Upper Paraná lies almost entirely

within Brazil, except for a stretch in the Itaipu

Reservoir on the border with Paraguay (Agostinho

et al., 2008). The river width:depth ratio is 100:1 and

the flow velocity is approximately 0.56 m s-1. The

Upper Paraná River floodplain includes the segment

between the Porto Primavera Hydroelectric Plant

(Primavera, state of São Paulo) and the reservoir

above the dam of the Itaipu Hydroelectric Plant

(Guaı́ra, state of Paraná), forming a complexmosaic of

wetlands. The floodplain is about 230 km long and

20 km wide (Souza Filho & Stevaux, 2004).

Osmar Lake (Fig. 1) is an isolated floodplain lake,

located about 120 m from the Paraná River, in an area

with dense riparian forest and sandy soil. During the

limnophase period, the lake is approximately 60 m

long and 15 m wide, on average; in potamophase

periods the lake may cover an area of 0.15 ha, with a

mean depth of 1.1 m. The connection between the lake

and the main river channel forms only during the

potamophase, when the river rises above the 3.5 m

level (Souza Filho et al., 2004). In this lake, it was

identified by Mormul et al. (2012) the possible

occurrence of three water states, being the turbid state

when the lake was at its shallowest phase and was

characterized by high biomass of benthic fish and high

values of total phosphorus (TP), turbidity and with

high chlorophyll-a, and second state being macro-

phyte-dominated (Egeria densa Planc) occurred at the

high water phase and exhibited the lowest values of

TP, turbidity and chlorophyll-a. The third state would

be a transient state that was observed during periods of

intermediate water levels. The transient state was

characterized by absence of submerged macrophytes,

low benthic fish biomass, intermediate values of TP,

Fig. 1 Map and location of Osmar Lake, Upper Paraná River floodplain, Brazil
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turbidity and chlorophyll-a relative to the other two

states, as well as high zooplankton densities, primarily

small-sized filter-feeders.

Methods

The samples of phytoplankton were collected quar-

terly (except in 2000 and 2003 when only two samples

were taken in each year and in 2001 when only one

sample was taken) during the years 2000–2012. All

sampling was conducted as part of the multidisci-

plinary research project ‘‘The Upper Paraná River

floodplain’’—Long Term Ecological Research Pro-

gram (PELD), funded by MCT/CNPq. Phytoplankton

samples were taken just below the water surface

(depth 20 cm) in the pelagic zone of Osmar lake, being

one sample collected at sampling date. The samples

were collected directly in bottles and preserved with

1% Lugol solution. Counted fields were selected

randomly, in an inverted microscope, according to

Utermöhl (1958) and Lund et al. (1958). The phyto-

plankton biovolume was calculated by multiplying the

density of each taxon by its respective volume. The

cell volume was calculated from geometric models,

according to the shape of the cells (Sun & Liu, 2003),

being the encountered species identified and mea-

sured, on average thirty organisms by species.

The phytoplankton organisms were grouped in

accordance with the seven MBFGs described by Kruk

et al. (2010): The MBFG I includes small organisms

with high s/v; MBFG II includes small flagellates

organism with siliceous exoskeletal structures; MBFG

III includes large filaments with aerotopes; MBFG IV

includes organisms of medium size lacking special-

ized traits; MBFG V includes unicellular flagellates of

medium to large size; MBFG VI includes non-

flagellated organisms with siliceous exoskeletons;

MBFG VII includes large mucilaginous colonies.

The frequency of occurrence of the different groups

was calculated according to Dajoz (2005), being

constants groups those present in more than 50% of the

samples, common groups those present between 25

and 50% of the samples and rare groups those present

in less than 25% of the samples.

The data for water temperature (WT, �C), pH,

electrical conductivity (Cond, lS cm-1), and dis-

solved oxygen (DO, mg L-1) were obtained in situ

using Digimed portable digital potentiometers. Water

transparency (m) was obtained using a Secchi disk,

and the euphotic zone (Zeu, m) was calculated as 2.7

times the depth of the Secchi disk (Cole, 1994). The

maximum depth (Zmax) was obtained in each habitat.

The light availability in the lake was obtained from the

Zeu/Zmax ratio. Levels of soluble reactive phosphorus

(SRP, lg L-1; Golterman et al., 1978), nitrate (NO3-,

lg L-1; Giné et al., 1980), nitrite (NO2-, lg L-1;

Giné et al., 1980) and ammonium (NH4?, lg L-1;

Koroleff, 1978) were determined. The dissolved

inorganic nitrogen (DIN) content was determined

from the NO3-, NO2-, and NH4? concentrations.

Daily water level (WL) data for the Paraná River

were obtained from Itaipu Binational (Itaipu Bina-

cional), the National Water Agency (Agência Nacio-

nal das Águas—ANA) and the Ichthyology,

Limnology and Aquaculture Research Center (Núcleo

de Pesquisas em Ictiologia, Limnologia e Aquicul-

tura—Nupélia). Potamophase was considered when

the water level of the Paraná River was above 3.5 m,

indicating the start of the flood period; while

limnophase was considered when the water level

was less than 3.5 m (Souza Filho et al., 2004). The

amplitude of the limnophase (number of days when

the water level was below the 3.5 m reference level),

amplitude of the potamophase (number of days when

the water level was above the reference level), and the

connectivity index (ratio of the number of days of

potamophase to days of limnophase) were calculated

using the PULSE program (Neiff & Neiff, 2003).

A principal component analysis (PCA) was per-

formed to reduce the number of predictor variables.

Analysis of variance (two-way ANOVA) was per-

formed to test significant differences between the

scores of the first two PCA axes, between periods

(limnophase and potamophase) and among years

(2000–2012). Analysis of variance was also used to

identify significant differences in mean values of

biovolume of eachMBFG between periods and among

years. To investigate the relationship of MBFGs to

environmental variability, we performed a redundancy

analysis (RDA) using the biovolume of MBFGs as the

response variable and environmental variables as the

explanatory variables. The existence of multi-

collinearity between the explanatory variables was

examined by the variance inflation factor (VIF). PCA

was performed using the program PC-Ord 6.0

(McCune & Mefford, 1999), Anova by the Statistica
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program (StatSoft Inc., 2005), and RDA through the R

program (R Development Core Team, 2014).

Results

Environmental variability

Different flood patterns, defined according to the water

levels of the Paraná River, were observed on the

annual scale (CV = 28.7%; p = 0.0001). The largest

number of days of limnophase (355 and 362 days,

respectively) occurred in the years 2000 and 2001,

when the lake had no connectivity with the main

channel during almost the entire period. From 2005

onward, the number of days of limnophase decreased,

and the connectivity between the lake and the main

channel increased and the largest number of days of

potamophase and highest connectivity indexes were

observed in 2009, 2010, and 2011 (Table 1).

Nutrient concentrations showed high temporal

variability (DIN: 141–74% and SRP: 141–38%). Zeu
and Zmax showed the highest variability in years with a

potamophase. According to the Zeu/Zmax ratio, the

water column had light continually available in the

majority of sampling periods. The mean water

temperature was highest in 2001, during a period of

extreme drought in the region. Mean dissolved-

oxygen concentrations in the subsurface water were

lowest in 2012. The mean pH was around 6. The

highest mean value of electrical conductivity was

recorded in 2010. Means and variation coefficients of

abiotic parameters in the lake are shown in Table 2.

The PCA explained 50% of the environmental

variability, distinguishing the limnophase and pota-

mophase periods. On axis 1, Zmax (0.92), Zeu (0.88),

andWL (0.80) positively correlated,while theZeu/Zmax

ratio (-0.22) negatively. On axis 2, WT (0.54) and

SRP (0.48) positively correlated, while DO (-0.73)

and DIN (-0.56) negatively (Fig. 2). The ANOVA

identified significant differences for the scores of PCA

axis 1 among years (F = 4.51; p= 0.002) and between

periods versus years (F = 3.96; p = 0.005).

Phytoplankton community and morphologically

based functional groups (MBFG)

Of the 478 taxa identified, Chlorophyceae (146),

Euglenophyceae (87), and Zygnematophyceae (71)

were themost species-rich groups. SevenMBFGswere

represented. MBFG V, represented by unicellular

flagellates—Volvocales, euglenophyceans, crypto-

phyceans, dinophyceans, and raphidophyceans, and

MBFG VI, represented by diatoms, showed 100%

frequency of occurrence. MBFG I, represented by

small organisms with high s/v—small cyanobacteria

(71%), MBFG II, represented by small flagellated

organisms with siliceous exoeskeletal structures—

chrysophyceans (87%), MBFG IV, represented by

organisms of medium size lacking specialized traits—

chlorophyceans, zygnematophyceans, Oscillatoriales,

and xanthophyceans (95%), and VII, represented by

large mucilaginous colonies—cyanobacteria e chloro-

phyceans with large dimensions (84%) were also

considered constant. Only MBFG III, represented by

large filaments with aerotopes—heterocytic cyanobac-

teria (48%), was found to be common. MBFGs II, IV,

V, VI, and VII were important for phytoplankton

biovolume mainly in the limnophase period. MBFGs

III, IV, V, and VI also made important contributions to

the biovolume during potamophase periods (Table 3).

The highest mean values of phytoplankton biovol-

ume were recorded in 2007 (Fig. 3a). Significant

temporal differences between the values of biovolume

of the MBFGs (Fig. 3b–h) were observed only for

MBFG V (Period—F = 23.52; p = 0.0000 and Period

versus Year—F = 2.79; p = 0.0283).

MBFG VII, represented mainly by Sphaerocystis

planctonica (Korshikov) Bourrelly, was most

Table 1 Attributes pulse of

the daily water levels in the

Upper Paraná River and

influence on Osmar Lake

(RHW = days of

potamophase, RLW = days

of limnophase,

CI = connectivity index)

for each year of the study

RHW RLW CI

2000 11 355 0.03

2001 3 362 0.01

2002 36 329 0.11

2003 27 338 0.08

2004 10 356 0.03

2005 54 311 0.17

2006 56 309 0.18

2007 60 305 0.20

2008 39 327 0.16

2009 93 272 0.34

2010 102 263 0.39

2011 81 284 0.29

2012 32 333 0.09
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dominant during the limnophase period, in December

2007, when it contributed over 90% of the phyto-

plankton biovolume. However, from 2008 onward,

this group declined in biovolume. MBFG VI, repre-

sented by Aulacoseira herzogii (Lemmermann)

Simonsen, contributed more than 50% of the total

biovolume in March 2005 and June 2007, and was

represented by Ulnaria ulna (Nitzsch) P. Compère in

June 2010. MBFG V contributed significantly to the

biovolume in both the limnophase and potamophase.

MBFG IV had its greatest contribution in December

2008, with the dominance of Scenedesmus indicus

Philipose, which at that time comprised 82% of the

total biovolume. MBFG III, represented by Dolichos-

permum planctonicum (Brunnthaler) Wacklin, L.

Hoffmann & Komárek, contributed significantly to

the biovolume in February 2000, June 2006, and

December 2009. MBFG II, represented by chryso-

phyceans, showed a significant contribution to

Table 2 Mean values and

coefficient of variation (%

in parentheses) of water

temperature (WT, �C),
dissolved oxygen (DO,

mg L-1), pH, electrical

conductivity (Cond,

lS cm-1), euphotic zone

(Zeu, m), maximum depth

(Zmax, m), Zeu/Zmax ratio

(Zeu/Zmax), dissolved

inorganic nitrogen (DIN,

lg L-1), and soluble

reactive phosphorus (SRP,

lg L-1) in Osmar Lake

during 2000–2012

a Absolute values

WT DO pH Cond Zeu Zmax Zeu/Zmax DIN SRP

2000 25.2 4.2 6.3 55.3 1.2 1.2 1.0 31.0 3.9

(23) (50) (1) (50) (35.4) (35.4) (90.0) (141) (141)

2001a 29.8 4.9 6.2 41.7 0.6 1.0 0.6 20.5 11.9

2002 25.3 4.1 6.3 54.3 0.8 0.8 1.0 53.0 3.1

(24) (73) (7) (15) (75.7) (73.7) (1.5) (92) (53)

2003 23.5 3.6 5.8 40.3 1.6 1.6 1.0 23.7 14.7

(20) (19) (9) (20) (26.2) (26.1) (0.0) (79) (83)

2004 25.1 4.4 5.9 44.9 1.3 1.2 1.0 49.1 5.3

(19.7) (29) (6) (11) (30.3) (29.1) (2.0) (128) (64)

2005 23.3 5.1 6.3 44.1 0.8 1.0 0.9 31.3 5.5

(23) (43) (2) (27) (64.4) (69.8) (18.8) (94) (40)

2006 24.6 3.2 6.1 50.6 1.7 1.7 1.0 10.9 8.6

(17) (36) (6) (17) (25.4) (20.3) (8.1) (139) (44)

2007 24.9 4.1 6.5 48.5 1.4 1.9 0.8 107.4 17.3

(19) (22) (4) (20) (73.0) (93.7) (18.4) (121) (95)

2008 22.6 4.7 6.3 42.8 1.1 1.1 1.0 9.7 20.6

(19) (53) (4) (41) (32.0) (32.0) (0.0) (90) (83)

2009 23.8 4.0 6.4 56.5 1.5 1.5 1.0 43.3 12.2

(20) (54) (3) (20) (41.1) (41.1) (0.0) (141) (72)

2010 23.6 3.9 6.5 62.2 1.6 1.6 1.0 133.5 7.9

(24) (66) (9) (10) (62.3) (62.3) (0.0) (111) (38)

2011 23.5 3.7 6.4 50.1 2.0 2.0 1.0 88.7 16.3

(21) (31) (7) (18) (82.2) (82.2) (0.0) (80) (43)

2012 26.0 2.5 6.0 45.6 1.2 1.2 1.0 14.4 12.4

(11) (50) (7) (10) (20.4) (20.4) (0.0) (103) (69)

Fig. 2 Dispersion of month-year scores along the first two axes

of the principal components analysis, using the abiotic variables

in Osmar Lake during 2000–2012 (WL, water level; Zeu,
euphotic zone; Zmax, maximum depth; Zeu/Zmax, Zeu/Zmax ratio;

DO, dissolved oxygen; DIN, dissolved inorganic nitrogen; WT,

water temperature; SRP, soluble reactive phosphorus)
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biovolume only in limnophase periods, especially in

June 2004, September 2005, December 2006, Septem-

ber 2007, June 2009, and September 2011. MBFG I,

represented by Synechococcus sp., contributed signif-

icantly to the relative biovolume only in September

2004, during limnophase. Overall, MBFGs V and VI

were the main contributors in terms of biovolume

(Fig. 4).

The RDA showed the variability of the biovolume

of MBFGs during the 12 years of the study (axis

1 = 0.05; axis 2 = 0.01, p\ 0.05) and explained 25%

of the data variance. MBFG I, with its only significant

contribution in September 2004, was directly corre-

lated with DIN.MBFG II, was correlated only with the

limnophase period, distributed in the upper-left portion

of the diagram, due to the high contribution of this

Table 3 MBFGs, main species and main contributions at each sampling date for phytoplankton biovolume in Osmar Lake

MBFG Species

I Synechococcus sp. 57% SEP-04 L

II Dinobryon divergens Imhof 47% SEP-05 L; 41% DEC-06 L; 35% SEP-07 L;

26% SEP-08 L; 21% SEP-10 L

Dinobryon sertularia Ehrenberg 56% SEP-07 L; 57% JUN-09 L; 21% JUN-11 L

Mallomonas sp. 90% JUN-04 L

III Dolichospermum planctonicum (Brunnthaler) Wacklin, L.

Hoffmann & Komárek

68% FEB-00 L; 66% MAR-06 P

IV Gonatozygon kinahanii (Archer) Rabenhorst 44% FEB-02 P

Hyalotheca mucosa Ralfs 71% MAR-11 P

Micractinium pusillum Fresenius 25% JUN-08 L

Oscillatoria sp. 21% MAY-02 L

Onychonema laeve Nordstedt 41% JUN-08 L

Pediastrum duplex Meyen var. duplex 22% SEP-06 L

Scenedesmus indicus Philipose 82% DEC-08 L

V Cryptomonas marssonii Skuja 28% JUN-10 L

Gonyostomum semem (Ehrenberg) Diesing 47% DEC-10 L

Lepocinclis ovum var. ovum (Ehrenberg) Lemmermann 33% AUG-02 L; 23% FEB-08 L

Peridinium sp. 37% FEB-01 L; 76% MAR-03 P

Phacus cf. hamatus Pochmann 24% DEC-10 L

Sphaerellopsis cf. mucosa (Pascher) Pentecost 27% JUN-09 L

Trachelomonas hirta Cunha 41% SEP-12 L; 20% DEC-12 L

Trachelomonas kellogii Skvortzov 24% MAR-12 L

Trachelomonas volvocinopsis Svirenko 37% FEB-08 L; 27% MAR-09 P

VI Aulacoseira ambigua (Grunow) Simonsen var. ambigua 24% MAR-05 P; 25% SEP-06 L

Aulacoseira granulata (Ehrenberg) Simonsen var. angustissima (O.

Müller) Simonsen f. curvata Grunow

22% DEC-12 L

Aulacoseira granulata (Ehrenberg) Simonsen var. granulata 32% JUN-06 L; 44% JUN-11 L

Aulacoseira herzogii (Lemmermann) Simonsen 50% MAR-05 P; 61% JUN-07 L

Ulnaria ulna (Nitzsch) Compère 66% JUN-10 L

VII Botryococcus protuberans West et G. S. West 39% JUN-06 L

Dictyosphaerium pulchellum Wood 40% JUN-05 L

Microcystis aeruginosa Kützing 46% AUG-00 L; 77% MAR-04 L

Sphaerocystis planctonica (Korshikov) Bourrelly 93% DEC-07 L

L limnophase, P potamophase, FEB February, MAR March, MAY May, JUN June, AUG August, SEP September, DEC December
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Fig. 3 Mean values and standard error of the biovolume of MBFGs in Osmar Lake in the years 2000–2012 (a total biovolume;

b MBFG I; c MBFG II; d MBFG III; e MBFG IV; f MBFG V; g MBFG VI; h MBFG VII)
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group in the driest months. MBFG III and MBFG V,

associated with both the limnophase and potamophase,

were related mainly to the distribution of light and

nutrients in the lake, especially SRP.MBFGs I, III, and

V were also associated with the water level. MBFGs

IV, VI, and VII recorded in both hydrological periods

were correlated in the RDA with pH and dissolved

oxygen (Fig. 5).

Discussion

Knowledge of the morphological traits of phytoplank-

ton can assist in predicting the niche of a particular

species and comparing its behavior along an environ-

mental gradient (Kruk & Segura, 2012). In Osmar

Lake, the MBFGs were defined according to the

environmental variability resulting from conditions

imposed by the hydrosedimentological regime of

Paraná River, which influenced the environmental

conditions in the lake and consequently the distribu-

tion of these groups throughout the study period.

The low level of connectivity, the shallow depth of

the lake, and the light availability (high Zeu/Zmax ratio),

as well as the availability of nutrients, influenced the

occurrence of all MBFGs. However, the constancy of

MBFGs V and VI is probably due to their ecophys-

iological characteristics as well as to the lake dynam-

ics. Shallow lakes alternate constantly between clear

and turbid states (Scheffer, 1998), as recorded by

Mormul et al. (2012) for Osmar Lake. This alternation

may have favored the alternating dominance between

the MBFGs.

Members of MBFG V, including most unicellular

flagellated species, which had intermediate values for

Fig. 4 Relative

contribution to

phytoplankton biovolume of

the different MBFGs in

Osmar Lake in the years

2000–2012

Fig. 5 Diagram of the first and second RDA axes based on the

biomass of MBFGs, including all samples from 2000 through

2012, and environmental variables (WL, water level; Zeu,

euphotic zone; Zmax, maximum depth; Zeu/Zmax, Zeu/Zmax ratio;

DO, dissolved oxygen; DIN, dissolved inorganic nitrogen; WT,

water temperature; SRP, soluble reactive phosphorus; Cond,

electrical conductivity; I, II, III, IV, V, VI, VII, MBFGs I–VII;

triangles indicate environmental variables; stars indicate

MBFGs; full circles indicate potamophase; empty circles

indicate limnophase)
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most attributes and low maximum growth rates, have

wide physiological plasticity, motility, and tolerance

to light limitation and disturbance (Kruk & Segura,

2012). The presence of flagella helps algae to remain

in the water column, independently of the hydrological

period, being this group already registered in a shallow

lake with alternative steady states (Izaguirre et al.,

2012). MBFG VI, represented by diatoms, non-

flagellated organisms with siliceous exoskeletons,

typically shows high sinking rates, and often maintains

a high biomass. The high proportions of diatoms may

be related to the extensive interaction between the

pelagic and littoral region of the lake, due to its small

dimension, especially in limnophase, which favored

the occurrence of both meroplanktonic and periphytic

diatoms. However, this fact may hinder the evaluation

of the results obtained for MBFG VI. The MBFG VI

has been registered in turbid shallow lakes (Izaguirre

et al., 2012) and associated with high concentration of

nitrates (Mihaljević et al., 2015).

Morpho-functional traits related to loss from sed-

imentation, such as the presence of mucilage, large

dimensions and a low surface:volume ratio probably

favored the dominance of MBFG VII in most

limnophase periods. In particular, the dominance of

S. planctonica in December 2007 was related mainly

to high availability of light and nutrients, especially

SRP. However, according to Pacheco et al. (2010),

MBFG VII includes species that are typical of

environments both rich and poor nutritionally, and

therefore the potential usefulness of this MBFG to

classify lake conditions is limited and requires further

evaluation. This group can show relatively low

sensitivity to detect certain phytoplankton functional

aspects that may be relevant.

The dominance of MBFG II, represented in this

study mainly by Dinobryon spp. andMallomonas spp.

exclusively in the limnophase, in conditions of high

transparency, lower concentrations of SRP and DIN,

and temperatures around 22�C,may be associated with

their advantage in oligotrophic to mesotrophic condi-

tions, in transparent, neutral to slightly alkaline water

(Kruk & Segura, 2012).Dinobryon species, which can

form large colonies, are tolerant to low temperatures

and can resort to mixotrophy to obtain nutrients from

bacteria in oligotrophic conditions, which suggests

that it is favored by decreases in nutrients (Kamjunke

et al., 2007). Mallomonas spp. are single-celled

flagellates, covered externally with a highly organized

layer of flat, siliceous structures (Jo et al., 2011). They

are common in freshwaters, particularly in olig-

otrophic waters with low alkalinity (Siver et al.,

2013). The same pattern of occurrence of MBFG II

was registered by Pacheco et al. (2010) in oligotrophic

lakes Clotilde and Garcı́a in the southern coast of

Uruguay, besides that Mihaljević et al. (2015)

recorded high contribution ([70%) of MBFG II

(represented by Chrysococcus and Dinobryon spp.)

to the total biomass in Lake Sakadas.

The dominance of MBFG III, represented by k-

strategist heterocytic cyanobacteria, in 2000, 2006,

and 2009, years with low connectivity, occurred in

eutrophic conditions with a more-stable water column

as recorded by Izaguirre et al. (2012). The absence of a

potamophase in 2000 was attributed to a synergism

between the La Niña climate phenomenon (McPhaden

et al., 2006; CPTEC, 2012) and the formation of the

Porto Primavera reservoir, the last reservoir in the

cascade upstream of the Upper Paraná River flood-

plain (Rodrigues et al., 2009; 2015; Bovo-Scomparin

et al., 2013). In 2006 and 2009, there was a low-

amplitude potamophase and therefore the Paraná

River had less influence on the lake. The presence of

traits, such as larger MLD, high mean biomass, low

maximum growth rate, low sinking velocities, aero-

topes, as well as tolerance to light limitation (Kruk &

Segura, 2012) were probably decisive for the success

of MBFG III under these conditions.

MBFG IV, which includes medium-sized to large

single-celled organisms, colonial and filamentous taxa

without aerotopes, flagella, heterocysts, mucilage and

siliceous exoskeletal structures (Kruk et al., 2010),

was represented mainly by chlorophyceans and

zygnematophyceans. MBFG IV is widely distributed

and recorded in lakes with different environmental

conditions (Izaguirre et al., 2012). This fact is

probably due to the grouping of phytoplankton groups,

such as chlorophyceans and zygnematophyceans,

which exhibit high number of species. The colonial

Chlorococcales S. indicus was the dominant taxon in

December 2008, during the limnophase period, with

mesotrophic conditions, slightly acid pH, and high

water transparency.

The high relative contribution of MBFG I (mainly

Synechococcus sp.) in September 2004, during the

limnophase period, occurred during periods of high

nutrient concentrations, particularlyDIN([140 lg L-1).

According to Kruk & Segura (2012), these r-selected
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organisms have effective resource acquisition and high

specific growth rates in saturated and limited-resource

environments. The small body size of members of this

groupmay have contributed to their low representation in

biomass in most sampling periods, distinguishing this

group from others, as verified byMihaljević et al. (2015)

along a river–floodplain gradient.

The temporal variations in the availability of

resources resulted in changes in the temporal distribu-

tion and alternating dominance of different MBFGs,

representing changes in the composition and phyto-

plankton community structure in this floodplain lake,

which is subject to disturbances such as flooding.

Competitive abilities were likely important for the

distribution of the different MBFGs, as also observed

by Pacheco et al. (2010).

The functional classification based on morphology

is useful to define and understand the dynamics of

groups of phytoplankton species in relation to envi-

ronmental variation. As Kruk et al. (2010) noted,

clearly, many more adaptive traits could also be

important to ecological success than those tested in

their study. Nonetheless, studies using this classifica-

tion suggest that MBFGs are indeed suitable and

might represent ecological functioning in a broader

sense (Salmaso et al., 2015). The community charac-

teristics are best understood if grouped species have

similar traits or behave similarly (Salmaso & Padisák,

2007).

In the classification based on morphology, the

presence of similar structures, such as sizes and shapes

in phylogenetically distantly related species, can be

interpreted as a set of common analogous traits under

strong natural selection. Although morphology and

structure have implicitly functional roles, physiolog-

ical complexities are not taken into account and

characters such as pigment composition and photo-

synthetic efficiency which are vital characteristics

cannot be predicted and modeled by size and shape

(Salmaso et al., 2015). However, according Izaguirre

et al. (2012) the classification based on purely

morphological traits, can offer advantages, among

them, its objectivity and the relative ease of its

application to the majority of species for which

physiological traits are unknown and are not readily

determined. The identification of common traits under

a range of environmental conditions can improve our

ability to generalize results, finding common patterns

useful also in predicting shifts in the phytoplankton.

The classification based not only on the functional

characteristics of individual species, but also on the

range of conditions within which the species occur

together proposed by Reynolds et al. (2002) and

revised by Padisák et al. (2009) are now often used in

ecological studies of phytoplankton. However, new

categorizations should be tested so that we can

evaluate their applicability to the study of the phyto-

plankton community. Nevertheless, functional groups

are not meant to be a substitute for the whole extent of

information that can be gathered from species. The

knowledge of which species dominate a functional

group is of primary importance and is essential in

addressing particular ecological questions or environ-

mental issues (Padisák et al., 2009; Salmaso et al.,

2015).

Our study is one of the first descriptions of

phytoplankton variability in floodplain lakes in Brazil

that uses the functional classification based on mor-

phology. Although simple, the MBFG approach well

represented the biovolume trends of each group and its

occurrence, as well as the functioning trends in this

shallow lake, according to environmental variability.

The environmental factors were influenced by the

hydrosedimentological regime of the Paraná River,

influencing the distribution of MBFGs. In this case,

the model provided useful information on the phyto-

plankton variability on a large time scale.
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River, Brazil. Hydrobiologia 702: 115–127.

Brasil, J. & V. L.M. Huszar, 2011. O papel dos traços funcionais
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