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Abstract

Seasonal dynamics of macroalgal communities was analyzed monthly by samplings in three stream segments of the 
Pedras River Basin, mid-south region of Paraná State, southern Brazil, from April 2004 to March 2005. The seasonal 
fluctuations in macroalgal species richness and abundance were correlated with selected environmental variables. In 
general, the seasonal distribution patterns of these communities were distinct from those reported from other tropical 
and temperate regions, with higher macroalgal richness and abundance observed from late spring to late fall. Multiple 
linear regression analysis revealed that the stream variable most closely related with the temporal distribution pattern 
observed was temperature, which had a very similar seasonal pattern to the biological parameters. On the other hand, 
the floristic composition was quite diverse in the streams sampled. Among the 25 taxa identified, only two were com-
mon to the three streams whereas 15 were restricted to a single sampling site. These data indicate that, although tem-
perature seems to be an effective relationship with global temporal pattern, particular characteristics of each stream 
can strongly influence the seasonal tendencies in local scale. The results of Detrended Correspondence Analysis 
(DCA) and Cluster Analysis corroborated this observation.
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Sazonalidade das comunidades de macroalgas em uma bacia de  
drenagem subtropical no estado do Paraná, sul do Brasil

Resumo

A dinâmica sazonal das comunidades de macroalgas foi analisada mensalmente através de amostragens em três seg-
mentos de riachos da Bacia do Rio das Pedras, região centro-sul do Estado do Paraná, Sul do Brasil, de abril de 2004 a 
março de 2005. As flutuações sazonais na riqueza e abundância de espécies de macroalgas foram correlacionadas com 
variáveis ambientais selecionadas. Em geral, os padrões de distribuição sazonal destas comunidades foram distintos 
daqueles reportados para outras regiões tropicais e temperadas, com maiores valores de riqueza e abundância observa-
dos no período compreendido entre o final da primavera e o final do outono. As análises de regressão linear múltipla 
revelaram que a variável do riacho mais fortemente relacionada com o padrão de distribuição temporal observado foi 
a temperatura, que teve um padrão sazonal muito similar àqueles observados para os parâmetros biológicos. Por outro 
lado, a composição florística foi bastante diversa nos riachos amostrados. Dentre os 25 táxons identificados, somente 
dois foram comuns aos três riachos, enquanto que 15 foram restritos a um único ponto de amostragem. Estes dados 
indicam que, embora a temperatura pareça ter tido uma relação efetiva com o padrão temporal global, características 
particulares de cada riacho podem influenciar fortemente as tendências sazonais em escala local. Os resultados da 
Análise de Correspondência Destendenciada (ADC) e da Análise de Grupamento corroboraram esta observação.

Palavras-chave: bacia de drenagem, Brasil, macroalgas lóticas, sazonalidade, subtropical.

1. Introduction

The seasonal fluctuation in macroalgal communi-
ties is a phenomenon, as a rule, influenced by environ-
mental factors (Necchi-Júnior and Pascoaloto, 1993). In 
temperate regions, the variation in quantity and quality 
of radiation has often been associated with the seasonal 

variation pattern of such algal communities (Holmes and 
Whitton, 1981; Sheath and Burkholder, 1985; Steinman 
and McIntire, 1986; 1987; Sheath and Hambrook, 1990). 
On the other hand, variables associated with rainfall, par-
ticularly current velocity and turbidity, are considered as 
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the most important factors influencing temporal fluctua-
tions on macroalgae in tropical regions (Necchi-Júnior 
et al., 1991; Necchi-Júnior and Pascoaloto, 1993).

Investigations involving temporal monitoring of 
lotic macroalgal communities and its relationship with 
environmental characteristics are relatively scarce in 
Brazil. In addition, the few studies of this nature con-
cerning Brazilian streams were almost entirely carried 
out in tropical regions in São Paulo State (Necchi-Júnior 
et al., 1991; Necchi-Júnior and Pascoaloto, 1993; Branco 
and Necchi-Júnior, 1997). An important exception is a 
study realized in terra-firme streams from forest reserve 
areas in Amazon State (Pascoaloto, 1999). Considering 
that Brazil has a vast territory with a great variety of 
tropical and subtropical regions, more seasonal studies 
from other Brazilian areas might be important to bring 
new ecological information about the stream macroalgal 
communities. 

The present study was carried out to fulfil such scar-
city, considering that southern Brazil, including Paraná 
State, represents an important subtropical region where 
the climatic characteristics are peculiar and the ecological 
patterns of stream macroalgae are poorly known. Thus, 
the main purpose of the present study was to analyze the 
seasonal dynamics of macroalgal communities and its 
relationship with environmental characteristics in three 
streams of the Pedras River Basin, located in a subtropi-
cal region of Paraná State, southern Brazil. Considering 
the climatic combination of the study region, especially 
the rainfall and temperature regimes, we raised the fol-
lowing initial hypothesis to be tested: due to peculiar 
rainfall regime (rainfall well-distributed throughout the 
year with no clear distinction between dry and wet sea-
sons), pattern of temperature variation (hot summer and 
mild to cold winter) and altitudinal profile (mean altitude 
over than 1,000 m) found in the study region we expect 
that the seasonality of lotic macroalgal communities, in 
terms of temporal distribution pattern and relation with 
stream variables, to be well distinct from that previously 
reported for tropical and temperate regions of the world 
(Sheath, 1984; Sheath and Burkholder, 1985; Sheath and 
Hambrook, 1990; Necchi-Júnior et al., 1991; Necchi-
Júnior and Pascoaloto, 1993; Branco and Necchi-Júnior, 
1997).

2. Material and Methods

2.1. Study area

The study was carried out in three streams (Table 1) 
belonging to the Pedras River Basin (25° 13’-25° 26’ S 
and 51° 13’-51° 28’ W), a subtropical drainage basin lo-
cated in Paraná State, southeastern Brazil. The climate 
of the study area corresponds to a variation of the humid 
subtropical (Cfa - according to the Köppen classification) 
(Wons, 1982). The rainfall is well distributed throughout 
the year; with annual means around 1,960 mm and the 
annual mean temperature ranging from 16.0 to 17.5 °C. 
In addition, the Pedras River Basin is located at altitudes 
above 1,000 m.

2.2. Sampling procedures and data analyses

The fieldwork was conducted during the period April 
2004 to March 2005 by means of monthly sampling. Each 
sampling site consisted of 10 m reaches permanently es-
tablished which were thoroughly examined, by means 
of the cross-transect technique (Sheath and Burkholder, 
1985), for the presence of macroalgae. In addition, abun-
dance of each species was estimated in terms of percent 
cover as described by Sheath and Burkholder (1985). We 
adopted the concept of macroalgae as defined by Sheath 
and Cole (1992). The following stream variables were 
analyzed in each sampling: depth, water temperature, 
turbidity, specific conductance, pH, dissolved oxygen 
and current velocity. All measurements, but turbidity, 
were made directly in the field. With exception of depth, 
all variables were taken with a Consort C535 water qual-
ity checker. Depth was measured in the midpoint of each 
transect (10 replicates by sampling date) with the help 
of a measuring tape. Water samples were transported to 
the laboratory and turbidity was measured using a Hach 
2100P turbidimeter. Current velocity was measured us-
ing a 2030R General Oceanics mechanical flow meter, 
at ten equally spaced points along the stream segments, 
and averaged. We also annotated substratum type (ac-
cording to particle size classes given by Gordon et al., 
1992). Rainfall data were obtained from the Department 
of Agriculture of the municipality of Guarapuava (PR, 
Brazil).

Table 1. Description of sampling sites in the Pedras River basin. D = mean depth; MV = marginal vegetation; L = location 
in drainage basin; S = substrate; SH = shading; and W = mean width.

Number, name and location Description
1 Guabiroba Stream 2-order; L: lower portion; D: 27.5 cm; W: 2.5 m; S: predominantly boulders and 

pebbles; MV: well preserved Araucaria Forest; SH: heavily shaded.

2 Pedras River 4-order; L: median portion; D: 40.5 cm; W: 6.0 m; S: predominantly boulders, 
presence of aquatic macrophytes; MV: well preserved Araucaria Forest; SH: 
partially shaded.

3 Saltinho Stream 2-order; L: upper portion; D: 25.5 cm; W: 1.5 m; S: predominantly gravel; MV: 
disturbed Araucaria Forest; SH: partially shaded.
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The Pearson product-moment correlation coefficient 
was applied to examine possible associations among 
physical, chemical and biological variables, whereas 
multiple linear regression analysis was applied in or-
der to evaluate the combined effect of the most closely 
related variables (Sokal and Rohlf, 1981). In order to 
avoid adverse effects of multicollinearity in regres-
sion analysis, the independent variables were selected 
for each stream based on the correlations among them. 
Differences in means for stream variables and biological 
data among the sampling sites were tested by one-way 
analysis of variance (ANOVA, Sokal and Rohlf, 1981). 
Detrended Correspondence Analysis (DCA) and Cluster 
Analysis were applied to observe possible associations 
among sampling sites and dates based on composition 
of macroalgal communities. The analyses were per-
formed with the statistical packages Statsoft Statistica, 
version  6.0, Minitab, version 10.1 (Ryan et al., 1985), 
Pcord, version  4.0 (McCune and Mefford, 1999) and 
Nt-Sys, version 2.1 (Romesburg, 1984; Rohlf, 2000).

3. Results

3.1. Seasonal variation of the stream variables

Maximum, minimum and mean values of the measured 
environmental variables revealed, in general, narrow tem-
poral variation in the physical and chemical characteriza-
tion among the three streams (Table 2, Figure 1). Seasonal 
fluctuation in precipitation showed an evenly rainfall 
pattern, with the high values in March and October 2004 
and low in August 2004 (Figure 2). ANOVA showed sig-
nificant differences among streams only for pH (F = 7.18,  
p < 0.01) and depth (F = 3.76, p < 0.05).

3.2. Seasonal dynamics of the stream macroalgal 
communities

Site 1: 18 macroalgal species were identified at this 
sampling site, which was the highest number among 

the streams studied (Table 3). Species number per sam-
pling date varied from 2 to 6 (x = 4.0 ± 1.6) (Figure 3). 
Generally, low values of abundance (percent cover be-
tween 0.5-15%, x = 5 ± 4.5) were observed, with maxi-
mum values in January and February (Figure 3).

55% (10 taxa) of the macroalgae identified 
were observed exclusively in this stream (Table 3). 
Batrachospermum virgato-decaisneanum (Rhodophyta) 
and Tolypothrix byssoidea (Cyanophyta) were the spe-
cies with higher number of occurrence, being ob-
served in nine samplings (75% of all samplings). 
B.  virgato-decaisneanum had the highest biomass in 
summer (Figure 4a), while T. byssoidea did not show 
any clear pattern of abundance variation throughout the 
study period, with very low values of percent cover in 
all sampling dates (Figure 4b). Species richness and 
abundance were positively correlated with water tem-
perature (r = 0.639-0.832, p < 0.005) and negatively 
with current velocity (r = –0.583-0.684, p < 0.05). 
According to multiple regression analysis, temperature, 
pH, specific conductance, turbidity, current velocity and 
rainfall accounted for 85.5% (F = 4.89, p = 0.05) of the 
seasonal variation of the species number (p < 0.05); 
however, only temperature showed significant correla-
tion (t = 3.46, p < 0.01).

Site 2: 10 macroalgal species were identified at this 
sampling site (Table 3). The species number per sam-
pling date ranged from 0 to 3 (x = 1.5 ± 1.0) (Figure 3). 
Abundance of stream macroalgal communities showed 
narrow variation, with low values (0-18%, x = 2.3 ± 5.0) 
along the study period, except for an unexpected high 
value observed in February (Figure 3).

40% of the macroalgal species (4 taxa) were found 
exclusively at this sampling site (Table 3). Pleurocapsa 
fluviatilis (Cyanophyta) was the species occurring dur-
ing the longest period (four samplings, 33% of all sam-
pling dates) (Figure 4c). Although P. fluviatilis has often 
occurred at very low abundances, its highest cover was 

Table 2. Environmental variable values measured for each sampling site at the Pedras River Basin from April/04 to 
March/05.

Variable Site 1 Site 2 Site 3
Temperature (oC) 13.4-20.1

(x = 16.7 ± 2.6)
12.7-24.6

(x = 18.6 ± 4.1)
14.0-25.2 

(x = 18.6 ± 4.1)
Specific conductance
(µS.cm–1)

46.1-410.0
(x = 233.9 ± 130.5)

29.9-741.0
(x = 220.1 ± 218.5)

25.6-829.0
(x = 240.7 ± 225.6)

Dissolved oxygen
(% saturation)

57-91
(x = 73.6 ± 9.7)

56-90
(x = 69.8 ± 10.3)

51-86
(x = 64.4 ± 9.7)

pH 7.11-8.24
(x = 7.5 ± 0.28)

7.12-7.79
(x = 7.4 ± 0.24)

6.42-7.77
(x = 7.0 ± 0.45)

Turbidity
(NTU)

1.3-11.5
(x = 5.9 ± 4.18)

2.1-35.4
(x = 10.5 ± 10.2)

1.6-8.7
(x = 5.1 ± 2.6)

Depth
(cm)

13.9-58.7
(x = 24.8 ± 12.9)

19.3-147.0
(x = 45.6 ± 33.9)

8.9-52.7
(x = 23.0 ± 13.6)

Current Velocity
(cm/s)

22.4-87.8
(x = 43.0 ± 19.1)

23.3-187.5
(x = 51.5 ± 43.7)

23.2-144.6
(x = 66.9 ± 36.9)
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Figure 1. Variation of temperature, oxygen saturation, pH, depth, turbidity, current velocity and specific conductance in 
Guabiroba Stream, Pedras River and Saltinho Stream from April/04 to May/05. 

Site 3: The macroalgal community had the lowest 
species number at this stream, (eight identified taxa, 
Table  3). The species number per sampling date 
ranged from 0 to 5 (x = 2.8 + 1.4). Abundance of this 
macroalgal  community was the lowest among  the 
investigated streams (0-6%, x = 1.55 + 1.9) with 
most  sampling  values with cover lower than 1% 
(Figure 3).

observed in fall. On the other hand, B. puiggarianum oc-
curred on three sampling dates, but had higher abundance 
in winter (Figure 4d). Species richness was negatively 
correlated with depth (r = –0.568, p < 0.05). Multiple 
regression analysis showed neither an overall interrela-
tionship among variables, nor the influence of any inde-
pendent variable, to explain species richness (F = 1.21, 
p = 0.42) and abundance (F = 0.63, p = 0.70) variation.
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Two species were exclusively found at this sam-
pling site (Table 3). Batrachospermum puiggarianum 
(Rhodophyta) was observed in eight of the 12 sam-
plings (67%), while Phormidium retzii (Cyanophyta) 
occurred on six sampling dates throughout the study. 
B.  puiggarianum had the highest cover in April/04, 

June/04 and July/04, and very low values in other sam-
plings (Figure 4e). P. retzii showed no clear seasonal pat-
tern (Figure 4f). Species richness and abundance were 
not correlated to any stream variables. Multiple regres-
sion analysis showed neither an overall interrelationship 
among variables, nor the influence of any independent 
variable, to explain species richness (F = 1.25, p = 0.41) 
and abundance (F = 3.45, p = 0.09) variation.

3.3. Global analyses

The seasonal variation patterns in species richness 
and abundance were relatively similar in the streams 
analyzed. Generally, species richness (Figure 3) was 
higher from late spring (November) to early fall (April), 
followed by a relative wide oscillation until early spring, 
when the lowest values were found (except for Pedras 
River, with fluctuations extending until December/05). 
The seasonal fluctuation of abundance (Figure 3) was 
similar to that observed for species richness (with posi-
tive correlation in all sampling sites, r = 0.570-0.730, 
p < 0.05).

DCA (Figure 5) revealed that, both sampling dates 
and species were mostly positioned at the right side of 
Axes 1 and 2, without any clear pattern of distribution. 
However, the explicability associated to Axes 1 (20.4%) 
and 2 (20.1%) were relatively low. Cluster Analysis 
(Figure 6), similarly to that observed in DCA, showed 
no consistent groupings for sampling dates and species. 
In this case, however, the cophenetic correlation revealed 
a high value (r = 0.805). As a rule, the distribution of 
sampling dates of the streams reflected the strong occur-
rence of species with occasional presence. In Site 1, only 
four species (22.2% of the species, Table 3) were regis-
tered in at least four sampling dates. Similarly, in Site 2, 
out of the ten species identified, only a single one was 
recorded in four or more samplings. In site 3, five of the 
eight species were collected in four or more sampling 
dates (Table 3). This characteristic resulted in a relatively 
more homogenous grouping of the sampling dates for 
this stream (Figures 5 and 6).

4. Discussion

The seasonal patterns of macroalgal species richness 
and abundance found in the Pedras River Basin were 
quite different from those reported for lotic ecosystems 
of other temperate (Sheath, 1984; Sheath and Burkholder, 
1985; Sheath and Hambrook, 1990) and tropical (Necchi-
Júnior et al., 1991; Necchi-Júnior, 1992; 1993; Necchi-
Júnior and Pascoaloto, 1993; Branco and Necchi-Júnior, 
1997) regions. Pedras River Basin showed highest spe-
cies richness and abundance of the macroalgal commu-
nities occurring from late spring to early fall, while in 
temperate and tropical regions this period corresponds to 
late fall to early spring.

Multiple regression analysis, despite weak correla-
tions observed, suggested that, among the environmental 
variables analyzed, temperature is the one that most in-

Figure 2. Variation of total and accumulated rainfall sev-
en days before the sampling in Pedras River Basin from 
April/04 to May/05.
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Table 3. Occurrence of macroalgal species during the period April/04 to March/05 in the Pedras River Basin (n = 12). 

Taxa Site 1
(Guabiroba 

Stream) 

Site 2
(Pedras River)

Site 3
(Saltinho 
Stream)

CYANOPHYTA

Nostochopsis lobatus 
Wood ex Bornet and Flahaut [Nlb]

Apr. - -

Phormidium puteale 
(Montagne ex Gomont)  
Anagnostidis and Komárek [Ppt]

July, Oct. - -

P. retzii  
Gomont [Prt]

Apr., Sept., 
Nov., Jan., Feb.

Apr. Apr., May, Aug., 
Sept., Nov., Jan.

Geitlerinema amphibium 
(C. Agardh ex Gomont) Anagnostidis [Gam]

Aug. - -

Phormidium sp. [Pho] Feb. - -

Pleurocapsa fluviatilis 
Langherheim [Pfl]

- Apr., May., Jan., 
Mar.

-

Tolypothrix byssoidea 
(Hassal) Kirchner [Tbs]

Apr., May, June, 
July, Sep., Nov., 
Dec., Jan., Mar.

Jun., Nov. June, July

CHLOROPHYTA - - -

Chaetophora elegans (Roth) C. Agardh [Cel] Jan. -

Draparnaldia mutabilis 
(Roth) Bory [Dmt]

Apr., Dec., Mar. - Apr., June,  
Aug., Jan.

Ecballocystis pulvinata 
Bohlin [Epl]

- - Apr., Dec., Jan.,
 Feb., Mar.

Microspora stagnorum (Kützing) Lagerheim [Mst] Dec., Mar. - -

M. quadrata Hazen [Mqd] - Aug. -

Oedogonium sp. [Oed] - Feb. -

Palmella mucosa Kützing [Pmc] Dec. - -

Spirogyra sp. [Spi] Feb. Jan., Feb. -

Stigeoclonium amoenum 
Kützing [Sam]

July, Aug., Nov., 
Feb.

- -

Tetraspora lubrica (Roth) C. Agardh [Tlb] Dec. Sept. -

T. gelatinosa (Vaucher) Desvaux [Tgl] Dec., Jan., Mar. Aug., Mar. -

Zygnema sp. [Zyg] - Mar. -

HETEROKONTOPHYTA - - -

Vaucheria sp. [Vau] Apr. - -

RHODOPHYTA

Batrachospermum flageliforme 
(Sirodot) Necchi [Bfl]

June, July, Mar. - -

B. puiggarianum 
Grunow in Wittrock & Nordstedt [Bpg]

- Aug., Sept., Oct. Apr., May, June, 
July, Aug., Sept, 

Nov., Jan.

B. virgato-decaisneanum 
Sirodot [Bvd]

Apr., May, Aug., 
Sept., Oct., 
Nov., Jan.,  
Feb., Mar.

- Aug., May, 
June, July,  

Mar.

B. virgatum (Kutzing) Sirodot [Bvr] Jan. - Mar.

Batrachospermum sp. [Bat] - - May, Sept., Dec.
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fluenced the seasonal variation of the macroalgal com-
munities. In addition, the seasonal fluctuation of the 
temperature was closely associated to that observed in 
species richness and abundance, with highest values dur-
ing the period of late spring to early fall. Thus, consider-
ing the initial hypothesis, the results suggested that the 
pattern of variation of temperature had an effective influ-
ence on temporal fluctuation of the macroalgal commu-
nities investigated. In contrast, a similar influence was 
not observed for rainfall regime and altitudinal profile. 
Thus, the hypothesis was partly confirmed.

On the other hand, DCA and Cluster Analysis indicat-
ed a strong occurrence of species with occasional presence. 
These results indicated that, although temperature could be 
effectively related to the global seasonal patterns, the par-
ticular characteristics of each sampling site, at every time, 
seemed to be important to determine the local temporal 
tendencies. Thus, the present study suggested that global 
characteristics, especially temperature, must be considered 
in the seasonal fluctuation of the macroalgal communities 
in subtropical regions of southern Brazil (the influence of 
temperature under seasonal fluctuations of stream mac-
roalgal communities has been frequently reported for tem-
perate and tropical regions, Sheath and Burkholder, 1985, 
Sheath and Hambrook, 1990, Necchi and Pascoaloto, 
1993) but, otherwise, the local features of each stream seg-
ment should also be considered. Similar observations were 
previously reported by Branco and Necchi-Júnior (1997) 
in a study carried out in a Brazilian tropical region.
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Figure 6. Cluster analysis of the sampling dates in the Pedras River Basin from April 2004 to March 2005 according to the 
macroalgal occurrence. Sampling dates abbreviations are in accordance with Table 3.
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