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Ecological distribution of stream macroalgae in different spatial scales
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ABSTRACT — (Ecological distribution of stream macroalgae in different spatial scales using taxonomic and morphological
groups). We examined the ecological distribution of macroalgal communities in streams using species groups (taxonomic units =
algal phyla, and morphological = morphological types) with similar structures and functions instead of the species themselves.
The study was conducted from June to July/2007 in two drainage basins located in mid-southern region of Parana State, Brazil.
Evaluations of macroalgal communities took into consideration the following spatial scales: the drainage basin (the Pedras
river and Marrecas river basins), shading regime (open and shaded stream segments), mesohabitats (riffles and pools), and
microhabitats (sampling units of 0.05 m?). A total of 29 taxa (23 subgeneric, one generic, and five vegetative groups) were
identified. On these, 12 taxa belong to Chlorophyta, 11 to Cyanobacteria, four to Heterokontophyta, and two to Rhodophyta.
The proportions of morphological types were: 24% free filaments, 17.25% mats, tufts, gelatinous colonies, and gelatinous
filaments, 7% crusts. In terms of spatial scales, we observed a predominance of Chlorophyta in open stream segments and
Cyanobacteria in shaded stream segments, reflecting the loss of competitive advantage of green algae in sites with low energy
availability. In the mesohabitats, the morphological types recorded in pools were predominantly poorly adapted to fast currents
(free filaments), while those found in riffles (mats, tufts and gelatinous filaments) were highly resistant to fast water flows. As
such, the use of species groupings based on algal taxonomy associated with morphological characteristics proved to be useful
to understanding the distributions of these organisms in lotic environments.
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INTRODUCTION

Investigations of the spatial organization of
aquatic communities in lotic environments, especially
considering algae with clearly visible macroscopic
growth (macroalgae “sensu” Sheath & Cole 1992),
have revealed interesting patterns that have generally
been described as mosaics in which correlations between
richness and species abundance are essentially obligatory
(Borges & Necchi Junior 2006).

One pattern that appears to be universal among
communities of lotic macroalgae (Hu & Xie 2006, Krupek
etal. 2007, Branco et al. 2009) is the restricted occurrence
of most of the species to a single sampling segment
within a larger sampling area (e.g. Branco et al. 2009).
This spatial structuring has been attributed to specific
characteristics of each river segment that result in distinct
communities throughout lotic ecosystems (Krupek et al.
2007, Branco et al. 2009) — although it has been difficult
to identify specific patterns and environmental variables
explaining these distributions.
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As such, the present study examined macroalgal
communities with similar structures and functions and
different algal phyla and morphological types to better
understand their distribution patterns within different
lotic environments.

MATERIAL AND METHODS

The present study was carried out in the drainage basins
of the Pedras and Marrecas rivers, located in the municipality
of Guarapuava in the central southern region of Parana State,
Brazil (figure 1). The hydrographic basin of the Pedras river
(25°13°-25°26” Sand 51°13°-51°28” W) covers approximately
330 km?, while that of the Marrecas river (25°54’-26°21’ S
and 52°54°-53°17" W) covers approximately 765 km?.

Analyses of the stream macroalgal communities were
undertaken at the following spatial scales: 1. Regional —
drainage basin, and; 2. Local — a) mesohabitat = pools with
current velocities between 0 and 11.8 cm s™!, and riffles with
current velocities greater than 19.4 cm s™'; b) microhabitat
(sampling unit) = predefined areas (20 cm diameter circles =
0.05 m?) in which all of the biotic variables (species richness
and abundance) and environmental variables (luminousity,
current velocity, depth, and substrate type) were evaluated.
We also investigated the effects of the degree of shading by
examining shaded stream segments (with well-developed
vegetation along their banks) and open non-shaded stream
segments (without significant stream-side vegetation) within
each drainage basin.
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Figure 1. Schematic map of the Pedras river (PRB) and
Marrecas river (MRB) drainage basins in Guarapuava
Municipality in the central-southern region of Parana State,
Brazil.

The macroalgal communities and the environmental
variables were evaluated between June and July/2007 in 20
streams, including 10 streams (5 open and 5 shaded) in the
Pedras river basin, and 10 streams (5 open and 5 shaded) in
the Marrecas river basin. Two types of mesohabitats were
also analyzed in each stream: pools and riffles. Microhabitats
within each mesohabitat were likewise analyzed, with each
sampling site consisting of a stream segment between 10
and 20 metros long that was surveyed using the quadrate
technique (Krebs 1989, Necchi Junior et al. 1995).

The presence/absence of each macroalgae species was
noted in each sampling unit, as well as its morphological
type; its abundance was estimated visually in terms of
percentage cover. Observations of community richness and
abundance in each sampling unit were made with the aid of
a sub-aquatic view-box device, and specimens representative
of each species were collected and preserved for subsequent
laboratory analyses.

The sampling units were installed in locations with
evident macroalgae growth, whether in both riffle and pools
mesohabitats. Twenty sampling units were established in each
stream, whenever possible (10 in each mesohabitat).

The current velocity and irradiance levels were measured
as close to the stream bottom as possible in each sampling
unit using a Swoffer 2100 digital current meter and a Li-Cor
189 digital light meter (equipped with a Li-193SA spherical
quantum sensor) respectively (Necchi Junior 1997; Branco
& Necchi Janior 1998). Water depth was likewise measured

in each sampling unit, taken as the distance between the
approximate center of the sampling quadrant and the water
surface. The stream bottom substrate was classified based on
the size particle classes proposed by Gordon et al. (1992).
Two metric measures were used to quantify substrate
heterogeneity: i. richness of substrate types, and ii. substrate
diversity (obtained using the Shannon-Wiener diversity index
of the numbers of different types of substrates and their
respective percentage covers).

The following environmental variables were measured
at each sampling site to characterize the general nature of
each environment: water temperature, turbidity, specific
conductivity, pH, and dissolved oxygen. All of these variables
were measured in the field using a Horiba U-10 water-quality
meter equipped with a multi-parameter probe.

Preserved algal specimens harvested in the streams
were transported to the laboratory where they were examined
using a Carl Zeiss Jenamed 2 binocular microscope fitted
with an ocular micrometer. The macroalgae were identified
to the species (or infra-species) level whenever possible. The
species classifications follow the system described by Van
Den Hoek et al. (1995), except for the Cyanobacteria, which
were classified according to Komarek & Anagnostidis (1986,
1989) and Anagnostidis & Komarek (1988).

All of the species encountered during the present study
were classified into morphological types (mats, free filaments,
gelatinous filaments, gelatinous colonial, crusts, and tufts)
and according to their different algal phyla (Cyanobacteria,
Chlorophyta, Rhodophyta, and Heterokontophyta). These
groups were considered to be the functional types of the
macroalgae communities.

The compositions of the macroalgae communities were
analyzed using Detrended Correspondence Analysis (DCA),
a multivariate ordination technique that orders sampling
segments showing similar taxonomic compositions and
summarizes the information along three axes (variables)
(Ludwig & Reynolds 1988). The DCA results are presented
graphically here to detect groups of sampling sites at different
spatial scales. These analyses were undertaken considering
three distinct set of data: 1) all of the species; ii) the different
morphological types; and, iii) the algal phyla. Analyses were
performed separately for each of the spatial scales considered
(drainage basin, shading regime, and mesohabitat). The
sampling point Pt01 (Pedras river, shaded, pools) was
excluded from these analyses as no macroalgal species were
encountered there.

Multiple Regression Analysis was subsequently
applied to evaluate the relationships between groups of
abiotic parameters (general and micro-environmental) and
the biological variables (functional groups) at the different
observation scales. All variables were first submitted
to correlation analysis using the Pearson r coefficient
to establish whether they demonstrated co-variance or
collinearity. Significant correlations were observed between
the micro-environmental variables irradiation and depth
(r=-0.421; P < 0.01) and between richness and substrate H’
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(r=0.716; P<0.001). Significant correlations were found
among the general variables in terms of temperature and
oxygen saturation (r=-0.577; P<0.01), temperature and
pH (»r=0.569, P<0.01), and pH and oxygen saturation
(r=-0.610; P<0.01). All of the statistical analyses were
performed using the Statistica 5.0 (Statisoft Incorporation)
and PCORD 4.0 statistical software packages.

RESULTS

All  environmental variables (general and
microhabitat) at the different sampling scales are
presented in table 1.

A total of 29 taxa of macroalgae (23 specific, 1
generic, and 5 vegetative groups) were identified in
the lotic environments studied in the two drainage
basins. Chlorophyta had the highest number of
representatives (12 taxa), followed by Cyanobacteria
(11), Heterokontophyta (4), and Rhodophyta (2). The
proportions of morphological types were: 24% free
filaments (7 taxa), 17,25% mats, tufts, gelatinous
filaments, and gelatinous colonies (5 taxa each), and
7% crusts (2 taxa). All of the taxa, their respective
morphological types, and their occurrences at distinct
spatial scales are presented in table 2.

Table 1. Average values and standard errors of each of the environmental variables (general and micro-environmental) at
different spatial scales in the Pedras river (PRB) and Marrecas river (MRB) basins.

Spatial scales

Variables Drainage basin Shading Mesohabitat

PRB MRB Open Shaded Pools Riffles
Current velocity (m s™) 0.220+0.19  0.260+0.26 0.23+0.24 0.22+0.23 8.14+2.94 7.87+2.45
Depth (cm) 8.83+£2.61 7.20+£2.52 7.57+2.62 8.56 £2.67 8.05+2.89 7.87+2.45
Irradiance (umol m?s')  382.1+393.4 326.0+487.8 644.17+481.28 73.95+50.3 383.76 £504.07 324.43+379.1
Substrate richness 1.92 +£0.66 1.66 +£0.54 1.62 +0.64 1.98 +£0.53 1.92+£0.56 1.62£0.62
Substrate H’ 0.27+0.19 0.26+0.16 0.23+0.19 0.31+£0.17 0.33+0.17 0.22+0.18
Water temperature (°C) 1223 +1.83 1528+ 1.54 13.95+1.83 13.56 +2.73 - -
Oxygen saturation (mg L)  7.88+1.26 6.12+1.12 735+1.24 6.66 + 1.66 - -
Conductivity (1S cm™) 354+1595  34.1+4.09 325+10.17  37.0+£12.55 - -
pH 6.36 +0.37 6.95+0.19 6.6 +0.41 6.71+£0.43 - -
Turbidity (NTU) 4.04+1.51 4.62+1.65 421 +1.78 4.44+1.41 - -

The following proportions of algal phyla were
identified at different spatial scales: Cyanobacteria
were encountered in 50% of the rivers and streams in
each drainage basin; in 53% and 47% of the shaded
and open stream segment respectively; and in 60% and
40% of the riffle and pool mesohabitats respectively.
Chlorophyta were encountered in 50% of the rivers
and streams in each drainage basin; in 85% of the open
stream segments but only 15% of the shaded stream
segments; and in 60% of the riffles and 40% of the
pool mesohabitats. The Rhodophyta demonstrated very
similar proportions, except at the drainage basin scale,
with 67% of its taxa occurring in the Marrecas river basin
and 33% in the Pedras river basin; with 50% occurrence
in both open and shaded stream segments and in pool
and riffle mesohabitats. Heterokontophyta occurred more
frequently in the Pedras river basin (67%); with 50%
occurrence in both shaded and open stream segments,

but with greater occurrence (83%) in pool rather than
riffles mesohabitats (17%).

The algal morphological types demonstrated very
variable proportions, with some very marked distinctions
in their occurrences, particularly in relation to the
mesohabitats. The proportions of each of the morphological
types presented in table 3 considering the percentage of
occurrence in the drainage basins (the Pedras and Marrecas
river basins), shading regime (open and shaded stream
segments), and mesohabitat (pools and riffles).

None of the three DCA axes summarized the
taxonomic compositions of the macroalgal communities
considering the set of species surveyed. Only the first and
second axes are graphically represented here (figure 2)
at all of the spatial scales examined. The axes explained
very little of the observed variation and none of them
could explain the variations in community composition
at any of the spatial scales evaluated. The first axis
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Table 2. List of the species present in the lotic environments of the Pedras river and Marrecas river basins. (P = pools;

R =riffles).
Occurrence
Pedras river Marrecas river
Taxon Morphological type
Open Shaded Open Shaded
P R P R P R P R
Cyanobacteria
Blemnothrix komarekii Branco & Montejano Mats X
Chroococcopsis fluviatilis (Lagerheim) Komarek Crusts X
& Anagnostidis
Fischerella ambigua (Nageli) Gomont Gelatinous colonial X
Microcoleus subtorulosus Gomont Mats X X X
Nostoc verrucosum Vaucher ex Bornet Gelatinous colonial X
& Flahault
Nostochopsis lobatus Wood ex Bornet Gelatinous colonial X X
& Flahault
Phormidium aerugineo-caeruleum (Gomont) Mats X X X
Anagnostidis & Komarek
Phormidium retzii (C. Agardh) Gomont ex Mats X X X X X X X X
Gomont
Phormidium schroederi (Borge) Anagnostidis Mats X X
& Komarek
Tolypothrix byssoidea (Hassal) Kirchner Tufts X
Tolypothrix distorta var. penicillata Kiitz ex Tufts X X X X X
Bornet & Flahalt
Chlorophyta
Draparnaldia mutabilis (Roth) Bory Gelatinous filaments X
Ecballocystis pulvinata Bohlin var. pulvinata Crusts X X X
Microspora flocosa Thuret Free filaments X X X
Microspora stagnorum (Kiitzing) Lagerheim Free filaments X
Mougeotia sp. Free filaments X
Oedogonium sp. Free filaments X
Spirogyra sp. Free filaments X X
Stigeoclonium amoenum Kutzing Gelatinous filaments X X X
Stigeoclonium helveticum Vischer Gelatinous filaments X
Tetraspora gelatinosa (Vaucher) Desvaux Gelatinous colonial X X
Tetraspora lubrica (Roth) C.Agardh Gelatinous colonial X
Zygnema sp. Free filaments X
Heterokontophyta
Melosira varians C.Agardh Free filaments X
Ulnaria ulna (Nitzsch) Compére Tufts X
Vaucheria sp. Tufts X X X
Eunotia sp. Tufts X
Rhodophyta
Batrachospermum puiggarianum Grunow in Gelatinous filaments X X
Wittrock & Nordstedt
Batrachospermum helminthosum Sirodot Gelatinous filaments X X X X




Table 3. Proportions of each of the morphological types (percentage of occurrence) in the different spatial scales.

Brazilian Journal of Botany 35(3):273-280, 2012

277

Spatial scales

Morphological types Drainage basin Shading Mesohabitat
Pedras river Marrecas river Open Shaded Pools Riffles
Mats 48% 52% 48% 52% 48% 52%
Crusts 50% 50% 50% 50% 0% 100%
Gelatinous filaments 54% 46% 63% 37% 37% 63%
Gelatinous colonial 29% 71% 57% 43% 43% 57%
Tufts 54% 46% 54% 46% 54% 46%
Free filaments 60% 40% 90% 10% 60% 40%
N were common in both drainage basins (figure 3A); at
0 the shading scale, Chlorophyta were best represented
in open stream segments, while the Cyanobacteria and
80 1 Rhodophyta were most commonly observed in shaded
stream segments (figure 3B); and at the mesohabitat
@ scale, only Heterokonthophyta species demonstrated
\:ﬁ an exclusive preference for pools, while the other
o phyla occurred more or less equally in pools and riftles
% 40- (figure 3C).
The spatial distribution of sample points with respect
to morphological types showed a explicability by axis 1
(22.8%) and by axis 2 (41.5%) at the drainage basin and
g 490 Ag z V: :A A shading scales. Explicability at the mesohabitat scale
NE & Pl ¥ v was 50.3% for axis 1 and 20.2% for axis 2. Separation
0 ) 40 ) 80 ) among spatial scales was less evident for morphological

Axis 1 (2%)

Figure 2. Ordination of the sampling sites by Detrended
Correspondence Analysis (DCA). Although axes 1 and 2
are shown, neither demonstrated significant differences in
relation to community compositions. (A =PRB, open, riffles;
V = PRB, open, pools; A = PRB, shaded, riffles; ¥ = PRB,
shaded, pools; = MRB, open, riffles; ©=MRB, open, pools;
¢=MRB, shaded, riffles; ¢ = MRB, shaded, pools).

explained only 2% of the total variance, the second 4%,
and the third 19%.

On the other hand, the composition of communities
based on algal phyla showed high explicability: 67.7%
(Istaxis) and 16.7% (2" axis) at the scales of the drainage
basins and shading, and 50.4% (1* axis) and 35.8%
(2 axis) at the mesohabitat scale. Distinct ordinations
were observed for each of the spatial scales evaluated
(figure 3). As such, Rhodophyta were exclusively
found in streams of the Marrecas river basin, while
Heterokontophyta, Cyanobacteria, and Chlorophyta

types than for algal phyla (figure 4). In terms of drainage
basins, a large proportion of mat were only observed to
occur in the Pedras river drainage basin (figure 4A). In
terms of shaded regime crusts occurred more frequently
in shaded stream segments, while free filaments were
found in open stream segments (figure 4B). Among the
mesohabitats, free filaments were more common in the
pool mesohabitats, while crusts, other filamentous thalli
and gelatinous colonies were more commonly observed
in the riffles mesohabitat (figure 4C).

DISCUSSION

Of'the total number of species encountered, 65.5%
occurred exclusively in only one of the drainage
basins, demonstrating a distinction between the two
environments in relation to their species compositions.
A few species, however, such as Phormidium
retzii, Tolypothrix distorta var. penicillata, and
Batrachospermum helminthosum were common in a
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Figure 3. Ordination of the sampling sites by Detrended
Correspondence Analysis (DCA) based on the composition
of'the algal divisions encountered at different spatial scales:
A. Drainage basin (O = Marrecas river basin; ® = Pedras
river basin); B. Shading (O= Open environment; ® = Shaded
environment); C. mesohabitat (O = riffles mesohabitat;
@ = pool mesohabitat) (only the axes with the greatest
explained variance [axes 1 and 2] are shown).
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Figure 4. Ordination of the sampling sites by Detrended
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mesohabitat) (only the axes with the greatest explained
variance [axes 1 and 2] are shown).
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number of streams in both basins. The occurrence of
just a few species in each segment and the reduced total
number of species contributed to the overall similarity
of the two regions by minimizing the differences in their
species compositions (refer to the DCA results). The
same situation helps explain the lack of any significant
distinctions between the species compositions of the
different shading regime and mesohabitats. In terms of
shading, 80% of the species in the Pedras river basin
were exclusive to one specific type of shading regime
(open or shaded) as were 84.5% of the species in the
Marrecas river basin. A very important characteristic
observed in other studies (Krupek et al. 2007) was
the high number of species containing phycobilin
pigments in their photosynthetic pigment complex in
environments with low light levels (because of greater
riverside vegetation cover). These pigments apparently
provide these algae with a competitive advantage in
more effectively using the filtered light spectrum present
in shade environments. In the present study, 66.6% of the
species that occurred exclusively in shaded environments
were representatives of the Cyanobacteria; while 69.2%
of the species occurring in open environments in the
present study were representatives of the Chlorophyta.
Green algae have been found to be more abundant and
to demonstrate greater species richness in environments
with high light availability, while other algal groups
mainly Cyanobacteria and Rhodophyta have showed
lower species richness and abundances in these
kind of environment (Sheath & Burkholder 1985,
Branco & Necchi Junior 1996, Peres et al. 2008, Branco
et al. 2009).

In considering the different algal phyla, it was
clear that representatives of the Chlorophyta lost their
competitive advantage in low-light environments where
they were almost completely absent in present study.
High and constant light availability as observed in open
environments is known to generate higher species richness
and abundance of green algae (although specimens of
other groups can commonly be encountered) (Peres et al.
2008, Branco et al. 2009), demonstrating not only
the greater ability of this algal group to develop in
environments with high irradiance levels but also their
dependence on those conditions (Sheath & Burkholder
1985, Okada & Watanabe 2002).

In terms of the mesohabitats, 65% of the species were
exclusive to the pool or riffle in the Pedras river drainage
basin and 57.9% in the Marrecas river basin (refer to
the DCA results). The morphological characteristics of
each species can be determinant in their occupation
of mesohabitats within a stream segment. The majority of

the species (66%) exclusively encountered in pool in the
Pedras river basin were free filamentous forms. Wehr
& Sheath (2003) noted that current velocity affected
the development of different species and that algae
having long, free filaments tended to lose biomass under
high water flow. On the other hand, species that occur
exclusively in riffles are usually mats (30%), crusts
(20%), and gelatinous colonies (20%) morphological
types that are well-adapted to the high current velocities,
an evident environmental characteristic of riffle
mesohabitats. The same situation was observed in the
Marrecas river basin, with 57% of the free filamentous
macroalgal species occurring exclusively in pools,
while tufted (50%) and crust (25%) species occurred
exclusively in riffles.

The similarity values obtained reinforced the above
observations, as species composition similarities were
never above 41% at any of the spatial scales evaluated.
As such, we observed clear distinctions in species
compositions at all of the spatial scales evaluated
(principally in terms of environmental shading regime
and the mesohabitat) when considering algal phyla and
morphological types (refer to the DCA data).

The above mentioned characteristics of the stream
macroalgal communities (principally in relation to
the low global numbers of taxa encountered and low
numbers of species per stream segment) must be taken
into consideration when evaluating their structures
based exclusively on species composition. According to
Grime (1979), community analyses based on the species
compositions do not faithfully express the relationships
between bioticcommunities and environmental variables—
as each species demonstrates its own combination of
characteristics that determine its unique life history.
As such, functional types (groups of organisms that
demonstrate similar characteristics and therefore
respond in similar manners to environmental changes)
can be more useful in describing the complexity of those
ecosystems (Pillar 1999, Pillar & Sosinski 2003, Burliga
et al. 2004).

Anumber of studies have shown that local conditions
can influence the spatial distributions of macroalgae
species in streams (Branco et al. 2009), making it
difficult to identify larger patterns for particular species,
and those conditions are determined, in turn, by sets of
distinct characteristics (e.g., substrate, luminousity and
depth) and not by any single factor. Some environmental
properties than can directly affect the community as
a whole, however, drastically altering both meso- and
microhabitats, as is the case of irradiance and current
velocity. These variables affect specific areas within
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a stream segment and will favor the development of
organisms physiologically and/or morphologically better
adapted to occupy those sites. This situation was seen in the
present study in the better development of Cyanobacteria
in shaded segments and free filamentous algae in pool
areas. Therefore, due to the restricted distribution and the
low species richness and abundance of lotic macroalgae,
we suggested the use of morphological groups associated
with taxonomic organization to analyze macroalgal
spatial distributions.
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