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Abstract
Considering that in previous studies, the surface roughness (micrometric dimension) showed a weak effect on the 
colonization of stream macroalgae, we investigated the effects of different crevice sizes (milimetric dimension, a scale 
slightly higher than previous investigations) on the macroalgal abundance in three streams exposed to full sunlight 
in southern Brazil. We used smooth sterile glass plates with different shapes: P – plane surface without crevices; S – 
sinuous surface (depth of crevices with 0.159 mm ± 0.03); N – non-unifom surface (0.498 mm ± 0.09); C – surfaces 
with convex structures (1.190 mm ± 0.12); and three additional surface types with different patterns of heterogeneity 
with combinations of glass pieces: P + S (H1); P + S + N (H2) and P + S + N + C (H3). The plates were placed into the 
streams and after 105 days the percent cover of macroalgal community was measured. No significant differences among 
treatments were recorded. However, we observed a trend of macroalgae occurs within the crevices in all treatments 
and this suggests that, for stream macroalgae, the crevice sizes used in this study was still not enough to provide an 
expressive algal growth, even in the treatment with bigger crevices.

Keywords: habitat structure, surface shape, artificial substrate, refugia, stream macroalgae.

Efeitos do tamanho de fendas no estabelecimento de  
macroalgas em riachos subtropicais

Resumo
Considerando que em estudos anteriores a rugosidade da superfície (dimensão micrométrica) mostrou um fraco 
efeito sobre a colonização de macroalgas lóticas, nós investigamos os efeitos de tamanhos diferentes (em dimensões 
milimétricas, uma escala ligeiramente maior do que as investigações anteriores) sobre a abundância de macroalgas 
em três riachos expostos a pleno sol no sul do Brasil. Utilizamos placas lisas de vidro estéreis com formas diferentes: 
P – superficie plana sem fendas; S - superfície sinuosa (profundidade de fendas com 0.159 mm ± 0.03), N - superfície 
não-unifome (0.498 mm ± 0.09), C – superficie com estruturas convexas (1.190 mm ± 0.12), e três tipos de superfície 
adicionais com diferentes padrões de heterogeneidade construídas apartir da combinação de peças de vidro: P + S (H1), 
P + S + N (H2) e P + S + N + C (H3). As placas foram instaladas nos riachos e após 105 dias a cobertura percentual da 
comunidade de macroalgas foi medida. Não houve diferenças significativas entre os tratamentos. Porém, observamos 
uma tendência das macroalgas ocorrerem dentro das fendas em todos os tratamentos e, isso sugere que, para macroalgas 
lóticas, os tamanhos das fendas utilizadas neste estudo ainda não foram suficientes para proporcionar um expressivo 
crescimento de algas, mesmo no tratamento com fendas maiores.

Palavras-chave: estrutura do hábitat, forma da superfície, substrato artificial, refúgios, macroalgas de riachos.

1. Introduction

Lotic systems comprise habitats with enough complexity 
to provide a heterogeneous environment (Poff and Ward, 
1990; Townsend and Hildrew, 1994). This environment can 
be characterized by specific environmental factors (e.g., 
light, nutrients, velocity, temperature and substrate type) 

which are important for the occurrence and distribution of 
benthic algae in streams (Sheath et al., 1989; Everitt and 
Burkholder, 1991; Rosemond and Brawley, 1996). For 
lotic macroalgae (sensu Sheath and Cole, 1992), recent 
studies have suggested that variations in the environment 
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in small scale would represent the most important factor 
for their presence, and each variation would be determined 
by combinations of specific factors in microhabitat scale 
(Krupek et al., 2008; Branco et al., 2009; Peres et al., 2009).

The substrate surface is an important element of the 
microhabitat complexity and it can be viewed on different 
aspects, including texture (micrometric dimension) and 
presence and size of crevices (milimetric dimension).The 
substrate texture has been related with establishment of 
benthic algae in both lotic and lentic environment (Bergey 
and Weaver, 2004; Scardino et al., 2006; Murdock and 
Dodds, 2007), and the accumulation of microalgae has 
been reported as higher in rough surfaces due to increase 
in sedimentation (Johnson, 1994), cellular adherence 
(Scardino et al., 2006), and protection from abrasive 
disturbances of water flow and herbivory (Dudley and 
D’Antonio, 1991; Bergey and Weaver, 2004). However, 
the majority of these works were done in very small 
dimensions. For example, Scardino et al. (2006) found 
that roughness ranging from 1-14 mm increases the cell 
fixation while Murdock and Dodds (2007) reported a gain 
of algal biomass until a peak of 17 mm of roughness.

Similar studies for stream macroalgae are very scarce 
and the influence of substrate texture was not completely 
clarified for these organisms. Dudley and D’Antonio (1991) 
found that the establishment of macroalgae differed in 
relation to texture (smooth vs rough) surface. However, 
the authors commented that both surfaces used in the 
experiment were delicately rough and larger differences 
in colonization were not found. The same situation may 
have occurred to Branco et al. (2010), wherein the authors 
commented that the low influence of the types of substrates 
may have been affected by mucilaginous matrix (formed by 
diatoms in the early stages of colonization) which masked 
the differences in the texture of the substrates.

Nevertheless, investigating crevices size as refugia 
for diatoms, Bergey (1999) found that larger crevices 
had a better protection for larger algae. As macroalgae 
have a greater size and no experimental investigation 
focusing on influence of crevice size on development of 
this algal community was yet conducted, we carried out 
the present study to investigate the colonization and the 
establishment of macroalgal community on surfaces with 
milimetric crevices, a scale slightly higher than previous 
investigations. Yet, we combined pieces of these surfaces to 
create a heterogeneous substrate, aiming an approximation 
of natural stream stones, in which occurs crevices with 
different sizes in the same surface. In general, we expected 
that surfaces with higher crevice sizes would provide a 
better growth of macroalgae.

2. Material and Methods

The study was conducted in three stream segments 
located at the Pedras River Basin, which is between 
25°13’10” S and 25°26’24” S; 51°13’10” W and 51°28’40” 
W, in Paraná State, southern Brazil. The stream segments 
were similar in their environmental characteristics: the 

light intensity reaching the water column was 100% 
of the available light (~ 2300 mmol.m–2s –1); depth was 
enough to guarantee total sampler submersion during the 
entire experimental period; and the natural substratum 
was composed predominantly by boulders and cobbles 
(~90%). In a previous study (Krupek et al., 2007) of the 
stream beds, the presence of macroalgal species pertaining 
to Chlorophyta, Cyanobacteria and Rhodophyta phyla 
on natural substrates was noted. The macroalgae were 
characterized according to the definition of Sheath and Cole 
(1992), which is represented by a specimen recognized 
by naked eye.

The artificial substrates used for the experiment 
were sterile glass plates (10 cm × 10 cm = 100 cm2) 
(Branco et al., 2010). We used four types of glass plates 
as following: P – plane surface without crevices (Control); 
S – sinuous surface (crevices with 0.149 mm ± 0.03 of 
depth); N – non-uniform surface (with 0.498 mm ± 0.09); 
C – surfaces with convex structures (with 1.19 mm ± 0.12). 
In addition to these homogeneous plates (i.e., homogenous 
treatments), we constructed other three combined types 
of plates with different patterns of heterogeneity, aiming 
an approximation of natural rocks. These heterogeneous 
plates (i.e., heterogeneous treatments) were composed by 
particular combinations of small pieces of the homogeneous 
plates (5 cm × 1 cm), as follows: H1 - P + S, H2 - P + S 
+ N, and H3 - P + S + N + C.

The glass pieces of heterogeneous treatments were 
randomly bonded to each other in order to cover the 
same surface area observed on homogeneous treatments. 
However, heterogeneous treatments had, additionally, 
larges grooves (0.75 ± 0.3 mm in width, 2.87 ± 0.46 mm 
in depth), as a result of the junction of the homogeneous 
glass pieces. The physical structure of all surfaces in three 
scales is illustrated in Figure 1. To guarantee that each 
type of surface shapes represents a distinguished pattern 
of spatial structure we realize an ANOVA analysis and the 
results showed that all surfaces were different each other 
in the size of crevices (F = 970.2 and p < 0.001).

A set of seven plates, one for each treatment, was 
attached to a concrete plate of 1 m2 (~20 kg), forming a 
block in a randomized block design. Within each block, 
the treatments were randomly placed. The concrete plates 
were used to avoid samplers drifting and guarantee their 
complete submersion throughout experimental period. 
In field, the blocks were installed in riffle areas of each 
stream, totaling three replicated blocks.

The experiment was conducted entirely during the 
fall-winter seasons, the most favorable period for the 
development of macroalgal communities in the study region 
(Branco et al., 2009). The blocks were installed in April 2009 
and remained in the streams for 105 days. This experimental 
period was enough to guarantee effective colonization and, 
on the other hand, to avoid marked seasonal variations in 
the environmental conditions (Branco et al., 2010). Blocks 
were checked weekly during the experimental period for 
cleaning and maintenance for remove eventual pieces of 
leaves and twigs stuck in the samplers.
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Figure 1. Photographs of the panoramic view of each surface and an illustration of the cross-section in three scales of 
observation (2.0 cm, 0.5 cm and 1.0 mm), except for the heterogeneity treatments where only 2.0 cm observation was taken. 
P; S, N, C, H1, H2 and H3.
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The following environmental parameters were measured 
on the sampling occasion to characterize the streams: water 
temperature, pH, dissolved oxygen, turbidity, specific 
conductance and current velocity. All parameter were 
measured using a Horiba U-10 equipped with multiparameter 
probe, except current velocity that was measured using a 
Swoffer 3000 flowmeter.

The quantification of macroalgal abundance in each 
substrate treatment was made in terms of percent cover 
of each species from digital images of the substrate 
surfaces, as describe by Tonetto et al. (2012a, b). For 
these quantitative analyses, the colonized glass plates 
were photographed in field with a Canon digital camera, 
Powershot A630, 8.0 megapixels. All photographs were 
taken with the camera 15 cm above the colonized glass 
plates. After this procedure, the images were analyzed 
using AutoCad software, version 2008, with the objective 
of quantifying the community and each macroalgal 
morphotype. For each photograph, each substratum area 
covered by a particular macroalgal morphotype was marked 
using a Bamboo digital multi-touch tablet with the help 
of the AutoCad selection tool. Following this, we used a 
specific function of the software (Area) to sum all marked 
areas covered by an individual macroalgal morphotype to 
measure its percent cover. This procedure was repeated for 
all macroalgal morphotype. To measure the percent cover 
of the macroalgal community as a whole, we summed the 
percentage cover of all individual macroalgal morphotypes 
in each photo. In order to calibrate the quantification 
method, we used the AutoCad scale function to establish 
the same scale for all images. This method allowed us to 
increase the measurement accuracy of abundance (in terms 
of percent cover) of the communities in relation to other 
methods commonly used in ecological studies involving 
these algae (Tonetto et al., 2012a)

For identifying the macroalgal species present on the 
artificial substrates, each macroalgal morphotype was 
examined in the laboratory with the help of a Leica DM 
1000 microscope. After identification, the species were 
associated with its correspondent morphotype observed 
in the colonized plates.

Macroalgal percent cover during the experimental 
period was arcsine-square root transformed. The differences 
between surface types for percent cover of the individual 
species and the macroalgal communities were tested by 
a randomized block analysis of variance (ANOVA, using 

software Statistica version 7.0), with the 3 sites as blocks 
(DeNicola and Hoagland, 1996; Tonetto et al., 2012b). 
The randomized complete block design was adopted in 
order to control environmental heterogeneity (Sokal and 
Rohlf, 2000; Gotelli and Ellison, 2004). This is a type 
of two-way anova, usually without replicate, useful for 
biological studies (Sokal and Rohlf, 2000), which has been 
applied by a number of authors (Flecker and Townsend, 
1994; Flecker et al., 2002; Usio and Townsend, 2004; 
Bechara et al., 2007; Landeiro et al., 2008), including for 
stream algal communities (DeNicola and Hoagland, 1996). 
This experimental design is considered efficient for highly 
variable environments such as streams, since the variation 
between blocks can be adjusted for differences in the 
treatments under comparison (Gotelli and Ellison, 2004).

3. Results

The physical and chemical characteristics of the 
water from the sampled streams were similar to those in 
other subtropical streams in Brazil (Branco et al., 2009) 
and were summarized in Table 1. Three macroalgal taxa 
were found colonizing the glass plates: Microcrocis sp. 
Richter (Cyanobacteria) was reported in all streams, while 
Tetraspora lubrica (Roth) C. Agardh (Chlorophyta) was 
found in streams A and B and, Stigeoclonium amoenum 
Kützing (Chlorophyta) was found in B and C. At the 
moment of the sampler installation we conducted a careful 
taxonomic survey on the natural substrates along the stream 
segments (ca. 20 meter length) where experiments were 
carried out. This analysis showed that the species attached 
on natural rocks was the same of those reported colonizing 
the artificial plaques in our experiment.

In general, the percent cover of macroalgal communities 
was low (less than 3%) and had the highest mean value in 
the N surface type (2.8%) (see Figure 2). For Microcrocis 
sp., the highest mean values were observed in the N (2.5%), 
H3 (2.3%) and C (1.5%) types, while S. amoenum displayed 
higher percent cover in P treatment (1.3%), and T. lubrica 
showed a uniform occurrence among all types (see Figure 2). 
The analysis of variance did not reveal differences among 
surface shapes neither for macroalgae total abundance nor 
to each species individually (see Figure 2).

Despite the lack of significant differences among 
surfaces tested, all taxa were mainly found inside the 
crevices of the plates where they occurred. (see Figure 3).

Table 1. Physical and chemical features of water collected at the end day of experiment in each stream segments used on 
study.

Streams Temperature 
(°C) pH

Dissolved 
Oxigen (mg 

L–1)

Conductivity 
(μS cm–1)

Turbidity 
(NTU)

Current speed 
(cm.s–1)

A 12.8 6.92 10.0 34 42 72.9
B 13.1 7.03 9.89 30 68 80.2
C 11.8 6.60 10.23 31 58 74.6
Mean 12.5 ± 0.5 6.8 ± 0.2 10.0 ± 0.1 31.6 ± 1.7 56.0 ± 10.7 75.9 ± 3.1
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Figure 2. Percent cover values in each treatment for the 
entire community of macroalgae (A), Microcrocis sp. (B) 
and Tetraspora lubrica + Stigeoclonium amoenum (C).

Figure 3. Illustrative example for T. lubrica attached within 
the crevices.

4. Discussion

The mean values of percent cover observed in all 
surfaces were low, and this characteristic has been described 
as typical for macroalgal communities and several studies 
have already reported this response (Krupek et al., 2007; 
Branco et al., 2009; Tonetto et al., 2012b).

The treatments with different crevice sizes showed no 
significant influence on the establishment of macroalgal 
communities and species individually. Although the surface 
types were different in relation to crevice size, the dimension 
used in the present study was probably not enough to provide 
differences in macroalgal growth. Actually, as showed 
by Figure 1, at small scale, all treatments had a smooth 
surface and this characteristic may have influenced more 
strongly the macroalgal establishment than differences in 
amount and size of crevices of the surfaces tested, at the 
dimension used. Thus, our results corroborate previous 
studies, which reported that the smooth surfaces accumulate 
low abundance of algae (Dudley and D’Antonio, 1991; 
Downes et al., 1998; Murdock and Dodds, 2007).

Despite the low abundance recorded in all treatments, we 
observed an evident predominance of algae inside crevices. 
Similar observations was previously described, even in 

smooth surfaces (Dudley and D’Antonio, 1991), which 
is similar with our observations. Probably, the deposition 
of algae within the crevices is due to the accumulation of 
debris in them and the possible establishment of refuges 
(Bergey, 1999; Nowell and Jumars, 1984; Davis and 
Barmuta, 1989; Snelgrove et al., 1993). In the present 
study we tested surfaces with crevice sizes greater than 
previous studies (with periphytic community) considering 
that macroalgae would require larger crevices to get refuge, 
as reported for larger diatoms (Bergey, 1999). Actually, 
we found macroalgae within the crevices, but the shapes 
and dimensions used seemed to be insufficient and then 
limiting the growth of these organisms. Indeed, for crevices 
to be effective refuges, organisms must not only fit within 
it, but also be located in disturbance-protected parts of 
crevices (Bergey and Weaver, 2004).

In conclusion, the results of this study suggest that 
crevices on substrate surfaces could influence the macroalgal 
community colonization; however, the lack of significant 
differences among treatments could be due to the size and 
shape of experimental crevices that may have exposed the 
macroalgae to some damage effects, such as herbivory 
activity and/or abrasive action of water flow. There may 
be an influence of the treatments scale used in this work, 
but it was not strong enough to appear in the analysis. 
If there is, this scale is part of the complexity of the 
environment as an element of its architecture and can 
hardly be isolated from the influences of other scales. 
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Therefore, we recommend further studies on the influence 
of surface types on macroalgae species at larger scales, 
since such information could reveal additional relevant 
relationships between stream macroalgae and physical 
features of the substrate.
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