
INTRODUCTION

The periphyton is defined as a group of organisms
(e.g., bacteria, microalgae, and fungi) and organic matter
attached to different substrate types in an aquatic environ-
ment (Wehr and Sheath, 2003). Microalgae are the most
representative constituents of these assemblages, with a
predominance of Cyanobacteria, chlorophyceans, and di-
atoms (Lowe, 1996; Stevenson, 1996). These microalgae
live mainly on macrophytes in a wide range of freshwater
environments such as rivers, lakes, reservoirs, and wet-
lands (Cantonati and Lowe, 2014). This is possible be-
cause macrophytes contribute to the physical structure of
the colonized aquatic habitats, reduce water velocity
(Dodds and Biggs, 2002), and increase habitat complexity
by providing refuge, foraging, and reproduction areas for
other organisms (Thomaz and Cunha 2010). Through
their architectural morphology, macrophytes may influ-
ence the distribution, abundance, and composition of
other aquatic organisms, such as the periphyton and in-
vertebrates, that live on their underwater array of leaves,
stems, and roots (Thomaz et al., 2008; Hinojosa-Garro et
al., 2010; Hansen et al., 2011; Lucena-Moya and Duggan,

2011; Choi et al., 2014). Macrophytes include species
with different life forms (e.g., floating, emerged, and sub-
merged) that act to maintain the integrity of aquatic
ecosystems, and have strong effects on productivity and
nutrient cycling (Carpenter and Lodge, 1986; Thomaz and
Cunha, 2010). The morphological complexity of macro-
phytes has also been shown to influence the primary pro-
ductivity of microalgae in a habitat (Lalonde and
Downing, 1991; Cardinale et al., 2002; Avigliano et al.,
2014). Different types of macrophytes may be used as
substrate for different taxonomic compositions of mi-
croalgae (Messyasz et al., 2009). For example, certain
macrophytes can inhibit the growth of periphytic microal-
gae by attracting herbivores that clean their surface (Jones
et al., 2000). In addition plant age, allelopathic sub-
stances, and the physico-chemical characteristics of water
can also affect assemblage structure (Mulderij et al., 2003;
Mormul et al., 2010). It has been widely recognized that
macrophytes with greater morphological complexity (e.g.,
compound leaves and floating adventitious roots) show
both greater diversity and abundance of associated organ-
isms (Lucena-Moya and Duggan, 2011). However, when
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ABSTRACT
Macrophytes play several roles in aquatic ecosystems, including the provision of habitat for many aquatic organisms, especially

the periphyton. The aims of this study were to characterize the structure of periphytic microalgal assemblages on different aquatic
macrophyte life forms in order to establish similarities between assemblages from nearby sampling sites. We hypothesized that i) aquatic
macrophytes with different life forms and morphological characteristics could differently influence the structure of the periphyton; and
ii) that the greatest similarity in periphyton composition should be observed among macrophytes that occupy the same sampling site.
The study was conducted from 2006 to 2008 in the Thomaz Osterne de Alencar reservoir (Crato City, Ceará State, Brazil) and involved
the taxonomic surveying of microalgae attached to five different macrophytes with the application of structural descriptors (richness,
abundance, frequency, diversity and equitability). A total of 127 taxa, of which 44% belonged to the Chlorophyta, were identified. The
microalgae assemblages showed high species richness on Salvinia auriculata Aubl., a free-floating macrophyte, and large abundance
on Apalanthe granatensis (Humb. & Bonpl.) Planch., a submerged anchored macrophyte. ANOVA indicated that periphyton significantly
varied among the macrophytes investigated, and nearby sampling sites showed no structural similarities in microalgal assemblages. In
general, we can conclude that the structure of periphyton assemblages is influenced by the substrate (i.e., macrophyte organ), as this
can not only promote high diversity and equitability but can also be a predictor of dissimilarity in the distribution and frequency of oc-
currence of microalgae. These results reinforce the findings of other studies that have shown that macrophytes play an important role
in structuring the periphyton assemblages.
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different macrophytes occupy the same site, the periphy-
ton assemblages may have similar compositions
(Messyasz and Kuczyńska-Kippen, 2006). 

Previous research has shown that the development of
periphytic microalgae, both in terms of taxonomic diver-
sity and function, is heavily dependent on physical, chem-
ical, and environmental factors (Biggs and Close, 1989;
Lalonde and Downing, 1991; Biggs and Stokseth, 1998;
Hinojosa-Garro et al., 2010; Cuassolo et al., 2011). The
results obtained by comparing natural and artificial sub-
strates indicated that macrophytes appear to have the
greatest influence on the taxonomic composition (Jones
et al., 2000; Vercellino and Bicudo, 2006; Felisberto and
Rodrigues, 2010) and biomass production of periphytic
microalgae (Guariento et al., 2007).

The aim of this study was to integrate the results ob-
tained by the above-mentioned researches investigating
the role of macrophyte organs in driving the structure
(richness, abundance, frequency, diversity and equitabil-
ity) of periphyton assemblages. The working hypotheses
were that the different organs of aquatic macrophytes and
morphological characteristics are able to influence peri-
phyton structure in a characteristic way and that the great-
est similarity in periphyton composition can be observed
among macrophytes that occupy the same sampling site.

METHODS

Sampling was conducted monthly in the Thomaz Os-
terne de Alencar reservoir (Crato City, Ceará State, Brazil)
(Fig. 1) from May 2006 to June 2008. This reservoir has
an estimated storage capacity of 28,780,000 m3 (Pinheiro
et al., 2011). The study area is located in the northeast of
Brazil. This region presents a semiarid climate with well-
defined dry (from July to January) and rainy (from Feb-
ruary to June) seasons, with an average annual rainfall of
approximately 600 mm3 (Funceme, 2012). Samples were
collected at six sites (Fig. 1) that were selected based on
the great similarities in macrophyte assemblages. 

Periphyton sampling was performed first by manually
squeezing of similar organ ratios from submerged parts
of 5 different macrophytes (Tab. 1), after which they were
subjected to water jets (to sample loosely attached peri-
phyton forms). The 5 different macrophytes sampled
were: Chara rusbyana Howe, Salvinia auriculata Aubl.,
Apalanthe granatensis (Humb. & Bonpl.) Planch., Poly-
gonum hispidumKunth and Nymphaea pulchella (Salisb)
DC. characterized by different life forms (i.e., submerged,
free-floating, submerged anchored, and with floating
leaves, respectively) and morphologies, occurring along
different banks of the reservoir which present very similar

Fig. 1. Map of of Thomaz Osterne de Alencar reservoir (Crato City, Ceará State, Brazil) and sampling sites.
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physiognomic characteristics (Fig. 1; Tab. 1). The peri-
phytic microalgae were placed in suitable containers and
fixed in 4% neutral formalin (Newell and Newell, 1977).
However, it was not always possible to collect periphyton
samples from all the selected macrophytes in the different
experimental sites due to relative low frequency of C. rus-
byana, S. auriculata, and N. pulchella; the overall sam-
pling effort is reported in the Tab. 1.

The qualitative analysis of microalgae consisted on
the identification of taxa under a light microscope at 100×
and 400× magnifications. Two slides per sample were ob-
served. The identification and classification of taxa were
conducted based on the following sources: Mizuno
(1968), Compère (1976), Parra et al. (1983), Round et al.
(1992), Xavier (1994), Sant’Anna (1997), Brassac and
Ludwig (2003), Wehr and Sheath (2003), Bicudo and
Menezes (2005), Sophia et al. (2005), and Soares et al.
(2007). For each macrophyte and sampling site investi-
gated, data from the total record over the sampled period
were used for the calculation of richness, frequency, abun-
dance, diversity, and equitability. The species richness was
estimated by considering the number of taxa occurring in
the reservoir. To estimate the diversity of the periphyton
taxa, Shannon’s diversity (H′) and Pielou’s equitability (J)
indices were calculated using the abundance data. The oc-
currence frequency was calculated by taking into account
the number of times each taxon occurred in the samples
according to the following formula:

F=P×100/p                                                               (eq.1)

where: P=is the number of samples containing the species
and p=the total number of samples examined (n=109).
The following classification criteria were established:
very frequent (>70%), frequent (≤70% and >30%), low
frequent (≤30% and > 10%) and sporadic (≤10%) (Ma-
teucci and Colma, 1982).

Periphyton abundance was estimated following the rec-
ommendations by Lobo and Leighton (1986) and the data
expressed using a Whittaker (1975) abundance diagram,
where where the x-axis ranks species in decreasing order of

abundance and the y-axis shows the relative of species. The
data were also tested for normality (Kolmogorov-Smirnov
test), homogeneity of variance (Levene’s test), and for pos-
sible differences between the means (to compare periphytic
microalgae assemblages among macrophytes) using analy-
sis of variance (ANOVA), and subjected to Tukey’s test with
a significance level of 5%. The analyses were performed
using STATISTICA 7.0 (StatSoft Inc., 2004).

To test the relationships between the sampling sites
and macrophytes, cluster analysis was performed using
the Jaccard similarity index, where the results were ob-
tained by evaluating the percentage of similarity between
the sampled points. The analyses were performed using
PAST (Hammer et al., 2001).

RESULTS

The periphyton assemblages in the Thomaz Osterne de
Alencar reservoir was represented by a richness of 127 taxa
(Supplementary Tab. 1), which are divided into the following
divisions: Chlorophyta (44%), Bacillariophyta (29.2%),
Cyanobacteria (20.5%), Euglenophyta (3.9%), Chrysophyta
(0.8%), Dinophyta (0.8%), and Rhodophyta (0.8%) (Tab. 2). 

The greatest species richness, equal to 112 taxa
(amounting to about 88% of the total microalgal diver-
sity), was recorded on the roots of S. auriculata, followed
by A. granatensis. (109), P. hispidum (102), C. rusbyana
(83), and N. pulchella (81) (Supplementary Tab. 1).

Regarding the relative abundances of periphytic mi-
croalgae between sampling sites and macrophytes, the
most widespread divisions were Chlorophyta, Bacillario-
phyta, and Cyanobacteria, while the less abundant divi-
sions, ranked in a decreasing order, were Euglenophyta,
Chrysophyta, Dinophyta, and Rhodophyta (Tabs. 2 and 3).
With respect to the distribution of the microalgal division
occurrence frequency, C. rusbyana and P. hispidum. ex-
hibited the highest percentages of “very frequent” species
of Dinophyta. However, on S. auriculata, A. granatensis,
and N. pulchella the algal divisions with the highest per-
centage of “very frequent” species were Bacillariophyta,
Cyanobacteria, and Chlorophyta (Fig. 2).

Tab. 1. Sampled aquatic macrophytes and their life form, with their sampling sites in the Thomaz Osterne de Alencar reservoir.

Aquatic macrophytes                                                                                                                                                            Sampling sites
Family                                              Taxa                                        Life form                             OCP                   P1       P2       P3       P4       P5       P6

Characeae                          Chara rusbyana Howe.                         Submerged                            Stalk                    x         x         x          -          -          x
Salviniaceae                     Salvinia auriculataAubl.                      Free-floating                          Roots                    x         x         x         x         x          -
Hydrocharitaceae               Apalanthe granatensis                  Submerged anchored            stalk and leaves            x         x         x         x         x         x
                                        (Humb. & Bonpl.) Planch.
Polygonaceae                 Polygonum hispidum Kunth                       Emerged                      roots and stalk             x         x         x         x         x         x

Nymphaeaceae          Nymphaea pulchella (Salisb) DC.        With Floating Leaves          petiole and leaves           -          x         x         x          -          x
OCP, Organ of collection of periphyton; P1 to P6, sampling sites (see Fig. 1); x, presence; -, absence.
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Regarding the overall occurrence frequency, relatively
few taxa were very common at the reservoir scale, while
a greater number were sporadic. However, the occurrence
frequency of periphytic species varied among macro-
phytes; C. rusbyana primarily harboured infrequent taxa
and did not present sporadic taxa (Figs. 2 and 3). On this
macrophyte, the very frequent taxa were the diatoms Ep-
ithemia sp., Navicula radiosaKützing, Rhopalodia gibba
(Ehrenberg) O. Müller, Thalassionema nitzschioides

Grunow, and Thalassiothrix frauenfeldii Grunow, and the
chlorophycean Closterium sp., all of which exhibited
100% frequency (Supplementary Tab. 1).

The more frequent taxa were present on S. auriculata
and P. hispidum (Fig. 3). These two macrophytes exhib-
ited similar assemblages dominated by Amphora sp., N.
radiosa, T. nitzschioides, and T. frauenfeldii (diatoms that
occurred at 100% frequency similarly to the results ob-
served for C. rusbyana). Only on P. hispidum, the diatom

Tab. 2. Relative abundance (%) of periphytic microalgae on macrophytes in the Thomaz Osterne de Alencar reservoir.

                                      C. rusbyana               S. auriculata             A. granatensis              P. hispidum                N. pulchella            All macrophytes

Cyanobacteria                      20.4                             20.5                             20.1                             21.5                             24.6                             20.5
Euglenophyta                        3.6                               4.4                               2.7                               1.9                               2.4                               3.9
Bacillariophyta                     31.3                             29.4                             30.2                             33.3                             29.6                             29.2
Chrysophyta                            -                                0.8                               0.9                               0.9                                -                                0.8
Chlorophyta                         43.3                             43.7                             44.0                             40.1                             40.7                             44.0
Dinophyta                              1.2                               0.8                               0.9                               0.9                               1.2                               0.8

Rhodophyta                             -                                  -                                0.9                               0.9                               1.2                               0.8

Tab. 3. Relative abundance (%) of the total periphytic microalgae by sampling sites in the Thomaz Osterne de Alencar reservoir. From
P1 to P6 sampling points.

                                                     P1                        P2                        P3                        P4                        P5                        P6                   All sites

Cyanobacteria                             21.1                     20.3                     20.0                     21.5                     19.0                     21.7                     20.4
Euglenophyta                               2.8                       3.8                       3.6                       2.1                       2.8                       2.5                       3.9
Bacillariophyta                            28.8                     28.1                     32.7                     32.2                     32.4                     35.8                     29.1
Chrysophyta                                 0.9                       0.9                       0.9                         -                        0.95                        -                         0.7
Chlorophyta                                 44.2                     45.6                     40.9                     41.9                     42.9                     37.1                     44.0
Dinophyta                                     0.9                       0.9                       0.9                       1.0                       0.9                       1.2                       0.7

Rhodophyta                                  0.9                         -                         0.9                       1.0                       0.9                       1.2                       0.7
P1 to P6, sampling sites (see Fig. 1).

Fig. 2. Percentage from frequency of occurrence of periphytic mi-
croalgae on macrophytes in the Thomaz Osterne de Alencar reser-
voir. VF, very frequent; F, frequent; LF, low frequent; S, sporadic.

Fig. 3. Richness percentage of periphytic microalgae by fre-
quency of occurrence among aquatic macrophytes in Thomaz
Osterne de Alencar reservoir. VF, very frequent; F, frequent; LF,
low frequent; S, sporadic.
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Gomphonema sp. was a specific taxon of this assemblage
hosted at 100% frequency (Supplementary Tab. 1). On the
contrary, sporadic taxa were predominant on A. granaten-
sis and N. pulchella (Fig. 3). On A. granatensis, the very
frequent taxa consisted of the diatoms Eunotia sp.
(92.8%), Epithemia sp., Gomphonema sp., N. radiosa,
and T. nitzschioides (90.4%) (Supplementary Tab. 1). On
N. pulchella, only the diatom Epithemia sp. was present
at a frequency of 100% (Supplementary Tab. 1).

According to the Whittaker diagram of abundance,
the periphytic microalgal taxa were more abundant on A.
granatensis, with 9 species that fall in the highest abun-
dance category: Eunotia sp., Epithemia sp., Gom-
phonema sp., N. radiosa, T. nitzschioides, Amphora sp.,
Phormidium sp., T. frauenfeldii, and Oedogonium sp.
Among the other macrophytes studied, microalgae were
present in the greatest abundance in decreasing order on
S. auriculata, P. hispidum, N. pulchella, and C. rusbyana
(Fig. 4). H’ values revealed high levels of microalgal di-
versity in the studied area, with S. auriculata showing
the greatest diversity among macrophytes (H’=4.4), fol-
lowed by A. granatensis and P. hispidum (both with
H’=4.3). In contrast, the lowest microalgal diversity
value was observed on N. pulchella (H’=4.0) (Fig. 5). How-
ever, all macrophytes showed J’ values greater than 0.9, in-
dicating a uniform distribution of the periphyton across the
sampled sites and macrophyte life forms (Fig. 5). The pe-
riphytic microalgae showed significant differences
among macrophytes (ANOVA, F1,96=26.6; and P<0.01).
However, the Tukey’s test did not show significant dif-
ferences between C. rusbyana and N. pulchella (P=0.99),
and between P. hispidum and A. granatensis (P=0.71).
Cluster analysis showed that high assemblage similarities
were only present between A. granatensis and S. auricu-
lata at sampling sites 1 and 2. Conversely, the macro-
phytes occurring at sampling site 6 showed the greater
dissimilarity in terms of their periphytic microalgal as-
semblages (Fig. 6).

DISCUSSION

Periphyton assemblages showed high species richness
in the sampled reservoir. Most of the taxa recorded colo-
nizing indifferently all the macrophytes investigated. The
high species richness and diversity of periphyton in this
reservoir can be related to the characteristics of the macro-
phyte banks at the particular sample sites, which present
very similar physiognomic characteristics. These microal-
gal taxa benefited from the reservoir sector in which they
live, the coastal region. This is a habitat of greater dy-
namism and a place that can easily be colonized by
macrophytes, which in turn, allow the colonization of pe-
riphytic microalgae (Biolo et al., 2015).

The critical role played by macrophyte life forms in
driving periphyton was observed, demonstrating that pe-

Fig. 4. Whittaker diagram with the taxa of periphytic microalgae
aligned in order of number of taxa by relative abundance.

Fig. 5. Diversity and equitability indices of taxa of periphytic
microalgae assemblages on macrophytes in Thomaz Osterne de
Alencar reservoir.

Fig. 6. Cluster analysis by the Jaccard similarity of periphytic
microalgae assemblages among macrophytes and sampling sites
in Thomaz Osterne de Alencar reservoir. C, Chara rusbyana; S,
Salvinia auriculata; E, Apalanthe granatensis; P, Polygonum
hispidum; N, Nymphaea pulchella; P1 to P6, sampling sites.
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riphyton differs among different substrates. A possible ex-
planation is that the substrate can affect the interactions
between these microorganisms. Microalgal assemblages
within a sampling site tend to be more similar than assem-
blages from different sites, although a single sampling site
can generate variable microalgal assemblages on different
macrophytes (Lowe and LaLiberte, 2007; Messyasz et al.,
2009). The periphytic assemblages showed little similarity
among the macrophytes investigated, even those occur-
ring at the same sampling sites. It is possible that the mi-
croalgae have developed distinct and species-specific
mechanisms of colonization and persistence depending
on the substrate. Hence, the observed periphyton differ-
ences may be related to the architecture and roughness of
macrophytes as suggested by other studies (Thomaz et al.,
2008; Sultana et al., 2010; Thomaz and Cunha, 2010).
These plants can also determine the periphyton composi-
tion via the release of organic compounds that inhibit the
colonization of certain species of algae, this was observed
for Chara species, which interfere with the growth and
establishment of various microalgae assemblages (Mul-
derij et al., 2003). The most abundant and common mi-
croalgal taxa belonged to the divisions Chlorophyta,
Bacillariophyta, and Cyanobacteria, a very wide group of
algae that exhibit multiple ways of fixing and establishing
on substrates (Barsanti and Gualtieri, 2006). These strate-
gies include mucilaginous sheaths, stems for fixing to the
substrate, excretory pores, and differentiated basal cells
that facilitate adhesion to the substrate (Barsanti and
Gualtieri, 2006). These characteristics promote efficient
colonization and rapid growth in substrates and have been
observed in other lentic environments (Stevenson, 1996;
Vercellino and Bicudo, 2006; Felisberto and Rodrigues,
2010; Ferreira et al., 2011).

Our results showed that macrophytes influence the dis-
tribution patterns and frequency of microalgae, particularly
of those that are loosely attached to the substrate. This was
evident when considering the occurrence of chloro-
phyceans Zygnemaphyceae (e.g., Cosmarium and Stauras-
trum genera), because, according to literature, these genera
do not present specialized structures for fixation to sub-
strates, but their frequency is positive influenced by the
biomass of the colonized macrophyte stands (Murakami
et al., 2009). Some microalgal taxa occurred more fre-
quently on certain macrophyte species because these plants
have greater morphological complexity, allowing taxa such
as the diatoms Pinnularia sp., Nitzschia sp2 and Gyrosigma
sp., to occur preferentially on A. granatensis, S. auriculata,
and N. pulchella, as opposed to P. hispidum and C. rus-
byana, which have common microalgae species to other
macrophytes. A. granatensis, S. auriculata, and N. pul-
chella have different morphological structures and com-
plexity (e.g., small and verticillated leaves, adventitious
roots, and extensive petiole and leaf), and may favour only

algae with fixation structures adapted to their particular
structure. In general, more complex habitats lead to greater
species diversity (Thomaz et al., 2008), and this pattern
can be analysed by comparing the morphology of all the
studied macrophytes.

In general, diatoms are specialized, through the use of
attachment stems and pores, in colonizing substrates that
exhibit morphological characteristics that facilitate their
attachment and persistence (Barsanti and Gualtieri, 2006).
This group of algae is present from the start of the colo-
nization process and is abundant at advanced colonization
stages (Felisberto and Rodrigues, 2010). They also show
several advantages regarding resource utilization when
compared with other algae that constitute the periphyton
(Hinojosa-Garro et al. 2010).

The observed differences in the composition and rel-
ative abundance of algal species between assemblages can
be explained by the type of colonization that microalgae
species use in different habitats due to the different mor-
phological characteristics of the studied macrophytes. The
influence of macrophyte morphology in periphyton as-
semblages has been reported in other studies that showed
that microalgae develop substrate preferences during the
colonization stage on macrophytes (Villeneuve et al.,
2010; Schneck et al., 2011). Regarding the type of macro-
phytes used as substrates, diatoms are strongly associated
with macrophytes of the Hydrocharitaceae family because
these plants are completely submerged and have a very
complex structure that facilitates colonization by microal-
gae. Similar results were obtained by Messyasz and
Kuczyńska-Kippen (2006). Species that live in environ-
ments with greater morphological complexity exhibit
minor mode clustering and a wide range of functional
characteristics, yielding greater diversity than in more ho-
mogeneous areas owing to the increased availability of
niches (Pacini et al., 2009).

CONCLUSIONS

In general, we can conclude that the structure of peri-
phyton assemblages is influenced by the macrophyte sub-
strate, as this can not only promote high diversity and
equitability but can also be a predictor of dissimilarity in
the distribution and occurrence frequency of microalgae.
The results of this research reinforce the findings of other
studies that have shown that macrophyte life forms and
their morphological complexity play an important role in
structuring periphyton assemblages.
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