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Similarity among periphyton algal communities in a lentic-lotic gradient of
the upper Parana river floodplain, Brazil
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ABSTRACT - (Similarity among periphyton algal communities in a lentic-lotic gradient of the upper Parana river floodplain,
Brazil). Floristic comparison of periphyton communities from three systems with different hydrodynamic regimes (lentic,
semilotic, and lotic) was carried out during high and low water periods on the Upper Parana River floodplain. For each period
and system, glass slides were sampled every two days during 18-day periods, and Eichhornia azurea Kunth petioles were
sampled three times. A total of 228 species was collected, representing 12 classes, mainly diatoms and desmids. The highest
species-richness was found in communities from lentic system and during high water. Species richness in the lotic system was
more stable over succession and hydrological periods. Algal taxonomic structure in river community was clearly separated
from the other two systems, with 43% of similarity level. The hydrological period was next in importance, followed last by
the substratum type, with communities associated at 65-78% similarity levels, depending on system and hydrological period.
The type of system, but not the water levels,was the main factor that influenced community richness, followed by disturbances
caused by flood pulses and the operation of reservoirs upstream. The periphyton on artificial and natural substrata presented
high degree of similarity.

RESUMO - (Similaridade entre comunidades de algas perifiticas em um gradiente léntico-l6tico da planicie de inundagdo do
alto rio Parana, Brasil). Comparacéo floristica entre as comunidades perifiticas de trés sistemas com distintos regimes
hidrodinamicos (léntico, semildtico e l6tico), abrangendo periodos de aguas altas e baixas, foi realizada a partir de substratos
artificial e natural. Laminas de vidro foram coletadas a cada dois dias durante 18 dias e peciolos de Eichhornia azurea Kunth
trés vezes em cada ocasido. O perifiton apresentou, como um todo, 228 espécies de algas distribuidas em 12 classes, com a
maior representatividade de diatomaceas ¢ desmidias. Maior riqueza foi, invariavelmente, encontrada no sistema léntico e no
periodo de aguas altas. A ficoflorula perifitica foi caracterizada, principalmente, pelo regime hidrodindmico e pela morfometria
do ambiente, havendo nitida separagdo da comunidade do sistema lotico em relagdo a dos outros dois sistemas, agrupados a 43%
de similaridade. Em seguida, o periodo hidroldgico foi mais importante e, por ultimo, o tipo de substrato, cujas comunidades
se associaram a 65-78% de similaridade, dependendo do sistema e periodo hidrologico. Conclui-se que o tipo de ambiente e ndo
o regime hidrologico exerceu a maior influéncia sobre a riqueza especifica da comunidade; e que as perturbagdes causadas pelos
pulsos de inundagéo e pela operagdo dos reservatorios influenciaram, marcadamente, as flutuagdes da riqueza especifica das
comunidades perifiticas. Finalmente, as comunidades epifiticas foram floristicamente bem representadas pelos substratos
artificiais.
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Introduction

The floodplains are among the most productive
ecosystems of the globe and are also important
centers of biological diversification (Junk 1996). Large
undammed tropical rivers typically support
floodplains leading to high habitat heterogeneity.
Such systems are characterized by the presence of
different types of aquatic and transitional land-water
habitats such as oxbow lakes, temporary lakes,
semilotic environments, streams, and rivers. These
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mostly shallow systems usually support extensive
banks of aquatic macrophytes, which provide
conditions for a profuse development of periphytic
and metaphytic algae. In flooded areas in general,
these communities interact closely with
phytoplankton, mainly through export of matter from
the substratum to open water (Goldsborough &
Robinson 1996).

Despite the abundance of wetland habitat
globally, information on the algal assemblages of
wetlands remains fragmentary, particularly in
subarctic and tropical areas (Goldsborough &
Robinson 1996). Although the extensive area of
floodplains occupied in Brazil (Junk & Da Silva 1995)
and the importance of attached microbiota in shallow
systems, very little work has been done on periphyton
in such systems in Brazil (Bicudo et al. 1995).
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The floodplain of the Upper Parana River, the
object of this study, is located in the last undammed
section of this river in Brazil (Agostinho & Zalewski
1996). In spite of the incontestable importance of
algae, knowledge of such communities in the Upper
Parana River floodplain has lagged behind that of
physical and chemical limnology and studies of other
communities, as clearly documented by the review of
Vazzoler et al. (1997). Taxonomic and ecological
information have been published for phytoplankton
in this system (Jati & Train 1993, Train & Rodrigues
1997) but information on periphyton is lacking.

Considering the extremely heterogeneous
distribution of the periphyton and its interaction with
natural substrata, allied to the necessity to standardize
the community development time and the nature of
the substratum, there has been an incentive for the
use of artificial substrata in spatial and temporal
comparisons, mainly in biomonitoring studies
(Cattaneo & Amireault 1992).

This investigation is part of a broader project on
successional development of periphyton communities
on artificial substrata. The objectives of the present
study were: a) to compare the flora of the periphyton
community of three systems with distinct
hydrodynamic regimes (lentic, semilotic, and lotic)
and in two hydrological periods (high and low water);
b) to evaluate the efficiency of the use of artificial
substrata (glass slides) in representing the epiphytic
algal flora in the Upper Parana River floodplain; and
¢) to provide taxonomic support for parallel ecological
studies. This work is a pioneering contribution to the
study of the periphyton flora of this segment of the
plain. It is also the first to provide floristic comparisons
of the periphyton algal communities of different
systems and substrata (natural/artificial) in a Brazilian
floodplain.

Material and methods

Study Area - The upper Parana River flows generally from
North to South/Southwest through a region with tropical to
subtropical climate, with mean monthly temperatures above
15 °C and precipitation over 1,500 mm.year' (Agostinho &
Zalewski 1996). The work was carried out near the
municipality of Porto Rico, state of Parana, at the boundary
with the state of Mato Grosso do Sul, between coordinates
22°40°-22°45" S and 53°15°-53°25" W (figure 1).

Three aquatic systems with distinct hydrodynamic
regimes were chosen. Gargas Lake is a lentic environment,
which communicates permanently to the river through a
narrow channel and is about 2 km long and 150 m wide. Its
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littoral zone harbors a species-rich community of aquatic
macrophytes, with Eichhornia azurea Kunth prominent, and
arboreal riparian vegetation extends along nearly its entire
shoreline. Pau Véio Backwater, located on Mutum Island,
state of Parana, is a semilotic environment about 1.2 km
long and 50 m wide. Its left bank is formed by a natural levee,
which separates it from the Parana River. The vegetation
grades from aquatic to terrestrial systems and is composed of
aquatic macrophytes, mainly E. azurea, and herbaceous and
shrubby riparian vegetation; the right bank is mainly in
pasture. Cortado Channel, a lotic environment located on
the left bank of the Parana River, is about 2 km long, 80 m
wide and mean water current of 50 and 30 cm.s! in high and
low water, respectively. It has arboreal riparian vegetation
along both banks, and there are multispecies stands of aquatic
macrophytes, mainly E. azurea, in the littoral zone (figure 1).

Characterization of the abiotic limnological parameters
of these systems was carried out simultaneously with the
present study. Data were thoroughly discussed by Rodrigues &
Bicudo (2001) and some basic information are provided in
table 1 and figure 2.

Sampling was carried out during periods of high water
(March 16, through April 1, 1994) and low water (July 20,
through August 5, 1994) in the three study systems. For
purposes of comparison, the type of substratum and the stage
of development of the periphyton community were
standardized. Samples for taxonomic characterization of
periphyton communities were taken from glass slides as an
artificial substratum, and petioles of Eichhornia azurea Kunth
in the mature stage, as this macrophyte was best represented
in all three environments. Wooden supports containing
vertically positioned glass slides were placed in the littoral
zones of the three systems, next to stands of E. azurea.

Collections of periphyton from glass slides were made
every two days during 18-day periods in high and low water
phases (figure 2), with two replicates and with random
sampling of the substrata. Natural substrata were sampled
three times, corresponding to the 2", 10", and 18" day of
successional development on the artificial substrata. Natural
substrata were sampled to study the community under natural
conditions and in a more stationary mature developmental
stage.

The periphyton removed from a substratum was fixed
and preserved in 0.5% acetic lugol, except for samples for
determination of diatoms, which were preserved in 4%
formalin. Techniques of oxidization and preparation of
permanent slides of diatoms followed Simonsen (1974), using
HYRAX as the inclusion medium. Samples were archived in
the Herbarium of the State University of Maringd, Parana
(HUM).

After taxonomic analysis, organisms were quantified
using an inverted microscope at 400X, according to methods
of Utermohl (1958). Additional counts were made on
permanent slides (100 individuals) to differentiate very similar
diatom species as recommended by Biggs (1996). Evaluation
of floristic similarities was based on the quantification
procedure for purposes of standardizing the sampling and the
analyses efforts among periods and systems.

The classification system used was that of Round (1968),
complemented by Round (1971). The systematic arrangement
and generic diagnoses followed Bourrelly (1975, 1981), except
for the classes Cyanophyceae and Bacillariophyceae, which
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Figure 1. Locations of the three environments sampled on the Upper Parana River floodplain (lentic system - Gargas Lake; semilotic system
- Pau Véio Backwater; and lotic system - Cortado Channel).

were classified according to Gleitler (1932) and Krammer & Results and Discussion
Lange-Bertalot (1988, 1991a, b) respectively.
The similarity of the communities between systems,

hydrological periods, and substratum type was measured by  Community richness - Taxonomic analysis of the algal

group analysis (UPGMA), using Dice’s (Sorensen/ eriphyton community (table 2) yielded 228 taxa, 93
Czekanowski) binary index, by the program NTSYS version peripiy y( )y ’

150 (Rolf 1989). genera and 12 classes (30 Cyanophyceae, 34
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Table 1. Limnological parameters measured in the littoral zone of the lentic, semilotic and lotic systems during high (HW) and

low water (LW), including means and standard errors (n = 3).

Parameter Lentic System Semilotic System Lotic System
HW LW HW LW HW LW

Water temp. (°C) 26.6+ 0.6 175+ 1.6 265+ 0.7 187+ 43 266+ 0.6 195+ 038
pH 63+ 02 6.7+0.1 64+ 0.2 7.0+ 0.1 7.0+ 0.01 75+ 0.1
Conductivity (uS.cnr') 483+ 0.6 50.0 + 3.6 497+ 1.5 520+ 1.7 57.0+ 1.0 60.0+ 2.0
DO (uglh 32+ 22 48+12 44+ 09 8.6+ 1.2 82+ 0.3 9.6+ 04
Si-SSR (ug.l') 49+ 0.7 35+02 53+ 0.5 50+ 0.5 58+ 0.3 56+ 0.5
P-PO4 (ug.l") 10.1+ 4.1 1.8+ 0.6 65+ 1.3 32+ 0.3 52+ 1.8 21+ 0.1
P-PDT (pgl") 11.1+ 49 53+0.4 83+ 0.8 33+ 03 56+ 1.4 26+ 04
TP (ugth) 30.1 +£10.2 148+ 04 3.1+ 0.7 48.6+ 5.8 435+ 6.3 650+ 114
TN (uglh) 362.7 +24.4 539.0 + 8.6 362.7+ 333 1894.0 + 108.3 3413 +722 1593.7+107.1
Inorganic N:P 17+ 2.0 93 £3.7 36+ 1.8 62+ 24 92+ 32 226+ 0.8
(atomic ratio)

TN:TP 29+ 1.2 80+ 1.2 26+ 0.8 87+ 1.2 17+ 0.3 56+ 2.6

(atomic ratio)
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Figure 2. Daily fluctuations of the Parana River at Porto Sao José
city during the sampling periods (March/10 through April/1 1994,
and from July/14 through August/5 1994). HW = high water; LW
=low water. Arrows indicate collection dates for natural substratum
community; the secondary scale indicates collection dates for the
artificial substratum community.

Chlorophyceae, three Ulotrichophyceae, seven
Oedogoniophyceae, 62 Zygnemaphyceae, seven

Euglenophyceae, one Dinophyceae, two
Crysophyceae, five Xantophyceae, 74
Bacillariophyceae, one Cryptophyceae, and two
Rhodophyceae).

Highest species richness was observed on
artificial substratum (96% of the species) and during
the high water stage (89% of the species), in contrast
to results for the natural substratum (77%) and low
water stage (78%). Of the three systems studied and
comparing the same kind of substrata and
hydrological periods, the lake invariably had the
highest number of species, followed by the semilotic
system, and last by the lotic system (table 3).

The higher species richness observed at high
water, independently of environment or substratum

type, was probably related to the greater availability
of nutrients (table 1), mainly phosphorus, during this
period (Rodrigues & Bicudo 2001), and to greater
input of propagules in the water column, which use
the substrata for refuge and reproduction (Biggs
1996); and quite probably to the frequent physical
disturbances of the community caused by the flood
pulses. According to McCormick (1996) and
Stevenson (1996), disturbances cause large changes
in periphyton community structure, with disturbances
of low and moderate intensity promoting the
appearance of new classes, as well as species
substitution.

The lake showed higher species richness, most
probably for its morphometric characteristics, which
lead to extensive development of aquatic macrophytes
and thus the availability of a large diversity of
habitats; and for the low current regime, which favors
the development of both firmly or loosely attached
forms. These conditions are especially favored during
high water, through the substantial input of
phosphorus resulting from decomposition of the
flooded vegetation and resuspension of the sediment
(Rodrigues & Bicudo 2001). Although the higher
orthosilicate content during high water (table 1)
because of the entry of the river water into the lake,
silica content did not influence richness since it was
not limiting in any system studied (> 0.2 mg.l"!,
according to Willen 1991).

In regard to succession (figure 3), by the second
day the community already included a high number
of species (25-45 taxa), with a gradual increase in
richness even in the initial stages, followed by more
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Table 2. Species list of periphytic algae by substrata, type of environment (LS = lentic system; SS = semilotic system; SR = lotic
system), and hydrological stage (HW = high water; LW = low water) in the Parana River floodplain.

Artificial substratum Natural substratum
LS SS SR LS SS SR
HW LW HW LW HW LW HW LW HW LW HW LW

CYANOPHYCEAE
Anabaena circinalis Rab.
A. solitaria Kleb. X X X X X
Anabaena sp.

Aphanocapsa pulchra (Kiitz.) Rab.

Calothrix brevissima West

C. fusca (Kiitzing) Born. et Flah.

Chamaesiphon sp.

Chroococcus minutus (Kiitz.) Nag.
Cylindrospermum muscicola Kiitz. ex Born. & Flah.
Lyngbya epiphytica Hir.

L. lagerheimii Gom.

L. martensiana Men. ex Gom. X X X X
L. nordgaardii Wille
L. pellucida Um. X X X
Lyngbya sp.1
Lyngbya sp.2
Merismopedia glauca (Ehr.) Kiitz. X
M. punctata Meyen

Microchaete sp.

Microcoleus brasiliensis Borge
Oscillatoria amphibia Ag. ex Gom.
O. foreaui Frémy

O. geminata Men. ex Gom.

O. limosa Ag. ex Gom. X X

O. sancta Kiitz. ex Gom. X X X X X
O. splendida Grev. ex Gom.
O. subtilissima (Kiitz.) Gom. X X X X X X X
Pseudanabaena sp. X X
Schizothrix lamyi Gom. X X X
Spirulina princeps West & West X
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CHLOROPHYCEAE
Ankistrodesmus bibraianus (Reinsch) Kors. X X X
A. fusiformis Corda
Aphanochaete repens A. Br. X X X X X
Chaetophora elegans (Roth) Ag. X X X
Characiellopsis skujae (Fott) Kom. X
Characium ornithocephallum A. Br.
Characium sp.
Chloromonas paradoxa Korsch.
Chlorococcales 1
Coleochaete cf. orbicularis Pring.
Coelastrum cambricum Arch.
Crucigenia tetrapedia (Kirchn.) West & West X X
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Crucigeniella crucifera (Wolle) Kom. X X X X X X X X

Dictyosphaerium pulchellum Wood X X X X

Dimorphococcus lunatus A. Br. X X X X

Kirchneriella lunaris (Kirch.) Mob. X X X

K. obesa (W. West) Schm. X X X

Monoraphidium pusillum (Printz) Kom.-Legn. X X X X X X X
QOocystis crassa Wittr. X X X X X X X X X X X
Ophiocytium capitatum Wolle X X X X
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Artificial substratum Natural substratum
LS SS SR LS SS SR
HW LW HW LW HW LW HW LW HW LW HW LW

O. cochleare (Eichw.) A. Br. X X X X

Pediastrum duplex Meyen X X

P, tetras (Eh.) Ralfs X X X X X X X X X

Phytelios viridis Frenz. X X X

Scenedesmus acuminatus (Lag.) Chod. X X X X X X

S. bicaudatus (Hansg.) Chod. X X X

S. denticulatus Lag. X X X X X X X

S. ovalternus Chod. X X X X

S. quadricauda (Turp.) Breb. sensu Chod. X X X X X X X X X X

Schroederia sp. X X

Sorastrum americanum (Bohl.) Schm. X X

Stigeoclonium farctum Berth. X

S. tenue (C.Ag.) Kiitz. X

Stigeoclonium sp. X X
ULOTRICHOPHYCEAE

Ulotrix aequalis Kiitz. X X X X

U. subtilissima Rab. X X

Uronema intermedium Bourr. X X X X X X X
OEDOGONIOPHYCEAE

Bulbochaete sp.1 X X X X X X X

Bulbochaete sp.2 X X X X X X X

Oedogonium reinschii Roy X X X X

O. warminginianum Wittr. X X X X X X X X X X X X

Oedogonium sp.1 X X X X X X X X X X X

Oedogonium sp.2 X X X X X

Oedogonium sp.3 X X X X X X X X X
ZYGNEMAPHYCEAE

Actinotaenium curcubitinum (Biss.) Teil. X X X X X X X X X

A. globosum (Bulnh.) Forst. ex Comp. X

Arthrodesmus mucronulatus Nordst. X X X X

Closterium jenerii Ralfs X X X X X X X X

C. kuetzingii Bréb. X X

C. leibleinii Kiitz. ex Ralfs X X

C. navicula Bréb. X X X X X

C. parvulum Nag. X

C. subulatum (Kiitz.) Bréb. X X

C. venus Kiitz. ex Ralfs X X X X X

Cosmarium abbreviatum Rac. X X X X X X X X X

C. biretum Bréb. X

C. denticulatum Borge X

C. granatum Bréb. ex Ralfs X X

C. impressulum Elfv. X X X X

C. majae Strom X X X X

C. margaritatum (Lund) Roy & Biss. X X X X X X X X X

C. naegelianum Bréb. X X X X X X

C. pseudopyramidatum Lund. X X X X X X X X X

C. quadrum Lund. X X X X X

C. triangulare Borge X X

Cylindrocystis brebissonii (Men.) De Bary X X X X

Desmidium aptogonum Bréb. ex Kiitz. X X

D. baileyi (Ralfs) De Bary X X X X

D. swartzii (Ag.) Ag. ex Ralfs X X

Euastrum elegans (Breb.) ex Ralfs X X X X X X X

E. gemmatum (Breb.) ex Ralfs X X X
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Artificial substratum Natural substratum
LS SS SR LS SS SR
HW LW HW LW HW LW HW LW HW LW HW LW

E. mononcylum (Nord.) Rac. X X
E.porrectum Borge X X
E. pulchellum Bréb. X X X X X X X X
Gonatozygon pilosum Wolle X X X X X X X X
Hyalotheca dissiliens (Sm.) Breb. ex Ralfs X
Micrasterias arcuata Bail. X X X X X
M. furcata Ag. ex Ralfs X X X
M. laticeps Nordst. X
M. truncata (Corda) Breb. ex Ralfs X X
Mougeotia recurva (Hass.) De Toni X X X X X X X X X X X
Netrium digitus (Ehr.) Itz. & Rothe X X X X X
Onychonema laeve Nordst. X
Pleurotaenium ehrenbergii (Breb.) De Bary X
P. nodosum (Bail.) Lund X
Pleurotaenium sp. X X
Spirogyra spp. X X X X X X X X X X X X
Spondylosium panduriforme (Heim.) Teil. X X X X
S. pulchellum Arch. X X X X X X X
Staurastrum arctiscon (Ehr.) Lund. X X
S. asterias Nyg. X X X X X
S. leptacanthum Nordst. X X X
S. leptocladum Nordst. X X X X X X
S. margaritaceum Ehr. ex Ralfs X X
S. muticum Breb. ex Ralfs X X X X X X X X
S. nudibrachiatum Borge X X X X X X
S. setigerum Cleve X X X
S. tetracerum Ralfs X X X X X X
S. trifidum Nordst. X X X X X X
Staurastrum sp. X
Staurodesmus cuspidatus (Breb.) Teil. X X X X X X X
S. dejectus (Breb.) Teil. X X
S. dickei (Ralfs) Lill. X X X
Staurodesmus sp. X X
Teilingia granulata (Roy & Biss.) Bourr. X X X X X X
Zygnema sp. X X
EUGLENOPHYCEAE
Euglena acus Ehr. X X X X X X
E. spirogyra Ehr. X X
Phacus pleuronectes (O.F.Miill.) Duj. X X X
Phacus sp. X
Strombomonas gibberosa (Playf.) Defl. X
Trachelomonas armata (Ehr.) Stein X X X
T. rotunda Swir. emend Defl. X X X X
DINOPHYCEAE
Peridinium sp. X X X X
CHRYSOPHYCEAE
Dinobryon sertularia Ehr. X X X X
Salpingoeca marsonii Lemm. X X X
XANTHOPHYCEAE
Characiopsis aquinolaris Skuja X X X X
C. longipes (Rab.) Borzi X X X X

C. minor Pasch. X X
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Artificial substratum Natural substratum
LS SS SR LS SS SR
HW LW HW LW HW LW HW LW HW LW HW LW

C. pyriformis (A. Br.) Borzi X X X X X X
C. subulata (A. Br.) Borzi X X X X X X

BACILLARIOPHYCEAE
Achnanthes exigua Grun. X
A. inflata (Kiitz.) Grun.
A. minutissima Kiitz. X X X X
A. lanceolata (Breb.) Grun.
Amphipleura lindheimeri Grun.
Anomoeoneis vitrea (Grun.) Ross X
Aulacoseira ambigua (Grun.) Sim.
A. distans (Ehr.) Sim. X
A. granulata (Ehr.) Sim. X X X
A. herzogii (Lemm.) Sim.
Cocconeis placentula Ehr. X
Cyclotella kuetzingiana Thwait. X
C. meneghiniana Kiitz. X X
C. pseudostelligera Hust. X X X X X
C. stelligera Cleve & Grun.
Cymbella affinis Kiitz. X X X X
C. gracilis (Ehr.) Kiitz.
C. mesiana Choln. X
C. minuta Hilse ex Rab.
C. silesiaca Bleisch ex Rab. X
C. tumida (Breb. ex Kiitz.) Van Heurck X
Diploneis elliptica (Kiitz.) Cleve X
D. subovalis Cleve
Eunotia bilunaris (Ehr.) Mills X X X X X X X X X X
E. camelus Ehr. X
E. flexuosa (Breb.) Kiitz. X X
E. incisa Greg.
E. lineolata Hust.
E. minor (Kiitz.) Grun.
E. pectinalis (Dillwyn) Rab.
E. praerupta Ehr.
E. sudetica O. Miiller
Fragilaria capucina Desm.
F. goulardi (Breb.) Lange-Bert.
F ulna (Nitzsch) Lange-Bert.
Frustulia rhomboides (Ehr.) De Toni
Gomphonema affine Kiitz.
G. angustum Ag.
G. augur Ehr.
G. gracile Ehr.
G. parvulum (Kiitz.) Kiitz.
G. subtile Ehr.
G. truncatum Ehr.
Gyrosigma nodiferum (Grun.) Reim.
Hantzschia amphioxys (Ehr.) Grun.
Melosira varians Ag. X
Navicula capitata Ehr.
N. constans Hust. X
N. contenta Grun. X
N. cryptocephala Kiitz. X X X X X X X X X X X X
N. cuspidata (Kiitz.) Kiitz. X
N. disparilis Hust. X
N. mutica Kiitz. X X X
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Artificial substratum Natural substratum
LS SS SR LS SS SR
HW LW HW LW HW LW HW LW HW LW HW LW
N. pupula Kiitz. X X X X X
N. radiosa Kiitz. X
N. schroeterii Meist. X X X X
N. viridula (Kiitz.) Ehr. X X X X
Neidium affine (Ehr.) Cleve X
Nitzschia acicularis (Kiitz.) Schm. X
N. amphibia Grun. X X X X X X X X X X X
N. clausii Hantzsch X X X X
N. palea (Kiitz.) Schm. X X X X X X X X X X X X
N. sigma (Kiitz.) Schm. X X X X X X
Pinnularia acrosphaeria Rab. X X X X X
P, braunii (Grun.) Cleve X X X X X X
P. divergens W. Schm. X X X
P, gibba Ehr. X X X X
P. microstauron (Ehr.) Cleve X X X X
P. termentina (Ehr.) Patr. X
Stauroneis phoenicenteron (Nitzsch) Eh. X X
Surirella angusta Kiitz. X X X X X
S. delicatissima Lew. X
S. linearis Schm. X X X X
S. tenera Greg. X X
CRYPTOPHYCEAE
Protocryptomonas sp. X X
RHODOPHYCEAE
Audouinella pygmaea (Kiitz.) Web.-Van Bosse X X
Compsopogon leptoclados Mont. X X

or less accentuated fluctuations in both high and
low water periods in the lentic and semilotic
environments. In the river, fluctuations were slight,
except at the 8" day of succession at low water. On
the natural substrata, the variation in species number
between collection days was also greater in the lentic
and semilotic environments, mainly at high water
(figure 3). Also the number of species on the artificial
substratum closely approximated that of the epiphytic
community, mainly in the lotic system.

The larger oscillations, mainly decreases in
community richness with succession, occurred
simultaneously in lentic and semilotic environments
during high water (10" and 16" days, figure 3) and
out of phase during low water (8" day in the river, 10
in the semilotic, and 14" in the lake, figure 3). These
fluctuations were largely associated with the more
pronounced oscillations of the level of the Parana
river (figure 2). At high water, the flood pulse caused
a large oscillation in water level between the 6" and
10™ days of succession, affecting mainly the

periphyton communities of the more protected
systems, in which the loosely attached forms were
better represented, such as species of the genera
Cosmarium and Scenedesmus (table 2). At the 16"
day, it is probable that the rise in water level influenced
the decrease in community species richness, since
its effect was observed in both lentic and semilotic
systems. Very probably the rise in water level at day
10 did not cause the same response of the periphyton
in terms of richness, since younger communities are
supposedly more resilient (Peterson 1996).

At low water, the level of the Parana River rose/
fell nearly a meter between the 6% and 10" days (figure
2), because of the operation of the reservoirs
upstream. This event affected the riverine community
immediately (8" day), the semilotic community two
days later (10" day), and the lentic system after four
days (14" day) (figure 3). The decrease in species
richness was mainly affected by the decrease in
desmids and few species of diatoms (Navicula and
Pinnularia). Also, the communities on natural
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Table 3. Species richness of the periphytic algae community by type of systems, substrata (AS = artificial substratum; NS =
natural substratum), and hydrological periods (HW = high water; LW = low water).

Lentic System

Semilotic System

Lotic System

AS NS

AS

NS AS NS

137 109

Lw 105 76

112
93

83
63

76
74

61
56

Gargas Lake
70

HW

é’+#%"

60
50
40

!

30

Number of species

20
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2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
Successional time (days)
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70
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s 50 . " - +
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Figure 3. Mean and standard deviation (n = 2) in community
species number on artificial (full) and natural substrata (empty)
during high water (HW) and low water (LW) in lentic, semilotic,
and lotic systems.

substrata, particularly those of the semilotic and lotic
systems, showed a loss in species richness (figure 3,
second collection). The time difference in the

communities responses in different systems could
be demonstrated only on the artificial substratum, by
means of collections made at short intervals. Such
differences in phase must have occurred on natural
substratum as well, since during low water the
systems show more individualized characteristics,
associated with the lower degree of connection to
the Parana River (Rodrigues & Bicudo 2001).

In general, periphyton community richness on

the two substratum types in the lotic system was
more stable over both macro- and micro- time scales.
This lower amplitude of oscillation in species number
must result from the composition of the riverine
community, which includes more firmly attached
forms, which are highly resistant to disturbances
(Peterson 1996), such as Oedogonium reinschii Roy,
O. warminginianum Wittr. and Oedogonium spp., as
well as from the greater temporal homogeneity of the
abiotic characteristics of the system (Rodrigues &
Bicudo 2001).
Taxonomical composition - Analysis of the taxa
numbers per class and by type of environment,
substratum, and hydrological period demonstrated
the predominance of Zygnemaphyceae and
Bacillariophyceae (figure 4, table 4). Lower species
richness of Zygnemaphyceae occurred in the river,
and higher richness of diatoms in the lotic and
semilotic environments.

Diatoms, present in all systems and at both
periods (table 2, figure 4), are rapid and efficient
colonizers, capable of occupying substrata within a
single day to several weeks (Hoagland et al. 1986).
Moreover, many diatoms have specialized structures
for fixation to substratum, such as short or long
mucilaginous peduncles as in species of
Gomphonema, production of mucilaginous matrices
as in Cymbella, Frustulia, and Navicula, and star-
or branch-shaped colonies fixed at the base as in
Eunotia and Fragilaria (Round 1991). The higher
richness of this group in lotic system (figure 4) is
partly related to these specialized structures that
confer a competitive advantage on diatoms in more
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stressful ambient conditions imposed by current
speed and discharge (Biggs 1996). Additionally, their
small size and ability to secrete mucilage permits
diatoms to fix rapidly onto smaller surfaces which are
inaccessible to larger competitors (Biggs & Hickey
1994). Although the river had higher reactive silicate
content than the other two systems studied (table 1),
silicate was always above the diatom growth limit
(> 0.2 mg.I").

Desmids were well represented in species mainly
in the lake, followed by semilotic system (figure 4,
table 2, 4). True planktonic desmids are rare and most
of them make use of a substratum at least for
reproduction (Coesel 1996). Accordingly, higher
desmid richness was related to the presence of stands
of macrophytes and the positioning of the artificial
substrata next to them, since the stands are important
sources of algae, especially desmids (Brook 1981,
Coesel 1996). The low current speeds in these
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systems is another probable factor in the high
representation of desmids.

More even partitioning of the algal classes
occurred in the lake, followed by the semilotic and
lastly the lotic system (figure 4). Also, some classes
were found only in certain systems and/or periods.
For instance, Cryptophyceae occurred only in the
lentic environment at low water, Rhodophyceae in
the lotic system, and Dinophyceae in the semilotic
system (tables 2, 4).

Floristic similarity in the cluster analysis among
periphyton communities of the different types of
system, substrata, and hydrological periods (figure
5) showed that two large groups (43% similarity level)
were formed which discriminated the periphyton
community of the lotic system (D) from the remaining
environments (A-C). Within this second group, three
subgroups (> 60% similarity) were formed,
corresponding to: (A) communities at high water (lake

Table 4. Algal classes species richness of the periphyton by type of environment, substrata (AS = artificial substratum, NS = natural
substratum), and hydrological periods (HW = high water; LW = low water).

Lentic System Semilotic System Lotic System
AS NS AS NS AS NS
HW 20 17 10 12 7
Cyanophyceae
LW 9 10 8 7 8
HW 23 16 15 12 10 6
Chlorophyceae
LW 12 8 13 9 11 5
. HW 2 1 2 1 1 1
Ulotrichophyceae
Lw 2 0 1 0 1 1
. HW 5 7 6 7 1 3
Oedogoniophyceae
LW 5 7 4 6 2 2
7 " HW 42 27 37 22 12 7
emaphyceae
yEnemapy LW 29 20 25 17 17 4
Euglenoph HW 5 1 4 0 0 0
lenophyceae
velenopy LW 4 0 0 2 0 0
. HW 0 0 1 0 1 0
Dinophyceae
LW 0 0 1 0 1 0
Chrysoph HW 2 1 1 0 0 0
sophyceae
i LW 1 0 2 0 0 0
HW 5 7 5 4 0 0
Xanthophyceae
LW 4 2 2 0 0 1
o HW 33 32 31 24 42 37
Bacillariophyceae
LW 38 27 34 21 35 33
Crvotonh HW 0 0 0 0 0 0
ophyceae
YPIoPY LW 1 1 0 0 0 0
HW 0 0 2 0 0 0
Rhodophyceae
LW 0 0 0 0 0 2
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Figure 4. Relative contribution of the main algal classes to total
species richness in each environment, substratum (AS: artificial
substratum; NS: natural substratum), and hydrological period (HW:
high water, LW: low water stages).
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Figure 5. Dendrogram of similarity (Dice’s index) between
periphyton communities in different systems, substrata, and
hydrological periods. Abbreviations: HW = high water; LW =low
water; L = lentic environment; S = semilotic environment; R =lotic
environment; a = artificial substratum; n = natural substratum.
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and semilotic environments), (B) communities at low
water in the lake, and (C) communities at low water in
semilotic system. In fact, periphyton river community
was less rich than in the other systems (table 2), more
stable in species number during succession (figure
2, 3), and remarkably richer on diatoms (table 4). It
can also be seen that during high water, communities
from both lentic and semilotic systems become more
similar (> 60% similarity) than during low water (ca.
55%). These results are in accordance with Rodrigues
& Bicudo (2001) that, based on limnological abiotic
characteristics of the same systems, found that lentic
and semilotic systems became more similar during
high water phase, and presented more individualized
characteristics during low water associated with the
lower degree of connection to the Parana River. So
the hypothesis put forth by Thomaz et al. (1997)
referring to the homogenizing effect of the floods on
the aquatic environments influenced by the upper
Parana River is also reinforced by floristic similarity
among periphyton communities. Moreover, the
authors observed a rupture in the behavior of the
lagoons and semilotic environments, which become
more homogeneous when the hydrological level is
above 3.5 m. At present higher similarity was
observed when the hydrological levels of the Parana
River were above 3.5 m (figure 2).

Considering artificial and natural substrata (figure
5), floristic similarity between periphyton
communities was quite high, about 65% (LW) and
70% (HW) for semilotic system, 70% (LW) and 78 %
(HW) for the lake. River communities were less similar
during low water (ca. 60%), but became more similar
during high water (70%). So higher similarity levels
were observed by substratum type, particularly
during high water, indicating the homogenizing effect
of the floods even on micro-spatial level.

In conclusion, floristic composition of periphyton
community was mainly influenced by environment
type, with a clear separation of the river community
(43% similarity level) and the communities of the other
two systems (55% similarity level). The hydrological
period was next in importance and lastly, the
substratum type. So, taxonomic composition of the
epiphytic community was quite well represented by
artificial substratum.

Although the hydrological regime is considered
the main functioning force in the structure and
function of river-floodplain systems (e.g. Junk 1996,
Neiff 1996), the type of the system (hydrodynamic
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regime, morphometric characteristics, the degree of
connection of the systems with the Parana River)
exerted a greater influence on the species composition
and richness of periphytic community in the Parana
River floodplain. Therefore, the magnitude of the
influence of the hydrological regime on community
diversity is very probably regulated by the type of
the system.

Furthermore the importance of physical
disturbances in community richness was suggested,
mainly of the flood pulses and the operation of the
reservoir floodgates upstream. High species richness
was observed even in the initial stages of colonization
of the artificial substratum, indicating the high
diversity of periphytic algae in the littoral zones of
this floodplain. Finally, more effort is needed to
evaluate the anthropogenic impact of artifical control
of river discharge on the diversity changes of
periphyton communities of river-floodplain systems.
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