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RESUMEN

Las llanuras de inundación son importantes tipos de
humedales en el sur de Brasil, pero estudios que analizan los
efectos de las inundaciones en la biota aún son muy escasos.
El objetivo del trabajo era analizar y comparar los efectos de
las inundaciones en la riqueza, biomasa y diversidad de
macrofitos acuáticos en tres lagunas en un ciclo anual (2001-
2002) bajo distintos regimenes de inundaciones. El número de
inundaciones era diferente en las tres lagunas estudiadas. La

DIVERSITY AND STABILITY OF AQUATIC MACROPHYTE

COMMUNITY IN THREE SHALLOW LAKES ASSOCIATED

TO A FLOODPLAIN SYSTEM IN THE SOUTH OF BRAZIL

Leonardo Maltchik, Gislaine Roberto de Oliveira, Ana Silvia Rolon and Cristina Stenert

Introduction

Hydrologic disturbance has
received substantial attention
from ecologists, mainly be-
cause it is a major organizer
in many aquatic ecosystems
(Souza, 1984). The concept of
disturbance in aquatic ecosys-
tems may be defined in terms
of the physical attributes,
such as intensity, frequency,
duration and predictability
(Lake, 1990; Poff, 1992) or in
terms of the biotic response
(White and Pickett, 1985). In
this sense, the definition of
perturbation proposed by
Bender et al. (1984) and by
Glasby and Underwood
(1996) is useful because it

describes the combination of
cause (disturbance) and ef-
fects (response).

The flood pulse concept
suggests that this is the prin-
cipal driving force respon-
sible for the existence, pro-
ductivity and interactions of
the major biota in river
floodplain systems (Junk et
al . ,  1989). Benke et al .
(2000) suggested that the
ecological importance of the
flood events is far broader
than a simple exchange of
organic matter between the
main channel and the flood-
plain system. Floods provide
a temporary habitat for fishes
and other aquatic organisms
that is several times larger

than the area of the river
channel (Ross and Baker,
1983). The water level fluc-
tuation provided by the flood
events in floodplain systems
is a complex variable, en-
compassing several attributes
(duration, frequency, timing)
that can affect the biota in
different ways. Studies re-
lated to disturbance ecology
in aquatic ecosystems have
concentrated efforts on un-
derstanding the effects of
floods on communities, con-
sidering mainly events of
high duration. However, in-
formation on the response of
communities to disturbance
by floods of low duration is
scarce (Lake, 2000).
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Several studies have exam-
ined the effects of floods on
aquatic macrophytes (Howard-
Willis, 1975; Bilby, 1977;
Bornette et al., 1994; Hill et
al.,  1998; Casanova and
Brock, 2000; Jansson et al.,
2000; Maltchik and Pedro,
2001; Crosslé and Brock,
2002; Riis and Hawes, 2002).
Variation in macrophyte spe-
cies composition after flood-
ing events can be related with
habitat enlargement, species
traits or flood attributes (Junk
et al., 1989; Brock, 1991;
Henry et al., 1994; Barrat-
Segretain and Amoros, 1995;
Brock and Casanova, 1997;
Fernández-Aláez et al., 1999;
Engelhardt and Kadlec, 2001).
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menor resistencia de macrofitos frente las inundaciones y la
ausencia de dominancia ha sido observada en la laguna con
mayor numero de inundaciones. La estabilidad de macrofitos
no estuvo relacionada con su diversidad. Estos resultados in-
dicaran la importancia del régimen de inundación (numero de
inundaciones, incluyendo los eventos de rápida duración) en
la estabilidad y composición de macrófitos en lagunas del sur
de Brasil.

Gislaine Roberto de Oliveira.
Master in Biology, UNISINOS,
Brazil.

Ana Silvia Rolon. Graduate Stu-
dent, UNISINOS, Brazil.

SUMMARY

The floodplain systems are important wetland classes in
southern Brazil, but studies about the effects of flood pulses on
the biota are still scarce. The purpose of this study was to ana-
lyze and compare the effects of floods on the richness, biomass
and diversity of macrophytes in three shallow lakes over an an-
nual cycle (2001-2002) under different flooding regimes. The
number of flood events was different among the three studied

shallow lakes. The lowest resistance to disturbance by flood and
the absence of dominance were observed in the lake with the
highest number of flood events. Macrophyte stability and diver-
sity were not related. The results indicate the importance of the
flooding regime (number of flood events, even short duration
ones) on the macrophyte stability and composition in shallow
lakes of southern Brazil.

Cristina Stenert. Graduate Stu-
dent, Universidade Federal de
São Carlos, Brazil. Researcher,
Laboratory of Ecology and
Conservation of Aquatic Ecosys-
tems, UNISINOS.



167MAR 2005, VOL. 30 Nº 3

The macrophyte richness in
wetland systems is related to
the flood frequency, duration
and timing (Brinson, 1990;
Robertson et al., 2001).

The floodplain systems are
important wetland classes in
southern Brazil. However,
studies about the effects of
flood pulses on the biota are
still scarce (Stenert et al.,
2003; Avila et al .,  2004;
Maltchik et al., 2004). In
Brazil, most of the functional
studies in floodplain systems
were developed in the Ama-
zon basin, where the annual
thermal amplitude is low
(Piedade, 1985; Piedade et
al., 1994; Nessimian et al.,
1998) and in the Paraná River
basin, where the flooding was
damaged by the extreme
regulation of the Paraná River
(Thomaz et al ., 1991;
Agostinho et al., 2001).

The purpose of this study
was to analyze and to com-
pare the effects of floods in
the macrophyte richness, bio-
mass and diversity, in three
shallow lakes over an annual
cycle (2000-2001) under dif-
ferent flooding regimes. The
working hypothesis is that the
response of the macrophyte
community to disturbance by
floods is different among
shallow lakes under different
disturbance attributes.

Study site

The study was carried out
in the Sinos River basin
(~4000km2), located in south-
ern Brazil (Rio Grande do
Sul). The Sinos River is a 7th

order permanent river
(Strahler, 1952) of the Jacuí/
Guaiba catchment. It is
190km long from its origin at
900m above sea level, to its

confluence with the Jacuí
River at an elevation of 10m.
The annual rainfall in the
Sinos River basin ranges from
1200 to 2000mm·y-1 and is
well distributed throughout
the year. The increase in the
discharge due to high precipi-
tation originates a series of
flood events resulting in the
temporary inundation of the
floodplain.

The studied floodplain has
approximately 30ha and pre-
sents several permanent and
intermittent shallow lakes,
scattered within two different
types of vegetation, native
woodland and grasslands.
During the flooding event, the
water penetrates into the
floodplain system along dif-
ferent streams. The surface
water velocity in the flood-
plain systems during the
flooding period is very low.
The discharge of the Sinos
River near the studied flood-
plain varies between 2.9 and
71m3·s-1 (COMITESINOS,
2000).

The three studied shallow
lakes are approximately 20m
away from each other and
some 300m from the Sinos
River. They are shallow
(mean depth ~30cm), perma-
nent, irregular, and are fed by
water from rainfall, and by
runoff and flooding from the
Sinos River. The permanent
presence of surface water
contributes to the strong de-
velopment of aquatic macro-
phytes. The three lakes stud-
ied had different inundation
areas, namely 9432m2 (lake
A), 4026m2 (B) and 737m2

(lake C). The substrate was
composed basically of silt and
sand. Following Tiner’s classi-
fication (Tiner, 1999), the
flood events of the Sinos

River basin are frequent (>50
floods in 100 years).

Materials and Methods

A total of 19 macrophyte
samples was collected during
an annual cycle (from May
2001 to April 2002) in the
three shallow lakes. Species
richness per collection was
recorded as the number of
macrophyte species found,
and the biomass was mea-
sured using the quadrat
method (Downing and Ander-
son, 1985). In each lake, six
quadrats (30×30cm) were
sampled at random along the
selected transect. In each col-
lection, macrophytes were re-
moved close to the substratum
with scissors (roots were not
collected). The sampled mate-
rial was placed in plastic bags
for subsequent analysis in the
laboratory, where they were
washed to remove the per-
iphyton and deposited organic
and inorganic materials. After-
wards, they were separated by
species and dried in an oven
at 60ºC up to constant weight
(ca. 72h). Macrophyte biom-
ass in each square was ex-
pressed as grams of dry
weight per m2 and the species
were identified following
Irgang and Gastal (1996).

Water temperature was
measured in situ using digital
equipment (Water Test model
90). The water depth was
measured with a PVC tube
graduated in centimeters. The
dominance was classified
(McCullought and Jackson,
1985) as dominant (100-50%),
abundant (49-30%), common
(29-10%), occasional (9-1%)
and rare (<1%).

To examine resistance, dis-
placements of macrophyte

menor resistência de macrófitas aquáticas frente às perturbações
hidrológicas e a ausência de espécies dominantes foram obser-
vadas na lagoa com maior número de inundações. A estabilida-
de de macrófitas não esteve relacionada com a diversidade de
macrófitas. Estes resultados indicaram a importância do regime
de inundação (número de eventos, inclusive os de curta duração)
na estabilidade e composição de macrófitas em lagoas rasas do
sul do Brasil.

RESUMO

As planícies de inundação são importantes classes de áreas
úmidas no sul do Brasil, entretanto estudos sobre os efeitos do
pulso de inundação nas comunidades biológicas ainda são es-
cassos. O objetivo desse estudo foi analisar e comparar os efei-
tos das inundações na riqueza, biomassa e diversidade de ma-
crófitas aquáticas em três lagoas de diferentes rasas de um ciclo
anual (2001-2002) sujeitos a diferentes regimes de inundação. O
número de inundações foi diferente nas três lagoas estudadas. A

richness and biomass before
and after floods were com-
pared. Resistance of the mac-
rophyte community was esti-
mated for each sequence by
comparing mean richness and
biomass before and after each
flood using a t-test. If these
differences were not signifi-
cant (P>0.1), the macrophyte
community was considered
resistant to the floods (Grimm
and Fisher, 1989). The dura-
tion of flooding was mea-
sured in days and classified
(Tiner, 1999) as long (7-30d)
and short (2-7d). The flooding
regime was computed as the
number and the duration of
flood events. The variation of
richness, biomass and Shan-
non-Weiner diversity index
along the annual cycle was
measured using Analysis of
Variance (ANOVA One-Way).
The macrophyte richness, bio-
mass and diversity were sepa-
rated in two groups: periods
with (from 5/15 to 10/18) and
without floods (10/25 to 4/12)
and they were compared
through a General Linear
Model (GLM). The direct
analysis of the environmental
parameters on the ordination
of the species and the collec-
tions were carried out accord-
ing to the Canonical Corre-
spondence Analysis (CCA).
The significance of the axis
generated in the CCA was
validated by the Monte Carlo
test (using 1000 unrestricted
permutations).

Results

The number of flood events
was different among the three
studied shallow lakes (Table
I). While lakes A and C expe-
rienced two floods of differ-
ent duration, one long (14d)
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and one short (5d), lake B ex-
perienced four floods, one of
long duration (14d) and three
of short duration (3-5d).

A total of ten macrophyte
species was found in the
three shallow lakes over the
annual cycle (Table II). Nine
macrophyte species were reg-
istered in lake A and eight
species were registered in
lakes B and C (Table II).
Based on species-environmen-
tal data from the CCA ordi-
nation method, the eigenval-
ues of the axis 1 and 2 were
0.478 and 0.234, respectively,
and the cumulative percentage
of total variation in the data
accounted for 35.4%
(P<0.001). The first axis (ex-
plaining 23.8% of total data
variation) separated the col-
lections of the three lakes
along a gradient related with
the area, focusing mainly the

difference between the macro-
phyte composition of the lake
A than lakes B and C (Figure
1). The second axis (explain-
ing 11.7% of total data varia-
tion) differentiated the collec-
tions of the period with
floods from the period with-
out floods (Figure 1). The
composition of aquatic macro-
phytes varied among the three
lakes and between the periods
with or without flooding
events (Figure 1). A Monte-
Carlo simulation test showed
that the variance in composi-
tion of macrophyte commu-
nity among the three lakes
was related with the area
(r=0.992, axis 1).

The richness (F=24.674,
P<0.001), biomass (F=36.044,
P<0.001) and diversity
(F=16.553, P<0.001) of mac-
rophytes varied between the
three lakes studied. Macro-

phyte richness, biomass and
diversity were higher in lake
A (Tukey, P=0.004; P<0.001
and P=0.003, respectively)
and lake B (Tukey, P<0.001;
P<0.001 and P<0.001, re-

spectively) than Lake C (Fig-
ure 2).

Richness and biomass of
macrophytes were resistant to
all floods in lakes A and C
(Table III). In lake B, only

TABLE II
SPECIES LIST AND DOMINANCE OF MACROPHYTES
PER SPECIES IN THE SHALLOW LAKES A, B AND C

ALONG AN ANNUAL CYCLE (2001-2002)

Family Species LakeA Lake B LakeC

Dominance (%)
Amaranthaceae Alternanthera phyloxeroides 0.76 3.61 0.59
Cyperaceae Scirpus submersus 0.15 0.78 0.47
Haloragaceae Myriophyllum aquaticum 15.15 28.95 60.4
Menyanthaceae Nymphoides indica - 0.82 1.42
Onagraceae Ludwigia peploides 13.02 35.01 33.66
Poaceae Luziola peruviana 0.09 6.9 0.72
Polygonaceae Polygonum hydropiperoides 1.24 16.4 2.61
Pontederiaceae Eichhornia azurea 69.01 - -

Heteranthera reniformis 0.35 7.52 0.13
Reussia subovata 0.22 - -

TABLE I
PHYSICAL CHARACTERISTICS OF THE THREE SHALLOW LAKES STUDIED ALONG AN ANNUAL CYCLE (2001-2002)

05/17 05/31 06/14 06/25 06/28 07/12 07/19 08/03 08/24 09/06 09/25 09/28 09/30 10/18 10/25 11/01 11/16 12/13 01/03 01/15 02/28 03/22 04/12

Lake A

Days
after flood 19 33 47 - 61 7 22 43 56 - 78 18 25 32 47 74 95 107 151 173 194

Duration of
flood (days) 5 14

Water tem-
perature (oC) 16.4 25.3 23.5 - 15.7 19.2 22.4 19.9 20.8 - 20 22 25 22 22 34 30 26 28 24 25

Water
depth (cm) 33.16 25 27 - 27 28.5 24.6 19.66 29.14 - 25.5 47.5 20.83 26 25.83 19 9 6.66 7.5 7.5 11.83

Area (m2) 11380 10000 10000 12470 10900 10800 11500 9300 9300 9000 7000 5000 5000 4000 6800 12470 11380 10000 10000 14000

Lake B

Days after
flood 19 33 47 3 7 22 43 56 3 18 25 32 47 74 95 107 151 143 194

Duration of
flood (days) 3 5 3 14

Water tem-
perature (oC) 16.9 24.6 22.5 14.8 18.2 22.6 16 21 21 22 25.4 22 22 34 30 26 29 26 25

Water
depth (cm) 12 21.66 28.33 43.2 64.8 25 11.83 26 43.33 22.66 21.66 11.6 17.5 18 9 4.66 3.33 3.33 26.25

Area (m2) 3901 3901 6800 6000 5500 6200 6800 7000 3000 3000 3000 3000 1500 1000 500 500 4000 3901 3901 3901 6800 7000

Lake C

Days after
flood 19 33 47 - 61 7 22 43 56 - 78 18 25 32 47 74 95 107 151 173 194

Duration of
flood (days) 5 14

Water tem-
perature (oC) 17.9 21 20.9 - 17.5 18.2 24.5 20.8 20.5 - 29 22 24 22 22.5 35 30 26 28 23 25

Water depth 32.5 31.33 33 - 46.16 38.16 39.5 36.83 60.83 - 36.66 66.16 15 29.75 30 34.16 29.58 25 23.33 32.83 30
(cm)

Area (m2) 1000 950 900 900 850 850 850 560 600 550 484 400 380 630 1000 1000 950 900 1000
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one flood (5d) diminished the
richness of macrophytes, and
it was not related with the
flood of highest duration
(Table III). The floods in lake
B influenced the macrophyte
biomass differently; whereas
the short floods (3 and 5d)
reduced the biomass, the 14d
flood increased it (Table III).

Species dominance was dif-
ferent in the three lakes.
Whereas E. azurea was the
dominant species in lake A,

respectively). In lake B the
richness, biomass and diversity
were higher in the period with-
out floods (F=2.093; P=0.037,
F=2.728; P=0.007, F=14.303;
P<0.001, respectively) com-
pared to the flood period.

Discussion

The duration of the floods
is an important attribute when
evaluating the patterns of
community responses to flood
disturbance (Romme et al.,
1998). Grimm and Fisher
(1989) considered that the
biota resistance was nega-
tively related to the flood
magnitude. In this study, mac-

rophyte resistance to distur-
bance by floods was different
between the three lakes stud-
ied. Only in lake B, the mac-
rophyte community was not
resistant to the flood events.
The higher number of floods
experienced in lake B led to a
lower stability of resistance in
the aquatic macrophyte com-
munity. The floods were con-
centrated on the first half of
the annual cycle and during
this period the macrophyte
composition was different in
the three lakes. These results
showed the importance of the
number of flood events, be-
sides events of short duration,
in the stability of macrophytes
in the studied wetlands and
the importance of the flood
frequency in the macrophyte
composition.

The increase in the spatial
variability after the flood
events facilitates species coex-
istence and avoids the estab-
lishment of dominant species
in intermittent aquatic ecosys-
tems (Maltchik and Medeiros,
2001; Medeiros and Maltchik,
2001). In this study, the lake
that experienced the higher
number of flood events (lake
B) was the only one that did
not have dominant species.
This result indicates that
floods, even of short duration,
influenced the dominance of
aquatic macrophytes in shal-
low wetland systems.

The relationship between
the diversity and the stability
of communities is controver-
sial, and is of practical and
theoretical interest. MacArthur
(1955) and Elton (1958) ar-
gued that the functional sta-
bility of an ecosystem is fa-
cilitated by its diversity,
whereas other authors con-
cluded the opposite (May,
1974; Pimm, 1979). In this
study the highest diversity of
macrophytes found in lake B
did not provide a higher resis-
tance to disturbance by flood.
This result is similar to the
one obtained by Engelhardt
and Kadlec (2001), suggesting
that the highest richness of
macrophytes did not provide
a higher stability to the com-
munity in the face of the
flood pulse events.

Figure 1. Cannonical Correspondence Analysis (CCA) ordination of
macrophyte species, samples and environmental vectors for the three
lakes. White symbols represent flooding period and black symbols
represent non-flooding period.

M. aquaticum was dominant
in lake C. None of the mac-
rophyte species was dominant
in lake B (Table II).

The richness, biomass and
diversi ty  of  macrophytes
were similar between the
periods with and without
floods in lakes A (F=0.736,
P=0.675; F=1.319, P=0.236
and F=0.501, P=0.489, re-
spectively) and C (F=0.689;
P=0.718; F=0.925; P=0.527
and F=4.2557;  P=0.055,

Figure 2. a: Richness of macro-
phyte community (mean ±SE;
n=19) in the shallow lakes A,
B and C; b: Biomass of macro-
phyte community (gDW·m-2)
(mean ±SE; n=19) in the three
lakes; c: Shannon’s diversity of
macrophyte community (mean
±SE; n=19) in the three lakes.
Shallow lakes sharing the same
symbols (above the bars) were
not different at α=0.05.

TABLE III
RESISTANCE (AS % CHANGE IN RICHNESS AND

BIOMASS) OF MACROPHYTE COMMUNITY IN THE
LAKES DURING THE ANNUAL CYCLE (2001-2002)

Date Flood Richness Biomass
magnitude change (%) change (%)

(days)

Lake 12 July 5 6.25 (P= 0.780) -17.19 (P= 0.406)
A 30 Sept. 14 -5.55 (P= 0.599) -4.93 (P= 0.848)

25 June 3 -23.07 (P= 0.209) -39.84 (P= 0.171)
Lake 12 July 5 -40  (P= 0.073) -78.63 (P= 0.066)

B 25 Sept. 3 -31.25 (P= 0.182) -82.30 (P= 0.006)
30 Sept. 14 9.09 (P= 0.599) 103.78 (P= 0.010)

Lake 12 July 5 54.54 (P= 0.221) -37.83 (P= 0.183)
C 30 Sept. 14 37.5  (P= 0.295) 1.22 (P= 0.951)
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The community of aquatic
macrophytes presented a high
resistance to the flood events.
The macrophyte stability was
not related with diversity and
the macrophyte resistance di-
minished as the number of
events increased. The highest
variation in macrophyte rich-
ness and biomass, and the ab-
sence of dominance was ob-
served only in the lake with
the highest number of flood
events. These results indicate
the importance of the flood-
ing regime (number of flood
events, besides the ones of
short duration) on the macro-
phyte stability and composi-
tion in shallow lakes of
Southern Brazil. However,
ecological studies of long du-
ration and studies that involve
other floodplain systems are
necessary for a good under-
standing of the functional
processes in floodplain sys-
tems in the area.
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