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Abstract: The aquatic plants and biological processes have different interactions and their knowledge may
contribute to the understanding of environmental dynamics in wetlands. The aim of this study was to report
the type of interactions that different biological forms of macrophytes stand in the eutrophic tropical reservoir
of Penha reservoir, Northeastern Brazil. Data collection was captured every two months from October 2009 to
October 2010, considering the hydrological cycle in one-year period. For this, twelve perpendicular transects
(separated by 10 m) at the reservoir’s water edge were defined; each transect had two plots of 625 cm? (25 x
25 cm, separated by one meter) from which samples were obtained. Plants were collected and transported in
identified plastic bags for subsequent quantification of the dry weight biomass; additionally, pressed samples
were made in the field for identification purposes. The relative interaction index (RII) was used to identify the
existence of positive and/or negative interactions between the biomass of the biological forms of aquatic plants.
Student’s t-tests were used to analyze variations in the abiotic data and biomass over time, and to determine
differences between the dry and rainy seasons. Pearson and Spearman correlation coefficients were calculated
to determine correlations between the biological forms and the biomass of the macrophytes, as well as environ-
mental variables and RII. In the dry season, the environment was mainly composed of floating macrophytes (1
013.98 g/m?), with mats of submerged macrophytes (98.18 g/m?) that demonstrated a range of positive (RII= 1.0)
to negative (RII= -0.2) interactions. The biomass of emergent macrophytes increased throughout the dry season
(4.87 to 106.91 g/m?) due to the nurse plant effect that served as a substratum (RII= 1.0). During the rainy sea-
son the biomass of submerged macrophytes was reduced by 97 % due to direct and indirect relationships (RII=
-1.0) to other macrophytes. Rainfall and emergent plants contributed to a reduction in the biomass of floating
macrophytes (19.16 g/m?). The emergence of a third group of plants (emergent) lead floating plants to occupy
other areas and excluded submerged plants. Overall, the interactions among plants within ecosystems were not
definite due to stand composition and seasonality. Rev. Biol. Trop. 65 (3): 1095-1104. Epub 2017 September 01.

Key words: aquatic plants, biomass, nurse plants, relative interaction index, seasonality.

In ideal conditions, aquatic plants have
high primary productivity rates and may occu-
py an aquatic ecosystem, or portions of it,
in a short period of time. High macrophytes
productivity can be related to several factors
such as: different type of species, biological
forms (e. g. emergent, floating and submerged),
abiotic characteristics (e. g. concentration of
nutrients in the water for floating species, sedi-
ments for rooted species, underwater radiation
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for submerged species), and ecological pro-
cesses (competition, coexistence and preda-
tion) (Camargo, Henry-Silva, & Pezzato, 2003;
Ngari et al., 2009).

Primary productivity of aquatic macro-
phyte species, with different biological forms,
presents wide interespecific variation, with the
most productive ones being the emergent and
floating plants when compared with submerged
species (Barko & Smart, 1983). Littoral regions
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colonized by emergent macrophytes have been
considered the habitats with the highest pri-
mary productivity (Wetzel, 2001). Howev-
er, free floating species also grow fast with
favorable nutrient concentrations (Thomaz,
2006; Bianchini Jr. et al., 2010). Compared
to other biological forms, submerged plants
appear less productive, but in optimal condi-
tions of underwater radiation, these plants may
have high growth rates (Bianchini Jr., 2003;
Oliveira et al., 2005).

In addition to the effects of abiotic vari-
ables, aquatic macrophytes are also affected by
negative and positive biological interactions.
The essence of competition is based on the
negative interference that individuals from the
same species (intraspecific) or different species
(interspecific) have, reducing their fertility, sur-
vival and growth, as a result of the exploitation
of resources or interference (McCreary, 1991;
Amarasekare, 2002). On the other hand, facili-
tation is characterized as a positive effect that
one plant species exerts on the establishment or
growth of another species (Holmgren, Scheffer,
& Huston, 1997).

Positive interactions have been demon-
strated in a wide variety of ecosystems but
the majority of evidence comes from eco-
systems where plants are exposed to severe
stress (Callaway, 2007). Studies about positive
interactions are more frequently registered in
terrestrial plant communities (e.g. Cardinale,
Palmer, & Collins, 2002; Goémez-Aparicio
et al., 2008). Nevertheless, such interactions
have also been reported in aquatic environ-
ments, and may be important for some species
population growth (e.g. Espinar et al., 2002;
Le Bagousse-Pinguet et al., 2012).

Ecologists begin to recognize that the
organisms interact forming a spectrum of nega-
tive, neutral and positive interactions (e.g.
Bronmark, Rundle, & Erlandsson, 1991; Bert-
ness & Callaway, 1994; Bulleri, Bruno, &
Benneditti-Cecchi, 2008). These interactions
do not occur singly in nature, but co-occur
within the same community and possibly with
the same individuals, thereby creating complex
and varying effects and interactions (Callaway

& Walker, 1997). Therefore, this study aimed
to report the possible negative and/or positive
interactions that a macrophyte stand, with dif-
ferent biological forms, can engage within a
eutrophic tropical reservoir in Northeast Brazil.

MATERIAL AND METHODS

The Cabelo hydrographic basin is located
in the city of Jodo Pessoa, state of Paraiba,
Northeastern Brazil (7°08°53” - 7°11°02” S &
34°47°26” - 34°50°33” W). The climate of this
region is tropical (As), with two well-defined
seasons: rainy (March to August) and dry
(September to February). The perennial Cabelo
River is the main river in this basin, measuring
6.02 km in length and approximately 4 m in
width. Sampling was performed at a dam in
the Cabelo River Basin located in the Penha
neighborhood in the Eastern most portion of
the city of Jodo Pessoa (7°09°95” S - 34°48°72”
W). The ecosystem has an area of 18 792.867
m?, with a volume of 22 653.036 m?, and water
retention time between 10 to 30 days. Shoreline
development is elongated (DL= 1.77), with
slightly rough terrain. As an urban reservoir,
with a maximum depth of two meters, this body
of water is used by local residents for fishing,
domestic activities and recreation.

Data collection was carried out every two
months from October 2009 to October 2010,
considering the hydrological cycle of one-year
period. Samples were collected monthly from
two plots of 625 cm? (25 x 25 cm, placed one
meter apart), within each of 12 perpendicular
transects located at the edge of the reser-
voir (10 m away from each other) (Nogueira
& Esteves, 1990). As this environment is
shallow, we applied the destructive method
(Pompéo & Moschini-Carlos, 2003), where
plants were manually collected and transported
in identified plastic bags. Additionally, we
also pressed some samples in the field for
posterior identifications.

The following environmental variables
were determined in situ: water temperature
(°C), using an underwater thermometer; water
transparency, using a Secchi disk; and depth
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(m), using a tape measure. The other abi-
otic variables were obtained from the Brazilian
National Meteorology Institute: air temperature
(°C), rainfall (mm), solar radiation (k/m?) and
wind velocity (m/s).

The analysis of the biological material was
carried out at the Botany Laboratory of the
Universidade Estadual da Paraiba (Brazil). The
aquatic plants were identified using Pott and
Pott (2000), Lima, Giulietti and Santos (2012),
Sousa and Matias (2013) and through com-
parisons with the material from the Lauro Pires
Xavier Herbarium (JPB), where voucher speci-
mens were preserved. Classification proposed
by Esteves (2011) was used to define biological
forms, where: Emergent macrophytes — plants
rooted in sediment with leaves out of water;
Floating leaved macrophytes — leafy plants
floating on the water surface connected to the
rhizomes through petioles; Free floating mac-
rophytes — plants that float free of the substrate
and their roots remain in the underwater; Root-
ed submerged macrophytes — plants rooted in
the sediment and their vegetative parts remain
underwater; Free submerged macrophytes —
plants with undeveloped rhizoids and remain in
the underwater. However, free and rooted float-
ing plants were considered a single biological
form (floating) and free and rooted submerged
plants were considered a single biological
form (submerged).

The frequency of occurrence of macro-
phytes was determined as rare (present in
only one sample), unfrequent (present in less
than half the samples), frequent (present in
more than half the samples) and very fre-
quent (present in all samples). To determine
the dry weight, macrophytes were separated
by taxon and placed in a greenhouse (CIEN-
LAB-CE220) at approximately 60 °C, until
dry biomass could be obtained. Samples were
then weighed on a precision scale (CELTAC —
FA2104N; 0.0001 g).

Data was organized to calculate the coef-
ficient of variation (CV), richness, mean bio-
mass value, abundance and dominance, where
the species were classified as dominant when
accounting for more than 50 % of the overall

biomass. The Student’s t-test was used to ana-
lyze variations in abiotic data and biomass over
time and determine differences between the dry
and rainy seasons.

The relative interaction index (RII) (Armas,
Ordinales, & Pugnaire, 2004) was based on the
biomass of the biological forms (floating, sub-
merged and emergent) to determine the exis-
tence of negative and/or positive interaction.
This index is calculated based on the equation
RII= (By-B,)/(By,+B), where By, represents
the biomass of the species that grow along with
neighboring plants and B, the biomass of the
species that grow in the absence of such neigh-
bors. This index varies from -1 to 1, with -1
being considered a negative interaction and 1
being a positive interaction, thereby allowing
the quantification of interactions.

Pearson correlation coefficients (r) were
calculated for the parametric data and Spear-
man correlation coefficients (rs) were calculat-
ed for the nonparametric data (rs) to determine
possible correlations between the species and
between biological forms. To determine the
relationship between the environmental vari-
ables and the biotic attributes (species biomass
and biological forms), as well as the RII, the
same test was performed. All statistical analy-
sis was performed in the R program (v. 3.1.2).

RESULTS

Water temperature was highest in October
2009 (29.6 °C) and lowest in August 2010
(26.7 °C) (thermal amplitude: 2.9 °C). Water
transparency was greatest in December 2009
(61.3 cm) and lowest in June 2010 (20 cm)
(Fig. 1). Only water transparency exhibited
variation between the dry and rainy seasons (t=
2.65, p= 0.05). Wind was Southeasterly from
October 2009 to April 2010, and was Southerly
from June to October 2010.

The greatest rainfall (245.8 mm) was
recorded in June 2010 and lowest air tempera-
ture (25.5 °C) in August 2010. The lowest wind
velocity (1.9 m.s™') and solar radiation (811.9
Kj.m?) was recorded in April 2010 (Fig. 1).
With the exception of rainfall (t=-6.00, p=0.01),
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Fig. 1. Mean values for (A) air temperature, (B) rainfall, (C) solar radiation, (D) wind velocity,
(E) water temperature and (F) water transparency in Penha reservoir (city of Jodo Pessoa, Northeast Brazil).

no other environmental variables analyzed
exhibited significant differences (p= 0.05)
between rainy and dry seasons. Although no
statistical significance was found, sun radia-
tion showed the highest coefficient of variation
(CV=48.2 %), followed by water transparency
(CV =40.3 %) and wind velocity (32.8 %).
Three biological forms were found in the
sampling sites: emergent (E), submerged (S)
and floating (F) (Table 1). A total of seven plant
species were found, and belong to seven fami-
lies: Characeae (Chara sp.) (S), Salviniaceae
(Salvinia auriculata Aubl.) (F), Cabombaceae
(Cabomba aquatica Aubl.) (S), Nymphaeaceae
(Nymphaea pulchella DC Syst.) (F), Poaceae
(Leersia cf. hexandra Sw.) (E), Cyperace-
ae (Oxycarium cubense (Poepp. and Kunth)
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Palla) (E) and Lentibulariaceae (Utricularia
gibba L.) (S).

Regarding occurrence frequency, the spe-
cies Chara sp. was considered unfrequent in
the environment, and the species C. aquatica,
N. pulchella, L. hexandra and U. gibba were
frequent. Only S. auriculata and O. cubense
were very frequent (occurring in all samples).

The smallest and largest total biomasses
were recorded in June 2010 and October 2010
(202.12 g.m™ and 732.19 g.m?, respectively).
Regarding abundance, S. auriculata was the
only dominant species in October and Decem-
ber 2009, with biomass percentages of 83.91
% and 76.44 %, respectively. The species S.
auriculata and O. cubense were abundant in
February 2010 (biomasses of 271.76 g.m™
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TABLE 1
Voucher: Herbarium JPB. Biomass (g/m?) of families and biological forms (BF) in Penha reservoir
(city of Jodo Pessoa, Northeast Brazil)

» Dry season Rainy season Dry season
Voucher Families CV(%) t p FO
Oct09 Dec09 Febl0 Aprl0 Junl0 Augl0  Oct 10
Characeae
Chara sp. S 2757 1016 2.06 0.00 0.00 0.00 0.00 168.38 159 021 IF
Salviniaceae
51595 Salvinia auriculata F 272.12% 463.46* 271.76% 248.57* 146  17.61%  33.77* 86.07 138 022 VF
Cabombaceae
51593 Cabomba aquatica S 1753 3819 0.00 0.00 0.00  0.01% 1.24* 167.67 160 021 F
Nymphaeaceae
51594 Nymphaea pulchella ~ F  0.69%  0.68%  526%  4.88% 0.00 1.55% 18.87% 13495 0.80 045 F
Poaceae
51596 Leersia sp. E 373 0.00  37.61* 67.83*  0.17  5443% 8.16% 107.01 142 021 F
Cyperaceae
55990  Oxycarium cubense E 114 9342% 69.30% 89.48*% 20048* 34346* 670.16* 102.18 0.01 0.99 VF
Lentibulariaceae
Utricularia gibba S 1.53% 0.44 0.71 0.14 0.00 0.02 0.00 12862 190 0.15 F
Total biomass 32432 606.34 38670 41090 202.12 417.08  732.19

Legends: E = emergent macrophytes, F = floating macrophytes, S = submerged macrophytes, CV — coefficient of variation,
t — test value t-Student, FO — frequency of occurrence (IF = infrequent, F = frequent, VF = very frequent), *fertile plants.

and 69.30 g.m™, respectively) and April 2010
(248.57 g.m? and 89.48 g.m?, respectively).
From June to October 2010, only O. cubense
was dominant, with biomass greater than 200
g.m?. The temporal analysis revealed that
no species or biological forms exhibited sig-
nificant differences (p= 0.05) between dry
and rainy seasons (Table 1). However, the
submerged macrophytes had the largest coef-
ficient of variation (CV= 149.00 %), followed
by emergent macrophytes (CV= 91.25 %) and
floating macrophytes (CV= 83.10 %).

In October 2009, the ecosystem was
strongly represented by floating (272.82 g.m?)
and submerged (46.63 g.m™?) macrophytes. In
the subsequent samplings, increases occurred
in the contribution of emergent (93.4 %) and
floating (70.1 %) macrophytes. At the end of
the dry season, an abrupt reduction (94.3 %)
occurred in the biomass of submerged mac-
rophytes, which remained less than 0.14 g.m™
throughout the rainy season.

During the rainy season, a strong reduc-
tion in the biomass of floating macrophytes
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occurred, especially in June 2010 (252.45 to
1.46 g.m™?), whereas the biomass of emergent
macrophytes grew continually until October
2010 (157.31 to 678.32 g.m™?). Submerged
macrophytes re-emerged with flowers at the
end of the rainy season, but with a 97 %
reduction in biomass, as compared to the same
period from the previous year (Table 1).

The interaction relationship of floating
macrophytes in relation to submerged macro-
phytes was positive in two different periods.
In these same periods, the interaction of sub-
merged macrophytes in relation to floating mac-
rophytes was negative (Table 2). For the first
sampling (October 2009), this relationship was
not indirectly influenced by emergent plants,
which facilitated (RII= 1.0) the occurrence of
these biological forms. However, in the second
sampling (April 10), emergent plants exerted
an indirect influence by interacting negatively
with both floating (RII= -0.8) and submerged
(RII=-0.7) macrophytes. Negative interactions
led to the exclusion of submerged macrophytes
in June 2010. The re-emergence of submerged
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TABLE 2
Relative interaction index values among biological forms in Penha reservoir (city of Jodo Pessoa, Northeast Brazil)

Month Floating Submerged Floating Emergent Submerged Emergent
X Submerged X Floating X Emergent X Floating X Emergent X Submerged
Oct 09 1.0 -0.5 -0.1 1.0 0.5 1.0
Dec 09 -0.2 -0.1 0.1 1.0 -0.4 1.0
Feb 10 -0.1 1.0 -0.1 0.8 -0.9 -0.3
Apr 10 0.8 -1.0 -0.6 -0.8 1.0 -0.7
Jun 10 -1.0 0 1.0 -0.9 0 -1.0
Aug 10 -0.5 1.0 1.0 -0.9 1.0 -0.9
Oct 10 -0.3 1.0 -0.1 -0.9 0.4 -1.0
plants occurred in the subsequent sampling, DISCUSSION

with the positive interaction of floating macro-
phytes (RII= 1.0) and the presence of flowers
on all individuals.

Correlations between the biomasses of
species were only significant (p= 0.05) for
Chara sp. x S. auriculata (rs= 0.87, p= 0.01),
and Chara sp. x U. gibba (rs= 0.87, p = 0.01).
Regarding the biological forms, a significant
correlation was found between floating and
submerged macrophytes (rs= 0.93, p=0.001).

The correlations between the environmen-
tal variables with the species, biological forms
and RII, showed significant results only for
rainfall, water transparency and water tempera-
ture. Only the species Chara sp., S. auriculata
and C. aquatica were associated with these
variables. The floating form was associated
with water temperature (r= 0.76, p= 0.05) and
the submerged form was associated with both
rainfall and water transparency (rs= -0.92 and
rs= 0.92, respectively, p= 0.001).

Regarding the RII, correlations were found
involving emergent x floating macrophytes
(rs= -0.79, p= 0.05), and emergent x sub-
merged macrophytes (= -0.95, p = 0.01),
correlating negatively with rainfall. Floating
x emergent macrophytes (rs= 0.80, p= 0.05),
emergent x floating macrophytes (rs= 0.80, p=
0.05) and emergent x submerged macrophytes
(= 0.94, p= 0.01) correlated positively with
water transparency.
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Floristic surveys from mesotrophic and
eutrophic environments have reported species
from the families Salviniaceae, Cabombace-
ae, Nymphaeaceae, Poaceae, Cyperaceae and
Lentibulariaceaec (Matias, Amado, & Nunes,
2003; Henry-Silva, Moura, & Dantas, 2010;
Mormul et al., 2010; Rocha & Martins, 2011),
which were also found in the Penha reservoir
analyzed in this study. Species belonging to the
family Characeae are typical of oligotrophic
environments, in which water transparency
is higher and the density of phytoplankton is
lower (Kiersch, Miihleck, & Gunkel, 2004).
However, submerged macrophytes may inhabit
eutrophic ecosystems, in which a reduction in
phytoplankton density may allow for higher
sunlight penetration into the water column, set-
ting a clear water state (Meerhoff et al., 2003).

Cabombaceae species are typical in eutro-
phic environments, because submerged angio-
sperms are more tolerant to high concentrations
of nutrients when compared to carophytes
(Blindow, Hargeby, & Hilt, 2014). However,
tropical environments are threatened by float-
ing plants, such as some Salviniaceae species,
which are more efficient in absorbing nutri-
ents. These plants create dense aquatic stands
that control submerged plant communities,
and thus, establish the dominance of floating
plants (Scheffer & Van Nes, 2007; O’Farrell
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et al., 2009, Aloo et al., 2013; Domingues et
al., 2016). This explains the high biomass of
floating and submerged biological forms at the
beginning of the dry season in 2009, as these
macrophytes exhibited accelerated growth due
to the availability of nutrients. The positive
interaction of floating x submerged macro-
phytes in the early sampling period, may be
related to the differentiated use of resources,
as floating macrophytes extract nutrients from
the water column and submerged macrophytes
extract nutrients from the sediment. However,
floating macrophytes compete with submerged
macrophytes, as the latter impedes the penetra-
tion of sunlight in the aquatic environment,
thereby limiting the growth of submerged
plants (Beyruth, 1992). Thus, the problem
would not be the use of nutrients in the eco-
system, but the available light in the substrate.

Moreover, floating stands of macrophytes
can serve as substrate for the colonization of
secondary species, favoring the presence of
emergent macrophytes (Sousa, Thomaz, &
Murphy, 2011). The emerging species Oxy-
carium cubense, the taxon with the highest
biomass in the Penha reservoir, has a habit of
colonizing dense Salvinia auriculata stands.
This species begins as an epiphyte, grows until
it becomes dominant when it rooted in the soil
and tends to exclude its substrate (Pott and
Pott, 2000). This corroborates our results, as at
the beginning of the sampling period, a lack of
space within the environment allowed floating
species facilitate the emergent species by serv-
ing as nurse plants and thereby enabling the
germination and growth of such emergent spe-
cies. Connell (1990) carried out a study focused
on competition and found that the development
of a species in an aquatic environment affects
the interaction pattern between two other spe-
cies in the same environment. This was evident
in the Penha reservoir, when the interaction
pattern of floating x submerged macrophytes
was modified, due to the increase in emergent
macrophytes, which began to have a negative
effect on other plants in the environment.

The rapid growth and large size of emer-
gent species are advantages of environmental

dominance, as species are able to eliminate
other neighboring species (Macek & Rejmanko-
va, 2007). In the present study we observed
that the dominance of emergent species in
the aquatic environment allowed float-
ing macrophytes to occupy areas that where
inhabited by submerged macrophytes before.
Thereby, the total space occupation of the float-
ing species precluded radiation input, limiting
the growth of submerged macrophytes which
lately disappeared.

Seasonality exerts an important role in
the development and growth of macrophytes.
Floating macrophytes in the rainy period reflect
the displacement of considerable quantities
of plants (Beyruth, 1992), growth limitation
in favor of lower water temperatures (van der
Heide et al., 2006), or even a decrease in bio-
mass due to nutrient reduction in the water body
(Lolis & Thomaz, 2011). These factors suggest
that the re-emergence of submerged macro-
phytes in the environment, may be related to
seasonality, as part of the floating macrophytes
were removed away by the rain, and the growth
rates of those that remained were reduced, due
to environmental temperature or the reduction
of nutrients availability in the ecosystem.

Some species of macrophytes are con-
sidered opportunistic in certain situations,
exhibit rapid growth, large seed production,
high adaptive capacity and a high degree of
resistance (Neto et al., 2007). Vacant space
allows submerged species, belonging to the
family Cabombaceae, to act as opportunists,
taking advantage of the space and availabil-
ity of sunlight in the sediment. When some
establishment attempts are unsuccessful, these
organisms invest in sexual reproduction, leav-
ing seeds in the sediment to germinate during
more favorable periods.

According to this report results from a
tropical reservoir, floating and submerged mac-
rophytes present a pattern of relation, alternat-
ing between negative and positive interactions.
However, the nurse plant effect of floating
plant species on emergent ones, allowed for
the growth and the establishment of vegetation
that dominated the environment, and indirectly
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interfered in their pattern of relation between
other biological forms. Even in adverse con-
ditions, such as the loss of space and the
effects of seasonality, the floating biological
form managed to remain in the ecosystem
with reduced biomass. Although the submerged
macrophytes were susceptible to adverse biotic
and abiotic conditions, which lead to their
exclusion, they presented opportunistic behav-
ior, returning to the environment at more
propitious moments, and investing in sexual
reproduction by leaving seeds to germinate in
the soil when the ecosystem was once again
favorable to seed development.
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RESUMEN

Interacciones entre las diferentes formas bio-
logicas de los macrofitos acuaticos en un reservorio
eutrofico tropical del Noreste de Brasil. El conocimiento
de las interacciones de las plantas acuaticas contribuye a la
comprension de la dinamica del ambiente (embalse Penha,
Noreste Brasil). El objetivo del estudio fue reportar las
posibles interacciones positivas y/o negativas que ocurren
en los matorrales de macroéfitos con distintos tipos de plan-
tas, en un reservorio tropical eutrofizado. La recoleccion de
los datos se hizo cada dos meses, desde Octubre 2009 hasta
Octubre 2010, se considerdé un ciclo hidrolégico de un
afio. Fueron muestreados doce transectos perpendiculares
a la orilla, separados 10 m entre ellos. En cada transecto
se recolectaron dos cuadriculas de 625 cm? (25 x 25 cm)
distantes 1 m uno del otro. Las plantas fueron retiradas y
puestas en bolsas plasticas numeradas de acuerdo con el
punto de recoleccion, para cuantificacion del peso seco de
la biomasa. En el campo se hizo el prensaje de las muestras
para la identificacion de las macrofitas. Se utilizo el indice
relativo de interacciones (RII) para identificar la existencia
de interacciones positivas y/o negativas entre las formas
biologicas de las plantas acuaticas. Se uso el t Student para
evaluar las variaciones de los datos abidticos y biomasa a lo
largo del tiempo y determinar las diferencias entre las esta-
ciones de lluvia y seca. Fueron calculados los coeficientes
de correlacion de Pearson y Spearman para determinar las
correlaciones entre las formas biologicas y la biomasa de
macrofitas, las variables ambientales y RII. En el periodo
seco, el ambiente estaba compuesto principalmente por
plantas flotantes (1013.98 g/m?) y con la presencia de
macrofitos sumergidos (98.18 g/m?), que demostraron

interacciones variando de positivas (indice relativo de
interaccion — RII= 1.0) hasta negativas (RII= -0.2). La
biomasa de macrofitos emersos aumenté a lo largo de
la estacion seca (4.87 to 106.91 g/m?) debido al efecto
nodriza que sirve como substrato (RII= 1.0). En la estacion
lluviosa la biomasa de macrofitos sumergida se redujo 97
% debido a interacciones directas y indirectas (RII= -1.0)
con otros macrofitos. La lluvia y los matorrales de plantas
acuaticas contribuyen a la reduccion en la biomasa de los
macroéfitos flotantes (19.16 g/m?). La aparicion de un tercer
grupo de plantas (emersas) llevan las flotantes a ocupar
otros sitios y la exclusion de los macrofitos sumergidos.
La interaccion entre las plantas en el ecosistema evaluado
no son rigidas debido a la composicion de los matorrales
y la estacionalidad.

Palabras clave: plantas acuéticas, biomasa, efecto nodriza,
indice relativo de interacciones, estacionalidad.
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