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Abstract: Aim: The purpose of the present study was to examine spatial and temporal variation
in fish assemblage structure associated with aquatic macrophytes in the littoral zone of the ASC.
Methods: Specimens were caught between January 2008 and February 2009, over four limnimetric
moments, using both cast net and seine net. Data on the temperature, electrical conductivity, pH and
dissolved oxygen was recorded for the characterization of the water mass in the sites. Results: A total
of 34,151 specimens from 44 species were collected. The most abundant species were Eigenmannia
virescens, Astyanax caucanus, Astyanax fasciatus, Roeboides dayi and Cyphocharax magdalenae, which
together accounted for more than 75% of the sample. Temporal and spatial comparisons showed
variation in the environmental conditions and highlighted the existence of heterogeneous abiotic
conditions (p<0.05). However, the multiple comparisons test showed the existence of homogeneous
spatial conditions (p>0.05) regarding the fish assemblage structure. The multivariate analysis showed no
significant relationship between existing environmental conditions and the fish assemblage (p=0.04).
The analysis also showed the absence of a relationship between the fish assemblage and environmental
variables with respect to the flood pulse and sampling sites (p>0.05). Conclusion: The uniformity of
the fish communities that inhabit aquatic macrophyte patches in the littoral region of the ASC may
be related to the availability of suitable habitat in structural terms, that probably supports a more
abundant and varied wildlife.

Keywords: ichthyofaunal; abundance; Eichhornia spp; floodplains; shallow water.

Resumo: Objetivo: Neste estudo foi analisada composicio e a abundancia da fauna de peixes
associadas a bancos de macréfitas aqudticas em seis setores do Complexo Pantanoso de Ayapel.
Métodos: Os espécimes foram obtidos entre janeiro de 2008 e fevereiro de 2009, durante quatro
momentos limnimétricos, utilizando-se tarrafa e rede de arrasto. Foram obtidos dados de temperatura,
condutividade eléctrica, pH e oxigénio dissolvido para a caracterizagio da massa de dgua nos locais.
Resultados: No periodo de estudo 34,151 exemplares de 44 espécies foram colectadas. As espécies
mais abundantes foram Eigenmannia virescens, Astyanax caucanus, Astyanax fasciatus, Roeboides dayi
e Cyphocharax magdalenae, que representaram mais de 75% da amostra. Comparagbes temporais
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e espaciais mostraram uma variagio de condi¢des ambientais que realca a existéncia de condigoes
heterogéneas (p<0,05). No entanto, espacialmente, o teste de comparagio multipla revelou a
existéncia de condi¢oes homogéneas (p>0,05) associados com a estrutura da fauna de peixes. A andlise
multivariada empregada niao mostrou uma relagio significativa entre as condi¢oes ambientais existentes
e as assembléias de peixes (p = 0,04). A andlise também mostrou a auséncia de relagio entre o conjunto
de peixes e as varidveis ambientais de acordo com o pulso de inundagio e locais de amostragem (p>0,05).
Conclusées: A uniformidade das comunidades de peixes que habitam bancos de macréfitas aqudticas
na regido litorAnea do ASC pode estar relacionada com a disponibilidade de habitat adequado em
termos estruturais, que provavelmente sustentam uma fauna mais abundante e variada.

Palavras-chave: ictiofauna; abundéncia; Eichhornia spp; planicies de inundagio; dguas rasas.

1. Introduction

Swamps are influenced by the hydrological
seasonality of each basin, that in turn generate
variations in the environment and consequently
in the surrounding habitats (Schmide-Mumm &
Janauer, 2014). Swamps do not always offer ideal
conditions for the fish fauna to grow (Lopes et al.,
2015). However, the riparian zones, areas of
high biodiversity and diversity of environmental
processes, have a wide range of influences on swamp
habitat. These affect biodiversity and a range of
processes such as fish reproduction and predation
(Pusey & Arthington, 2003). At the same time,
aquatic plants increase the spatial complexity of
these ecosystems, favoring the presence of numerous
fish species (Pelicice et al., 2005; Willis et al.,
2005; Neiff et al., 2009; Thomaz & Cunha 2010).
The effect of flood cycles on the structure of aquatic
communities (Junk & Wantzen, 2004; Neiff et al.,
2008, 2009) is attenuated through the use of floating
aquatic vegetation by the fish in the littoral area of
the Ayapel Swamp Complex (ASC). This biotope
acts as a refuge, nursery and storage of resources
coming from detritus, periphyton, and macro and
micro invertebrates (Poi de Neiff & Neiff, 2006;
Sénchez-Botero et al., 2007; Montoya-Moreno &
Aguirre-Ramirez, 2009; Villabona-Gonzélez et al.,
2011).

Numerous studies have evaluated the
relationship between fish and aquatic vegetation
in tropical floodplains (Thomaz & Cunbha,
2010). In Colombia, knowledge of ecology in the
swamps is incipient and fish research has focused
on fisheries, given their economic importance for
riverside communities that derive their livelihood
from this activity (Montoya & Aguirre 2009). Only
three studies considering the relationship between
fish and aquatic vegetation have been conducted
in Colombian aquatic environments (Correa,
2008; Rivera-Rondén et al., 2008, Pérez-Mayorga
& Prada-Pedreros, 2011). Apart from the study
conducted by Rios-Pulgarin et al. (2008), no
systematic investigation of the fish fauna associated
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with the aquatic vegetation of the ASC has been
carried out.

The current study was conducted in an
environment where the riparian zone is affected by
the removal of native plant communities and the
introduction of populations of Eichhornia crassipes
and E azurea, two invasive plants that represent
about 70% of the aquatic vegetation growing on the
surface of the water. Both Eichhornia spp populations
reach their growth peak during the period of high
waters. Extensive (average 7-10 m length) and dense
patches of Eichhornia spp (floating and rooted) are
located along the littoral zone of ASC, providing a
biotope that is used by a great diversity of organisms.
The structural simplicity of the root system of
E. azurea, located on the littoral water surface,
contrasts with the pleustonic E. crassipes roots that
can extend down into the water column, reaching
lengths over a meter and representing up to 44%
of the total plant biomass (Reddy & Tucker, 1983).

The hypothesis stated is that if the fish
assemblage associated with the pleuston in the
lictoral area of the ASC is influenced by changes in
the water level, which in turn induce changes in the
physicochemical conditions, the food supply, and
flow patterns in the system, then fish assemblages
will show a spatial heterogeneity evidenced by
significant differences in its composition and its
characteristics.

2. Material and Methods
2.1. Study area

The ASC is located in the department of
Cordoba, in the north coastal region of Colombia
(74° 56’ 16.59” 75° 14’ 18.74” E; 8° 12’ 51.65”-
8°29’ 0.49” N). The swamp complex is connected
to the San Jorge River in the lower part of the
basin (Figure 1). The climate is characterized by
temperatures ranging from 25-34 °C and annual
rainfall ranging between 2,400 and 2,900 mm.
There are two well-defined seasons: The rainy
season (from April to November), and the dry
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Figure 1. Sampling sites in Ayapel swamp complex: Cafio Grande (CG), Quebrada (QQ) Quebradona, Hoyo los
Bagres Swamp (HBS), Escobillita Swamp (EtS), Escobillas Swamp (EIS) and Playa Blanca Swamp (PBS).

season (from December to March) (Aguirre et al.,
2005). This shallow system has its own hydrological
system and has marked changes in the flooded area
(20.6 to 130 km?), water level (0.2-7.7 m) and
stored volume (50-400 Mm?®) (Aguirre et al., 2005).

2.2. Fish collections and sampling sites

Eight sampling campaigns (8 days each), were
performed over four limnimetric moments between
January 2008 and February 2009 (Table 1).
The specimens were collected in six randomly
chosen sectors located on the eastern area of the
ASC, where 81.8% of the annual rainfall of the
basin is collected (Figure 1).

2.3. Experimental fishing

A castnet (5 x 4 m) and a seine net (18 x 1.7 m)
were used during experimental fishing. Both the
cast and seine net had a mesh of 10 mm. During
each campaign in each sector, thirty attempts with
the cast net and three with the beach seine were
made both near the outer edge and below pleuston
patches dominated by Eichhornia spp. Fish capture
was conducted from 6:00h to 18:00h.

Fish specimens were euthanized by immersion
in an ice-water bath and later were fixed in 10%
formaline solution. After two days, the fish were
preserved in 70% ethanol for identification in the
laboratory. The fish was counted and their individual
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total length (mm) and weight (g) measured.
The identification was made following Eigenmann
(1922), Dahl (1971) and Maldonado-Ocampo etal.
(2005). Similarly, the migratory habits, economic
importance, and degree of threat to the species was
identified (Usma et al., 2009; Mojica et al., 2012).
Some specimens were deposited in the Ichthyology
Collection of the University of Antioquia (CIUA)
(collection numbers -143 to 198 and 260 to 263
for the ASC).

2.4. Limnologic variables

When the fish capture took place, measurements
of water temperature, electrical conductivity, pH
and dissolved oxygen were recorded in the pleuston
interstitial area at a depth of 30 cm.

2.5. Data analysis

Fish composition, richness (S) and numerical
abundance (N) were determined for presence and
absence during the day in four limnimetric moments
and in six sectors of the ASC. Species diversity
was measured considering the Shannon-Wiener
diversity index (H’). In order to determine the
permanence of the species in the evaluated sectors,
the ecological index of consistency was used and
each species was classified as constant (C>50),
accessory (25% < C < 50%), or accidental (C <25%)
(Dajoz, 2002).



Marin Avendafio, C.M. and Aguirre Ramirez, N.J.

Table 1. Sampling campaigns in the Ayapel Swamp Complex (ASC) over different limnimetric moments from

January 2008 to November 2009.

Samplilng Date Water level (cm) Limnimetric moment
campaign
1 January 29-February 4/2008 470 Decreasing Waters (DW)
2 April 8-14/2008 270 Low Waters (LW)
3 July 14-21/2008 600 High Waters (HW)
4 September 8-15/2008 590 High Waters (HW)
5 February 2-9 /2009 370 Decreasing Waters (DW)
6 March 25-Abril 1/2009 290 Low Waters (LW)
7 May 6-12 /2009 380 Rising Waters (RW)
8 June 5-12 /2009 460 Rising Waters (RW)

In order to determine the statistical significance
of the temporal and spatial variables on biotic and
abiotic factors, non-parametric Friedman test and
Wilcoxon’s paired comparisons test were conducted.

To establish the relationship between the fish
abundance and the physicochemical variables,
multivariate statistical analysis was performed using
the CANOCO 4.5 software (Ter Braak & Smilauer,
2012). All biotic and abiotic data matrices were
standardized (x-min/max-min) and converted to
their square root (Vx+1), so as to minimize the
effect of extreme values. In order to reduce the
influence of less abundant species, the analysis of the
abundance matrix was limited to the most abundant
species so that negligible weighting was avoided.
To verify the existence of a temporal or spatial
ordination between species and abiotic samples,
the abundance matrix was submitted to Detrended
Canonical Correspondence Analysis (DCCA) and
the gradient length was estimated. As the gradient
length in DCA was short (1.2), indicating a linear
response, Redundancy Analysis (RDA) was used to
verify the variability of the fish assemblage structure
in relation to the measured environmental factors.
Subsequently, selection procedure with Monte
Carlo simulations (499 permutations) was used to
constrain the final model so that it only included
environmental variables significant at p<0.05.
The RDA results were presented graphically in a
plot of two-dimensional array.

3. Results
3.1. Experimental fishing

A total of 34,151 specimens representing
10 orders, 25 families and 44 species were collected.
71.2% of the fish captured were small specimens
(size <100 mm) and 28.8% were medium size
(> 100 mm). The largest specimen captured
belonged to the species Sternopygus aequilabiatus
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and had a standard length of 765 mm. The smallest
specimen, Poecilia caucana, had a standard length
of 9 mm. (Table 2).

Following the definition of Mojica et al.
(2012), three introduced species were among the
samples: Oreochromis sp, Oreochromis niloticus
and Trichopodus pectoralis (6.7%). In addition, the
samples include, in accordance with Usma et al.
(2009), 15 migratory species (33.3%), 17 species
recognized for their economic importance (37.8%),
and 11 threatened species (24.4%) (Table 2).

Spatial consistency analysis indicated that
30 species were considered constant, 16 of which
were present in all sectors. Seven species were
defined as accessory, and a further seven species were
defined as accidental (Table 2). The comparison
between the maximum number of estimated and
observed species showed that these were similar
(Chao = 49.9 and Jacknife = 50.8; 45 species).

The fish assemblage was characterized by the
presence of few species (e.g., Eigenmﬂnm'a. virescens,
Astyanax caucanus, Astyanax fasciatus, Roeboides dayi,
Cyphocharax magdalenae, Triportheus magdalenae,
Caquetaia kraussii and Andinoacara latifrons) with
many individuals (n>1000), and many species (27)
with few individuals (n <100).

Characiformes was the dominant order,
constituted by 17 species and accounting for 62.7%
and 64.7% of fish captures and biomass respectively.
This was followed by the by the Siluriformes, with
12 species and accounting for 3.0% and 6.1% of
fish captures and biomass respectively. Cichliformes
and Gymnotiformes presented five and four,
respectively, accounting for 9.3% and 10.2%, and
23.5% and 16.6% of fish captures and biomass.
The remaining orders presented one species by taxa
and accounted for very low proportions of catches
and biomass (>1.0% and >1.5%). Characidae
accounted for a higher percentage of captures
(48.0%) than Sternopygidae (23.5%), Curimatidae
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(10.2%), or Cichlidae (9.3%). Characidae and
Curimatidae, accounted for similar percentages
of biomass (27.3% and 22.9%, respectively),
which was a higher percentage of biomass than
sternopygids (1.60%), cichlids (2.35%), and
anostomids (3.04%).

At the species level, contributions to fish capture
and biomass were as follows: 23.0% and 10.8% for
Eigenmannia virescens; 20.3 and 11.6% for Astyanax
caucanus; 11.1% and 3.0% for Astyanax fasciatus,
10.6% and 3.2% for Roeboides dayi; 10.2% and
22.8% for Cyphocharax magdalenae; 5.8% and
9.3% for Triportheus magdalenae; 4.5% and 5.8%
for Caquetaia kraussii; and 4.4% and 2.4% for
Aequidens latifrons. These species accounted for
89.8% of all captured fish and 68.9% of the total
biomass.

Specific richness showed a temporal pattern
where the greatest number of species were captured
in the LW period (36 species) while in the HW
period only 27 species were recorded. Spatially, the
greatest number of species were captured in the HBS
(34 species), and PBS (33 species) sectors, while in
EtS and QQ only 29 and 28 species were recorded
for each site.

During the study, the species diversity (H’)
registered was 3.3 bits. In temporal terms, diversity
varied between 2.8 bits (DW) and 3.5 bits
(RW). Spatially, diversity varied between 3.0 bits
(CG and EtS) and 3.3 bits (QQ).

3.2. Limnologic variables

Physicochemical conditions in all sectors are
presented in Table 3.

3.3. Data analysis

Statistical analysis of the water quality and fish
assemblage structure showed significant differences
due to the combined effect of changes in the water
level and sampling sectors (Friedman ANOVA,
p<0.05). Temporal and spatial comparisons
showed the existence of homogenecous (Wilcoxon
test p>0.05) conditions associated with the
fish assemblage structure; and heterogeneous
(Wilcoxon test p<0.05) conditions associated with
environmental conditions in the different sectors.
Meanwhile, the multiple comparisons showed the
existence of homogeneous conditions (Wilcoxon,
p>0.05) associated only with the assemblage
structure in different sectors.

Temporarily, the change in the water level
showed an effect on water quality. The electrical
conductivity was the variable that most influenced
the estimated differences for paired samples
(p<0.05). The physicochemical variables evaluated
only showed similar environmental conditions
(p>0.05) between moments of high levels of
water movement (RW vs. DW). Totally different
environmental conditions (p<0.05) were evident
only at-moments where the waters remained in a

limnophase condition (HW and LW).

Table 3. Physicochemical variables in the Ayapel Swamp Complex (ASC) during different limnimetric moments

and sampling sectors.

Physicochemical Limnimetric Moments' Sectors? Period

variables HW DW LW RW HBS Ets ES PBS CG QQ
Maximum 32.6 328 347 345 347 342 326 334 345 342 347
Temperature Minimum  27.8 275 287 286 290 289 275 287 286 281 275
(°C) Average 308 306 316 310 318 308 303 313 309 309 310
cV 41 44 49 45 44 36 50 34 49 50 46
_ Maximum 692 2952 211.0 277.6 1394 142.9 1326 2952 1784 1554 2952
cELedCJgtcisilty Minimum 102 333 291 606 174 102 112 174 333 189 102
(WS.cm’)  Average 209 1112 890 1257 677 652 724 1595 955 733 889
cV 655 446 57.8 437 455 651 60.8 498 480 494 659
Maximum 70 77 87 83 83 77 76 74 87 87 87
. Minimum 51 75 63 64 56 56 54 51 63 60 5.1

pH (Units)

Average 62 69 74 70 68 68 66 65 69 71 6.8
cV 75 78 76 59 98 88 84 82 69 94 89
Maximum 71 88 107 74 88 69 65 57 68 107 107
D§S°'Ved Minimum 09 35 26 29 27 32 24 09 31 41 09
(moley  Average 38 56 53 55 57 53 47 36 48 63 51
cVv 358 199 347 194 270 170 251 367 237 268 307

' HW = High Waters; DW = Decreasing Waters; LW = Low Waters; RW= Rising Waters. 2 HBS = Hoyo los Bagres
Swamp; EtS = Escobillitas Swamp; EIS = Escobillas Swamp; PBS = Playa Blanca Swamp; CG = Cano Grande;
QQ = Quebrada Quebradona. Data obtained from periodic observations from January 2008 to November-2009.
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Spatially, the water level affected the water
quality. Dissolved oxygen was the variable that most
influenced the estimated differences between sectors.
Similar environmental conditions associated with all
physicochemical variables were found between QQ
and EtS (p>0.05), between EtS and EIS (p>0.05),
and between CG and EtS (p>0.05). However,
completely different environmental conditions were
found between PBS and ExtS (p<0.05). In temporal
terms, the fish assemblage structure interacting with
the patches of aquatic plants in the littoral area of
the ASC did not show statistical differences between
contrasting limnimetric moments (p>0.05),
indicating a greater uniformity.

Temporary homogeneity remained constant
in 83.3% of the contrasted samples when the
biomass was assessed, and in 66.7% of cases when
diversity was evaluated, but reduced in 33% of
the contrasted paired samples when richness was
considered. Spatially, the fish assemblage structure
interacting with the aquatic plants in the littoral
area of ASC showed significant differences in
none of the contrasted sectors when numerical
abundance, richness, and diversity were considered
(p<0.05).

Canonical redundancy analysis (RDA) showed a
significant correlation between the fish assemblage,
and temperature, dissolved oxygen, pH, and
electrical conductivity variables analyzed as a
whole (p = 0.04). However, this correlation was
not significant when each variable was considered
separately: Water temperature (p = 0.08); electrical
conductivity (p = 0.18); pH (p = 0.64), and
dissolved oxygen (p = 0.33).

Through the RDA, multiple regression
coefficients between environmental variables
were found. Coefficients were lower than 0.7
indicating the absence of highly correlated
variables. Temperature (0.812) was the variable
that contributed the most to the first canonical
axis, followed by oxygen, pH, and conductivity
(-0.4625, 0.4276, 0.3938, respectively). The pH
clearly identified the second axis with a negative
gradient (-1.0165). Nevertheless, the important
contributions of oxygen (0.8313) and conductivity
(0.6139) were recorded, while the contribution
of temperature (0.1614) gained less relevance. In
the third axis, conductivity was the variable that
contributed the most (0.7424). On this axis the
contributions of temperature and oxygen, which
influenced negatively (-0.5453, -0.4243), exceeded
the pH value (0.0064).
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4, Discussion

The representation of the Characiformes and
Siluriformes orders found in this study is consistent
with the information recorded in the swamp of
Ayapel (Rios-Pulgarin etal., 2008), in a swamp of the
Magdalena River floodplain (Arango-Rojas et al.,
2008; Granado-Lorencio et al., 2012) and in a lake
of the Colombian Amazon (Correa, 2008). Presence
in captures of the Characiformes and Siluriformes
orders reveal a marked contrast. This contrast
may be caused by the capture method that only
considered diurnal cycles when some species are
more active during nocturnal periods (Arrington
& Winemiller, 2003; Pelicice et al., 2005; Nico
2010). The behavior in the daily activities of fish
varies among the different orders. Siluriformes order
mostly exhibits a nocturnal habit (Pohlmann et al.,
2001; Loures & Pompeu, 2015). This behavior
contrasts with the intense daytime activity of the
Characiformes to avoid detection by their predators
(Mazzoni & Rezende, 2009). The plasticity in the
patterns of daily activity exhibited by these orders
evidences a temporary segregation in the daily
activities of the fish that interact with the pleuston
communities of the ASC.

Characids represented about half of the total
number accounted for by the Characiformes.
This trend has also been described for areas of
the Neotropical floodplain (Araujo-Lima et al.,
1986; Milani et al., 2010). The characids’
ability to colonize unstable environments and
efficiently use the high availability of resources
in these biotopes (Willis et al., 2005) explains
the numerical importance of this group during
the study. The apparent differences in the
captures of Characiformes and Gymnotiformes,
the dominant orders in the assemblage, were
reduced significantly in the case of families
where characids predominated in relation to
sternopygids. Studies in patches of floating
aquatic vegetation in the Amazon basin show
how sternopygids are an important component of
the nocturnal icthyological fauna associated with
plants (Crampton, 1996).

The fish assemblage interacting with floating
aquatic plants in the littoral area of the ASC
was dominated by opportunistic-omnivore
species (Aguirre et al., 2005). The prevalence of
omnivorous species, adapted to consume a large
variety of resources are favored in the colonization
phase and biotope permanent occupation
because of their ability to take advantage of an
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abundant and varied food supply (Jiménez-
Segura et al., 2010; Mortillaro et al., 2015).
However, within the group of specialist fish,
Cyphocharax magdalenae stood out as the major
contributor to captured biomass. Nevertheless,
this species had a low numerical abundance.
The contribution of Cyphocharax magdalenae to
biomass was probably a sign of the permanent
availability of food originating from the pleuston
organic matter and the detritus (Azevedo et al.,
2008; Neiff et al., 2009; Santino et al., 2010;
Casco et al., 2014).

The contribution of Cyphocharax magdalenae
to captures was higher than that recorded for
Prochilodus magdalenae and Curimata mivartii, two
detritivorous commercial species. In addition, the
contribution of Cyphocharax magdalenae to captures
could be considered as an indicator of the ecological
role that this species has on the function of the ASC.
This species might participate in nutrient cycling
and energy flow through the detritivorous pathway
(Araujo-Lima et al., 1986).

About three quarters of the species captured
in the floating plant patches of the ASC used
this habitat persistently (C>50%). The presence
of numerous fish species inhabiting the aquatic
vegetation in the littoral region of the ASC is
likely to be due to the availability of resources in
this biotope and the ecological plasticity of fish
(Crampton, 1998; Crampton & Hopkins, 2005;
Pelicice et al., 2005; Willis et al., 2005; Soares et al.,
2006). The high values estimated for diversity
(3.3 bits) could be the consequence of a suitable
habitat to support the interacting icthyofauna of
these biotopes. This explains the high abundance
of species and their persistence over time.

Uniformity of the fish assemblage structure in
different sectors of the ASC where the environmental
conditions were heterogeneous is associated with the
pleuston communities. Likewise, the assemblage
similarity between aquatic habitats is consistent
with the predominance of generalist fish species
that contribute to spatial uniformity. In contrast
to the spatial similarity of the fish assemblage
structure, significant differences estimated for the
attributes of the assemblage between limnimetric
moments showed variability in composition and
structure over time in a habitat where environmental
conditions varied temporally depending on the
hydrological cycle.

These temporal differences in the fish assemblage
structure are consistent with those reported in
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tropical flood plains (Sudrez et al., 2004). These
differences relate to the coverage of aquatic
macrophytes in the littoral area of the ASC and the
supply of resources associated with variations in the
water level (Neiff et al., 2008). Pelicice et al. (2005)
reported that in tropical reservoirs the richness of
the fish assemblage structure is more affected by
the biomass of aquatic plants than by the dissolved
oxygen, the water temperature, or the pH.

Similarly, assessed variables including the
water temperature, electrical conductivity, pH,
and dissolved oxygen did not significantly affect
the association of captured fish in the vegetated
littoral zone of a swamp located in the flood plain
of the Magdalena River (Arango-Rojas et al.,
2008). These results are consistent with the results
obtained in this study, where the temporal and
spatial distribution of fish assemblage structure
interacting with the floating plant communities
in the littoral area of the ASC was not related to
any of the physicochemical variables evaluated
separately (Figures 2A and 2B). Considering this,
it is probable that, in addition to the combined
effect of the variables analyzed and the adaptations
of the fish that allow them to successfully deal with
cyclical disturbances, the stable environmental
conditions in the pleuston interstitial area help in
maintaining the similarity of the fish assemblage
structure in the ASC. In conclusion, the hypothesis
is rejected.

The results of this study confirm the importance
of the patches of floating aquatic vegetation in the
liccoral area of the ASC as an important resource for
maintaining fish communities’ habitat, considering
the adaptive characteristics developed by the fish.
These results are important in ecosystems where
riparian vegetation is replaced by exotic grasses
that grow in large areas, reducing the availability
of suitable habitats for the fish fauna.

In attention to the bonds between fish and
aquatic vegetation, it is urgent to implement
environmental management policies to rehabilitate
degraded environments of the ASC. The recovery of
the riparian vegetation with native species such as
Symmeria paniculata would improve environmental
conditions, considering the ecological functions
of this species in the ecosystem. This would
contribute to maintaining fish communities that
are vital to the ecological health of this important
aquatic environment, and to the conservation of
biodiversity and fishery resources essential for the
people of this region.
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Figure 2. (A) Graphical representation of Canonical Redundancy Analysis based on the abundance of 44 fish species,
environmental variables (Temp = water temperature; Cond = electrical conductivity; DO = dissolved oxygen; pH), and
limnimetric moments (geometric figures) during the period January 2008 to June 2009; (B) Graphical representation
of Canonical redundancy analysis based on the abundance fish assemblage of 44 fish species, environmental variables

(Temp = water temperature; Cond = electrical conductivity; DO = dissolved oxygen; pH), and sampling sectors
(geometric figures) during the period-January 2008 to June 2009.
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