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Abstract: The shores of a whitewater lake tend to be colonized by dense aquatic vegetation, in
which various biological forms of vegetation can be found. This study aimed to characterize the
composition of the aquatic vegetation of an Amazonian lake located in the Arial River basin, Ama-
zonas, Brazil. The samples were taken during the high-water period and, for analysis of the com-
position, the specimens were identified in the Limnology Laboratory of the Federal University of
Amazonas. A total of 15 species distributed in 12 families and 15 genera were recorded, and the
families with the highest occurrence were Poaceae, Polygonaceae and Salviniaceae. Three biolog-
ical forms were identified, emergent being the form with the highest occurrence. Our results can
serve to better understand the bioecology of aquatic herbaceous species and their relationship with
the environment, but we also emphasize the importance of future studies that take into account
environmental variables.
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1. Introduction

Lakes in general are composed of compartments and, according to Esteves and Caliman
(2011), among the compartments of a lake, we can mention the shore, which corresponds to the part
that is in direct contact with the terrestrial ecosystem, and is, therefore, strongly influenced by it.
Junk et al., (1989) named this region ATTZ: aquatic terrestrial transition zones due to the variation
of the hydrological cycle that causes temporary periods of high water and low water in the marginal
forest.

According to Reynolds (2008), the shore is home to a high diversity of different organisms,
especially in the period of high water, when new compartments are formed due to the emergence of
banks of aquatic macrophytes and flooded litter, making the environment more heterogeneous. The
author cites that, in this region, there is a complex food chain, with organisms that contribute sig-
nificantly to the flow/cycling interaction of nutrients.

In this region, all trophic levels of an ecosystem can be found, but its main characteristic is
the dense colonization of aquatic vegetation (Esteves and Caliman, 2011; Piedade et al., 2010), also
known as herbaceous vegetation. In the Amazon basin, these plants colonize extensive areas with
greater diversity in white water environments such as the Solimoes/Amazon River, while in black
water environments like the Negro River, their occurrence is limited due to factors such as acidity
and low nutrient levels (Junk and Piedade, 1993; Lopes et al., 2014; Rubim and Castilho, 2021),
although they may also occur to a lesser extent in streams with these characteristics (Rubim, 2022;
Rubim et al., 2022).

The environments connected by the two distinct systems, (Solim&es and Negro rivers) such
as the Ariad River (Pinto and Luchiari, 2017), lack information regarding the composition of aquatic
vegetation. Thus, the main objective of this study is to fill this gap by characterizing the coastal
region where the greatest diversities of aquatic vegetation are found during the high-water period
when these exhibit the highest occurrence records.

2. Materials and Methods
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Study area

This study was conducted in a lake on the right bank of the Ariad River, located in the rural
area of the municipality of Iranduba, at KM 34 of the AM-070 Manoel Urbano highway, approxi-
mately 50 km from the capital of the state of Amazonas, Manaus (Figure 1).

The Arial River is a tributary of the Negro River. However, according to Silva et al. (2011),
this system presents the typical characteristics of whitewater rivers since the Arial River connects
two of the largest and most important river systems in the world, the Negro River upstream and the
Solimdes River downstream (Pinto and Luchiari, 2017). Thus, this region presents distinct charac-
teristics and environments in some points due to the presence of floodplain and terra-firme envi-
ronments (Pinto and Luchiari, 2017). The lake in which the study was conducted is directly influ-
enced by the dynamics of the flood pulse of the Negro and Solim&es Rivers (Franzinelli and Igreja,
2002).

Figure 1. Study area and hydrographic distribution of the Arial River, Amazonas.
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Data collection

The collections were carried out in the period from March 14 to March 16, 2016, coinciding
with the high-water period in the region (Bittencourt and Amadio, 2007). The characterization of
the shore was carried out with the verification of the occurrence of vegetation from the shore to the
total distance of 10 meters towards the center of the lake. Each meter was defined as a category, that
is, one meter made up Category 1, two meters made up Category 2 and so on until the end of the
tenth category with 10 meters. Thus, at each meter, the identification of the species that were within
this area was carried out, as well as taking depth measurements (Figure 2).

In this region, different types of aquatic herbaceous can be found (for example: emergent and
free-floating). The species were identified with the help of experts and specialized literature (Pott
and Pott, 2000), and the classification of the respective biological forms was carried out following
the classification of Pott and Pott (2000).

Figure 2. Collection scheme for characterization of the shore in a lake of the Arial River.
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A regression was performed to evaluate distance (length categories) vs. depth. In order to
describe the spatial organization of the species composition between the length categories (1-10)
sampled. The succession of biological forms in a lake of the Arial River, i.e., the distribution of
biological forms along the distance (meters) gradient, was assessed using a generic graph (Magnus-
son and Baccaro, 2013).

Non-metric multidimensional scaling (NMDS) ordination were constructed using Jaccard’s
measure of distance (Manly, 1994). The distortion of the ordination relative to the original data
matrix was determined by stress. According to Rohlf (2000), values of “stress” of around 0.2 corre-
spond to regular fit; while, values around 0.1 indicate a good fit, and a value equal to 0 indicates a
perfect fit.

Simple regression (having as the independent variable the distance from the shore to the center
of the lake and dependent variable the variable depth) and NMDS were performed using the vegan
package (Oksanen et al., 2019) on R software version 4.0.2 (R Core Team, 2020).

3. Results

We identified 12 families, 15 genera and 15 species of aquatic herbaceous plants (Table 1,
Figure 3). The families with the highest occurrence were Poaceae, Polygonaceae and Salviniaceae,
which occurred in the length categories seven, six and four, respectively (Table 1 and Figure 4).
Three biological forms were identified, emergent being the one with the highest occurrence (N=19)
(Figure 5).

The emergent biological form was present in all categories of measured distances (1-10) (Fig-
ure 6). From four to nine meters, there was the joint presence of emergent and free-floating plants.
While, fixed-floating forms were present only at 10 meters (Figure 6).

Linear regression showed that the distance from the shore to the center of the lake (length
categories, 1-10) explains approximately 96.3% of the depth variation (residual standard error =
0.5823, r2 = 0.963, F = 235.3, p-value = 3.23%-07). Therefore, as the distance from the shore
towards the center of the lake increases, there tends to be an increase in the depth of the lake.

Table 1. List of aquatic herbaceous plants found on the shores of an Amazonian lake of the Ariad River. * Total distance of 10 m, from the shore
to the center of the lake.

Place of occurrence

Taxonomy Biological Forms -
Distance (m)* Depth (m)
Araceae Pistia stratiotes L. Floating (free) 5 1.7
Asteraceae Wedelia rubis (Baker) H. Rob. Emergent 2;3and 4 0.68; 0.93 and 1.25
Azollaceae Azolla caroliniana Willd. Floating (free) 7 2.38
) Caperonia palustris (L.) A.St.-
Euphorbiaceae Hil Emergent 4 1.25
il.
) Phyllanthus fluitans Bentham ex )
Euphorbiaceae Floating (free) 7 and 8 2.38and 2.41
Maueller
Fabaceae/ Senna reticulata (Willd.) H.S.
) ) Emergent 5 1.7
Leguminosae Irwin and Barneby
Lemnaceae Lemna minuta Kunth. Floating (free) 6;7and 8 2.07;2.38 and 2.41
Ludwigia helminthorrhiza )
Onagraceae Floating (free) 6,7 and 9 2.07; 2.38 and 2.52
(Mart.) Hara
] Ceratopteris pteridoides (Hook.) )
Parkeriaceae ) Floating (free) 8 241
Hieron
Poaceae Oryza glumaepatula Steud. Emergent 6 2.07
Paspalum fasciculatum 0.40; 0.68; 0.93; 1.25; 1.70;
Poaceae ) Emergent 1to7
Willd. ex Fligge 2.07 and 2.38
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3;6;7;8;9and 0.93; 2.07; 2.38; 2.41; 2.52

Polygonaceae Polygonum hispidum Kunth Emergent
Yo ¥ P J 10 and 2.76

] Eichhornia crassipes (Mart.) .
Pontederiaceae Floating (free) 8 241
SolmsLaubach

Pontederiaceae Pontederia rotundifolia L.f Floating (fixed) 10 2.76

Salviniaceae Salvinia auriculata Aubl. Floating (free) 4;5;6and 8 1.25; 1.70; 2.07 and 2.41
Font: The authors.

Figure 3. lllustration of the species collected in a lake of the Ariad River, Amazonas, Brazil.
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Figure 4. Relative frequency of occurrence of the aquatic herbaceous families of a lake of the Arial River,
Amazonas. AR= Araceae, AS= Asteraceae, AZ= Azollaceae, EU= Euphorbiaceae, FA= Fabaceae, LE=
Lemnaceae, ON= Onagraceae, PA= Parkeriaceae, PO= Poaceae, PY= Polygonaceae, PT= Pontederiaceae and
SA= Salviniaceae.
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Figure 5. Relative abundance (%) of the biological forms found in a lake of the Arial River, Amazonas.
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Figure 6. Numerical frequency of occurrences of biological forms as a function of the distances measured from the
shore to the center of the lake of the Arial River.
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The results of the analyses of the ordination (NMDS) based on the presence and absence data
(Jaccard distance) indicate a distribution gradient of the species. The second axis was able to cap-
ture most of the variations of the original data on the presence and absence of aquatic herbaceous
plants, as indicated by the configuration of the Kruskal stress values (stress=0.0307). Along axis 2
(vertical), the pattern generated shows a separation of the species as a function of the distance from
the shore, in which, in the lower part, there was a greater association of species emergent biological
forms (Polygonum hispidum, Paspalum fasciculatum, Wedelia rubis, Caperonia palustres and
Senna reticulata) and free-floating forms (Ludwigia helmintorriza, Lemna minuta, Azolla carolin-
iana, Salvinia auriculata and Pistia stratiotes) with distance categories 1 — 5, 7, and 9. While, in
the upper part, there was the presence of the three emergent (with one representant: Oryza
glumaepatula), free-floating (Eichornia crassipes, Phyllanthus fluitans, Ceratopteris pteridoides)
and fixed-floating (such as Pontederia rotundifolia) biological forms with association of distance
categories 6, 8 and 10 (Figure 7).
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Figure 7. Ordination analysis of the presence of species according to distance categories (1-10) in a lake of the

Arial River, Amazonas, Brazil.
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4. Discussion

Aquatic herbaceous plants are distributed in all portions of a lake. Junk & Piedade (1993)
inventoried the diversity of aquatic herbaceous plants in a region near Manaus and identified 64
families, 182 genera and 388 species. Of the 64 families and 182 genera that Junk and Piedade
encountered, 12 families, and all 15 genera were observed in our study. However, when observed
in terms of species, Junk and Piedade found 388 species and in our study only nine species were
found in the studied lake. The absent species were Wedelia rubis, Azolla caroliniana, Senna retic-
ulata, Lemna minuta, Oryza glumaepatula and Polygonum hispidum.

The richness values of the families were similar to those of lakes in the western Amazon
region (Pinheiro & Jardim, 2015), of the Puraquequara River basin, a tributary of the left bank of
the Amazon River, near Manaus (Soares et al., 2020), Lake Trevo located southwest of Boa Vista
(Neves, 2007) and the Monjolinho River basin in Sdo Paulo (Viana, 2005), with values ranging
from 13 to 17 families. However, the data found for lakes in the states of Amapa (Neto et al., 2007)
and Macapa (Thomaz et al., 2004) were inferior, with 68 and 44 families. Soares et al. (2020) cite
that environmental characteristics, in other words, a healthy/natural or anthropized/altered environ-
ment, can influence the composition of the community of these plants, which may be reflected in
these differences that were found.

The predominance of the Poaceae family has been previously reported for areas of the Ama-
zon floodplain (Junk & Piedade, 1993), such as in the Puraquequara River basin (Soares et al.,
2020), the basins of the Fortaleza stream, a tributary of the Curiad River, in the state of Amapa
(Thomaz et al., 2004) and for the Pantanal (Pott, 2007), since it is one of the families with the
largest number of species (Neto et al., 2007; Bove et al., 2003; Junk & Piedade, 1993).

As for the biological form, according to Thomaz & Esteves (2011), the herbaceous plants can
be distributed in an organized form depending on the margin, thus having a zoning of emergent
species in the shallower places and the submerged rooted species in deeper places, and the other
forms will be distributed between these two extremes. Our results indicate this zoning pattern,
since, in general, the emergent species present greater occurrences near the margins and at lower
depths; while fixed-floating herbaceous plants were present only in the category of 10 meters.

Therefore, the organization pattern proposed by Thomaz & Esteves (2011) was found for the
studied lake; however, in order to come to a concrete conclusion, environmental variables must be
taken into account, and can be investigated in the future. The studied lake did not present great
depths, (the greatest depth was of 2.76 meters), which is a factor that implies the development of
biological forms of aquatic herbaceous species, allied to other abiotic factors such as wind and
turbidity, among others (Thomaz and Esteves, 2011).
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The prevalence of emergent forms has already been recorded in the Puraquequara River, near
Manaus (Soares et al., 2020), since species of this biological form propagate and grow rapidly,
mainly through stolons, which consequently give rise to a new plant. This phenomenon has already
been observed in lakes in other Brazilian states such as in the state of Ceard (Aratjo et al., 2012;
Matias et al., 2003), Rio Grande do Norte (Meyer & Franceschinelli, 2011), Mato Grosso do Sul
(Catian et al., 2012), Macapa (Thomaz et al., 2004), Amapa (Neto et al., 2007), Bahia (Franca et
al., 2010) and Tocantins (Xavier et al., 2012).

The distribution and presence of herbaceous plants on the shores of lakes may indicate a clas-
sic example of zoning; however, other factors must be investigated to determine this phenomenon
(Esteves & Caliman, 2011). A comprehensive approach in the investigation of aquatic ecosystems
should carefully consider both biotic and abiotic factors. This is due to the fact that in certain areas
of the shore, dense colonization by aquatic vegetation is observed, which, when combined with
relevant abiotic factors, plays a key role in supporting the various trophic levels within the aquatic
ecosystem (Esteves & Caliman, 2011; Pinheiro & Jardim, 2015).

5. Conclusion

The families with the highest occurrence were Poaceae, Polygonaceae and Salviniaceae. In
general, as the distance from the shore towards the center of the lake increases, there tends to be an
increase in the depth of the lake. The emergent forms were present in all the length and depth
categories evaluated, which demonstrates a strong adaptation of some species due to the low water
depth.

Our results may serve to better understand the bioecology of aquatic herbaceous species and
the health of the environment, since the distribution of an herbaceous species is strongly influenced
by biotic factors, and their presence and absence may be indicative of anthropization. Therefore,
we emphasize the importance of future studies that take into account the environmental variables,
since the interaction between these elements plays a crucial role in maintaining and sustaining the
different trophic levels present in aquatic ecosystems.
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