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ABSTRACT

Littoral areas of Amazonian floodplain lakes: a biological reserve to mitigate biodiversity loss

Carbon from aquatic plants and periphyton in littoral zones subsidize food webs. Field work was carried out in two different 
lake types in the Colombian Amazon: a várzea (Yahuarcaca) and an igapó (Pacatúa). Plants in the littoral zone of várzea Lake 
had higher photosynthetic biomass compared to the plants of the littoral zone of igapó, but differences in root biomass were 
not significant. The two littoral zones contained a relatively high species richness and diversity (Shannon-Wiener Index) of 
organisms associated with the roots, although no significant differences existed between the two lakes. Littoral areas may be 
important in relatively isolated and physically fragmented large terrestrial landscapes such as the Amazon basin.
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RESUMEN

Áreas litorales de los lagos de la llanura aluvial amazónica: una reserva biológica para mitigar la pérdida de biodiversidad

El carbono de las plantas acuáticas y el perifiton en las zonas litorales alimenta las redes tróficas. Se realizó un trabajo de 
campo en dos tipos diferentes de lagos en la Amazonía colombiana: una de várzea (Yahuarcaca) y una de igapó (Pacatúa). Las 
plantas de la zona litoral del lago várzea presentaron mayor biomasa fotosintética en comparación con las plantas de la zona 
litoral de igapó, pero las diferencias en la biomasa radicular no fueron significativas. Las dos zonas litorales contenían una 
riqueza y diversidad de especies (índice de Shannon-Wiener) asociadas a las raíces, relativamente altas, aunque no existieron 
diferencias significativas en la diversidad entre los dos lagos. Las áreas litorales pueden ser importantes en grandes paisajes 
terrestres relativamente aislados y físicamente fragmentados, como la cuenca del Amazonas.
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INTRODUCTION

The Amazon region is located between the Guia-
na and Brazilian shields, and with an area of 6.3 
million km2 includes the largest forest and long-
est river system on the planet (Wesselingh et al., 
2010; Prieto, 2018). The Amazon rainforest, the 
largest remaining rainforest in the world, is home 
to a good part of the planet’s species and is a pri-
ority region for conserving biodiversity. 

In the Colombian Amazon research has been 
mainly focused on terrestrial environments rather 
than on aquatic ecosystems (Castello et al., 2013). 
However, freshwater ecosystems in the region suf-
fer increasing impacts associated with deforesta-
tion (Armenteras et al., 2006; Arias et al., 2018), 
fire (Armenteras et al., 2017), chemical pollution 
(Val et al., 2017), dam construction (Latrubesse 
et al., 2017), overexploitation of plant and animal 
species (Castello et al., 2013), and climate change 
(Feng et al., 2020). These transformations result 
in habitat loss and changes in river flow dynamics 
that reduce both their diversity and complexity 
(Palmer, 2010; Rozo et al., 2014).

The Amazon basin is interconnected with 
countless small streams and numerous rivers. 
The surrounding areas to the main channels are 
characterized by periodical flood pulses (Junk et 
al., 1989) and direct rains or groundwater inputs. 
Shallow lakes are located in the floodable zones 
and are characterized by an exuberant growth of 
macrophytes and associated periphyton and bi-
ofilm communities (Montoya & Aguirre, 2009; 
Silva et al., 2010). These produce close to the  
34 % of the primary production of the Amazon 
basin (300 Tg C a-1) (Piedade et al., 1991; Mel-
ack et al., 2009; Silva et al., 2009) and contribute 
to the spatial heterogeneity of the floodplains and 
their biodiversity (Amoros & Bornette, 2002, Pet-
ry et al., 2003; Granado et al., 2007; Correa et al., 
2008; Dias et al., 2010; Röpke et al., 2013).

Three water types in the Amazon (whitewater, 
blackwater, and clearwater) may be recognized 
in the Amazon (Sioli (1975) and Ríos-V et al. 
(2013). These are differentiated by geology, soils 
and organogenic processes. This classification in 
the Colombian Amazonia separates two further 
classes of whitewater and two of blackwater ac-
cording to the suspended sediment load, pH, con-

ductivity, and transparency of the water (Duque et 
al., 1997; Núñez-A & Duque, 2001). 

The várzea (such as the Yahuarcaca Lake) are 
high primary productivity lakes. This accounted 
for the contributions of the Amazon River, which 
is subjected to flood pulses, making up high wa-
ters, falling waters, low waters and rising waters 
phases (Bohórquez, 2011, Salcedo-H et al., 2012; 
Torres-B et al., 2013). Other lakes, such as the 
Pacatúa Lake are associated with the blackwater 
rivers that have lower productivity and diversity 
than várzea lakes (Palma et al., 2014).

The Neotropical region has the highest diver-
sity of macrophyte species on the planet, with 
about 1566 species, and aquatic macrophyte 
habitats often represent the most diversified, 
productive and heterogeneous portions of water 
bodies (Chambers et al., 2008). Macrophytes 
together with periphyton contribute organic car-
bon to other trophic levels, particularly in olig-
otrophic and shallow lakes (Petry et al., 2003; 
Kluijver et al., 2015). 

Carbon subsidizes bacterioplankton and zoo-
plankton, then cascading on the whole food web 
(Torres-B et al., 2014; Bozelli et al., 2015). Ad-
ditionally, macrophytes contribute significantly 
to both floodplain carbon and high rates of pri-
mary production, those reach a total production 
between 2400 to 3500 gm-2 yr-1 with values 
above water between 650 and 1100 gm-2 yr-1, 
and a production below water between 1700 and  
2600 gm-2 yr-1 (Silva et al., 2010).

Aquatic plants in the littoral zone represent 
a large surface area that can be colonized by 
microflora (Andramunio-A et al., 2018, Andra-
munio-A & Caraballo, 2012). Additionally, they 
represent a reserve of associated organisms that 
enhance productivity in oligotrophic lakes (Bo-
zelli et al., 2015).

The present study aims to establish the differ-
ences in the physical and chemical properties of 
the lakes, as well as estimates of the plant bio-
mass in the littoral areas and of the great number 
of species they harbor. We propose that that de-
spite the differences between types of water, the 
organisms diversity of the littoral zones demon-
strates their value in conservation and manage-
ment of the aquatic ecosystems of the Colombi-
an Amazon.
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METHODS

Study Area

The study area was located close to the Amazon 
River and included two classes of water accord-
ing to the characteristics of the water such as 
sediment, pH, conductivity, and transparency. 
Whitewater type I is a product of the mountain 
contributions of Ecuador (Napo River) and Perú 
(Ucayali and Marañón Rivers). The mineraliza-
tion of these waters is high (> 100 µS/cm) and the 
pH is neutral to basic. The cations (Na+, K+, Ca++ 
and Mg++) are relatively high (1.37-1.48 meq/l-1). 
The other class of water is type I blackwater that 
comes from the forest and owes its color to the 
partial decomposition of organic matter. This wa-
ter type has lower mineralization and pH.

The Yahuarcaca Lake is a typical várzea sys-
tem located at 4° 12’ 00’’ S and 69° 57’ 5’’ W, at 
an altitude of 89 m a.s.l. and 2 km upstream from 
the town of Leticia (Amazonas, Colombia), (Fig. 
1). The lake receives water from both the Amazon 
River (white water type I of Andean origin) and 
black water type I from the Yahuarcaca stream 
(which originates in the forest), with an area of  

1 km2, it originates in a small depression within 
the floodplain landscape built by the fluvial dy-
namics of the Amazon River.

The Pacatúa Lake is located at 4° 7’ 48’’ S 
and 70° 0’ 42’’ W at a height of 90 m a.s.l. (Fig. 
1). This igapó is basically fed by Patacua and 
Pichuna streams, both of which run through the 
forest. It receives white waters from the Amazon 
River at times of maximum flooding of the river 
(Duque, 1993).

Both types of lakes develop extensive littoral 
zone with numerous aquatic plants (Azolla filicu-
loides, Salvinia auriculata, Eichhornia crassipes, 
Pistia stratiotes, Paspalum spp, Victoria amazon-
ica, and others), with specific bioforms (emergent 
rooted, floating-leaved rooted, free-floating, sub-
merged) and different mechanisms of vegetative 
propagation (clone, resprouts, seeds).

Rainfall in the area varies between 3000- 
4500 mm with a single-mode regimen with higher 
rainfall from December to May and lower rainfall 
during the remaining months. The Amazon River 
shows rising and high waters between November 
and June with decreasing and low waters dur-
ing the rest of the annual period (Torres-B et al., 
2013), affecting the Yahuarcaca lake water level 

Figure 1.  Geographical location of Pacatúa Lake and Yahuarcaca Lake (Leticia, Colombia). Ubicación geográfica de los lagos Pa-
catúa y Yahuarcaca (Leticia, Colombia).
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considerably, but only affecting Pacatúa Lake 
when high waters reach its maximum levels. This 
water regime as well as the contributions of or-
ganic matter, and the extensive annual floods me-
diate biotic adaptations up to hypoxic and even 
anoxic conditions at the bottom of the lakes (Sal-
cedo-H et al., 2012).

Sampling Methods

We selected a sector of the littoral zone of each 
lake with successional phases of slightly trans-
formed areas. Three linear transects were estab-
lished from the limnetic zone to the littoral area 
in each littoral zone, and the aquatic plants were 
sampled in three 50 x 50 cm quadrants, spaced  
2 m apart. 

In each sampling date the physical and chem-
ical variables of the water (pH [H+], tempera-
ture (°C), conductivity (µS/cm), dissolved solids 
(mg/l) and concentration and percentage of dis-
solved oxygen (mg/l) were measured. The depth 
of each sampling point was established using a 
bathymetric probe. The sampling was carried out 
in low water, when the lakes were disconnected 
from the Amazon River. Once the environmen-
tal variables were measured, the vegetation and 
the associated organisms present in each quadrant 
was collected.

In the laboratory, aquatic plants in each quad-
rant were carefully washed, and the associated 
organisms (algae, zooplankton, macroinverte-
brates, and others) were extracted by squeezing 
the roots. The algal samples were preserved with 
Transeau solution in a 1:1 ratio. Zooplankton was 
fixed with 38 % formaldehyde (4 % final concen-
tration). The aquatic macroinvertebrates adhered 
to the roots were selected and preserved in 70 % 
ethanol. Both macroinvertebrates and planktonic 
organisms were identified to the family level us-
ing regional keys. 

The photosynthetic part of each plant (Azol-
la filiculoides, Salvinia auriculata, Limnobium 
laevigatum, Ceraptopteris pteridoides, Echi-
nochloa polystachya, Hydrocotyle ranuncu-
loides, Pistia stratiotes, Eichhornia crassipes, 
Paspalum spp, and Panicum dichotomiflorum, 
principally) was separated from its root portion 
and their fresh weights were obtained. Subse-

quently and following the recommendations of 
Wetzel & Likens (2000), the dry weight (PS) 
of both the photosynthetic and the radical tis-
sue was obtained. In addition, the ash free dry 
weight (PSLC) was estimated.

In each sample extracted, a 1 L aliquot was 
taken from the squeezing, and the organisms 
were counted until reaching 100 individuals of 
the most abundant taxa. Rare or less abundant 
species or categories (algae, zooplankton, macro-
invertebrates) were also considered. The ranges 
of variation of the abundance were for algae ind/
ml, zooplankton ind/l. and for the macroinverte-
brates ind/m2.

Data Analysis 

To data analysis, statistical programs were used 
to identify general trends in the data. Figures of 
each of the physical and chemical variables vs. 
quadrants and transects were made for each lake 
to establish possible differences between the 
measurements of the quadrants (sites) and lakes. 
A principal component analysis (PCA) was run 
to identify the environmental variables that dis-
criminated the differences between sites and 
lakes. With the biomass data (dry weight, fresh 
weight, ash-free dry weight -AFDW-) of each 
aquatic plant species, a matrix was elaborated, 
and figures of biomass (g.dry wt/m2) of the pho-
tosynthetic tissue and roots were prepared for 
each lake. A one-way ANOVA was run to test if 
there were differences in plant biomass (g.dry wt/
m2) between the two lakes. differences in diver-
sity and species richness between the lakes were 
verified using the relative abundances of the asso-
ciated microorganisms in each category. Finally, 
we used one- way ANOVA and non-parametric 
tests (Kruskal-Wallis) to make comparisons and 
verify whether or not significant differences in the 
diversity [H´] values between the two lakes.

RESULTS

Physical and chemical characteristics of the 
lakes

Minor differences were observed in the physical 
and chemical variables of the two lakes (Fig. 2).  
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An exception was the conductivity, which 
ranged 82 and 86 μS/cm in Pacatúa Lake and  
137-142 μS/cm in Yahuarcaca Lake (F = 32.8,  
N = 18, p = 0.0003). Also, the dissolved solids 
showed (LP = 52 mg/l; LY = 84 mg/l) significant 
differences between the lakes (F = 23.75, N = 18, 
p = 0.0002). The pH was closer to neutrality in 

the Yahuarcaca and acidic in Pacatúa (Fig. 2).  
Differences in conductivity and dissolved oxygen 
mainly segregated Yahuarcaca Lake from Pacatúa 
lake. By ordering the physical and chemical vari-
ables (94.9 % of the variance of the data in the 
first two axes), the first axis was associated with 
dissolved oxygen (considering percentage of sat-

Figure 2.  Comparison of physical and chemical variables (LP= Pacatúa Lake; LY = Yahuarcaca Lake). a) pH; b) Temperature; c) 
Conductivity; d) dissolved oxygen; e) Depth. Comparación de las variables físicas y químicas entre los lagos (LP= Lago Pacatúa;  
LY = Lago Yahuarcaca) a) pH; b) Temperatura; c) Conductividad; d) Oxígeno disuelto; e) Profundidad.
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uration) and the second axis was associated with 
variables related to the mineralization of the water 
(water conductivity and dissolved solids) (Fig. 3).

Composition and comparison of macrophytes 
in the two lakes

The two macrophyte communities represented 
lake-type associations. The macrophytes covered 

ca. 30 % of the water surface in both lakes, and 
successional phases included individuals from 
the pleustophytes, then the rhizophytes, to the 
phase of grass (Gramineae) bordering the forest. 
The dominant species were Azolla filiculoides, A. 
caroliniana, Salvinia auriculata, S. minima, Lim-
nobium laevigatum, Ceraptopteris pteridoides, 
Echinochloa polystachya, Hydrocotyle ranun-
culoides, Pistia stratiotes, Eichhornia crassipes, 
Pontederia rotundifolia, Paspalum repetula, P. 
orbandicratum, Panicum dichotomiflorum, and 
Victoria amazonica. 

In Yahuarcaca Lake, species with the high-
est biomass (g. dry wt/m2) were P. stratiotes, 
E. crassipes (pleustophytes), Paspalum repens 
and Paspalum sp. (rhizophyte). In Pacatúa Lake, 
Salvinia auriculata (pleustophyte), E. crassipes 
(pleustophyte) and Bidens sp., (rhizophyte) had 
the highest biomass values. The average root and 
photosynthetic biomass (g.dry wt/m2) were high-
er in Yahuarcaca Lake than in Pacatúa Lake (Fig. 
4 and Fig. 5a, b).

Figure 5 shows how in Yahuarcaca Lake there 
is a high density of roots of Pistia stratiotes and 
Eichhornia crassipes while in Pacatúa Lake Sal-
vinia sp. and Eichhornia crassipes had higher 
root density. In the littoral zone of Yahuarcaca 
Lake macrophytes had a higher average root bio-
mass than those of Pacatúa Lake. Pistia stratiotes 
had a higher photosynthetic and root biomass in 

Figure 4.  Average photosynthetic biomass (g.dry. wt/m2) (a) and root biomass in lakes (g.dry. wt/m2) (b). Promedio de la biomasa 
fotosintética (gPs/m2) (a) y biomasa de raíz (gPs/m2) (b) en los lagos.

Figure 3.  Principal Component Analysis (PCA) based on physi-
cal and chemical variables of the lakes. Análisis de componentes 
principales (PCA) basado en las variables físicas y químicas de 
los lagos.
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the Yahuarcaca Lake. In the Pacatúa Lake the 
presence of Salvinia auriculata was dominant. 
The photosynthetic biomass was higher than the 
root biomass in both lakes, but always with high-
er values in Yahuarcaca Lake.

There were no differences in the root bio-
mass between the two lakes (F = 1.122, N = 60, 
p = 0.294), but significant differences were 
found for the photosynthetic biomass (F = 5.171, 
N = 60, p = 0.027). These were determined by the 
biomass of Pistia stratiotes, Salvinia auriculata 
and Paspalum spp.

Composition, species richness and diversity of 
organisms associated with the littoral zone

A lower number of organisms was recorded in Pa-
catúa compared to Yahuarcaca. The latter had 48 
taxa of algae, macroinvertebrates, and zooplank-
ton), while in Pacatúa there were 28 taxonomic 

groups (Table 1).
Ticoplankton algae was the most abundant cat-

egory in both lakes, composed mainly of diatoms 
(Eunotia, Pinnularia, Navicula), Chlorococcales 
(Pediastrum simplex) and Euglenales (Euglena, 
Phacus, Trachelomonas). In Yahuarcaca Lake, 
protozoa, rotifers, coleopterans and dipteran lar-
vae (Simulidae and Chironomidae) were domi-
nant, and bivalve, Ephemeroptera, Thysanoptera, 
Trichoptera, Plecoptera and Hirudinea were only 
recorded there. In Pacatúa Lake, some groups 
were more common than in Yahuarcaca (Arach-
nida, Nematoda and Hydracarina).

Diversity values [H´] varied between 0.7 to 
1.5 bits in Yahuarcaca, while in Pacatúa were 
slightly higher (1.0 to 1.7 bits) (Fig. 7). However, 
based on the variance and Kruskal-Wallis analy-
ses, no significant differences were found in the 
diversity values of the littoral areas between lakes 
(F = 0.31; N = 54, p = 0.94).

Figure 5.  Comparison of root (a) and photosynthetic (b) biomass (g.dry. wt/m2) of emerging and floating species of aquatic plants. 
(LP= Pacatúa Lake; LY = Yahuarcaca Lake). Comparación de la biomasa de raíz y fotosintética, en plantas emergentes y flotantes. 
(LP= Lago Pacatúa; LY = Lago Yahuarcaca).
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Table 1.  Littoral organisms of Yahuarcaca and Pacatúa lakes. Reports from this study and from, Duque (1995); Duque & Nuñez- A 
(1997); Nuñez & Duque (1998;2000); Duarte & Capador (2006); Andrade et al., 2011; Aranguren (2013). Organismos del litoral de 
los lagos Yahuarcaca y Pacatúa. Reportes a partir de este estudio y de Duque (1995); Duque & Nuñez- A (1997); Nuñez & Duque 
(1998;2000); Duarte & Capador (2006); Andrade et al., 2011; Aranguren (2013).

Species  Yahuarcaca Pacatúa Species Yahuarcaca Pacatúa

Mesocyclops longisetus 
longisetus * Díptera Probezzia sp * Copépoda

 
Mesocyclops 
meridianus * 

Mansonia sp * 

Microcyclops anceps 
anceps  * 

 Endalus * 

Thermocyclops crassus  * 

Coleóptera

 
Elodes * 

Thermocyclops tenuis  * 

Tropistemus * 

Cladócera
 

Moina micrura  * 

Hidrophilus * 

Moina minuta  * 

Erythemis * 

Rotífera  Epiphanes clavulata  * 

Odonata Dythemis * 

Anuraeopsis �issa  * 

Coryphaeshna * 

Brachionus 
amazonicus  * 

Limnogous * 

Keratella americana  * 

Pelocoris * 

Plationus palatus  * 

Hemíptera Belostoma * 

Euchalis dilatata  * 

Hidrometra * 

Myrtilina ventralis  * 

Ranatra * 

Trichotria tetractis  * 

Gonatozygon pilosum * 

Eosphora anthadis  * 

Mesotaenium 
endlicherianum * 

Dicranophoroides 
claviger * 

Closterium closteroides * 

Lecane elegans  * 

Cosmarium 
commissurale * 

Colurella obtusa  * 

Zygophyceae Euastrum ansatum * 

Polyarthra vulgaris  * 

Staurodesmus brevispina * 

Trichocerca 
braziliensis * 

Staurodesmus dejectus * 

Asplanchna sieboldii  * 

Staurastrum 
quadrangulare * 

Heaxarthra intermedia 
brasiliensis * 

Xanthidium trilobum * 

  

 

Pompholyx complanata  * 

Micrasterias radians * 

Filinia limnetica  * 

M. abrupta * 

Hydracarina * 

Leponcinclis ovum globula * 

Araneae * 

L paxilliformis * 

Nematoda * 

L texta richiana * 

Protozoa * * 

Phacus ephippion * 

Bivalve * 

P. lefevrei * 

Hirudinea * 

Euglenophyceae P. longicauda insecta * 
P. orbicularis * 
Euglena acus * 
E. oxyuris * 
Trachelomonas superba 
superba * 
Stombomonas �luviatilis * 
S. verrucosa zmiewika * 

Chlorophyceae Pediastrum simplex simplex *  

Bacillariophyta Eunotia * * 
Pinnularia * * 
Navicula * * 
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DISCUSSION

Differences based on primary productivity subdi-
vide floodplain areas into two categories: white-

water várzeas and blackwater igapos (Fittkau et 
al., 1975; Duque et al., 1997; Junk et al., 1984). 
Comparing our results with other environments 
associated to the Amazon River and the Colom-
bian Amazon, we found values that differ in 
physical and chemical variables, such as water 
mineralization. The Colombian region of the Ama- 
zon River is an area of higher mineralization and 
productivity (Wissmar et al., 1981). Comparing 
Yahuarcaca Lake with Pacatúa Lake, the annual 
variation in conductivity generates differences in 
mineralization and pH, caused by the influence of 
the rivers (Amazon and Pacatúa) that may affect 
the lakes.

Ecological role of macrophytes in the lakes

In the flooded lakes of the Amazon River, macro-
phytes are one of the most important components 
of productivity (Junk & Howard-W, 1984). The 

Figure 7.  Diversity values (Shannon-Wiener Index) in the 
lakes. (LP= Pacatúa Lake; LY = Yahuarcaca Lake). Valores de 
diversidad (Índice de Shannon-Wiener) en los lagos (LP= Lago 
Pacatúa; LY = Lago Yahuarcaca).

Figure 6.  Root (a) and photosynthetic (b) biomass of the dominant aquatic plant species in lakes. (LP= Pacatúa Lake; LY = Yahuarcaca 
Lake). Biomasa de raíz (a) y fotosintética (b) de las especies dominantes de plantas acuáticas en los lagos. (LP= Lago Pacatúa; LY 
= Lago Yahuarcaca).
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littoral areas are characterized by a high variety, 
close to 387 species of herbaceous elements with 
60 species of grass types in areas close to Manaus 
in Brazil (Junk & Piedade, 1994; Piedade et al., 
2010). In Colombia, 27 species are recorded from 
several lakes (Duque, 1993), including the study 
area. The most common species reported for stud-
ies in Brazilian Amazon are Oryza spp., Luziola 
spruceana, Echinochloa polystachya, Hymenach-
ne amplexicaulis, Paspalum repens and Paspalum 
fasciculatum (Junk & Howard-W, 1984), several 
of these are also reported for Pacatúa and Ya-
huarcaca Lakes (Ordóñez, 2002). Macrophytes 
adapt to changes in the flood pulse (Junk et al., 
1989), likewise, but some species appear during 
ascending and high waters and disappear during 
the periods of minimum lake level, while others 
(grasses) live during the entire annual cycle (Fit-
tkau et al., 1975). These macrophytes are type C4, 
which means that their productivity is very high 
(Piedade et al., 1991; Morrison et al., 2000). Silva 
et al. (2009) defines the productivity order asso-
ciated to aquatic plants in the central Amazon to 
be related to Echinochloa polystachya, Paspalum 
fasciculatum, Paspalum repens, Hymenachne 
amplexicaulis and Oryza perennis. Piedade et 
al. (2010) indicate Echinochloa polystachya and 
Paspalum fasciculatum as being more important. 
C4 macrophytes have the highest productivity 
and work as “engineering species” (Jones et al., 
1994), what makes them fundamental for Amazon 
lakes (Piedade et al., 2010). High productivity of 
littoral areas undoubtedly benefits the organisms 
associated with the macrophytes in the lakes.

The composition observed in the two lakes 
showed a first indication of the preference of cer-
tain plants to the particularities of each lake. In 
the case of the Yahuarcaca whitewater lake, the 
presence of the species Salvinia sp. or Bidens sp. 
was not observed, in Pacatúa Lake neither Poly-
gonium sp. nor Limnobium sp. were observed. 

In the Yahuarcaca Lake there is a dominance 
of Pistia stratiotes and Eichhornia crassipes, 
species characterized by rapid growth, related to 
their capacity to assimilate nutrients (Gao et al., 
2016; Degaga, 2018). This characteristic explains 
the higher root biomass compared with same 
macrophytes species in Pacatúa Lake. It is worth 
noting that P. stratiotes takes advantage of high-

ly nutritious and low-acid ecosystems (Dray & 
Center, 1989), conditions that occur in Yahuarca-
ca Lake. In contrast, Salvinia grows in favorable 
conditions and acidic waters (Owens et al., 2004; 
Wolff et al., 2012; Chapman et al., 2017).

Overall, the average biomass of root tissue 
was higher in the varzea-type than in the ig-
apó-type lakes. This can be explained by the in-
fluence exerted by the Amazon River on varzea 
lakes. The main channel of the Amazon River is 
richer in nutrients water, and these supplied to the 
Yahuarcaca Lake. These nutrients can be used by 
macrophyte species generating a greater quantity 
of root biomass. However, blackwater igapós are 
nutrient poor.

Lake edges as a reservoir of diversity in these 
lakes

Amazonian lakes fed by the great rivers like the 
Amazon, contribute with the important devel-
opment of floating mats of plants that generally 
have high productivity. Additionally, the annual 
hydrological dynamics with rises in the water 
level (expansion) and decreases (contraction) 
are an important evolutionary and productive 
engine. These attributes favor the growth of al-
gae (Nuñez-A & Duque, 2001; Echenique et al., 
2013), benthic algae (Castillo, 2000; Gantiva, 
2000), bacteria and protozoa (Andramunio-A et 
al., 2018), macroinvertebrates (Bolivar, 2001), 
rotifers (Andrade et al., 2011) and fishes (Jimén-
ez, 1995; Junk et al., 2007).

In synthesis, both the environmental factors, 
the habitat, as well as the taxonomic and func-
tional properties of aquatic plants (de Menezes-B 
et al., 2014; Delatorre et al., 2019), contribute to 
the attributes of the ecological communities in 
the two lakes. Despite the differences in the con-
ductivity and pH of the lakes, the diversity of the 
different groups of organisms did not vary sub-
stantially likely emphasizing the permanent role 
played by the littoral environments of the Ama-
zonian lakes.

Conservation Implications

Threats to the aquatic ecosystems of the Ama-
zon (climate change, drought, mining, eutroph-
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ication, and urbanization), may reduce the di-
versity of aquatic macrophytes in the future. 
Consequently, the conservation of littoral lake 
of Amazonian is fundamental to the ecology and 
the functioning of lakes. 

On the other hand, aquatic plants are key or-
ganisms for the purpose of management and con-
servation, because they respond to local varia-
tions (Jones et al., 1994; Chappuis et al., 2014). 
Enhancing the knowledge of the composition 
and distribution of associated organisms is the 
first step for the preservation of aquatic flora and 
fauna and especially for the formulation of man-
agement plans and the design of protected areas 
(Valle-F, 2000) with the purpose of maintaining 
regional biodiversity.

As Castello et al. (2013) emphasize, it is im-
perative to change the conservation paradigm 
in the Amazon that focuses just on forests, for a 
broader vision focused on freshwater ecosystems 
that are irreplaceable components of the current 
and future functioning of the Amazon basin.

CONCLUSIONS

In the littoral zone of Yahuarcaca Lake, Pistia 
stratiotes, Eichhornia crassipes and Paspalum 
repens are dominant species, while Salvinia au-
riculata and Eichhornia crassipes are dominant 
in Pacatúa lake. In the two lakes the average pho-
tosynthetic biomass was higher than the root bio-
mass. Both the photosynthetic and root biomass 
of Yahuarcaca were higher than in Pacatúa. Sig-
nificant differences in macrophyte biomass were 
found between the lakes. The species with the 
highest biomass were floating species (pleusto-
phytes) and those with the lowest biomass were 
the species rooted in the sediment (Helophytes). 
Although there is high species richness in the 
lakes, no significant differences were found in the 
diversity values of the organisms associated with 
aquatic plants.
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