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ABSTRACT

Aquatic macrophytes play an important role in lentic systems, since
they constitute the particular habitat of several groups of aquatic
insectsand play a fundamental role in structuring their communities.
The objective of this study was to contribute to the knowledge of
the aquatic entomofauna associated with macrophytes in wetlands
of the middle basin of the Atrato River, Chocé-Colombia. For four
months, collections of aquatic insects associated with the roots
of different aquatic plants were made, using a quadrat of one m’,
equipped with a 0.5 mm mesh, with three replicates per swamp.
Simultaneously, some physical and chemical variables of the water
were measured. The community of aquatic insects was composed of
6 orders, 23 families, and 36 genera. The most representative orders
were Hemiptera (Heteroptera) and Odonata and the most abundant
families were Noteridae (Coleoptera) and Libellulidae (Odonata).
The diversity index presented a range between 2.39 and 2.07 bits/
ind, with Plaza Seca as the most representative wetlands, while
the dominance was between 0.16 and 0.11. The most abundant
functional group was that of predators. The variables pH, water
temperature and transparency presented significant differences
between swamps and there were important associations between
the aquatic entomofauna, and the abiotic variables analyzed.
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RESUMEN

Las macroéfitas acudticas juegan un rol importante en los sistemas
lénticos, ya que constituyen el hdbitat particular de varios grupos
de insectos acudticos y desempenan un papel fundamental en la
estructuracion de sus comunidades. El objetivo de este estudio fue
contribuir al conocimiento de la entomofauna acudtica asociada las
macrdfitas en ciénagas de la cuenca media del Rio Atrato, Chocé-
Colombia. Durante cuatro meses se hicieron colectas de insectos
acudticos asociados a las raices de diferentes plantas acudticas,
utilizando un cuadrante de un m’, dotado de una malla de 0,5
mm, con tres replicas por ciénaga. Simultdneamente se midieron
algunas variables fisicas y quimicas del agua. La comunidad de
insectos acudticos estuvo compuesta por 6 6rdenes, 23 familias y
36 géneros. Los drdenes mds representativos fueron Hemiptera
(Heteroptera) y Odonata y las familias mds abundantes fueron
Noteridae (Coleoptera) y Libellulidae (Odonata). El indice de
diversidad presenté un rango de entre 2,39 y 2,07 bits/ind,
sobresaliendo la ciénaga Plaza Seca, mientras que la dominancia
estuvo entre 0,16 y 0,11. El grupo funcional de mayor abundancia
fue el de los predadores. Las variables pH, temperatura del agua y
transparencia presentaron diferencias significativas entre ciénagas y
existieron importantes asociaciones entre la entomofauna acudtica
y las variables abidticas analizadas.
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INTRODUCTION

Macrophytes exhibit macroscopic forms of aquatic vegetation and
serve as a link between water and sediment. Angiosperms, ferns,
macroalgae and mosses found in both lotic and lentic aquatic
ecosystems belong to this group (Regmi ez al. 2021). They also act
as indicators of the ecological conditions of surface waters, since
they are primary producers of aquatic habitats, which serve as an
important component in the functioning of the ecosystem, from
the maintenance of biotic and abiotic factors (Upadhyay ez al.
2022).

Macrophytes play an important role in structuring aquatic
environments, especially those of lentic type, since their presence
in these ecosystems increases the complexity of the habitat,
significantly influencing aspects such as diversity, distribution,
richness, and abundance of the aquatic macroinvertebrates (Heisi
et al. 2023). These plants increase the structural heterogeneity
of macroinvertebrates by providing refuges against predators
(Misteli ez al. 2022), offering food for herbivores and detritivores,
(Fontanarrosa et al. 2013) and providing spaces that facilitate
emergence and oviposition (Walker ez a/. 2013).

Within macroinvertebrates, aquatic insects are distinguished by
presenting a high number of organisms that make up the most
significant component of animal biomass in lotic and lentic
ecosystems. Their contribution to the food web is relevant, because
they allow energy circulation to other consumers, serving as food
for fish and amphibians and becoming an important link between
producers and the higher trophic levels of aquatic ecosystems
(Walteros & Castafio, 2020).

In Colombia, a series of investigations have been conducted on
aquatic macroinvertebrates associated with macrophytes and
the most recent to be highlighted are those conducted by Rua-
Garcfa (2015), Herndndez et al. (2016), Murillo-Montoya et 4l.
(2018), and Nufiez & Fragoso-Castilla, (2019). In the department
of Chocé, on the topic of aquatic macroinvertebrates associated
with macrophytes in wetland ecosystems, the research conducted
by Mosquera-Murillo & Cérdoba-Argén (2015); Mosquera-
Murillo (2018), and Aguilar-Baldosea ez @l (2022) is notable.
However, further research is needed to continue contributing to
the understanding of the dynamics of these communities.

Therefore, the objective of this research is to determine the
composition, diversity, and abundance of aquatic entomofauna
associated with macrophytes in wetlands of the middle basin of
Atrato River (Choc6-Colombia), as well as to identify the functional
groups of insects associated with macrophytes, in addition to
establishing the possible relationship between them and the abiotic
variables of the wetlands studied.

MATERIALS AND METHODS

Scope of study. The research was carried out in three wetlands in
the middle basin of Atrato River, belonging to the municipality

of Quibdé, Choc6-Colombia: Plaza Seca wetland 5°44’32.3”N
76°42°37.7”W, La Negra wetland 5°45,30.9»N, 76°41°14.7”W/, and
La Grande wetland 5°44:39.8»N, 76°42’42.1”W (Figure 1). This
zone experiences a relative humidity close to 86% and temperatures
that range between 28-32°C. The majority of the territory lies
within the equatorial doldrums; therefore, rainfall regime extends

throughout the year, with an annual precipitation reaching up to
12,000 mm (Rangel-Ch. & Arellano-P, 2004).

According to the Holdridge system (1996), the Atrato River basin in
its course is classified into the humid tropical forest and too humid
tropical forest life zones (bh-T, bmh-T). The middle and lower
zones comprise the floodplain of Atrato River, characterized by vast
floodplains and several swamps known for their high transparency,
acidic pH, low conductivity, and concentration of solids, as well
as low oxygen and few nutrients (Correa, 2014). The dominant
macrophyte species in the studied wetlands are Eichhornia azurea,
Nymphoides indica, Ludwigia sedoides, Cabomba sp., Elodea sp.
(Mosquera & Cérdoba, 2015).

Sampling. Monthly sampling was conducted in each of the studied
wetlands, between June and September 2022, covering the climatic
periods of the zone, the high water season (June-July) and the low
water season (August-September).

In each studied wetland, a sampling station was established
(coastal zone). Within the macrophyte-covered area, the physical
and chemical water conditions were measured, such as water
temperature, pH, electrical conductivity and dissolved oxygen
concentration, total dissolved solids, and transparency using a
multiparameter digital equipment and a Secchi disk. Additionally,
water samples were collected for alkalinity, phosphorus, and
nitrogen form analyses, following the recommendations of Standard
Methods (APHA ez al. 2012). Likewise, the forms of phosphorus
(orthophosphates) and nitrogen (nitrites, nitrates, and ammonium)
were analyzed using a NOVA SQ 60 spectrophotometer.

To collect insects, transepts perpendicular to the shoreline were
established in the macrophyte belts. A one m” floating PVC frame,
equipped with a 0.5 mm mesh was used, which was installed under
the surface to be collected. Plants were extracted and the roots
were carefully washed to remove the organisms. Using a sieve and
tweezers, the organisms were extracted and stored in jars with 90%
alcohol.

In the limnology laboratory of the Universidad Tecnoldgica del
Chocé (UTCH), organisms were identified to the lowest possible
level using a ZEIZZ brand stereomicroscope and the keys from
Dominguez ¢t al. (2006) and Dominguez & Ferndndez (2009).
Additionally, each taxon was assigned to a functional group
according to the classification proposed by various authors such
as Chard-Serna et al. (2010), Rodriguez-Barrios ez al. (2011), and
Rivera-Usme ez al. (2013). The considered groups were predators,
collectors, collector-gatherers, collector-filterers, and shredders
(Merrit & Cummins, 1996).
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Data analysis. The aquatic insect assemblage was characterized
based on the following variables: total number of individuals, relative
abundance, Shannon-Wiener diversity, Simpson dominance, and
classification of food functional groups. Differences in abundance,
diversity, and dominance among wetlands were assessed using an
ANOVA test. Mean and standard deviation were estimated for each
measured abiotic variables, and differences among wetlands were

evaluated using ANOVA. Assumptions inherent to the ANOVA
test were verified for all cases and found acceptable (p>0.05).
Significant differences were recorded using a Tukey test and the
Minitab program was used. Finally, the potential relationship
between aquatic insects and the abiotic variables of the wetlands
was evaluated using a canonical correspondence analysis.
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Figure 1. Study zone. Wetlands studied in the middle basin of Atrato River (Chocé-Colombia).

RESULTS AND DISCUSSION

Aquatic insects associated with macrophytes. A total of 654
individuals were registered, distributed in 6 orders, 23 families and
36 genera (Table 1). Plaza Seca wetland had the highest number
of individuals (315), followed by La Grande wetland (183), and
La Negra wetland (156). The variance test showed significant
differences between the wetlands with respect to the abundance of
aquatic insects.

The presence of aquatic insects associated with floating aquatic
macrophytes is associated with the presence of a dense mass of plant

roots that constitute colonization sites for different organisms. Root
macrophytes provide microhabitats that serve as refuge against
predators and for egg-laying, as well as resources as food for fauna

(Padial e /. 2009).

Regarding orders, Hemiptera is the most representative in Plaza Seca
and La Negra wetlands, while Odonata was the most representative
in La Grande wetland (Figure 2). Among the families, Noteridae
(16.32 + 5.81) and Libellulidae (11.24 + 4.75) were notable.
According to Lasso ez al. (2014), it is common to find a high
representativeness of Odonata-Coleoptera-Hemiptera in lentic
ecosystems of the country, as observed in this research. Aquatic and
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semi-aquatic hemipterans are notable for their variety, reflecting
the variety of niches they occupy, thanks to the great adaptation
capacity to the environment their species have (Vanegas, 2017).
This can be found in a wide variety of natural environments, both
lotic and lentic, coastal and oceanic, phytotelmata and even humid
terrestrial environments (Mazzucconi ez al. 2009).

As for odonates, their abundance has been positively related to
the presence of aquatic plants typical of wetlands since emerging
vegetation is a fundamental substrate for the emergence of larvae
into their adult phase. Likewise, a high macrophyte coverage is
important for the richness of Odonata taxa (Perron er al. 2021).
In addition to the existence of aquatic plants, physicochemical
characteristics are important factors that limit the richness and
distribution of immature odonates (Cérdoba-Aguilar, 2008).

The abundance of Noteridae and Libellulidae in this study
corresponds to other research carried out in wetlands of the region,
such as the one conducted by Mosquera-Murillo & Cérdoba-Argén
(2015). According to White & Roughley (2008), members of the
family Noteridae are common into the roots of aquatic plants and
their ability to take atmospheric oxygen makes them dependent
on atmospheric oxygen. This is a primary factor that restricts these
beetles to shallow waters (Eyre ez al. 1992), which agrees with the
characteristics of the studied wetlands.

For the Libellulidae, its abundance is associated with the great
diversity of emerging rooted macrophytes present in the studied
wetlands, which, according to Lépez-Diaz er al. (2021), is a
factor that can increase the complexity of the habitat. Nymphs of
Libellulidae inhabit all freshwater aquatic environments, including
lentic and lotic systems, as well as permanent and temporary
environments (Neiss ez 2/ 2018).

Plaza Seca wetland has the highest averages of diversity and specific
richness, while dominance showed higher averages in La Negra
wetland (Table 1). The analysis of variance shows that there were
no significant differences in diversity (F=1.84, p=0.2135) and
dominance (F=2.23; p=0.1635) among wetlands, but there were
differences in specific richness (F=7.24; p=0.0133). These results
may be associated with how aquatic vegetation is distributed in the
wetlands under study and, in that sense, research such as that of
Warfe et al. (2008) and Dibble & Thomaz, (2009) has shown that
the complexity of this type of vegetation explains attributes of the
invertebrate assemblages associated with it, such as abundance and
diversity. Similarly, according to authors such as Quirds Rodriguez
et al. (2010) and Kovalenko ez al. (2012), the presence of floating
vegetation, as well as the complexity of its architecture, provides a
greater variety of environments and microhabitats that constitute
a substrate and refuge, leading to greater diversity, richness, and
abundance of associated organisms.

In relation to the composition of functional groups of aquatic
insects associated with macrophytes, in the three studied wetlands,
predators were the largest group with a range among wetlands

between 87.94 and 73.77%, with 15 families corresponding to
Odonata, Hemiptera and Coleoptera, and certain families of
Diptera (Chaoboridae and Ceratopogonidae). They are followed
by collector-gatherers with a range between 11.48 and 4.76%,
represented by 3 families of Ephemeroptera. Collectors showed a
range between 10.38 and 1.28% with two families of Lepidoptera
and Diptera (Chironomidae). Collectors-filters had a range between
8.97 and 4.37%, with a family of Diptera (Culicidae) (Table 1).

The greater representativeness of predators may be related to the
high structural complexity of the habitat generated by macrophytes
(Heino, 2000), which is an indicator of an abundant food supply.
Particularly, aquatic vegetation constitutes a refuge zone for
invertebrates to avoid predation by fish, therefore representing an
important supply for predatory invertebrates whose number can
increase when there is more prey (De Neiff & Neiff, 2006).

Environmental conditions of macrophyte habitat and aquatic
insect community. Regarding the abiotic variables analyzed in the
three studied wetlands, pH, water temperature, and transparency
showed significant differences among wetlands (ANOVA, p<0,05),
with pH and transparency presenting their highest averages in Plaza
Seca wetland, and water temperature in La Grande wetland. The
remaining variables did not have significant differences (ANOVA,
p>0.05) (Table 2); however, dissolved oxygen, alkalinity, electrical
conductivity, and total solids were higher in La Grande wetland.
As for nutrients, these tend to be higher in La Grande (Nitrites),
Plaza Seca (Nitrates) and La Negra (Orthophosphates) wetlands.
Ammonium was not detectable. Depth was greater in La Negra
wetland.

Dissolved oxygen and pH variables had values similar to those
reported for other wetlands in the Atrato basin, such as the studies
conducted by Mosquera-Murillo & Cérdoba-Argén (2015) and
Mosquera-Murillo  (2020). According to Martinez-Rodriguez
& Pinilla-A. (2014), one of the wetland characteristics is oxygen
deficiency, as a result of slow exchange with air since water
turbulence is less than that of a river. As for pH, the recorded values
are largely attributable to the nature of the soils in the zone, which
are acidic like those of the majority in the department of Chocd,
being within the limits for the survival of aquatic organisms that is
between 4.5 to 8.5 (Rolddn & Ramirez, 2008). Water temperature
averages, in turn, are typical of aquatic environments located in
tropical regions, with values between 25 and 30°C (Rolddn &
Ramirez, 2008).

Electrical conductivity, alkalinity and total dissolved solids variables
were within the ranges established for Colombian neotropical
ecosystems, with values less than 1,500 pS.cm™, 100 mg.L" and
200 mg.L‘l, respectively (Rolddn & Ramirez, 2008). Transparency
is within the values established for wetlands in Colombia
(<1.13 m), while depth is associated with variations in the flow
of Atrato River, as a result of the climatic regime of the zone.
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Table 1. Taxonomic list and ecological indexes of aquatic insects associated with macrophytes in three wetlands in the middle basin of Rio Atrato,
Chocé (Charéd-Serna ez al. 2010; Rodriguez-Barrios ez al. 2011; Rivera-Usme ez al. 2013).

Wetlands
Order/Family Genus Total abundance | Relative abundance | Functional group
La Grande | Plaza Seca La Negra
Odonata
Acanthagrion 5 5 3 13 1.99 Pre
Telebasis 9 8 5 22 3.36 Pre
Coenagrionide
Ischnura 5 0 5 0.76 Pre
Argia 3 0 0 3 0.46 Pre
Libellulidac Macrothemis 11 8 2 21 3.21 Pre
Tramea 14 37 7 58 8.87 Pre
Aeschna 2 0 0 2 0.31 Pre
Aeschnidae Coryphaeschna 1 0 0 0.15 Pre
Boyeria 5 1 0 6 0.92 Pre
Proteneuridae | Protoneura 8 20 1 29 4.43 Pre
Coleoptera
Noteridae Hydrocanthus 36 62 15 113 17.28 Pre
Dytiscidae Laccophylus 16 10 11 37 5.06 Pre
Ephemeroptera
Callibaetis 4 8 4 16 2.45 CG
Baetidae Americabaetis 1 0 1 0.15 CG
Cloeodes 1 2 0 3 0.46 CG
Caenidae Caenis 12 4 9 25 3.82 CG
Leptohyphidae | Leptohyphodes 4 0 0 4 0.61 CG
Hemiptera
Notonectidae | Notonecta 4 0 0 4 0.61 Pre
Corixidae Tenagobia 14 11 32 4.89 Pre
Gerridac Telmatometra 3 12 15 2.29 Pre
Rheumatobates 48 11 59 9.02 Pre
Hydrometridae | Hydrometra 1 0 1 0.15 Pre
Naucoridae Ambrysus 0 9 1.38 Pre
Pelocoris 4 0 0.61 Pre
Hebridae Hebrus 8 0 8 1.22 Pre
Mesoveliidae Mesovelia 5 5 10 1.53 Pre
Belosomatidae | Belostoma 1 5 3 9 1.38 Pre
Pleidae Neoplea 10 9 3 22 3.36 Pre
Diptera
Ablabezmyia 11 8 2 21 3.21 CL
Chiromomidae | Chironomus 4 1 5 0.76 CL
Pentaneura 3 0 3 0.46 CL
Chaoboridae Chaoborus 0 11 11 1.69 Pre
Sg:emp"g"‘ Beazia 3 24 18 45 6.88 Pre
Culicidac Culex 0 0 2 0.31 CF
Culiseta 14 14 34 5.20 CF
Lepidoptera
Crambridae Petrophila 1 1 0.15 CL
Diversity 2.26 £ 0.145 | 2.39 £ 0.097 | 2.07 + 0.373
Specific Richness 13 + 3.697 15 +2.63 11 +4.031
Dominance 0.13£0.012 { 0.11 £0.017 | 0.16 + 0.056

Pre= Predator; CG=Collector-Gatherer; CF= Collector-Filterer; CL= Collector
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Figure 2. Abundance of specimens of insect orders found in the studied wetlands in the middle part of Atrato River.

Table 2. Abiotic variables of the studied wetlands in the middle part of Atrato River.

Wetlands
Abiotic Variables p-Value
La Grande Plaza Seca La Negra

Dissolved Oxygen (mg/L) 6.18 £ 0.85 5.93 £0.23 5.59 +0.84 0.5063
pH (units) 5.53 +0.38 6.26 + 0.32 5.61 £ 0.39 0.0371
‘Water Temperature (°C) 28.88 +0.71 27.26 £ 0.79 28.21 +0.93 0.0498
Alkalinity (mg/L) 34.24 + 27.63 22.22 +22.24 24.88 + 24.90 0.7812
Electrical Conductivity (pS/cm) 196.67 + 26.35 167.93 + 37.78 147.66 + 49,25 0.254
Total dissolved solids (mg/L) 147.28 + 83.24 85.11 + 15.78 115.87 + 17.18 0.2636
Nitrites (mg/L) 0.089 + 0.05 0.0705 + 0.04 0.0839 + 0.05 0.8466
Nitrates (mg/L) 0.648 + 0.41 0.752 + 0.44 0.688 + 0.63 0.9444
Ammonium (mg/L) <0,010 <0,010 <0,010
Orthophosphate (mg/L) 0.102 + 0.15 0.070 + 0.06 0.117 £ 0.45 0.3598
Transparency (m) 0.45 +0.19 0.85 +0.09 0.84 +0.17 0.0073
Depth (m) 1.392 £ 0.35 1.933 + 0.43 2.389 +0.82 0.0992

Average values * standard deviation

Nitrites were found in low concentrations in the studied wetlands
in comparison to nitrates. According to Wetzel (2001), nitrogen as
nitrites tends to be low in aquatic systems, since it quickly changes
to nitrates depending on the oxygen concentration in water, or to
reduced forms such as ammonium if the conditions are anoxia,
a situation that may be occurring in the studied wetlands. As for
ammonium, the values were extremely low and were below the
detection range. Orthophosphates, in turn, had averages above
0.05 mg.L", which is the limit required for aquatic life.

According to the canonical correspondence analysis, the first
two canonical axes explain 68.32% of the variance. The analysis
demonstrates that organisms of the Protoneuridae, Pleidae,
Chironomidae and Culicidae showed a positive relationship
with electrical conductivity, nitrites, and nitrates and a negative

relationship ~ with Gerridae, and
Ceratopogonidae were negatively related to electrical conductivity,
nitrites, and nitrates and positively to transparency. Caenidae and
Culicidae were positively associated with phosphates and depth,
while Dytiscidae showed an opposite relationship (Figure 3).

transparency.  Corixidae,

The association shown between the aquatic insect community
and the physicochemical conditions of the aquatic ecosystem has
been highlighted in research such as that of Rocha-Ramirez ez al.
(2007) and Ruaa-Garcia (2015); which ratifies the close correlation
between organisms and environmental factors. In this sense,
physicochemical factors are considered by various authors, such as
Dominguez (2009), as the aspects that have the most influence on
the distribution, abundance, and richness of aquatic insects. For
Salles & Ferreira-Janior (2014), physicochemical variations along
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with other characteristics, such as the substrate, are determining
factors that influence the adaptation of organisms. Thus, some
aquatic insect groups show morphological adaptations in the
shape and structure of their gills, in response to changes in water
temperature and oxygen availability (Barbour ez 2. 1999), changes

Dytiscidae 1 5+
Coenagrionidae
Protoneuridae 1.01
Chironomidae
0.5
Pleidae Alkalinity
[r——
NO2 actidae
=40 15 10 5 Libellpl
P Conductivi
.2 onductivity
<
-1.51
2.0
Culicidae 2.5
Caenidae
-3.0°

in pH can influence physiology and development of some insects,
with morphological variations in response to the water acidity
(Allan, 2004), and turbidity can affect eye morphology and sensory
structures (Merritt ez al. 2008).

ra nwency 1.5

Corixidae

2.0Gerridae 2.5

PO4

Axis 1

Figure 3. Canonical Correspondence Analysis (CCA) showing the relationship between the aquatic insect taxa of the studied

wetlands and the abiotic variables analyzed.
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