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Abstract

Many urban environments are places with strong stressors that substantially modify water quality. Although tests
evaluating water quality are usually physico-chemical, including biological components can also provide relevant
information. Lake Chalco, at the border between Mexico City and Estado de México, interacts with the surrounding
human population. We investigated some water quality parameters and the community of macroinvertebrates living
in Lake Chalco. From January to October 2017, we sampled water along the shoreline in 4 permanent areas of the
lake. We recorded the NH,+, NO,-N, NO,-N, total P, Zn, Cu?*, ORP, DO, TDS, conductivity, and pH. In addition,
we characterized the richness, composition, and abundance of the macroinvertebrate community. There was spatial
and temporal variation in physico-chemical parameters, perhaps due to the agricultural activity around the lake.
Nevertheless, water quality was unable to be placed in a category of the national law. Four out of 20 macroinvertebrate
RTU’s significantly correlated with environmental variables. Thus, no bioindicators could be proposed. In general,
lake water quality is poor, so it is not recommended for anthropic activities. Yet, the lake may be important as a center
of dispersion for aquatic invertebrates.

Keywords: Urbanization; Tldhuac; Pollution; Macroinvertebrates

ISSN version electronica: 2007-8706; Universidad Nacional Auténoma de México, Instituto de Biologia. Open Access bajo la licencia
CC BY-NC-ND (4.0) https://doi.org/10.22201/ib.20078706€.2023.94.4846


mailto:acordoba@iecologia.unam.mx

M.E. Farfan-Beltran et al. / Revista Mexicana de Biodiversidad 94 (2023): €944846
https://doi.org/10.22201/ib.20078706e.2023.94.4846

Resumen

Muchos ecosistemas urbanos son sitios con estresores fuertes que modifican sustancialmente la calidad del agua.
Aunque las pruebas para evaluar la calidad del agua suelen ser fisico-quimicas, el incluir componentes bioldgicos
puede proporcionar informacion relevante. El lago de Chalco, que se encuentra en la frontera entre la Ciudad de
Meéxico y el Estado de México, interactua con la poblacion humana circundante. En este trabajo, investigamos algunos
parametros de calidad del agua y la comunidad de macroinvertebrados que viven en él. De enero a octubre del 2017,
muestreamos alrededor de la orilla del lago en 4 areas. Registramos la concentracion de NH,*, NO;-N, NO,-N, P
total, Zn, Cu?*, POR, OD, SDT, conductividad y pH. Adicionalmente, caracterizamos la riqueza, composicién y
abundancia de la comunidad de macroinvertebrados. Existi6 variacion temporal y espacial en los parametros fisico-
quimicos, probablemente debido a la actividad agricola alrededor del lago. Sin embargo, la calidad del agua no pudo
ser colocada en alguna de las 4 categorias que establece la ley nacional. Cuatro de 20 RTU’s de macroinvertebrados
estuvieron significativamente correlacionados con las variables ambientales, pero no se puede sugerir su uso como
bioindicadores. En general, la calidad del agua es mala para actividades humanas. Sin embargo, el lago atin podria

actuar como un centro de dispersion.

Palabras clave: Urbanizacion; Tlahuac; Contaminacion; Macroinvertebrados

Introduction

Many urban water bodies are under strong pressure
from land use change, overexploitation, and constant
influx of contaminants. As a result, these environments
can present eutrophication, the presence of exotic species,
and general trophic fragmentation that puts ecosystem
integrity at risk (McDonald et al., 2013; Monteiro-Junior
et al., 2014a; Villalobos-Jiménez et al., 2016). One of
the aquatic components most affected by urbanization
is the biota (Knop, 2016). The effect of urbanization
on the biota is known to depend on both the magnitude
of the pressures and on organisms’ intrinsic traits
(Monteiro-Junior et al., 2014b). However, the general
trend is that diversity decreases as urbanization increases.
This process has been shown to occur both over time
(Kozlowski & Bondallaz, 2013) and through space
(Jeanmougin et al., 2014; Monteiro-Junior et al., 2014b;
Samways & Steytler, 1996).

Water quality was defined as “a measure of the condition
of water relative to the requirements of 1 or more species
and/or any human need or purpose” (Johnson et al., 1997).
According to this definition, the practical interpretation
depends directly on the intended use of the resource.
For example, in Mexico, the document that characterizes
water quality is the Federal Law of National Water
Rights (Conagua, 2019). This law considers 4 categories:
source for public urban use, agricultural irrigation,
protection for freshwater life, and protection for coastal
and estuarine waters.

While water quality evaluations are traditionally
based on physico-chemical analyses, it is desirable to
complement that information with biological monitoring
(Norris & Morris, 1995). This is not trivial, since it implies

a recognition that the biota and its interactions are affected
by human factors and management, with some organisms
responding more quickly than others (Paoletti, 1999). In
this way, if some physiological processes, species, or
communities are significantly negatively associated with
some attribute of interest in the ecosystem, they can be
used to generate bioindicators (Holt & Miller, 2010).
Among the different biological groups, macroinvertebrates
have been widely used in studies of water quality due to
their high abundance, well-known tolerance to pollutants,
restricted mobility, range of life cycle strategies and
feeding habits, and complete dependence on the conditions
in the sites they inhabit (Oleson, 2013). Given the practical
advantages of bioindicators, some international entities,
such as the World Health Organization (WHO; Bartram et
al., 1996) or local agencies, such as the government of the
State of Maine in the USA (Department of Environmental
Protection, 2014) have developed manuals on the use of
living organisms to design monitoring programs. Despite
these actions, the degree of knowledge of their effectiveness
is still variable among regions (Oertli, 2008). In addition,
assigning taxonomic groups above the genus level into
a single tolerance category can lead to error, since in
some cases there is variation (Resh & Unzicker, 1975).
Given these considerations, it is important to characterize
the biota at each site where the bioindicator is intended
to be used, as well as their specific tolerance to the
parameters evaluated.

Lake Chalco, also known as Lake Tlahuac-Xico, is
located on the periphery of Mexico City; it originated from
subsidence due to overexploitation of groundwater (Ortiz
& Ortega, 2007). Despite its current extent and the amount
of water stored, there are few studies characterizing its
water quality (Robles-Palacios, 2018), much less its



M.E. Farfan-Beltran et al. / Revista Mexicana de Biodiversidad 94 (2023): €944846 3
https://doi.org/10.22201/ib.20078706e.2023.94.4846

aquatic biodiversity. Due to its recent origin, the lake sits
on communal lands for traditional agriculture and small
livestock purposes, so its access is restricted to landowners
(called “ejidatarios™).

Given that the lake has decreased in surface area for
these activities, many “ejidatarios” have reduced their
income (only those with land properties located off the
lake periphery are able to work). To date, there is no
use of the water for irrigation or livestock. On the other
hand, it is considered that the lake currently meets the
different criteria to be considered a RAMSAR site: a) a
site of cultural importance given its prehispanic history
(Alcocer & Bernal-Brooks, 2010); b) the occurrence of 4
threatened species according to national legislation; and ¢)
an important nesting site for birds (e.g., more than 25,000
individuals during the winter season [Ayala-Pérez et al.,
2013]). There are biologically relevant classifications
related to water quality, such as those concerned with
eutrophication. Nevertheless, given that “ejidatarios” are
currently planing to promote the establishment of a natural
reserve, information regarding water quality in terms of
national laws, and the relationship of water quality with
macroinvertebrates may be useful for long term monitoring
and management.

Our objectives in this study were: a) to assess 11
physico-chemical parameters in Lake Chalco related to
water quality to determine whether it meets some of the
criteria established by the national law; b) to record the
macroinvertebrates present to the finest taxonomical level
possible; and ¢) to determine whether there are significant
relationships between relevant recognizable taxonomic
units (RTU’s) present and physico-chemical parameters
that allow us to propose some species as bioindicators.

Materials and methods

Lake Chalco is a recently formed body of water (ca.
1985) in the eastern portion of the Mexican Basin, between
19°14°56” - 19°18°31” N, 98°57°33” - 98°59°36” W (Ortiz
& Ortega, 2007). Although it is located in the same place
as one of the largest lakes in the country during prehispanic
times, that lake was completely dried by the beginning of
the last century due to agricultural use (Servin, 2005). In
1984, a system of 14 wells was created (Sedesol, 2011),
which compacted the soil of the lake bed at a rate of 40
cm per year. This generated an impermeable depression
that grew in area and depth. Currently, it is estimated that
the depression has surpassed 15 m at its deepest point
and occupies an area over 1,000 ha (Ortiz & Ortega,
2007). The lake has clayey and generally salinated soil
(Dominguez-Rubio, 1997), with vegetation dominated by
Typha latifolia. Given that the line of wells that formed the

lake continue operations, and that there is a perpendicular
highway that crosses the depression, the lake is divided
into several sections, which were considered in the
analyses (Fig. 1).

In order to capture some of the variability of the
physico-chemical parameters and richness and diversity
of macroinvertebrates of the lake, we visited it 4 times
over the course of 1 year (January, April, July, and October
2017, which correspond to the winter, spring, summer, and
fall seasons, respectively). The distribution of sampling
sites was determined systematically every 300 m along
the shoreline, following the recommendation of DiFranco
(2014) to avoid sampling macroinvertebrates at depths
greater than 1 m. This distance was chosen because it
lies where “ejidatarios” come into contact with the lake.
Sites that were not reachable due to roadways or artificial
canals were excluded (Fig. 1). This resulted in a total of
30 sampling sites.

At each of the sites, we took 3 water samples 1 m
from the shoreline and separated from each other by 1
m following a straight line, 5 cm above the sediment.
This was done between 10:00 and 15:00 h. These samples
were stored in 120 mL capacity high density polyethylene
containers and were immediately placed into insulated
containers with crushed ice. Each sample was filtered
without being removed from the ice with Whatman®
number 4 filter paper to remove particles greater than
25 pum. Then, they were stored in the dark at 4 °C until
analysis in the laboratory within 10 days of sampling at
the Unidad de Analisis Ambiental, Facultad de Ciencias-
UNAM. Ammonia (NH,+), nitrite (NO,-N), nitrate
(NO,-N), total phosphorus (P), zinc (Zn), and copper (Cu?h
were quantified using a multiparameter spectrophotometer
(HI83099, Hanna Instruments®) using specific reagents
for each test following the manufacturer’s instructions.

For sampling physico-chemical variables, we
used a multiparameter reader (model HI9829, Hanna
Instruments®) with a HI7609829-2 probe to measure DO;
HI7609829-0 for pH, and HI7609829-3 for Total Dissolved
Solids (TDS) and Oxidation/Reduction Potential (ORP).
At each site, we took 3 measurements in the same place
where the water samples were collected and averaged these
values. These measurements were stored in the internal
memory of the multiparameter reader and later transferred
to a personal computer.

At each site we used a triangular aquatic entomological
net with a 30x30x30 cm mouth width and 0.5 mm mesh
size to carry out a 2 m sweep at | m from shore and
brushing the sediment with the bottom of the net, without
collecting clay or rocks. Each sweep covered 0.6 m?
and all samples were taken by the same person. The
macroinvertebrates found were collected and stored in



M.E. Farfan-Beltran et al. / Revista Mexicana de Biodiversidad 94 (2023): €944846 4
https://doi.org/10.22201/ib.20078706e.2023.94.4846

-99.4 -99.2 -99.0 -98.819.6
b. Mexico City
1:900000
19.4
20 - k!
1:33000000
19.29

c. Lake Chalco

1:25000

N

A

0 250 500 m
—+—

Figure 1. Location of Lake Chalco. Circles represent the sampling sites. Black lines represent canals that impeded sampling at some
places along the perimeter. Zones A, B, C, and D were not considered in the analyses because they are seasonal water bodies.

75% alcohol for later identification in the laboratory to
the finest taxonomic level possible using the keys provided
in Usinger (1956) and Triplehorn and Johnson (2005) for
family level identifications, Berner and Hungerford (1977),
and Ribeiro and Estévez (2009) for heteropterans, Friday
(1988) for coleopterans, Harbach (1985) for Culicidae,
Chapman (2007) for Amphipoda, Davies (1971) for
Hirudinea, and Taylor (2003) for Gastropoda. They
were treated as Recognizable Taxonomic Units (RTU’s)
(Appendix). Although aquatic insects should be preserved
in 95% or 100% alcohol, identifications were made within
the following week of sampling, so they were preserved
enough to avoid loss of taxonomically relevant structures.

We carried out 2 between-group principal components
analyses (PCA), using as categories the different zones,
and the different months, respectively, with the goal of
identifying patterns in the ordering of sampling sites
based on the variables evaluated. To prevent differences
in the scale used for each variable from assigning higher
relevance of some variables over others, the data were all
scaled to a range of 0 to 1 using the following formula
(Peshawa-Jamal & Rezhna-Hassan, 2014):

X — min
max— min
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where x” = value after scaling, x = observed value, min
= minimum value recorded for that variable, and max =
maximum value recorded for that variable. In the case
of ORP, we used absolute values in the formula and a
negative sign was assigned to the data to maintain the
direction of the relationship.

To determine how macroinvertebrate communities
are correlated with the concentration of the different
parameters, we selected the RTU’s that contributed more
than 5% of the total abundance to carry out a canonical
correspondence analysis. The 5% criterion was arbitrary,
but we considered that it allowed a cleaner picture by
eliminating the species that had very few records. To do
this, we used a matrix composed of each site in a different
month as a new row. Thus, there was a total of 120 rows.

Finally, given that the residuals of most variables
were not normally distributed and, instead, they were
overdispersed, we constructed generalized linear model
(Venables & Ripley, 2002). The dispersion of residuals
was verified using the DHARMa package (Hartig, 2020),
using R language version 3.6.1 (R Core Team, 2019).
The best model was selected using the AIC criterion.
The principal components and canonical correspondence
analyses were done in Past software, version 3 (Hammer
et al., 2001).

Because of a technical problem with the equipment,
DO was not considered in the ordination analysis because
we did not have these data for the month of July. However,
it was considered in the generalized linear models. To
do this, we did regressions contrasting only taxa vs. DO
values, eliminating records of species from the month of
July. The results, if significant, were included in the tables
with the rest of the parameters.

Results

According to maximum permissible limits established
by the Federal Law of National Water Rights (Conagua,
2019), the water of the lake does not meet all the standards
required to be considered in 1 of the 4 water quality
categories (source for public urban use, agricultural
irrigation, protection for freshwater life, and protection for
coastal and estuarine waters), on average over the course
of the year (Table 1). However, the DO (during the months
when it could be recorded) was above the minimum levels
for any of the categories. The concentration of Zn was
within the permissible levels of water quality for urban
and irrigation use, while the concentration of Cu?>" was
only acceptable for public urban use.

The first 2 PCA axes explained 94.6% of the system
variation (Fig. 2). The most important correlations were
positive: 68% with ORP, 44% with NH,*, 43% with

P, and 41% with TDS. Although there was not a strict
separation among the different sections of the lake, it was
notable that zones I and II (both of which are toward
the north) are mainly found on the left side of the map.
This means that they have, in general, ORP values closer
to zero and lower values of TDS, P, and NH,". At the
same time, the second component showed a 46% positive
correlation with pH. However, in this component there
were no apparent differences between zones. The rest of
the parameters showed correlations below 30% with any
of the components.

The PCA explained 90.7% of the system variation
in the first 2 axes (Fig. 3). The most important positive
correlation with the first axis was 46% with Cu?",
followed by a 45% correlation with pH. With respect to
the negative correlations, the strongest was -53% with
NO,-N. Therefore, the samples collected in July were
characterized by higher NO,-N concentration and lower
copper concentration and pH than the rest of the year.

The second component presented the strongest negative
correlation, with

-61% with Cu?*, and positive NH," and conductivity
correlations of 50% and 30%, respectively. Although all
months had points more or less distributed throughout the
map, it is notable that October was the month with the
highest ammonia and conductivity values.

Macroinvertebrate community. In total, we found 3,324
individuals belonging to 20 RTU’s, in at least 13 families
(Appendix), which are found within 3 phyla (Arthropoda,
Mollusca, and Annelida), and 4 classes (Insecta, Crustacea,
Gastropoda, and Hirudinea). In the lake there were 4
orders of insects (Hemiptera, Diptera, Coleoptera, and
Odonata), 1 crustacean order (Amphipoda), and 1 order
of leech (Rynchobdellida). The most abundant species was
Krizousacorixa femorata (Hemiptera: Corixidae), which
contributed 1,424 individuals and was present in all 30
sites during at least 1 of the months, followed by Buenoa
uhleri (Hemiptera: Notonectidae) with 1,085 individuals
and presence in 29 sites. Three taxa had a single record
during the sampling (Appendix).

The plot generated by the canonical correspondence
analysis explained 89.02% of the variation in the data with
the first 2 axes. In constructing it, we only considered K.
femorata, B. uhleri, Chironomidae gen. sp. 1, Culiseta sp.
1, and Gastropoda gen. sp. 1 (Fig. 4).

The figure shows that K. femorata is found at higher
abundance in sites with higher concentrations of DO,
NO,-N, NO,;-N, and Zn and elevated pH, ORP, and
conductivity, but its abundance decreases with high
concentrations of P, NH,", TDS, and Cu?". Buenoa
uhleri had higher abundance in sites with relatively high
concentrations of DO, NH, " and P, as well as high values
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Table 1

Characterization of the physico-chemical parameters of Lake Chalco (in mg/L, except for pH, conductivity, and ORP). Means and
standard deviations are shown. Conditions that meet standards stipulated by the Federal Law of National Water Rights (“Ley Federal
de Derechos en Materia de Aguas Nacionales™) for consideration within the named category are indicated with an asterisk (*). In all
cases, except for dissolved oxygen, the number shows the maximum permissible level. The units are ppm, unless otherwise specified.

Physico-chemical Average Source for Agricultural Protection for Protection for
parameters public urban use  irrigation freshwater life coastal and
estuarine waters
NH,+ 545+2.21 - - 0.08 0.01
NO,-N 428 £2.26 5 - - 0.04
NO,-N 7.38 +0.87 0.05 - - 0.01
P 332+ 1.69 0.1 0.05 0.01
Zn 0.03 £ 0.01 5* 2% 0.02 0.02
Cu? 0.54 £ 0.17 1* 0.20 0.05 0.01
ORP (mV) -253.25 + 84.75 - - - -
DO 10.86 +2.01 4.0% - 5.0% 5.0%
TDS 1,037.9 £ 4733 500 500 - -
Conductivity (uS/cm) 2,126.35 £+ 504.55 - - - -
pH 9.22 +0.27 6.0-9.0 6.0-9.0 6.5-8.5 6.0-9.0
Table 2

Coefficients from the GLM using a negative binomial error with species above 5% of abundance, for the significant parameters. Since
the model is constructed using log as link function, the exponentiated value of the coefficient is shown to improve interpretability.

NH,” NO;-N NO,N Cu?** ORP DO TDS  Conductivity

K. femorata Coefficient -0.83 - - - - 1.00 -099 -

p <0.00 - - - - <0.00 <0.00 -
B. uhleri Coefficient - 1.05 - -0.15 - 1.01 - -

P - 0.04 - 0.00 - 0.00 - -
Chironomidae gen. sp. 1 Coefficient -0.76 -0.91 1.11 - - - - 1.00

P 0.00 0.03 0.04 - - - - 0.00
Culiseta sp. 1 Coefficient - - - - -0.99 - - -

p - . - . 000 - . .
of ORP and pH, but its abundance decreased with higher =~ Discussion
values of NO,-N, NO,-N, conductivity, and Zn. Culiseta
sp. 1, Gastropoda gen. sp. 2, and Chironomidae gen. sp. Although there were differences between the

1 were found in zones with relatively high concentrations
of Cu?', TDS, NH,", and P, and low values of pH, ORP,
DO, and Zn. In the generalized linear models, 4 of the most
abundant species presented significant values, which are
shown in Table 2.

most influential parameters among the 4 zones of the
lake and months of the year, none of the zones shown
presented acceptable quality characteristics according to
the parameters established by the Federal Water Rights
Law, so, no zones are recommended for anthropic use.
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Component 2 (28.9%)

Component 1 (65.7%)

Figure 2. Principal components analysis using the 4 lake zones as separate groups. Although there is not a clear separation, there is
a tendency for zones located in the north (I and II) to be grouped toward the left side of the map.

July

.06

Component 2 (23.9%)

October |

Component 1 (66.9%)

Figure 3. Principal components analysis using sampling months as separate groups. October is clearly separated from the rest of the

months. Of the remaining months, July is the most different.

Nevertheless, our results provide information of the zones
and seasons of the year that requires attention in terms
of management by the “ejidatarios”, in order to increase
reasons to declare this area as a natural reserve. Our results
are consistent with the data reported for other suburban
water bodies in the Mexican Valley, such as lakes Texcoco,
Xochimilco, and Zumpango, which are known to be turbid
and meso- to eutrophic (Alcocer & Bernal-Brooks, 2010).
The lacustrine zone of Lake Chalco has characteristics
of an alkaline system with high conductivity, which,

according to Caballero-Miranda (1997) has been present
since at least 34,000 years ago. The elevated conductivity,
at the same time, could correspond with a high TDS
concentration.

The southern portion of the lake (zones III and
IV) had higher values of inorganic parameters, metals,
conductivity, and TDS as well as larger negative values
of ORP than the northern sections (zones I and II). This
can be explained because the southern area receives more
traffic from local people than the northern area, since it
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Figure 4. Canonical correspondence analysis using the species that accounted for more than 5% of the individuals collected in the lake.

is bordered by both a highway and an area with pastures,
crops, and landfills. There are even some small settlements
whose wastewater is discharged into the lake.

For the consolidation of the seasonal map, only Cu?*,
pH, NO,-N, NH,", and conductivity had correlations
above 30% with some of the axes. However, it is notable
that some inorganic compounds, except NH,", presented
higher values in July than the other months. This could
be explained because in Mexico City, farmers tend to sow
crops in June (SIAP, 2018). Therefore, the use of different
fertilizers in the area increases, some of which may include
zinc. However, demonstrating that this is the cause of the
increase in the metal is difficult, since the farmers were
not aware of the composition of the supplements they
used (Hernandez-Juarez, 2019). If this were the case, the
accumulation of nutrients in the water would be due to
runoff after rain, given that this is the main source of the
water in the lake (Ortiz & Ortega, 2007). At the same time,
this would explain why June had the lowest quantity of the
other parameters evaluated, since they would be dissolved
in the larger volume of water. The fact that October is the
month with the highest accumulation of NH," could be
because in relative terms, it is the month with the largest
negative ORP values, which facilitates the conversion of
NOj;-N to ammonia (Jergensen, 1989). At the same time, it
has higher electrical conductivity, which is consistent with
the elevated TDS values. This would indicate that during
October either particles flow into the lake or the particles
present in the sediment are moved and suspended.

Two RTU’s accounted for 75.4% of abundance: K.
femorata and B. uhleri, which may be explained by the

absence of fishes that prey on these insects, at least in
the sites where we collected. Since sampling sites did
not include vegetation mats, there may be communities
associated with 7. latifolia that were not considered. Since
there were no differences in water quality in the lake as a
whole, no species can be considered as a strict bioindicator
(Holt & Miller, 2010). Nevertheless, it was still possible
to find significant relationships between some species and
their associated physico-chemical parameters.

At least 16 RTU’s had some mechanism to avoid
complete dependence on the oxygen dissolved in the
water. Examples include the use of an air bubble by the
hemipterans and coleopterans (Hungerford, 1919; Williams,
1936), the presence of hemoglobin in chironomids (Tichy,
1980), an air-breathing respiratory apparatus in culicids
and sirfids (Dunavan, 1929), and lungs in mollusks of
the genus Aplexa (Taylor, 2003). Exceptions included
the leech, the dragonfly, and the amphipod. Although the
prehispanic communities of the Mexican Basin used many
resources (Alcocer & Bernal-Brooks, 2010), the records of
the macroinvertebrates present at the time are imprecise.
According to Alcocer & Escobar-Briones (1992), in
the past, in that location there were at least 17 species
of crustaceans, mollusks, and insects present, based on
historical information.

The richness obtained in this study is poor (13 families)
compared to other tropical lakes such as Montebello
Lakes, with 40 (Cortés-Guzman et al., 2019) to 47 families
(Sosa-Aranda & Zambrano, 2020). Still, Chalco Lake’s
richness is close to that of lakes located around central
Mexico, where richness ranges from 4 (Metztitlan Lake;
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Juarez & Ibanez, 2003) to 22 families (Lake Tecocomulco,
Hidalgo State), where Corixidae represented more than
50% of the individuals (Rico-Sanchez et al., 2014). A
case of special interest, due to their proximity, are those
located in the remainders of prehispanic Xochimilco
Lake, which are only about 8§ km and had never been
drained. A study of the macroinvertebrates associated
to the invasive water hyacinth (Eichhornia crassipes) in
Xochimilco Lake showed that there were 20 families of
aquatic invertebrates (Rocha-Ramirez et al., 2014), some
of which we also found in Chalco Lake. Although the way
in which dispersion occurs in aquatic macroinvertebrates
is not always clear (Bilton et al., 2001), we hypothesize
that Chalco’s macroinvertebrate community is descended
from that of Xochimilco given the more recent origin of
the former.

The genus Krizousacorixa is endemic to Mexico and
there are few studies of it (Hungerford, 1919). To date,
most studies of corixids in the context of water quality
in the country have been authored by Contreras-Rivero et
al. (2001, 2005, 2008, 2012), and K. femorata has been
present in all of them. However, the specific impact of
physico-chemical parameters on the species has not been
studied. As such, we consider that the present results give
a more precise idea of the constraints on this species’
survival. It is not surprising that the evidence suggests that
NH," is toxic to this species. However, it is interesting that
this species’ abundance is negatively related to TDS, but
not conductivity. This suggests that contrary to the data
reported by Savage (1992), K. femorata is affected by the
accumulation of particles more than conductivity. This
could be because these particles restrict access to light,
with negative consequences for this bug’s prey, ability to
chase, or due to the decrease in sound propagation in turbid
environments (Richards & Leighton, 2000) since this bug
stridulates to communicate. In addition, this species is
correlated with sites with high oxygen concentration even
though all members of this family can use air bubbles to
assist in respiration. However, it has been demonstrated
that the volume of the bubble can be kept practically
constant if the dissolved oxygen concentration of the water
is higher than that of the air mixture, as long as nitrogen
gas does not dissolve (Ege, 1915). As such, individuals that
stay in a place with high oxygen concentration can spend
hours underwater without needing to emerge to refill their
bubble, unlike in less oxygenated areas (Thorpe, 1950).

The fact that B. uhleri responds positively to places
with high NO;-N concentration is probably a response
to a change in the conditions for the growth of its prey
than to a physiological change, given the molecule’s low
permeability of insect tissues (Jensen, 1996). It has been

demonstrated, for example, that nitrate-rich environments
can accelerate the reincorporation of organic matter into
the environment (Meyer & Johnson, 1983), which could
benefit basal levels of the trophic web. With respect to
Cu?*, the Ly, at 72 h has been calculated as 0.76 ppm
for Notonecta glauca, another species from the same
family, in 25 °C water (Dutta et al., 2011). However,
in concentrations of this metal that allow survival,
malformation in cells of the reproductive organs have
been demonstrated in experiments with Anisops sardeus
(Kheirallah, 2015). The explanation with respect to DO
may be similar to what occurs in K. femorata, given that
this family also uses bubbles to breathe air underwater.

With respect to the chironomids, it has been reported
before that the total nitrogen concentration has particularly
strong effects in some species (Odume & Muller, 2011).
In this case, there was an inhibitory effect of NH,+ and
NO3-N on the population of Chironomidae gen. sp. 1.
At the same time, it shows that this family has wide
variability in its physico-chemical affinities, since this
RTU is correlated with high concentrations of NO,-N
(while the lethal concentration for Chironomus piger and
C. riparius is around 0.46 ppm (Neumann et al., 2001)), as
well as high conductivity values. In terms of conductivity,
specific intervals are correlated with different species of
this family, such that different representatives have been
recorded in lakes that range from 34 to 135,400 puS/cm
(Eggermont et al., 2006). Finally, larvae of the genus
Culiseta are correlated with ORP values near zero. This
coincides with work by Chorda-Olmos (2014) that showed
that the species of this genus present in Valencia, Spain,
can be found in a range of -214 to 47 mV. However, they
are most abundant in sites with values around -40 mV.

As usually occurs with water bodies located in urban
areas, Lake Chalco shows a strong environmental stress
that affects its biota. This could be a consequence of its
historical management as well as its current use (Ortiz
& Ortega, 2007). Moreover, its water quality is not good
enough for anthropogenic use according to national laws.

Although a few species persist and appear to be
resilient, there are no distinctions in water quality that
permits the determination of bioindicators. Still, Lake
Chalco emerges as an important refuge for local aquatic
fauna.
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Appendix. Species and morphospecies of macroinvertebrates collected in Lake Chalco.

Phyllum Name Classification Jan  Apr  Jul Oct
Mollusca Aplexa sp 1 Hygrophyla: Physidae 5 1 4 1
Gastropoda gen. sp. 1 Not identified 37 90 31 8
Gastropoda gen. sp. 2 Not identified - 8 37 1
Annelida Helobdella sp. 1 Rynchobdellida: Glossiphoniidae 1 7 6 12
Arthropoda Crangonyctidae gen. sp. 1 Amphipoda: Crangonyctidae 1 - - -
Anax junius Odonata: Aeshnidae 1 - - 1
Belostoma aztecum Hemiptera: Belostomatidae 2 - 1 -
Buenoa uhleri Hemiptera: Notonectidae 82 31 275 697
Krizousacorixa azteca Hemiptera: Corixidae 173 117 709 425
Hydroporus sp. 1 Coleoptera: Dytiscidae 1 - - -
Helochares sp. 1 Coleoptera: Hydrophylidae 1 - - -
Hydrophilidae sp. 1 Coleoptera: Hydrophylidae - - 1 -
Rhantus sp. 1 Coleoptera: Dytiscidae 10 - - 1
Tropisternus sp. 1 Coleoptera: Hydrophylidae 2 0 1 1
Culiseta sp. 1 Diptera: Culicidae 119 12 0 55
Chironomidae gen. sp. 1 Diptera: Chironomidae 10 92 126 70
Chironomidae gen. sp. 2 Diptera: Chironomidae 2 2 3 2
Chironomidae gen. sp. 3 Diptera: Chironomidae 1 1 2 1
Ephydridae gen. sp. 1 Diptera: Ephrydidae 10 0 5 2
Syrphidae gen. sp. 1 Diptera: Syrphidae 4 2 3 -
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