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ABSTRACT

Lake San Lorenzo is one of the lakes at the NW karstic plain of the “Parque Nacional 
Lagunas de Montebello”, Chiapas, Mexico, that currently have eutrophic, turbid wa-
ters. To understand the recent history of this lake, multi-elemental contents determined 
by X-ray fluorescence analysis, organic matter and carbonate contents -determined by 
loss on ignition-, Corg/N ratios and diatom analyses from a 41 cm-long sedimentary 
sequence, were performed. The chronology of the sequence was established by one 14C 
date from the basal sediments, which allowed establishing that the studied record began 
in 1956. These new data are consistent with previously published analysis of a profile 
from the nearby Lake Balamtetik, that could not be dated by 14C, therefore this work 
provides a better chronological resolution of events. The diatom community along the 
Lake San Lorenzo sequence was dominated by high nutrient tolerant species, which 
allows inferring that the lake was already turbid and eutrophic since 1956. Erosion 
indicators (titanium and magnetic susceptibility) allowed identifying two episodes of 
basin-wide erosion associated with long distance sediment transport to the lake (very 
likely through the ”Río Grande de Comitán”) the first episode from 1970 to 1985 and 
the second one from 1990 to 2000.

Palabras clave: impacto humano, paleolimnología, lagos tropicales, eutrofización

RESUMEN

El lago San Lorenzo es uno de los lagos de planicie en la zona NW del Parque Nacional 
Lagunas de Montebello, Chiapas, México, que actualmente tienen aguas turbias y con 
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elevado contenido de nutrientes. Para reconstruir su historia reciente se usaron análisis 
multi-elemental por fluorescencia de rayos-X, susceptibilidad magnética, contenidos 
de materia orgánica y carbonatos, obtenidos por pérdida de peso por ignición, relación 
Corg/N y contenido de diatomeas en un perfil sedimentario de 41 cm de longitud. Para 
el control cronológico se realizó una datación por 14C en los sedimentos basales, lo 
que permitió establecer que la secuencia estudiada inicia en el año 1956. Estos nuevos 
datos son congruentes con los previamente publicados para un perfil sedimentario del 
lago Balamtetik que no fue posible datar por 14C, por lo tanto, esta nueva secuencia 
permite mejorar la cronología de los eventos registrados. Las diatomeas a lo largo del 
perfil del lago San Lorenzo fueron dominadas por especies tolerantes a condiciones 
de aguas turbias y elevadas concentraciones de nutrientes, lo que indica que el lago 
ya era turbio y eutrófico desde 1956. Los indicadores de erosión como susceptibilidad 
magnética y titanio indican que hubo dos periodos de elevada erosión y transporte de 
sedimento al lago (muy posiblemente a través del Río Grande de Comitán), el primero 
alrededor de 1970 a 1985 y el segundo aproximadamente entre 1990 a 2000.

INTRODUCTION

The Montebello lakes (ML), in the state of Chiapas, 
southern Mexico, are a popular tourist destination, 
mostly because they have very clear waters with 
multiple tones of blue. However, in recent decades 
some of these lakes have changed and nowadays, their 
waters are turbid. To evaluate this process of environ-
mental change a research team from the Institutes of 
Geophysics and Geology from the National University 
of Mexico (UNAM), recovered sedimentary profiles 
from several lakes to undertake paleolimnological 
studies. Previously published results from one of the 
ML, Lake Balamtetik, showed repeated pulses of 
anthropogenic disruption during the last ~70 years 
(Caballero et al. 2020), however the chronology of 
the sediment sequence from this lake was poor, as 
neither 210Pb or 14C age models could be established 
and dating relayed only on 137Cs profiles. In this paper 
we present geochemistry and diatoms results from the 
sedimentary sequence of another of the ML, Lake San 
Lorenzo, where a 14C and 137Cs based chronology was 
developed giving a better time line of the anthropo-
genic disruption events in the region.

METHODS

Study area
The ML are located in southern Mexico, in the state 

of Chiapas, near the border with Guatemala (Fig. 1a), 
and most of them are part of the protected area 
“Parque Nacional Lagunas de Montebello”. The ML 
are in a karstic region, where the outcropping rocks 
are partially or totally dolomitized Cretaceous lime-
stones (Quezada-Muñetón 1987). The climate in the 

region ranges from temperate sub-humid to the NW to 
temperate humid to the SE (CFE 2012), with annual 
average temperatures of ~17ºC, precipitation concen-
trated between June and October, with mean annual 
precipitation ranging from ~1180 to ~2500 mm/yr 
(data from weather stations 7231-Tziscao and 7374-
La Esperanza; SMN 2019). The ML can be divided in 
two main areas, the lower altitude NW karstic plain, 
and the higher altitude SE hills (Durán Calderón et 
al. 2014, Mora-Palomino et al. 2016). The vegetation 
in the area is highly altered, mostly in the NW karstic 
plain where agriculture is extended. Vegetation was 
dominated by Pinus-Quercus-Liquidambar and 
montane forests but currently it is very fragmented, 
and the montane forests have nearly disappeared as 
intense deforestation has transformed the landscape 
during the last decades (March and Flamenco 1996, 
CONAP 2007).

Lake San Lorenzo (16º09’ N, 91º46´ W, 1460 m 
above sea level) is part of a sequence of lakes on the 
NW karstic plain that are interconnected by a system 
of channels. The first is lake Balamtetik (Fig. 1b), 
where a previous paleolimnological study was under-
taken (Caballero et al. 2020). This lake receives the 
discharge of the “Río Grande de Comitán” (RGC), 
a river that runs along a semi endorheic basin of 
810 km2. Many of the NW plain lakes are currently 
turbid and eutrophic (Vera-Franco et al. 2015) while 
the SE hill lakes, which are not superficially connect-
ed, have mostly clear, oligotrophic waters. San Lo-
renzo is a turbid, eutrophic to hypertrophic lake, and 
in July 2013 it had a Secchi disk visibility of 0.5 m 
and chlorophyll a concentration of 31.7 mg/m3. 
The lake has an elongated shape (Fig. 1), with an area 
of 181 ha, a maximum depth of 67 m and an average 
depth of 11.8 m (Alcocer et al. 2016).
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Sediment sampling
The sedimentary profile for this study was 

retrieved in July 2013 from the northern area of 
Lake San Lorenzo, using a UWITEC gravity corer 
at a depth of 12 m (Fig.1b). The recovered profile 
(VA13GII, 41 cm long) was sampled every 1 cm for 
geochemistry, geochronology, diatoms and other 
bioindicators, samples for metagenomics analyses 
were also collected but these results will be published 
elsewhere. During sampling, physical characteristics 
such as color and texture were described.

Analytical methods
Sediment samples for 210Pb, 137Cs, magnetic 

susceptibility and geochemical analyses were 
freeze-dried and homogenized by grinding with an 
agate mortar. Besides, the sample from the bottom 
of the sequence (41 cm) was sent to a commercial 
laboratory (Beta Analytic) for radiocarbon dating, 
and the result was calibrated to calendar years using 
the CALIBomb program (Reimer et al. 2004). For 
210Pb dating (Oldfield and Appleby 1984) 10 samples 
were analyzed by alpha spectrometry to determine 
210Po (radioactive descendant of 210Pb), assuming 
secular equilibrium (Ruiz-Fernández and Hillaire-
Marcel 2009). For 137Cs, all sediment samples (40) 
were measured using a Gamma Beta Spectrometer 
(ATOMEX AT1357).

Total N concentrations were determined by 
dry combustion in a Perkin Elmer 2400 analyzer. 

Concentrations of organic matter and carbonates 
were also determined by loss on ignition at 550 ºC 
(LOI550) and 950 ºC (LOI950), respectively. Organic 
matter (LOI550) was transformed to organic carbon 
(Corg) multiplying by a correction factor of 0.58 (Jen-
sen et al. 2018) and then used to estimate the Corg/N 
ratios. Magnetic susceptibility was measured using a 
Bartington Magnetic Susceptibility Meter® coupled 
with a single frequency sensor MS2G. Elemental 
concentrations of Ti, Fe, and Ca were determined 
by X-Ray fluorescence (FRX) using a portable Niton 
XL3t 95.

For diatom analysis 18 samples were freeze dried 
and 0.5 g subsamples were treated with HCl (10 %) 
and H2O2 (30 %) until all carbonates and organic mat-
ter were eliminated. Permanent slides were mounted 
using Naphrax and diatom counts of a minimum 
of 100 valves were undertaken at 1000x using an 
Olympus BX50 microscope with interferential phase 
contrast. Diatom identification was based on special-
ized literature (Krammer and Lange-Bertalot 1986, 
1991, 1991, Novelo et al. 2007).

RESULTS AND DISCUSSION

Chronology
Lake San Lorenzo had comparable 210Pb results 

as Lake Balamtetik (Caballero et al. 2020), with 
relatively constant high activity values along the 
sequence (60 to 90 Bq/kg, Fig. 2), suggesting that 
the bottom sediments of the profiles from both lakes 
are too young to allow significant 210Pb to decay and 
reach the lower, supported levels. The calibrated ra-
diocarbon determination (41 cm, Beta-376719, 102.8 
± 0.3 pMC) allowed dating the bottom of the San 
Lorenzo sequence to the year 1956; therefore, despite 
of this sequence being shorter (41 cm), it seems to 
cover a similar time window as the previously studied 
sequence (80 cm) from Lake Balamtetik (Caballero 
et al. 2020). This is likely because Lake Balamtetik 
is directly receiving the sediment discharge of the 
RGC while Lake San Lorenzo is located further 
downstream, and would be expected to have a lower 
sedimentation rate. Considering that the surface sedi-
ments from the Lake San Lorenzo core date to the 
year of collection (2013) an age model based on linear 
interpolation is presented in figure 2. The 137Cs activ-
ity values in the sediments from San Lorenzo ranged 
from 0 to 50 Bq/kg with several maxima along the 
sequence (Fig. 2). The presence of low 137Cs values 
along the full sequence suggests that the whole core 
postdates the beginning of the nuclear testing in 1945, 
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this agrees with the radiocarbon age model. The 
presence of numerous 137Cs peaks makes it difficult 
to identify individual events and suggest that in this 
lake, soils that have been previously contaminated 
with 137Cs have eroded from the catchment (Poreba 
2006, Appleby et al. 2019).

The geochemical record
The sediments from  Lake San Lorenzo consist of 

massive gray to black clayey silts. The organic matter 
content (LOI550) is relatively high along the sequence, 
ranging from 13 to 17.4 %, while the Corg/N ratio is 
more variable (Fig. 3). In general, high Corg/N ratios 
are indicative of larger inputs of terrestrial organic 
matter to the lake while lower values suggest a higher 
contribution of phytoplankton organic matter (Mey-
ers 2003). The Corg/N ratio ranges from 16 to 46, and 
has two main intervals with values higher than aver-
age (> 29), inhigher-than-averageease in terrestrial 
organic input to the lake, the first from 32 to 22 cm 
(~1969 to 1987) and the second from 17 to 11 cm 
(~1990 to 2000; Fig. 3). Concentrations of carbonates 
(LOI950) and Ca show nearly identical depth profiles 
along the sequence (Fig. 3), indicating the presence 
of calcium carbonate. Carbonate concentrations 
range from 4 to 21% while Ca ranges from 2 to 25 
%, both show three intervals with higher-thanaverage 

values, from 39 to 34 cm (~1960 to 1967), from 22 to 
19 cm (~1985 to 1988) and from 10 to 3 cm (~2001 
to 2011); and two intervening intervals of low values 
(34 to 22 cm and 19 to 10 cm) which correspond with 
the times of higher Corg/N ratios (Fig. 3).

Magnetic susceptibility (MS), and terrigenous 
elements Ti and Fe (not shown) have nearly identical 
depth profiles (Fig. 3). These indicators are related 
to the erosion of crystalline rocks, however in the 
ML, where the dominant local rocks are limestones, 
these elements very likely come from outside the 
local catchment and are considered to be indicative 
of increased sediment discharge to the lakes through 
the RGC. High MS and Ti values also correspond 
with high Corg/N ratios, indicative of larger inputs of 
terrestrial organic matter from the regional vegeta-
tion and soils. A pattern emerges in which there are 
two periods of high MS, Fe, Ti and Corg/N values, 
indicative of high sediment and soil organic mat-
ter discharge to the lake system through the RGC 
during times of widespread catchment disturbance. 
According to our age model the times for these two 
widespread catchment disturbance events are from 
around 1970 to 1985 and from about 1990 to 2000. 
The first period corresponds to the important defor-
estation documented between the 1970s and 1990s 
(March and Flamenco 1996) and with the intense 
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immigration from Guatemala, associated to politi-
cal instability in this country that forced thousands 
of people to cross the Chiapas border from 1980 to 
1983, some of them settling permanently in the ML 
area. The second period of widespread catchment 
disturbance correspond to recent land use changes 
in the area, with an increase in the production of 
greenhouse crops like tomatoes and other vegetables 
promoted by large transnational corporations and also 
with an increase in the local population between 2005 
and 2010 (INEGI 2018).

Diatom analysis
Diatom concentrations along the profile showed 

variations from absent to 62 x106 valves per gram 
of dry sediment (v/gds). Absence of diatoms was 
observed in sediments from 17 to 15 cm (~1990-
1993), corresponding to high MS and Ti values, 
suggesting that large sediment inflow to the lake 
diluted the diatom concentration in this part of the 
sequence. On the other hand, diatoms show maxi-
mum concentrations in two sections of the sequence, 
from 40 to 35 cm (before 1965), and from 10 to 
5 cm (~2000 to 2008), these periods correlate to 
low Corg/N ratios, pointing to higher contribution 
of organic matter from the phytoplankton (Fig. 4). 
The diatom assemblages along the core are alter-
natively dominated by Aulacoseria granulata, A. 
granulata var. angustissima, Discostella stelligera 
and Stephanodiscus hantzchii fo. tennuis. These 
planktonic species are common in freshwater 

lakes with high nutrient levels, and are tolerant to 
waters with high turbidity (Bennion et al. 1995, 
Kolmakov et al. 2002, Jeong et al. 2006); the pres-
ence of these species during the full record suggest 
that turbid waters and elevated nutrient levels were 
present in  Lake San Lorenzo since 1956. During the 
two periods of basin-wide disruption identified by 
the geochemical record (~1950 to 1985 and ~1990 to 
2000), the diatoms had lower abundances but there 
were slight increases in benthic species (Diadesmis 
confervacea and Gomphonema spp.), or in species 
tolerant to high nutrient loads (Nitzschia palea). 
These changes suggest that during these periods 
both lake turbidity and nutrient inputs increased.

CONCLUSIONS

The geochemical and diatom data from  Lake San 
Lorenzo are consistent with previous results from  
Lake Balamtetic, and together confirm that there 
is a long history of environmental disruption in the 
region. The record from Lake San Lorenzo shows 
that turbid, nutrient rich conditions were present in 
this lake since at least 1956 (the base of the studied 
record). The geochemichal record also points to two 
main phases of basin-wide erosion that we propose 
are associated to long-distance sediment transport 
toward the lakes through the RGC. These basin-wide 
disturbance events date from around 1970 to 1985 
and from about 1990 to 2000.

35

25

20

15

10

5

0
5 10 15 20

30

40

D
ep

th
 (c

m
)

20 20 301040 2000

Ti (ppm)MSCa(%)Corg/NLOI550LOI950 (%)
4000

2015

Ye
ar

2010

2005

2000

1995

1990

1985

1980

1975

1970

1965

1960

1955

0.20.1

Fig. 3. Geochemistry depth profiles from  Lake San Lorenzo, Montebello lakes, Chiapas Mexico. LOI950 = carbonates, LOI550 = organic 
matter, Corg = organic carbon, N = nitrogen, Ca = calcium, MS = magnetic susceptibility, Ti = titanium, ppm = parts per million.



M. Caballero et al.46

AKNOWLEDGMENTS

This research was funded by Universidad Nacio-
nal Autónoma de México (UNAM) through Projects 
PAPIIT-IV200319 and PAPIIT-IN219215. The 
authors thank Fabiola Vega-Vera and Libia Hascibe 
Pérez-Bernal, for technical assistance.

REFERENCES

Alcocer J., Oseguera L.A., Sanchez G., Gonzalez C.G., 
Martinez J.R. and Gonzalez R. (2016). Bathymetric 
and morphometric surveys of the Montebello Lakes, 
Chiapas. Journal of Limnology 75 (s1), 56-65. https://
doi.org/10.4081/jlimnol.2016.1343 

Appleby P., Semertzidou P., Piliposian G., Chiverrell R., 
Schillereff D. and Warburton J. (2019). The transport 
and mass balance of fallout radionuclides in Brothers 
water, Cumbria (UK). Journal of Paleolimnology 62 
(4), 389-407. 

Bennion H., Wunsam S. and Schmidt R. (1995). The 
validation of diatom-phosphorus transfer functions: an 
example from Mondsee, Austria. Freshwater Biology 
34 (2), 271-283. 

Caballero M., Mora L., Muñoz E., Escolero O., Bonifaz R., 
Ruiz C. and Prado B. (2020). Anthropogenic influence 
on the sediment chemistry and diatom assemblages of 
Balamtetik Lake, Chiapas, Mexico. Environmental 
Science and Pollution Research 27 (14), 15935-15943. 
https://doi.org/10.1007/s11356-019-04581-9 

CFE (2012). Estudio para conocer la calidad del agua de 
las lagunas de Montebello, México. Comisión Federal 
de Electricidad, Mexico City, Mexico, 45 pp.

CONANP (2007). Programa de conservación y manejo. 
Parque Nacional Lagunas de Montebello, México. 
Comisión Nacional de Áreas Naturales Protegidas, 
Mexico City, Mexico, 194 pp.

Durán-Calderón I., Escolero-Fuentes O.A., Muñoz-Salinas 
E., Castillo-Rodríguez M. and Silva-Romo G. (2014). 
Cartografía geomorfológica a escala 1: 50,000 del 
Parque Nacional Lagunas de Montebello, Chiapas 

Fig. 4. Diatom species present in the sediments from  Lake San Lorenzo, Montebello lakes, Chiapas, Mexico. 
v/gds = valves per gram of dry sediment.

35

25

20

15

10

5

0

30

40

20 20 40 60 20 40 6020 40 20 40 20 20
(%) (v/gds)

204060

D
ep

th
 (c

m
)

2015

2010

2005

2000

1995

1990

1985

1980

1975

1970

1965

1960

1955

Ye
ar

Diat
om

 co
nc

en
tra

tio
n

Ulna
ria

 ul
na

Nitz
sc

hia
 pa

lea

Nitz
sc

hia
 am

ph
ibi

oid
es

Mas
tog

loi
a s

mith
ii

Gom
ph

on
em

a s
sp

.

Diad
es

mis 
co

nv
erf

ac
ea

fo.
 te

nu
is

+ v
ar.

 an
gu

sti
ss

im
a

Aula
co

se
ira

 gr
an

ula
ta

Ach
na

nth
idi

um
 m

inu
tis

sim
um

Step
ha

no
dis

cu
sn

ha
ntz

sc
hii

Ulna
ria

 de
lic

ati
ss

im
a

Ulna
ria

 de
lic

ati
ss

im
a

Disc
os

tel
la 

ps
eu

do
ste

llig
era

Cyc
lot

ell
a m

en
en

gh
ini

an
a

Small
 ar

ap
hid

s (
Stau

ros
ira

 + 
Stau

ros
ire

lla
)

https://doi.org/10.4081/jlimnol.2016.1343
https://doi.org/10.4081/jlimnol.2016.1343
https://doi.org/10.1007/s11356-019-04581-9


PALEOENVIRONMENTAL RECORD FROM LAKE SAN LORENZO 47

(México). Boletín de la Sociedad Geológica Mexicana 
66 (2), 263-277.

INEGI (2018) Censos de población y vivienda. Instituto 
Nacional de Estadística y Geografía, México [on 
line]. http://www.beta.inegi.org.mx 05/09/2018 

Jensen J., Christensen B., Schjønning P., Watts C. and 
Munkholm L. (2018). Converting loss-on-ignition to 
organic carbon content in arable topsoil: pitfalls and 
proposed procedure. European Journal of Soil Science 
69 (4), 604-612.

Jeong K.S., Recknagel F. and Joo G.J. (2006). Predic-
tion and elucidation of population dynamics of the 
blue-green algae Microcystis aeruginosa and the 
diatom Stephanodiscus hantzschii in the Nakdong 
River-Reservoir System (South Korea) by a recurrent 
artificial neural network. In: Ecological Informatics: 
Scope, Techniques and Applications (F. Recknagel 
Ed.). Springer, Berlin, Germany, 255-273 pp.

Kolmakov V.I., Gaevskii N.A., Ivanova E.A., Dubovskaya 
O.P., Gribovskaya I.V. and Kravchuk E.S. (2002). 
Comparative Analysis of Ecophysiological Character-
istics of Stephanodiscus hantzschii Grun. in the Periods 
of its Bloom in Recreational Water Bodies. Russian 
Journal of Ecology 33 (2), 97-103.

Krammer K. and Lange-Bertalot H. (1986). Süsswasser-
flora von Mitteleuropa (Teil 1). In. Die Susswasserflora 
von Mitteleuropa (H. Ettl J. Gerloff, H. Heyning, D. 
Mollenhauer, Eds.), Gustav Fischer Verlag, Stuttgart, 
Germany, 876 pp. 

Krammer K. and Lange-Bertalot H. (1991). Süsswasser-
flora von Mitteleuropa (Teil 3). In. Die Susswasserflora 
von Mitteleuropa (H. Ettl J. Gerloff, H. Heyning, D. 
Mollenhauer, Eds.), Gustav Fischer Verlag, Stuttgart, 
Germany, 576 pp. 

Krammer K. and Lange-Bertalot H. (1991). Süsswasser-
flora von Mitteleuropa (Teil 4). In. Die Susswasserflora 
von Mitteleuropa (H. Ettl J. Gerloff, H. Heyning, D. 
Mollenhauer, Eds.), Gustav Fischer Verlag, Stuttgart, 
Germany, 438pp. 

March M. and Flamenco S. (1996). Evaluación rápida de 
la deforestación en las áreas naturales protegidas de 
Chiapas (1970-1993). ECOSUR, San Cristobal de las 
Casas, México, 66 pp.

Meyers P.A. (2003). Applications of organic geochemistry 
to paleolimnological reconstructions: a summary of 

examples from the Laurentian Great Lakes. Organic 
Geochemistry 34 (2), 261-289. https://doi.org/10.1016/
S0146-6380(02)00168-7

Mora-Palomino L., Bonifaz R. and López-Martínez R. 
(2016). Unidades geomofológicas de la cuenca del Río 
Grande de Comitán, Lagos de Montebello, Chiapas-
México. Boletín de la Sociedad Geológica Mexicana 
68 (3), 377-394

Novelo E., Tavera R.L. and Ibarra C. (2007). Bacillari-
ophyceae from karstic wetlands in Mexico: J. Cramer, 
Stuttgart, Germany, 136 pp.

Oldfield F. and Appleby P. (1984). Empirical testing of 
210 Pb-dating models for lake sediments. In: Lake 
sediments and environmental history (E. Haword E, 
J. Lund, Eds.). Leicester University Press, Leicester, 
UK, pp. 93-124.

Poreba G.J. (2006). Caesium-137 as a soil erosion tracer: 
A review. Geochronometria 25, 37-46.

Quezada-Muñetón J. (1987). El Cretacico Medio-Superior, 
y el limite Cretacico Superior-Terciario Inferior en la 
Sierra de Chiapas. Boletín de la Associación Mexicana 
de Geólogos Petroleros 39, 3-98.

Reimer P.J., Baillie M.L., Bard E., Bayliss A., Beck J.W., 
Bertrand C.J., Blackwell P.G., Buck C.E., Burr G.S. 
and Cutler K.B. . (2004). IntCa104 terrestrial radio-
carbon age calibration, 0-26 cal kyr BP. Radiocarbon 
46 (3), 1029-1058.

Ruiz-Fernández A. and Hillaire-Marcel C. (2009). 210Pb-
derived ages for the reconstruction of terrestrial 
contaminant history into the Mexican Pacific coast: 
Potential and limitations. Marine Pollution Bulletin 
59 (4-7), 134-145. https://doi.org/10.1016/j.marpol-
bul.2009.05.006.

SMN (2019). Normales Climatógicas, Servicio Me-
teorológico Nacional, México [on line]. https://smn.
conagua.gob.mx/es/ 3/02/2019. 

Vera-Franco M., Hernández-Victoria P., Alcocer J., Ar-
diles V. and Oseguera .LA. (2015). Concentración y 
distribución vertical de la clorofila-a fitoplanctónica 
en los lagos de Montebello, Chiapas. In: Tendencias 
de Investigación en Limnología Tropical: Perspec-
tivas Universitarias en Latinomaérica. (J. Alcocer, 
M. Merino-Ibarra, E. Escobar, Eds.) Asociación 
Mexicana de Limnología A.C., Mexico City, Mexico, 
pp. 107-114.

https://doi.org/10.1016/S0146-6380(02)00168-7
https://doi.org/10.1016/S0146-6380(02)00168-7
https://doi.org/10.1016/j.marpolbul.2009.05.006
https://doi.org/10.1016/j.marpolbul.2009.05.006
https://smn.conagua.gob.mx/es/
https://smn.conagua.gob.mx/es/

