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ABSTRACT

Tecocomulco Lake is a relic of the great basin of the central plateau of Mexico. Its surface area changes in response
to both the variation in the inputs from inland areas and the effects of the climatic phenomena of El Nifio and La Nifia. It
is endorreic, with a low rainfall and a low and intermittent fluvial input, a high evaporation, and a considerable influx of
sediment due to deforestation and a bad management of the basin. The most important plant species is Schoenoplec-
tus californicus that grows massively in muddy areas, decreasing the depth and reducing the flooded area. The lake is
visited by birds from USA and Canada, that arrive to nest and reproduce. During the extremely dry years that coincide
with the EI Nifio, approximately 9% of the dry surface is used by the local inhabitants as cropland, which generates a
social problem during the extremely rainy years that coincide with the La Nifia when the lake area increases and floods
the cultivated land. In the 2001-2002 El Nifio, the surface of Tecocomulco Lake decreased by 37% and the depth was
0.75-1 m. This may be associated with a higher temperature, and in consequence a high evaporation, a situation that
requires corroboration through future studies.
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RESUMEN

El lago de Tecocomulco es un relicto de la gran cuenca central de México. Su superficie varia en respuesta tanto de
la variacion en los aportes terrestres como de los efectos de los fendmenos climéaticos El Nifio y La Nifia. Es endor-
reico, con una baja precipitacion y un aporte fluvial bajo e intermitente, una alta evaporacion, y una contribucion
considerable de sedimentos debido a la deforestacién y a un mal manejo de la cuenca. La vegetacion mas importante
es Schoenoplectus californicus que crece masivamente en areas lodosas, disminuyendo la profundidad y reduciendo
el area inundada. El lago es visitado por aves procedentes de EUA y Canad4, que llegan para anidar y reproducirse.
Durante los afios extremadamente secos coincidentes con el fendmeno de El Nifio, las areas desecadas son usadas
por los habitantes locales en un 9% de su superficie aproximadamente para cultivos, generando un problema social
durante los afios extremadamente lluviosos coincidentes con La Nifia, cuando el area del lago aumenta e inunda las
tierras cultivadas. En El Nifio 2001-2002, la superficie del Lago de Tecocomulco se redujo un 37%, generando una baja
profundidad de 0.75-1 m que puede ser asociada con una mayor temperatura, y en consecuencia una alta evaporacion,
situacion que debe ser corroborada con mas estudios.

Palabras clave: Lago mexicano, El Nifio y La Nifia.
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INTRODUCTION

The basin of Mexico lies in the southern section of the Mexican
High Plateau (central part of the Trans-Mexican Volcanic Belt),
between 19°01'18" and 20°09'12" N, and between 98°31'58" and
99°30'52" W. Its surface covers 9,560 km2 over four Mexican states.
The basin, approximately 2240 meters above sea level, is the high-
est in the state of Hidalgo, and is surrounded by mountains higher
than 5000 m. The average annual temperature is 15 °C. Most of
the 700 mm of rain that fall every year in the region are concen-
trated in a few intense storms that regularly occur from June
to September. Rainfall is scarce or absent the rest of the year.

The 11 lakes that constitute the basin of the Valley of Mexico
have been extensively studied. The most important of these are
Chalco, Xochimilco, Xaltocan and Zumpango. Tecocomulco Lake
in Hidalgo has only recently been the object of research. It is
considered to be one of the last natural wetlands of the old lake
ecosystem that predominated in the basin of Mexico. The sur-
face area of Tecocomulco Lake has undergone great changes,
not only from year to year during the Holocene period, but also
in inter-annual shorter periods. The lake's surface area tends to
decrease as a result of significant variations in the distribution of
Schoenoplectus californicus Meyer et Sojak (called “tule”) in re-
sponse to weather conditions and eventual climatic phenomena,
and recently due to intensive human activities such as hydraulic
management and agriculture. On the other hand, the lake's sur-
face may increase as a result of the high rate of deforestation that
takes place around the sub-basin causing silting. Thus, although
rainfall rates remain unchanged, the lake’s surface increases as
its depth decreases, a situation that is particular to this lake.

The state of Hidalgo has a distinctive biodiversity due to its
location between two physiographic regions, the “Eje Neovolcani-
co” and the "Sierra Madre Oriental” that are located between the
Nearctic and Neotropical biogeographic regions. Tecocomulco
Lake lies in the Nearctic region. Its vegetation is mainly S. cali-
fornicus and it is associated with other communities of emergent,
leaf-floating, submerged or free-floating hydrophytes (Table 1).

Itis a nesting and reproduction site for migratory birds from
northern Mexico, the USA and Canada, some of which remain in
the area while others migrate southwards (CONAGUA, 2008). Six
resident bird species and 42 migratory bird species have been
identified in this area (Table 2). The 32 aquatic migratory species
start to arrive on the second week of October and leave during
March. Ten migratory species stay during Spring and arrive in Au-
tumn to reproduce, and are joined by numerous Winter migratory
flocks (Jiménez-Fernandez et al.,, 2005).

The most diverse and abundant bird species are ducks (12
species). They are all Winter migrants and, because of their abun-
dance, the target for hunters and a source of food for the local
inhabitants.

De la Lanza-Espino G. et al.

Table 1. Aquatic vegetation in Tecocomulco lake (taken from Lot-
Helgueras, 2005).

Alismataceae

Sagitaria demersa Smith

Amblystegiaceae Leptodictyum riparium Hednig et

Warnstorf

Asteraceae Jaegeria glabra Watson et Robinson

Cyperaceae Schoenoplectus americanus Persoon,
Volkart, Schinz et Keller = Scirpus
americanus Persoon

Schoenaplectus californicus Meyer et
Sojak, = Scirpus californicus Meyer et

Steudel

Elatinaceae Elatine americana Pursh et Arnott

Juncaginaceae Lilaea subulata Humboldt et Bonpland

Lemnaceae Lemna gibba Linnaeus
Wolffia brasiliensis Weddell

Wolffella lingulata Hegelmaier

Lentibulariaceae Utricularia gibba Linnaeus

U. vulgaris Linnaeus

Lilaeaceae Lilaza scilloides Poiret et Hauman
Marsilaceae Marsilea mexicana Braun
Menyanthaceae Nymphoides fallax Ornduff
Najadaceae Najas guadalupensis Sprengel et
Magnus var. guadalupensis
Onagraceae Jussiaea repens Linnaeus

Polygonaceae Polygonum amphibium Linnaeus
P. lapathifolium Persoon et Linnaeus
P. punctatum Elliott

Rumex verticillatus Linnaeus

Potamogetoneaceae P. foliosus Rafinesque Var. Foliosus
Stuckenia pectinata Linnaeus et Borner
= Potamogeton pectinatus Linnaeus

Salviniaceae Azolla caroliniana Willdenow

Typhaceae Thypha latifolia Linnaeus

The green and blue winged teals (Anas crecca Linnaeus,
1758 and A. discors Linnaeus, 1766) constitute nearly 70% of the
ducks hunted during Autumn and Winter. The American coot (Fu-
lica americana Gmelin, 1978) is the most abundant of the Rallidae
family during Winter, with up to 3000 individuals. Another impor-
tant group is that of the egrets with nine species, five of them
migratory. The rest of the 33 species account for only 5% of the
abundance.

The SEMARNAT-UMA-2006 ZF, Zona Federal and the DGFS
(Direccion General de Fauna Silvestre) of the INE-SEMARNAT,
established the hunting season for 2010-2011 for the state of Hi-
dalgo from November 5t 2010 to March 6 2011, for 11 bird spe-
cies: Anas acuta Linnaeus, 1758; A. americana Gmelin, 1789; A.
clypeata Linnaeus, 1758; A. crecca, A. cyanoptera Vieillot, 1816;
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Table 2. Aquatic birds in Tecocomulco lake (take from Jiménez-Fernandez et al., 2005).

Common name M
Family Podicipedidae
Tachybaptus dominicus (Linnaeus, 1766) Zambullidor menor
Podilymbus podiceps (Linnaeus, 1758) Zambullidor X
Podiceps nigricollis (Brehm, 1831) Zambullidor X
Aechmophorus occidentales (Lawrence, 1858) Achichilique
Family Pelecanidae
Pelacanus erythrorhynchos (Gmelin, 1789) Pelicano blanco X
Family Phalacrocoracidae
Phalacrocdrax brasilianus (Gmelin, 1789) Cormoran
Family Ardeidae
Botaurus lentiginosus (Rackett, 1813) Garza tigre X
Ardea herodias (Linnaeus, 1758) Garzon gris X
A. alba (Linnaeus, 1758) Garzon blanco X
Egretta thula (Molina, 1782) Garcita blanca X
E. caerulea (Linnaeus, 1758) Garcita morena X
E. tricolor (Miiller, 1776) Garcita tricolor X
Bubulcus ibis ((Linnaeus, 1758) Garza chapulinera
Butorides striatus (Linnaeus, 1758) Garcita verduzca
Nycticorax nycticorax (Linnaeus, 1758) Perro de agua X
Family Threskiornithidae
Plegadis chihi(Vieillot, 1817) Cualverjon X
Family Anatidae
Anas strepera (Linnaeus, 1758) Pato pinto X
A. americana (Gmelin, 1789) Pato chalcuan X
A. platyrhynchos (Linnaeus, 1758) Pato de collar X
A. discors (Linnaeus, 1766) Cerceta alas azules X
A. cyanoptera (Vieillot, 1816) Pato canela X
A. clypeata (Linnaeus, 1758) Pato cuchardn X
A. acuta (Linnaeus, 1758) Pato golondrino X
A. crecca (Linnaeus, 1758) Cerceta ala verde X
Aythya valisineria (Wilson, 1814) Pato coacoxtle X
A. americana (Eyton, 1838) Pato cabeza roja X
A. collares (Donovan, 1809) Pato pico anillado X
A. marila (Linnaeus, 1761) Pato boludo mayor X
A. affinis (Eyton, 1838) Pato boludo menor X
Oxyura jamaicensis, (Gmelin, 1789) Pato tepalcate X
Family Rallidae
Rallus longirostris (Boddaert, 1783) Rascon real
R. limicola (Vieillot,1819) Rascon X
Porzano carolina (Linnaeus, 1758) Gallito
Gallinula chloropus (Linnaeus, 1758) Carmelillo X
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Table 2. (Continuation).

De la Lanza-Espino G. et al.

Common name M R
Fulica americana (Gmelin, 1789) Gallareta X
Family Charadridae
Charadrius vociferus (Linnaeus, 1758) Tildio X

Family Recurvirostridae

Himantopus mexicanus (Miiller, 1776)
Recurvirostra americana (Gmelin, 1789)
Family Scolopacidae

Tringa melanoleuca (Gmelin, 1789)

T. solitaria (Wilson, 1813)
Catoptrophorus semipalmatus (Gmelin, 1789)
Actitis macularia (Linnaeus, 1766)
Calidris minutilla (Vieillot, 1819)

C. bairdii (Coues,1861)

Family Phalaropodidae

Phalaropus lobatus (Linnaeus, 1758)
Family Laridae

Larus delawarensis (Ord,1815)

Family Alcedinidae

Ceryle alcién (Linnaeus, 1758)

Candelero, monijita

Avoceta

Chichicuilote
Chichicuilote
Chichicuilote
Alza colita
Chichicuilotito
Chichicuilotito

<X X X X X X

Falaropo X

Gaviota X

Martin pescador X

M = Migratory
R = Resident

A. discors, A. platyrhynchos Linnaeus, 1758; A. strepera Linnaeus,
1758 and Oxyura jamaicensis Gmelin, 1789 (Jiménez & Juérez,
personal communication).

The rapid growth of S. californicus (due to the climate)
causes a significant reduction in the lake’s surface, despite gov-
ernment efforts to keep it under control. It has become necessary
to cut it back, while taking care of the natural habitats for birds,
amphibians and reptiles.

Tecocomulco Lake is an “Area of Importance for Bird Con-
servation” (AICAS, acronym in Spanish) as well as a RAMSAR site.
For management and preservation purposes, several limnological
and environmental impact studies have been carried out. The
programme for Ecological Restoration of the Tecocomulco Lake
includes specific steps to safeguard the aquatic animal species
that have been assigned protection status in the Mexican legis-
lation (NOM-059-SEMARNAT, 2001), through rescue and reloca-
tion if they are affected by the tule cuts, and in accordance with
management measures. The programme is focused on aquatic
migratory and resident bird species of the Anatidae (Anas acuta,
A. discors and A. americana), Rallidae, Podicipedidaea and Ardei-
dae families, the fish Menidia jordaniWoolman, 1894 (charal), and
the amphibians Ambystoma mexicanum Shaw et Nodder, 1798

(ajolote) and Rana catasbeiana Shaw, 1802 (bull frog) (Consejo
Estatal de Ecologia del Gobierno del Estado de Hidalgo). The goal
of this programme is to reduce mortality to less than 5%.

Integrative studies of inland water bodies that consider en-
vironmental conditions such as hydrology, biology, climatological
phenomena and management aspects, are scarce.

El Nifio is an erratically cyclic climatic phenomenon that
occurs in 2 to 7 year cycles. It changes the patterns of oceanic
and atmospheric circulation and affects both coastal and inland
areas, as a result of the modifications it generates in the meridi-
onal and zonal cells that affect tropical and equatorial regions,
respectively. These, in turn, regulate the amount of rainfall and
the thermal conditions of both coastal and continental regions.
Mexico is one of the countries where the ENSO (three phases: El
Nifio, La Nifia and Neutral) generates disturbances (Adams et al.,,
2003; Magania et al., 2004).

However, studies on the influence of the El Nifio and La Nifia
events on inland water bodies are scarce in Mexico. Alcocer &
Lugo (2003) found empirical evidence that the El Nifio and La Nifia
events affect the limnological dynamics of Lake Alchichica, Mex-
ico. Another example of climatic disturbances of the ENSO was
found in a high altitude lake in Chile during the 1986-1987 event,

Hidrobioldgica



Historic study of Tecocomulco lake

when a significant decrease in volume was recorded (Dorador
et al, 2003). However, Adams et al. (2003) mentioned that the
ENSO benefits some states in Mexico, especially with respect to
agriculture. Based on the above, this paper describes the effect
of climatic variations on the behaviour of the surface of Tecoco-
mulco Lake in terms of the El Nifio/La Nifia oscillation, and how
it affects agricultural activities. Examples are presented with fig-
ures published elsewhere by the authors of this paper, in order
to emphasize the effect of the ENSO phenomenon on Mexican
inland waters.

MATERIALS AND METHODS

Tecocomulco Lake is in the state of Hidalgo, in the north-western
region of the Great Basin of the Valley of Mexico. Its basin cov-
ers 564 km? or 5.49% of the total area of the great basin (CNA,
2002). It lies between 19°42'13.7" and 19°59'30" N, and between
98°11'46.2" and 98°27'30" W (Fig. 1). It is endorreic, with diverse
fluvial inputs (from the rivers Cuatlaco, Tepozan, Toronjil and
Canoas) that carry small amounts of water in response to a low
precipitation, a high evaporation and a high soil permeability. The
first two rivers, however, are permanent. According to Huizar-Al-
varez & Ruiz-Gonzalez (2005), the lake has several underground
water sources. Those with the largest flows are the Alcantarillas,
Reposan, Rancho Nuevo, Piedra Ancha and the Mexicano, with
flows that decrease during the dry months. These authors also
indicated that it is a shallow lake, with a mean depth of 70 cm, and
a variable surface area sometimes reaching 27 kmZ De la Lanza-
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Espino & Gomez-Rodriguez (2005) considered it can extend to 35
kmZin response to the intense rainfall generated by a moderate to
strong La Nifia phenomenon, as that of 2001.

The origin of the lake is volcanic-tectonic and it is surround-
ed by faults running in a NE-SW direction (Garcia-Palomo & Ma-
cias-Vazquez, 2005). A network of channels has been built on the
plains to stop the agricultural fields from flooding.

Its climate is temperate sub-humid, with four local subtypes
and Summer rains, and a few areas with a semi-arid climate (Ca-
ballero-Miranda et al, 1999). Mean annual precipitation is 700
mm, with an altitudinal spatial distribution and a maximum evapo-
transpiration in May.

Depending on the depth and topography of the lake, differ-
ent plant associations are present: Schoenoplectus californicus
is the main emergent hydrophylous plant, whereas Typha latifolia
Linnaeus (common cattail) and Schoenoplectus americanus Per-
soon, Volkart, Schinz et Keller (chairmaker’s bulrush) are impor-
tantin areas clearly altered by humans. There are dense stands of
Scirpus californicus Meyer in permanently covered areas. Najas
guadalupensis Sprengel (southern water nymph), Potamogeton
foliosus Rafinesque (leafy pondweed) and Stuckenia pectinatus
Linnaeus et Bderner (sago pondweed) are found in open areas
and among the tule. Floating species are Lemna gibba Linnaeus
(swollen duckweed). Polygonum punctatum Elliott (dotted smart-
weed), P. lapathifolium Linnaeus (curlytop knotweed) and Lilaea
subulata Humboldt et Bonpland (awl-leaf lilaea) are present along

98°00'

Basin of
Mexico

Pacific
Ocean

19°00'

Glo0C

99°45'

Figure 1. Great basin of Mexico and Tecocomulco Lake (taken from Caballero-Miranda et al. 1999; with permission from the
Journal of Paleolimnology).
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the margins. Azolla carolineana Willdenow (Carolina mosquito
fern) is frequent in seasonally flooded areas.

Forests with plant associations of pine-oak (Pinus teocote
Schiede ex Schlecht et Cham-Quercus crassifolia Humboldt
et Bonpland), pines (Pinus patula Schiede ex Schlechtendal et
Champagne-Abies religiosa Schlechtendal etChampagne) and ju-
niper-oak (Juniperus flaccida Schlechtendal, Quercus crassipes
Humboldt et Bonpland) are located to the north of the lagoon (Lot-
Helgueras & Novelo-Retama, 1978).

Climatic analysis. The temperature and precipitation data record-
ed from 1971 to 2000 at the three meteorological stations of San
Lorenzo, San Jeronimo and Tezoyo Dam (Fig. 2) were considered
alongside the inter-annual frequency of El Nifio and La Nifia during
the same 30 years, in order to detect possible associations. The
presence and intensity of the El Nifio and La Nifia were recorded
through the Multivariate ENSO Index. The El Nifio Southern Oscil-
lation (ENSQ) is the most important coupled ocean-atmosphere

De la Lanza-Espino G. et al.

phenomenon to cause global climate variability on inter-annual
time scales. Here, we attempt to monitor ENSO by basing the
Multivariate ENSO Index (MEI) on the principal six observed vari-
ables over the tropical Pacific. These six variables are sea-level
pressure (P), zonal (U) and meridional (V) components of the sur-
face wind, sea surface temperature (S), surface air temperature
(A) and total cloudiness fraction of the sky (C). These observa-
tions have been collected and published in the ICOADS (Inter-
national Comprehensive Ocean-Atmosphere Data Set) for
many years. The MEl is computed separately for each of twelve
sliding bi-monthly seasons (Dec/Jan, Jan/Feb, ..., Nov/Dec). After
spatially filtering the individual fields into clusters (Wolter, 1987),
the MEl is calculated as the first unrotated Principal Component
(PC) of the six observed fields combined. This is accomplished by
normalizing the total variance of each field first, and then perform-
ing the extraction of the first PC on the co-variance matrix of the
combined fields (Wolter & Timlin, 1993). In order to keep the MEI
comparable, all seasonal values were standardized with respect

19°55'0" N =

19°50'0"N

19°45'0"N

98°30'0" W 98°30'0" W

Meteorological stations

98°30'0" W 98°30'0" W

A Tezoyo, Almoloya

M San Jeronimo, Tepeapulco

@ SanLorenzo, Zayula

Figure 2. Location of the meteorological stations: Tezoyo Dam, Almoloya (A),
San Jeronimo, Tepeapulco (M) and San Lorenzo Zayula (@).
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to each season and to the 1950-93 reference period. The MEl is
extended during the first week of the following month based on
near-real time marine ship and buoy observations (courtesy of Di-
ane Stokes at NCEP), and is summarized into ICOADS-compatible
2-degree monthly statistics at NOAA-ESRL PSD. Caution should
be exercised when interpreting the MEI on a month to month ba-
sis, since the input data for updates are not as reliable as COADS,
and the MEI has been developed mainly for research purposes.
Negative MEI values represent the cold ENSO phase (La Nifia)
and positive MEIl values represent the warm phase (El Nifio) (NO-
AAhttp://www.cdc.noaa.gov/people/klaus.wolter/MEIl/mei.html).

De la Lanza-Espino & Gomez-Rodriguez (2005) used satellite
images (LANDSAT) taken during the dry and rainy seasons of dif-
ferent years, and integrated the results with the GIS Arcview 3.2,
in order to determine the short-term variations of the water sur-
face, the vegetation distribution and land use changes.

The surface of Tecocomulco Lake undergoes great chang-
es. There are large desiccated areas and the type of vegetation
varies according to the water level. It is to be expected that the
distribution of emerged hydrophylous plants should also change
inter-annually. In order to estimate these changes in the lake sur-
face throughout 30 years, the following LANDSAT satellite images
were used: LANDSAT MSS, November 231 1973; LANDSAT MSS,
October 301 1985; LANDSAT MSS, November 215t 1990; LANDSAT
ETM+, March 215t 2000; LANDSAT ETM+, August 20t 2002.

After co-registration of the images, they were visually inter-
preted and the outline of the lagoon was drawn on screen. To
assess the nature of the changes, the differences between the
normalized vegetation indices (NDVI) for 1985 and 2002 were ana-
lyzed. Unsupervised classifications were performed in order to
discriminate between different types of cover within the lake.

The tule in the lake was cut back both manually and mechan-
ically, with care in order to minimize adverse effects on migratory
and resident birds, amphibians and reptiles. Vulnerable nests and
chicks were moved to the new nesting places that had been pre-
pared in order to maximize nest survival and avoid abandonment
by the adult birds, therefore minimizing mortality rates.

Nests, chicks and juvenile birds of the 12 families that nestin
the area (Podicipedidae, Pelecanidae, Phalacrocoracidae, Ardei-
dae, Threskiornithidae, Rallidae, Charadridae, Recurvirostridae,
Anatidae, Phalaropodidae, Laridae and Alcedinidae) were se-
lected for rescue and relocation. The following aquatic fauna was
also included (Ardea herodias Linnaeus, 1758; Rallus longirostris
Boddaert, 1783; Anas acuta; A. discors; A. americana; Aythya af-
finis Boie, 1822; Ambystoma mexicanum; A. tigrinum Green, 1825;
Rana moctezuma Baird, 1854; R. catesbeiana Shaw, 1802, Mycte-
roperca jordani Jenkins et Evermann, 1889 and Ciprinus carpio
Linnaeus, 1758. In order to rescue amphibians and reptiles, it was
necessary to identify the areas where most were present. This
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was done carefully when cutting back the tule, displacing them
so that they would hide and survive. It was especially important to
relocate individuals of A. mexicanum, A. tigrinum, R. moctezuma,
R. catesbeiana, Algansea tincella Valenciennes, 1844 (xouilin),
Girardinichthys viviparous Bustamante, 1837 (cuitlapetotl), Chiro-
stoma humboldtianum Steindachner, 1894 (amolotl), C. jordani
(Woolman, 1894) and C. carpio. This last fish species must be
eradicated as it represents a menace to the delicate ecosystem
of Tecocomulco Lake.

The impact was assessed after relocation and other actions
were taken, including environmental education.

RESULTS AND DISCUSSION

The meteorological station near the lake, San Jeronimo, recorded
a tendency to a temperature increase during 1971-2000, particu-
larly during the 1990s (Fig. 3). It recorded annual mean tempera-
tures of 12.1°C in 1977 and 13.7°C in 1998, associated only with
the presence of the El Nifio in its longest period (1990-1995) and
in 1998. The total annual precipitation was markedly variable, with
the highest records coinciding with the El Nifio of 1983 and 1992-
93. However, a marked decrease was recorded in 1998-1999 un-
der extreme conditions of El Nifio followed by a La Nifa.

Accordingto Magafia et al. (2004), the Winter rains were more
intense and the Summer rains were weaker during the El Nifio
period, with the opposite taking place during the La Nifia years.

Some Winter rains were associated with El Nifio events (Fig.
4). Although the correspondence is not precise, it can be seen
that in the Winter of 1978-1979, notwithstanding a low index (0.8),
there was a significant increase in precipitation as occurred dur-
ing the longest El Nifio period of 1990-1993. The MEI indices cor-
responded to a medium El Nifio.

The opposite situation was recorded with the La Nifa, al-
though it was only with the most negative indices (-2.0) that there
was less precipitation during the Winter, as occurred in 1973-
1974, 1975-1976, 1988-1989 and 1999-2000. This is corroborated by
the significant correlation (r = 0.705) shown in Figure 5. The as-
sociation was not clear in the case of the Summer rains, although
precipitation increased with less negative indices or less intense
La Nifia's, such as those of 1974, 1984, 1985, 1989 and 1999.

Rainfall decreased significantly during the Summer and Win-
ter of the EI Nifio 1982-1983 (which had a MEI of 0.063-3.148, one of
the highest measured last century), as occurred in 1973 when the
surface of Tecocomulco Lake was scarcely 4.5 km? (Figs. 6 and
7). Itis presumed that from 1982-1983 until 1985, when the surface
area was only 11.3 km?, the ENSO influenced the decrease in sur-
face area, although in 1985 La Nifia was predominant with an in-
dex of —0.71to -0.73 and there was a rainy Summer. The year 2000,
when the lake had a surface area of 36 km?, was a La Nifia year,
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San Jeronimo Tepeapulco
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Figure 3. Temperature and precipitation averages for 1971-2000 in a locality near Tecocomulco
Lake (taken from IMTA http://www.csva.gob.mx/sih/info/pag_ficha_datos.php?xficha=905: total
precipitation (-w=e=), mean precipitation (----), mean temperature (- & - -), El Nifio (3), La Nifia ().
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Figure 4. Multivariate ENSO Index and precipitation for 1972-
1998 (taken from NOAA, http://www.cdc.noaa.gov/people/klaus.
wolter/MEIl/mei.html): ME|(—e—a—),precipitation(- = - - == -).
The maximum MEI index (3) corresponded to 1981-1984.

with an index of —0.016 to —1.133, which was felt even in 1999 (MEI
of —0.384 to —1.208) when the Summer precipitation was greater
and led to an increase in surface area that remained until 2000.
The surface area decreased slightly in 2002, corresponding to a
moderate El Nifio event. Between 2001 and 2002, Tecocomulco
Lake had a depth of 0.75-1 m and a 37% reduction in surface area.
This is greater than the 6% reduction calculated by Dorador et al.
(2003) for Chungara Lake in Chile, where the maximum depth is 35
m. The high temperature, the scarce precipitation, the high evapo-
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Figure 5. Winter precipitation for 1972-1998 and its relationship
with the Multivariate ENSO Index (taken from Gémez-Rodri-
guez & de la Lanza-Espino (2010), with permission from the
Instituto de Geografia-UNAM).

ration and the shallowness of Tecocomulco Lake are the possible
answer to the marked reduction in surface area observed during
the ENSO of 1982-1983. However, this requires further study and
corroboration during other ENSO phenomena.

Climatic variations impose a challenge to the management of
this area, which not only has a very high biodiversity, but also hu-
man communities. The land has been used mainly for agriculture,
and the marked variations in the surface area of the lake change
the area of agricultural land from year to year. The impact of this
kind of agricultural practice on wildlife is yet to be studied.

The management of S. californicusin order to maintain areas
of clear water has taken into account the nesting places of birds.

Hidrobioldgica
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Figure 6. Surface changes in Tecocomulco Lake between 1973 and 2002 (taken from de la
Lanza-Espino & Gémez-Rodriguez, 2005; Gémez-Rodriguez, 2005; with permission from the

Investigaciones Geogréficas journal).

40

35

30

25

20

Area (km2)

1973 1985 1990 2000 2002

Year

Figure 7. Area changes in Tecocomulco Lake in different
years with the EI Nifio and La Nifia phenomena (taken from de
la Lanza-Espino & Gomez-Rodriguez 2005; Gémez Rodriguez,
2005; with permission from the Investigaciones Geogréficas
journal).
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The goal of this programme is to reduce the mortality of chicks to
under 5%.

Given that the basin area is highly deforested, erosion is
high. According to Ruiz-Gonzalez & Huizar-Alvarez (2005), soil
loss in the sub-basin amounts to approximately 40 thousand tons
and, if deposits from erosion continue at a rate of 3.4 cm/m?%year,
Tecocomulco Lake could be completely silted up in 18 years. Ag-
ricultural activities have increased by 9.3% over approximately
three decades, and there has been a wide variation in the lake
surface area with only 21.2% of unaltered vegetation (Fig. 8).

Based on the previous analyses, it is possible to state that
the surface of Tecocomulco Lake is closely associated with the
variability of the climate. This has allowed agriculture to advance,
particularly in the El Nifio years events, with a gradual tendency
to a reduction in the lake area as a result of the construction of
dikes that delimit the land gained by agricultural activities, and
prevent flooding and increases in the water level up to the usual
surface during the rainy years, as occurs at present. This situa-
tion will result in a loss of aquatic vegetation surface and of bird
habitats, for resident as well as migratory species, in spite of ef-
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Figure 8. Image for 1985 showing the polygons that limited Tecocomulco Lake in 2000, the tular vegetation cover (red areas) and
the agricultural area (taken from Gomez-Rodriguez & de la Lanza-Espino, 2010; with permission from the Instituto de Geografia,

UNAM).

forts directed towards the conservation of reproduction, growth
and feeding areas. This imbalance between environmental con-
servation and anthropogenic activities in a relict lake will require
strict normative measures to regulate the legal management of
this RAMSAR site.
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