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Poblana alchichica: A threatened silverside species?
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Introduction

The status of local endemic species such as Poblana alchi-
chica is difficult to assess, and therefore conservation mea-
sures are not efficiently implemented. However, in recent
years several methods have helped compare status of differ-
ent species based on objective criteria. The method to evalu-
ate the extinction risk of Mexican native species (MER),
partially based on GARDENFORS et al. (2001), considers
4 criteria regarding the taxon: (1) distribution extent in
Mexico, (2) habitat condition, (3) intrinsic biological vulner-
ability, and (4) human impact on the species. Numerical val-
ues are assigned to each criterion in ascending risk order.
According to TAMBUTTI et al. (2002), each criterion is inde-
pendent from the others, and the addition comes to be an
accumulative evaluation of risk (SEMARNAT 2002). Even
if independently evaluating criteria 2 and 4 is difficult, the
grade of each criterion is required to obtain the final assess-
ment.

The lack of studies on P alchichica (Pisces: Atherinidae)
— and quite probably for many other species — prevents the
accurate quantification of 3 of these 4 criteria (except distri-
bution extent) required for the extinction risk assignation.
Previous studies on P alchichica (Fig. 1) are solely taxo-
nomic. DE BUEN (1945) described the new silverside species
collected from Lake Alchichica. Later, ALVAREZ (1950) and
GUERRA MAGANA (1986) considered Alchichica’s silverside
to be a subspecies (P alchichica alchichica). However,
MILLER (1986), in his study on the origin and geography of
the fishes of Central Mexico, and EspINOsA et al. (1993), in
their list of Mexican freshwater fishes, re-evaluated the spe-
cific status of P alchichica.

Our study aimed to provide scientific data to support (a)
the actual risk status of P alchichica by identifying the fac-
tors imposing risk to the species through habitat alteration
and population status, and (b) to design adequate protection
programs for this species.
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Study site

Lake Alchichica is located at 19°24'N; 97°24'W and 2300 m
a.s.l. in the endorheic Oriental basin of Central Mexico.
Alchichica is situated in the high-altitude plateau of Llanos
de San Juan. It is a deep lake (mean = 40.9 m, max = 62 m)
with a surface area of 2.3 km? (max length = 1.7 km; max
width = 1.4 km). The lake held 94.21 x 10 m® of saline (8.5 +
0.2 g L") and alkaline water (pH = 9.0 + 0.1, total alkalinity
of 37 meq L"), the chemistry of which was dominated by
sodium-magnesium and chloride-bicarbonate ions (VILAC-
LARA et al. 1993, ALcoCER & HAMMER 1998, FiLoNoOV et al.
2006). Alchichica is a unique Mexican saline aquatic system
characterized by endemic biota (in addition to P alchichica,
the ambystomatid salamander Ambystoma taylorii, and the
isopod crustacean Caecidotea williamsi, were present) and
unique features such as tufa towers.

Methods

We used a laboratory-calibrated echosounder (GARMIN
GPSMAP 168 Sounder) to quantify abundance and vertical
and horizontal distribution of fish >1 c¢m in length. Perpen-
dicular transects covering the whole area of the lake were car-
ried out at each of the 4 characteristic hydrodynamic periods
of the lake (i.e., circulation and early, well-established, and
late stratification) as recognized by ALCOCER et al. (2000).
The transducer (150 watts -RMS-, 1200 watts -peak to peak-,
frequency 200 KHz, cone angle 20°, coverage one-third
water depth) was transom mounted, 3/8 inch below the alumi-
num hull. We collected fish with the help of local people in
the littoral area for gut analysis and population size structure.
Additional information came from FLORES NEGRETE (1998).

Results and discussion

The geographic range of P alchichica is restricted to
Lake Alchichica. According to MER, the distribution
extent in Mexico was assessed with the highest risk
value of this criterion, or “very restricted". This category
applies to microendemic species with limited distribution
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Fig. 1. Poblana alchichica, the endemic silverside species
from Lake Alchichica; the customary size (above) and the
largest organism ever photographed (below).

in Mexico (<5% of the Mexican territory). Alchichica
surface area (2.3 km?) is 0.0001 % of the Mexican terri-
tory (1.96 x 10° km?).

Moreover, P alchichica showed an uneven distribution
within the lake (a donut-like distribution); most (>67 %) of
the fishes inhabited the perimeter of the lake close to the
tufaring (70 % of the total surface area of the lake), and the
others (<33 %) were found in the pelagic central zone
(30 % of the total surface area of the lake). This seems to
be a characteristic behavior of atherinids; GALLARDO
CaABELLO (1977) found that Chirostoma chapalae, the sil-
verside from Lake Chapala, preferred littoral habitats.

The bathymetric distribution of P, alchichica was from
the surface to 55 m deep but often not deeper than 40 m.
In contrast to C. chapalae, which regularly lived close
to the surface and midwater, P alchichica was observed
close to the bottom. The observed distribution is
explained by its feeding preferences and the hypolim-
netic dissolved oxygen concentration. Different from
other silversides that are mostly zooplanktivorous, P
alchichica is largely benthivorous (i.e., roughly 70 %
benthic and 30 % planktonic preys; FLORES NEGRETE
1998). In addition, the hypolimnion (from 40 m to the
bottom) remains anoxic from July or August until late
December or early January when the lake circulates.

Density values for P alchichica ranged from 0.000015
to 0.0078 org. m~2 (0.0047 + 0.0033 org. m?) in the
pelagic zone, and from 0.0091 to 0.0191 org. m ™2 (0.0141
+0.0041 org. m?) in the perimeter; fish mean density in
the basin was 0.0094 + 0.0061 org. m .

Studies in oligotrophic water bodies showed much
higher fish densities. The brown trout (Salmo trutta)
mean density in the Lake Redo, Spain, was 0.0597 org.
m~? (ENcINA & RoODRIGUEZ-Ru1z 2003); the common
whitefish Coregonus lavaretum density in Lake Paasi-
vesi, Finland, was between 0.026 and 0.053 org. m™
(JURVELIUS et al. 1984); and the density for same species
in the Wahnbach reservoir, Germany, was 0.010 to
0.050 org. m > (BRENNER et al. 1987).

Furthermore, there is a large difference between the
sizes of the fish species involved. The brown trout (30 to
>60 cm) and the whitefish (>27cm) are larger than Alchi-
chica’s silverside (average 6—7 cm, maximum 11-12 cm;
Fig. 1). Consequently, fish biomass in Alchichica should
be at least 3 times lower than abundance data reports.

Estimated total abundance of P alchichica >1 cm in
length was between 12 510 and 29 200 organisms. Does
this amount guarantee a healthy and self-sustained popu-
lation? What is the minimum size population for a fish
species to be considered threatened or endangered?
Although these issues are not addressed in the criteria
described in the Mexican Official Norm (SEMARNAT
2002), the number seems low for a fish of small size.

Size class composition of P alchichica differed among
habitats in Lake Alchichica. In the shallow area between
the lake edge and the tufa ring, fish larvae and juveniles
(=36 mm) dominated (~70% of total abundance). In
contrast, adults (=36 mm) dominated (>90 %) in the
pelagic zone close to the tufa. Unfortunately, the littoral
area is currently highly reduced because of declining
water levels, thus decreasing habitat availability for the
larvae and juveniles of P alchichica to develop.

Historical aerial photographs (1974—1995) reveal a
reduction in Alchichica’s water level. Furthermore,
higher water-level marks are now far away from today’s
shoreline. A large portion of the tufa deposits, formerly
submersed, are now exposed to sunlight, dry and devoid
of aquatic life (ALCOCER & EscoBARr-BRrIONES 2007).

Extraction of groundwater for irrigation and water sup-
plies to towns and cities can be mostly responsible for the
lake’s desiccation process, although climate change should
not be overlooked. Agriculture is a very important and
increasing activity in the basin, especially irrigated agri-
culture. In addition, being located at high altitude (i.e.,
>2300 m a.s.l.), the extensive groundwater resources are
considered a potential water source to be transported by
gravity to Mexico City (NRC, AIC & ANI 1995).



Local communities contribute additional risk due to
fishing in the littoral area. An efficient fishing technique
created by women from the region employs bed sheets as
fishing nets. The minute net apertures allow even small
fish larvae to be caught. There is no information regard-
ing population abundance through time, but experienced
local fishermen consider that P alchichica population is
declining in number and individual size.

P alchichica showed endo- and ectoparasites, the most
important being the tapeworm Ligula intestinalis. Other
parasites were the tapeworm Bothriocephalus acheilog-
nathi, the nematode Rhabdochona, and the leech Myzob-
della. There were from 1 to 18 L. intestinalis in almost
every fish (96—100 %) >36 mm in length throughout the
early stratification (Apr—Jun). During the rest of the year,
fish percentage with L. intestinalis ranged from 10 to
70 %. A bloom of the copepod Leptodiaptomus novame-
xicanus, the intermediate host of the parasite, took place
before the highest infestation period. During the coldest
months (Nov—Feb) fish displayed the lowest infestation
percentages (10—18 %).

Parasites, especially L. intestinalis, caused injuries in
the fish intestines as well as necrotic ulcers. This parasite
can induce death or illness in infested organisms leading
to the fish population decline. Such was the case of the
parasitic infection of L. intestinalis on the roach Rutilus
rutilus (KENNEDY et al. 2001, Loor et al. 2001).

Parasite infections in fish have been associated with,
and in some cases have been shown to result in, changes
in foraging efficiency, time budget, habitat selection,
competitive ability, predator-prey relationships, swim-
ming performance, and sexual behavior, and mate choice
(BARBER et al. 2000). During sampling, it was common
to find fishes erratically swimming at the water surface,
especially during the stratification, where they could be
easily seen and caught by birds, the final host of the para-
site. The high degree of parasitic infestation endangers
the reproductive effectiveness of P alchichica, perhaps
jeopardizing its survival.

There are other human impacts on Lake Alchichica
and its biota. The pools of the littoral area are used
for washing, so bleaches and detergents are discharged
into the littoral zone without control. Moreover, domes-
tic wastewater is being discharged into the same area
from the houses around the lake. Finally, it is highly
probable, but not yet evaluated, that other pollutants
such as pesticides and fertilizers are being delivered
into the lake from the surrounding agricultural land as
well as petrol from the gas station located close to the
lake.

Poblana alchichica fits the “threatened species” risk
category (SEMARNAT 2002) because its minute distri-
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bution area (microendemism), reduced population, and
several risk factors endanger the survival of this silver-
side by altering its habitat and by diminishing its popula-
tion size. After reviewing the whole set of risk factors,
however, we believe P alchichica should be changed to
the next risk category, “in danger of extinction,” which is,
“those species whose distribution area or their population
size in the national territory has drastically diminished
risking their biological viability in their natural habitat,
because of factors like habitat destruction or drastic mod-
ification, unsustainable use, illness or predation, among
others factors.” Extinction risk is correlated with the size
of the population and the extension of the distribution
range.

Acknowledgement

This study was supported by the Consejo Nacional de Cien-
cia y Tecnologia through the project 41 667 ”Limnoecologia
tropical: Interacciones cuenca de drenaje-lago.” Field and
laboratory assistance by Erik Ramos, Aramis Flores, José
Figueroa, Marco Antonio Ramirez, Jorge Luna, José Figue-
roa, Laura Peralta and Luis A. Oseguera is much appreci-
ated.

References

ALCOCER, J. & E. EscoBarR-BRrIONES. 2007. On the ecology
of Caecidotea williamsi Escobar-Briones & Alcocer
(Crustacea: Isopoda: Asellidae) from Alchichica saline
lake, Central Mexico. Hydrobiologia 576: 103—109.

ALCOCER, J. & U.T. HAMMER. 1998. Saline lake ecosystems
of Mexico. Aquat. Ecosyst. Health Manag. 1: 291-315.

ALCOCER, J., A. Luco, E. EscoBar, M.R. SANCHEZ & G.
VILACLARA. 2000. Water column stratification and its
implications in the tropical warm monomictic lake Alchi-
chica, Puebla, Mexico. Verh. Int. Verein. Limnol. 27:
3166-3169.

A1varez, J. 1950. Contribution to the knowledge of the
fishes of the los Llanos region, State of Puebla (Mexico).
An. Esc. Nac. Cienc. Biol. Mex. 8: 81—-107 (in Spanish).

BARBER, 1., D. HoARE & J. KRAUSE. 2000. Effects of para-
sites on fish behaviour: a review and evolutionary per-
spective. Rev. Fish Biol. Fish. 10: 131-165.

BRENNER, T., J. CLASEN, K. LANGE & T. LINDEM. 1987.
The whitefish (Coregonus lavaretus (L.)) of the Wahn-
bach reservoir and their assessment by hydroacoustic
methods. Schweiz. Z. Hydrol. 49: 363-372.

DEe BueN, F. 1945. Investigations on Mexican ichthyology. I.
Atherinidae from continental waters of Mexico. An. Inst.
Biol. Univ. Nac. Autéon. Méx. Ser. Zool. 16: 475—-532 (in
Spanish).



1432 Verh. Internat. Verein. Limnol. 30

ENcINA, L. & A. RopriGUEZ-RUIZ. 2003. Abundance and
distribution of a brown trout (Salmo trutta L.) population in
a remote high mountain lake. Hydrobiologia 493: 35-42.

Espinosa, H., M.T. Gaspar & P. FUENTES. 1993. Fauna
lists of Mexico. III. The Mexican freshwater fishes of
Mexico. Universidad Nacional Auténoma de México (in
Spanish).

FiLonov, A., 1. TERESHCHENKO & J. ALCOCER. 2006.
Dynamic response to mountain breeze circulation in
Alchichica, a crater lake in Mexico. Geophys. Res. Lett.
33. L07404.

FLORES NEGRETE, E. 1998. Population study of three species
of Poblana (Pisces: Atherinopsidae) in three crater lakes
of Puebla, Mexico. M.S. thesis, Universidad Nacional
Autéonoma de México (in Spanish).

GALLARDO CABELLO, M. 1977. Contribution to the study of
the Chapala silverside Chirostoma chapalae (Atherinidae,
Mugiliformes). B.S. thesis, Universidad Nacional Auto-
noma de México. (in Spanish).

GARDENFORS, U., C. HILTON-TAYLOR, G. MACE, M. RODRI-
GUEZ & P. JoN. 2001. The Application of IUCN Red List
Criteria at Regional Levels. Conserv. Biol. 15(5): 1206—
1212.

GUERRA MAGARNA, C. 1986. Taxonomic and population anal-
ysis of atherinid fishes (Chirostoma and Poblana) from
the endorheic basins of the southernmost portion of the
Mexican highlands. An. Esc. Nac. Cienc. Biol. Mex. 30:
81-113 (in Spanish).

JUrveLIUs, J., T. LINDEM & J. LouHiMo. 1984. The number
of pelagic fish in Lake Paasivesi, Finland, monitored by
hydro-acoustic methods. Fish. Res. 2: 273-283.

KENNEDY, C.R., P.C. SHEARs & J.A. SHEARS. 2001. Long-
term dynamics of Ligula intestinalis and roach Rutilus
rutilus: a study of three epizootic cycles over thirty-one
years. Parasitology 123: 257-269.

MILLER, R.R. 1986. Composition and derivation of the fresh-
water fish fauna of Mexico. An. Esc. Nac. Cienc. Biol.
Mex. 30: 121-153.

Loor, G., S. Lex, D. DejeaN & J.F. GUEGAN. 2001. Para-
site-induced mortality in three host populations of the
roach Rutilus rutilus (L.) by the tapeworm Ligula intesti-
nalis (L.). Ann. Limnol. Int. J. Lim. 37: 151-159.

[NRC, AIC & ANI] NarioNaL RESEARCH COUNCIL, ACA-
DEMIA DE LA INVESTIGACION CIENTIFICA, A. C. & AcA-
DEMIA NACIONAL DE INGENIERIA, A. C. 1995. Mexico
City’s water supply. Improving the outlook for sustainabil-
ity. National Academy Press.

[SEMARNAT] SECRETARIA DE MEDIO AMBIENTE Y RECUR-
SO0s NATURALES. 2002. Mexican official norm NOM—
059-ECOL-2001, environmental protection — flora and
fauna native species of Mexico — risk categories and speci-
fications for its inclusion, exclusion or change — list of
species in risk. Diario Oficial, Wednesday 6 March 2002
(in Spanish).

TAMBUTTI, M., A. ALDAMA, O. SANCHEZ, R. MEDELLIN &
J. SOBERON MAINERO. 2002. La determinacion del riesgo
de extincion de especies silvestres en México. Gaceta
Ecolégica 61: 11-21 (in Spanish).

VILACLARA, G., M. CHAVEZ, A. Luco, H. GONZALEZ & M.
GAYTAN. 1993. Comparative description of crater lakes
basic chemistry in Puebla State, Mexico. Verh. Internat.
Verein. Limnol 25: 435—440.

Authors’ addresses: J. Alcocer, Proyecto de Investigacion en Limnologia Tropical, FES Iztacala, Universidad Nacional
Auténoma de México, Av. de los Barrios No. 1, Los Reyes Iztacala, 54090 Tlalnepantla, Estado de México. México. E-mail:

jalcocer@servidor.unam.mx

E. Arce, Programa de Posgrado en Ciencias del Mar y Limnologia, Universidad Nacional Auténoma de México.
L. Zambrano, Departamento de Zoologia, Instituto de Biologia, Universidad Nacional Auténoma de México.
X. Chiappa-Carrara, Unidad Multidisciplinaria de Docencia e Investigacién Sisal, Universidad Nacional Auténoma de

Meéxico. Puerto de Abrigo S/N, Sisal, 97355 Yucatan, México.





