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ABSTRACT

The present study analyses the distribution and abundance of Foblana alchichica, an
atherinidae fish endemic to Lake Alchichica. Fish were sampled using hydroacoustic surveys,
carrying out equidistant transect performed on a perpendicular grid that covered the entire surface
of the lake on a seasonal hasis to take into account the four hydrodynamic stages of Lake
Alchichica. Results indicate that vertical distribution of fish varies in time and is limited by the
availability of dissolved oxygen in deeper layers. Prey distribution and the zone in which
reproduction occurs (i.e., the littoral) limit the horizontal distribution of the fish. Abundance of
F. alchichica varied from 12,510 fish in early stratification up to 29,200 fish in the well-established
stratification. Spatially, the average abundance in the littoral zone was 13,97322,040 fish while
in the pelagic zone abundance reached 7,088+1.395 fish. Density of P. alchichica fluctuated from
0.000015 individuals per m® in the pelagic zone during the early stratification to 0.019 individuals
per m? in the littoral zone during the well-established stratification. Mean density estimates was
0.009+0.002 individuals per m®. Hydreacoustic technique allowed understanding effectively fish
density and distribution. These values are lower than those found in comparable environments and
highlight the importance of the littoral zone and consequently the water level reduction, for the
conservation of the species in the ecosystem.
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INTRODUCTION

The Alchichica silverside, Poblana alchichica, 1s the only fish species inhabiting Lake
Alchichica, one of the few deep Mexican lakes (maximum depth 862 m). Since, its distribution 1s
restricted to this lake, even small habitat variations impose a threat of extinction to the population
{Alecocer et ¢l., 2009),

The extinction risk of Mexican native species (MER) is calculated through the evaluation of 4
criteria regarding the taxon (Tambutta et al., 2002): (1) distribution extent in Mexico, (2) habitat
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condition, (3) intrinsic biclogical vulnerability and (4) human impact on the species; each criterion
is independent from the others and the addition comes to be an accumulative evaluation of risk. It
is evident that the extinction risk is correlated not only with the extension of the distribution range
-which in this case is very limited (microendemism)- but alse with the size of the population. What
is the minimum size population for a fish species to be considered threatened or endangered? What
is the amount that guarantees a healthy and self-sustained population? In spite of their relevance,
these issues are not addressed in the criteria deseribed in the Mexican Official Norm.

In recent decades, multiple factors (such as decline in precipitation, increasing temperature and
evaporation, decreasing water level, pollution, ete.) have led to a decrease in the abundance of the
silverside according to local fishermen. Recently, this endemic fish has been declared as state-
protected threatened species and listed in the NOM-059-ECOL-2001 (SEMARNAT, 2002).
Therefore, understanding the biology and life history of this fish will greatly help to set up a series
of conservation measures for the ecosystem of Lake Alchichica which holds other endemic species
like the salamander Ambystoma taylori (Brandon ef al., 1982) and the isopod Caecidotea williamsi
{Bscobar-Briones and Alcocer, 2002).

Since its description, research efforts have concentrated on taxonomic aspects of P. alchichica
(Miller, 1988). Limnological aspects of the lake have heen described by Alcocer et af. (2000), Filonov
and Alcocer (2002) and Filonov et al. (2006) and few studies evaluating the lake resources have
been published (Lugo ef al., 1999; Oliva ef ¢l., 2001; Adame ef @l., 2008). Other than the accounts
of local fishermen there is not a single study on the abundance and distribution of P. alchichica.
Hydroacoustic offers an opportunity to adequately describe spatial and temporal patterns of fish
distributions in freshwater habitats (Rose, 1992; Chen ef al., 2009). Hydroacoustic techniques
have the advantage of a rapid, economic and extensive coverage of the water cross section
{Coll et al., 2007; Guillard and Verges, 2007).

The bucket-like morphology of Lake Alchichica precludes the application of standard
methodologies (i.e., nets) to study the abundanece and distribution of the fish; hence, hydroacoustic
becomes a reliable alternative. Hydroacoustic techniques are rapid, cost-effective, non-invasive and
less selective than gillnetting (Busch and Mehner, 2009) and have the advantage of extensive
coverage of the water cross-section without increasing fish mortality or affecting fish behavior
{(Guillard and Verges, 2007).

Most hydroacoustic studies with similar objectives to this investigation have been conducted in
marine environments (Lawson and Rese, 1999; Benoit-Bird ef af., 2001; Cardinale et l., 2003) and
in a much lesser extent in lakes (Brabrand, 1991; Baroudy and Elliott, 1992; Diachok ef al., 2001;
Mehner et al., 2003; Wanzenbock et al., 2003; Chen et al., 2009). In recent years hydroacoustic
studies are increasingly being used in all kinds of aquatic ecosystems in order to acquire detailed
information about agquatic life and particularly about fish (Guillard and Verges, 2007). However,
technical improvements in these methods and their greater precision have contributed to their
extensive use in fresh water (Wanzenbock et ¢l., 2003; Cech et al., 2005; Mehner, 2008),

The aim of the present study was te provide the scientific basis for the protection of the
F. alehichica through the analysis of the data obtained from four hydroacoustic surveys covering
an annual cycle to assess the spatial and temporal distribution and abundance of this endemic
species and to evaluate the limnological characteristics related to the distribution of the fish.

MATERIALS AND METHODS
Lake Alchichica (19°24.7' N; 97°24.0 W, 2,345 m a.s 1.) is nearly circular (surface area 2.3 km?,
maximum length 1,733 m), bucket-shaped with maximum and mean depth of 62 and 40.9 m,
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respectively (Filonov et al., 2006). The lake is groundwater fed; the water 1s hyposaline
(~8.5 g L™ and alkaline (pH ~ 9, 37 meq L™); scdium and chloride are the dominant ions but
bicarbonates and carbonates are also important (Vilaclara ef al., 1993). Alchichica 1s
considered oligotrophic (Adame et al., 2008) based on the low chlorophyll a (<5 pug L™ and nutrient
(<4 umol L") concentrations in the mixing zone and clear waters (euphotic zone = 13-38 m).

Instrument: A flat-bottom aluminum boat 10" in length and 36" beam width was used for the
study. It had a draft of 15 cm and a transom-mount electric trolling motor of 30 Ib thrust. The fish
detection was carried out with a GARMIN GPSMAP 168 Scunder equipped with a remocte
{external) antenna to improve reception of the GFS signals. The depth sounder has a precision of
95%, speed register of 0.5 m sec™, frequency of 200 kHz, 8° cone angle and transmitting power of
150 watts (RMS), 1200 watts (peak to peak). The navigation courses were based on transects to
detect fish abundance and distribution by using echoing signals which were downloaded to a

portable computer. Collected data were analyzed with MapSouree version 8.0.

Detection itinerary and frequency: Equidistant transects were conducted on a perpendicular
grid and covered the entire surface of the lake (Fig. 1). The total number of transects was 22
(11 parallel to the main axis and 11 acroess it). They were repeated four times during a one-year
period (2004) to characterize the main hydrodynamic seasons of the warm-monomictic Lake
Alchichica recognized by Alcocer ef al. (2000): Circulation (January) and early (March), well-
established (July) and late (November) stratification.

Calibration of detection precision: The transducer was calibrated to recognize the capability
of the instrument to distinguish individual fish from fish schools. A 750 L aquarium holding
100 fish with sizes ranging from 10 to 50 mm total length was used to evaluate the minimum
detectable fish-size. This size range 1s similar to the one commonly observed in the field. The results
of the calibration confirmed the sounder’s capacity to record each fish individually. However when
two or more fish were schooling, the transducer detected them as a single large-sized organism. This

1s consldered to be an underestimation factor of fish abundance.

Calculation of fish density: The number of individual fish was estimated based on the number
of signals received by the transducer. The volume of water in the lake was calculated by computing
the volume of each horizontal stratum as limited by the contours on the bathymetric chart and
adding the volumes of all strata. The shape of each stratum was approximated as an inverted
truncated cone according to the following formula:

V=h/3(A + A2+ A A)

where, V is volume of the stratum, h is vertical depth of each stratum, A, is the area of the upper
surface and A, 1s area of the lower surface of the stratum whose volume is to be determined.

The density of fish was expressed in volume (individuals per m® and in area (individuals
per m?%). To caleculate the abundance of P. alchichica in the lake it was necessary to calculate the
number of fish found in the sampled volume and to extrapolate the results to the total volume of

the lake.
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Fish densities in the lake in the sampled area were grouped to perform an ANOVA test to
compare the fish distribution per season (circulation and early, well-established and late
stratification). A t-test was used to assess differences among lake’s zone (littoral and pelagic). The
data were analyzed using Statistic 7.

RESULTS

Abundance and density: The abundance of P. alchichica varied from 12,510 individual acoustic
records, from now on considered as individual fish, during the early stratification to 29,200
individuals in the well-established stratification; total average = 21, 06046,842.72 individuals;
littoral zone average = 13, 97344, 081 individuals; pelagic zone average = 7, 0882 790 individuals
(Table 1),

The density of P. alchichica fluctuated from 0.000015 individuals per m”in the pelagic zone
during the early stratification to 0.019 individuals per m®in the littoral zone during the well-
established stratification. In the littoral zone, the yearly average density was 0.014%0.004
individuals per m? while in the pelagic zone density values were 0.00474+0.0033 individuals per m?®.

Horizontal distribution: Lake Alchichica’s basin 1s bucket-shaped so it reaches deep waters near
the littoral zone. The water depth on the tufa ring lakeward reaches around 40 m while on the
inner side, towards the lake’s edge, the water is no more than 5 m deep.

Fish abundance and density were analyzed by grouping data into two zones: Littoral and
pelagic (Fig. 1). Results show that P. alchichica displays a general trend to congregate on the
littoral zone, mostly associated to the tufa ring lakeward, since significant differences between fish
density and abundance were found. The horizontal distribution pattern was similar in all sampling
periods (Fg, = 0.96; p=0.05). Organisms were clustered close to the littoral zone reaching up to
66.3% of the total abundance, while those fish found in the central or pelagie zone of the lake,
constituted a minor percentage of the population (33.7%). Fish abundance and fish density in the
littoral zone were greater than estimates obtained in the pelagic zone regardless of the sampling

=9.8, p<0.01; ty, ., = 13.0, p<0.001).

period (t iy

{abundance)
Bathymetric distribution: During the circulation period, although fish were distributed
throughout the whole water column (0-62 m), most of them were found in the upper 40 m; 29.8%
of the total number of records was obtained within the first 10 m of the water column and 26.8%
of the records were obtained in the 31 to 40 m depth range. Only 0.5% of the records were obtained
in depths greater than 50 m (Fig. 2a).

Table 1: Abundance (ind) and density (ind m~®) of P. elehichica during the different hydrodynamic stages of Lake Alchichica

Littoral zone Pelagic zone Taotal
Season Abundance Density Abundance Density Abundance Density
Circulation 14.070 0.0142 7.910 0.0060° 21.980 0.020
Karly stratification 9.030 0.0092 3.480 0.000015° 12.510 0.009
Well-established stratification 19.020 0.019° 10.180 0.0078° 29.200 0.027
Late stratification 13.770 0.0142 6.780 0.0051° 20.550 0.019
Average (+ standard deviation) 13.973+4.081 0.014+0.004 7.088+2.790 0.0047+0.0033 21.060+6.843 0.019+0.007

Different letters indicate statistical differences of fish density between zones (fgpnay = 13.0, p<0.001) and seasons (F4 = 0.96,
p=0.05)
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Fig. 1. Geographical locations of the hydroacoustic transects in Alchichica Lake, Puebla. The dotted
line indicates the 40 m iscbaths and the littoral area is in white and the pelagic zone in grey

In early stratification, P. alchichica was mainly found in depths up to 30 m (Fig. 2b) and 32.9%
of the records were obtained within the first ten meters. The number of registers that were obtained
in the pelagic zone in depths greater than 50 m was small (0.6%).

A similar situation was cbserved during the well-established stratification with most fish found
in the first 30 m (Fig. 2¢). There were two preferential depths at which F. alchichica was located:
The O to 10 m layer, associated with the tufa ring (accounting for the 27.7% of the records) and
from 21 to 30 min the pelagic zene (with 39% of the records).

In the late stratification, F. alchichica was typically found in depths not greater than 40 m
(Fig. 2d). The fish were found especially in the upper ten meters (39%), particularly associated with
the tufa ring.

DISCUSSION

Echosounding proved to be a useful sampling technique to obtain abundance estimates of fish
in this particular lake where traditional fishing techniques are not suitable. This sampling method
allowed establishing the horizontal and bathymetric abundance and distribution fish of the
Alchichica silverside that helped to identify its preferred habitat. Moreover, this technique 1is
suitable to be used in studies concerning small species: In spite of the fact that P. alchichica
maximum size was below 12 em, the instrument was able to detect individuals greater than 1 cm
Total Length (TL) as well as schooling fish. In similar systems fish abundance values are higher
but with a similar distribution, in which most of the fish are closer to the littoral zone.

There are several factors that influence the distribution of fish within a lake such as water
depth, distance from the shore, presence of aquatic vegetation, plankton distribution, substrate
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Fig. 2. Bathymetric distribution of P. alchichica (each dot represents one fish) in the different
seasons {a = circulation, b = early stratification, ¢ = well-established stratification, d = late
stratification). The light grey area indicates the thermocline and the dark grey area the
anoxic zone

characteristics, water quality and strength and direction of wind (Liu, 1990; Tameishi ef al., 1996;
Heng et al.,, 2006). In Lake Alchichica, the tufa ring found in the littoral zone of the basin provides
the unique habitat that P. alchichica takes advantage of in order to find food, protection and in
which reproduction takes place. The tufa ring offers a large variety of food items when compared
to the limnetic zone where only zooplankton, composed by one copepod (Leptodiaptomus garciat)
and two rotifer species (Brachionus plicatilis and Hexarthra jenkinae), 1s available (Lugo et al.,
1999). Preliminary data indicate that F. alchichica (>50 mm) feed preferentially on benthic prey
distributed in the tufa ring, while smaller individuals (<30 mm) consumed zooplankton. Also
reproduction takes place in the tufa ring. Owviposition takes place in the littoral area where
F. alehichica eggs are usually found attached either to Ruppiac maritima or directly on tufa
deposits since atherinid eggs need to be adhered to the vegetation or other substrates
{Martinez-Palacios et al., 2004). F. alchichica does not exhibit parental care and larval and juvenile
stages remain in the littoral zone of the lake amongst the macrophytes and tufa.

P. alchichica tends to be located close to the bottom of the lake (Fig. 2) as far as the dissolved
oxygen concentration allows it, since below the 40 m iscbath the hypelimnion becomes ancxic.
During the well-established and late stratification, the potential habitat available to fish reduces
down to 63 and 56% of the total volume of the lake.

A phylogenetically related species (Chirostomea jordani) which is an endemic atherinid of Lake
Chapala, shows a preferential distribution close to the shore as F. alchichica but cccupying the
surface layers (Moncayo-Estrada ef al., 2010). The trophic preference of C. jordant for pelagic
zooplankton accounts for its bathymetric distribution.

It 1s to be expected that fish abundance in cligotrophic lakes to be low according to the trophic
{(primary production) status. But fish densities in other oligotrophic lakes attain values ten times
higher than those found for P. alchichica. For example, Salmo trutta reaches values in the range
from 0.026 to 0.053 individuals per m®in Lake Paasivesi, Finland (Jurvelius et al., 1984) and mean
values of 0.060 individuals per m? in Lake Redé, Spain (Encina and Rodriguez-Ruiz, 2003).
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Coregonus lavaretus in the Wahnbach Reservoir (Brenner ef al., 1987) has densities varying from
0.010 to 0.0580 individuals per m?. Maximum length of species may account to this general behavior.
For instance, 5. trutia (TL = 30 to > 60 cm) and C. lavaretus (TL > 27 em) are considerably larger
than P. alehichica (TL = average 6-7 em, maximum 11-12 cm). Hence, the estimated population
abundance of F. alchichica is between 16,000 and 21,000 organisms >1 cm TL.

Extinction risk is correlated with the size of the population and the extension of the distribution
range (Gardenfors et al., 2001). This study shows that the population of F. alchichica 1s reduced
in its only habitat. Historical aerial photographs revealed a reduction in Alchichica’s water level and
the high-water level marks are now far above today's shoreline. Over extraction of groundwater
for irrigation and water supplies to towns and cities is mostly responsible of the lake’s desiceation
process, although climate change should not be overlocked (Alcocer et al., 2009). The consequence
is that the littoral zone in which large portions of the tufa deposits where formerly submersed
{stromatolites) and where most of these organisms are located are now exposed to sunlight, dry and
devoid of aquatic life (Alcocer ef al., 2010). The habitat in which Alchichica silverside adults find
food and complete the reproductive process 1s shrinking fast.

The present findings demonstrate that management actions to preserve this species must
include avoid further level decline that will cause the disappearance of one critical habitat of
F. alchichica and protect the littoral zone from any human perturbation.

CONCLUSION

Echosounding proved to be a useful sampling technique to obtain abundance and distribution
estimates of fish where traditional fishing techniques are not suitable. The use of this technique
is appropriate in studies concerning small species (>1 cm total length). The preferred distribution
of the fish to remain close to the littoral area is associated to feeding, reproduction and protection
against predators. This species has lower density values than native species of other similar
systems. To guarantee the persistence of P. alchichica, actions must consider water-use
management, policies to preserve the littoral area, a erucial habitat for this and the other endemic
species of the lake. The present findings are pertinent to other species inhabiting lakes in similar
threat.
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