ISSN 1387-3547, Volume 12, Number 9

Volume 12 Number9  September 2010 ISSN 1387-3547

Biological
Invasions

@ Springer

This article was published in the above mentioned Springer issue.
The material, including all portions thereof, is protected by copyright;
all rights are held exclusively by Springer Science + Business Media.
The material is for personal use only;
commercial use is not permitted.

Unauthorized reproduction, transfer and/or use
may be a violation of criminal as well as civil law.



Biol Invasions (2010) 12:3061-3069
DOI 10.1007/s10530-010-9697-8

Author's personal copy

ORIGINAL PAPER

Food web overlap among native axolotl (Ambystoma
mexicanum) and two exotic fishes: carp (Cyprinus carpio)
and tilapia (Oreochromis niloticus) in Xochimilco,

Mexico City

Luis Zambrano - Elsa Valiente -
M. Jake Vander Zanden

Received: 25 May 2009/ Accepted: 11 January 2010/ Published online: 7 February 2010

© Springer Science+Business Media B.V. 2010

Abstract Two exotic fishes, common carp (Cypri-
nus carpio) and tilapia (Oreochromis niloticus), were
introduced more than 20 years ago into Xochimilco
for aquaculture, and now dominate the system in
terms of biomass and numbers. Over this same
period, wild populations of the microendemic axolotl
salamander (Ambystoma mexicanum) have been dra-
matically reduced, and it currently persists in isolated
areas of this aquatic system, which is situated at the
edge of Mexico City. In this study, we examine
potential trophic interactions and niche overlap
among two exotic fishes: carp and tilapia, and the
native axolotl. Axolotl had more diverse diets and a
higher trophic position compared to the exotics.
Stable isotope analysis revealed substantial trophic
niche overlap among axolotl and the exotics. The two
exotics occupied a larger niche area than the axolotl,
suggesting higher levels of omnivory and diet
specialization. Current exotic fish removal efforts
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will further our understanding of interactions between
the axolotl and exotic species, and are expected to
benefit axolotl recovery efforts.
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Introduction

Food web studies are useful for understanding
changes in freshwater ecosystems caused by exotic
species. Networks of predator—prey interactions play
a central role in influencing population dynamics and
community structure in diverse ecosystems (Paine
1966; Lynch 1979; Pringle and Hamazaki 1998;
Hargrave et al. 2006; Vander Zanden et al. 2006a).
Once established, exotic species can have major
impacts on aquatic biodiversity (Li et al. 1999), as
well as the ecosystem services humans derive from
aquatic ecosystems. The introduction of exotic spe-
cies is increasingly common in freshwater systems
(Minns and Cooley 1999), though few studies have
used a food web approach to help inform and guide
efforts to manage and restore invaded aquatic
ecosystems (Vander Zanden et al. 2003).
Information obtained from food web studies can be
particularly useful in highly perturbed aquatic systems
such as Xochimilco, the last remnant of a vast wetland
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that once covered the basin now occupied by Mexico
City (Alcocer-Durand and Escobar-Briones 1992). As
the city has grown, Xochimilco has been dramatically
impacted by human activities, which has been detri-
mental to native species such as the axolotl (Ambystoma
mexicanum), a neotenic salamander endemic to this
system. This amphibian is listed as ‘Critically Endan-
gered’ on the IUCN Red List because its population
density has been dramatically reduced in recent
years (Zambrano et al. 2007). In addition to axolotl,
Xochimilco hosts 140 species of migratory birds
(Stephan-Otto 2005) and two other organisms endemic
to Central Mexico, the Goodeid fish Gyrardinichthys
viviparus and the crayfish Cambarellus montezumae,
which occur in low numbers in Xochimilco (Alvarez
and Rangel 2007).

The dramatic decline of the axolotl could be
related to the presence of two exotics: common carp
(Cyprinus carpio) and tilapia (Oreocrhomis niloticus
and very few O. aureus), which were introduced to
Xochimilco ~20 years ago as part of an aquaculture
program. Their high reproductive rates and the lack
of an established fishery resulted in a sharp popula-
tion increase over the last 10 years (Zambrano and
Valiente 2008). Currently, these species make up
more than 98% of the vertebrate biomass of the
system (Valiente 2006). Recently, 20 fishermen were
hired to remove carp and tilapia from this system.
Approximately 7.5 tons per week were harvested
over a period of several months between 2006 and
2008 (Zambrano and Valiente 2008).

The ecological effects of carp and tilapia intro-
ductions have been documented since the beginning
of the last century (Cahn 1929). Carp increase water
turbidity by sediment resuspension, changing the
dynamics of shallow lakes (Zambrano et al. 2001).
Similarly, tilapia reduce water quality (Figueredo and
Giani 2005) as well as the abundance of native
species (Canonico et al. 2005). The feeding habits of
both carp and tilapia have been intensively studied
because both are important aquaculture species. Carp
are mainly benthivorous, whereas tilapia are omniv-
orous, eating mostly detritus and primary producers.
There are no studies of axolotl diets in the wild,
though in captivity, axolotl feeds mainly on zoo-
plankton, insects and small fish (Brothers 1977). In
addition to altering trophic pathways, there could be
diet overlap between exotic and native species,
resulting in diet and habitat shifts (Persson and
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Greenberg 1990; Werner and Hall 1977) with poten-
tially negative consequences for native species
(Chase et al. 2002; Petern and Case 1996).

Gut contents and stable isotopes of nitrogen and
carbon are increasingly used to describe food web
structure for aquatic ecosystems (Peterson and Fry
1987; Hecky and Hesslein 1995; Vander Zanden
et al. 2006a). With both techniques it is possible to
characterize the food web structure and the trophic
linkages among native and exotic species (Vander
Zanden et al. 1999). It is possible that the feeding
habits of both carp and tilapia could reduce the
resources available to axolotl. Trophic niche overlap
may reduce the viability of the axolotl population and
partially explain their dramatic decline. The infor-
mation obtained by this food web characterization
can be used to generate a better understanding of the
linkages between exotic and native species within
food webs, which has potential implications for
ongoing restoration efforts aimed at supporting native
species such as the endemic axolotl.

Methods
Study site

Xochimilco is a high altitude water body situated at
2,220 m above sea level. Its current state is a product
of centuries of land use management, resulting in
207 km of canals, eight small lakes and two seasonal
wetlands (Fig. 1). Before the 1950s, the system was
fed by springs, but now Xochimilco is mainly
recharged by treated and untreated wastewater as
well as precipitation, which occurs in the rainy season
from June to October (Jiménez et al. 1995). These
hydrological alterations were the result of ground-
water pumping, canal dredging, wastewater inputs
and urbanization (Crossley 2004). At present, a slow
current (<4 m/h) moves through the system from
south (where sewage treatment plant outputs and
natural springs are located) to north, which is the site
of the biggest sewage outflow in Mexico (Gran
Canal, Zambrano et al. 2009).

Sampling

Organisms were sampled in Xochimilco from Sep-
tember of 2002 to October 2008 (Fig. 1). Fish and
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Fig. 1 Map of Xochimilco canals and lakes. / Bordo, 2 Japon,
3 Cuemanco, 4 El Toro, 5 Apatlaco, 6 Urrutia, 7 Nativitas

axolotl were collected using cast nets. Each cast net
throw was counted to estimate catch per unit effort
(CPUE). To obtain biomass density we extrapolated
the area sampled by the cast net to the total area of the
canals (Zambrano et al. 2007). Organisms were
sampled in at least 20 canals each year, and there
were at least 300 throws per year. Stomach contents
were collected from September of 2002 to October of
2003, for axolotl (number of organisms sampled
(n) = 11;size average = 18.6 cm; size SD = 4), carp
(n = 65; size average = 20.64 cm; size SD = 5.76)
and tilapia (n = 79; size average = 19.9; size SD =
4.37). Isotopes samples were collected in April-May
of 2003, June of 2004 and October 2005.

The three species were sampled for gut content
and stable isotope analyses. Gut contents from exotic
fishes were obtained by dissecting the complete
digestive system. For axolotl, gut contents were
sampled using gastric lavage, allowing the animals to
be released unharmed. Each gut sample was fixed
with 70% alcohol and analyzed with a stereoscopic
microscope in a Petri dish divided into 136 squares.
The percentage of squares occupied by each item was
measured, using the same volume to avoid over-
counting (Amundsen et al. 1996). Items were

classified into different categories: (1) particulate
organic matter (POM), such as detritus and uniden-
tified matter, (2) roots, seeds, and leaves from plants,
(3) filamentous algae, (4) zooplankton, including
daphnia and rotifers, (5) small crustaceans, such as
amphipods (i.e. Hyallela) and isopods (i.e. Caesidotea),
(6) chironomids, (7) Hemiptera larvae, (8) unidenti-
fied insects, (9) other invertebrates, such as leeches
and snails, (10) axolotl eggs, and (11) fish scales and
bones.

Stable isotope analysis was performed on muscle
tissue of the three vertebrate species. A total of 30
samples of primary consumers (zooplankton, Hyall-
ela and chironomids) were collected throughout the
whole system to serve as a baseline for estimating
trophic position and benthic reliance. A total of 128
fish and invertebrate samples were dried and ground
into fine powder with a mortar and pestle, packed in
tin capsules and analyzed for nitrogen and carbon
isotope signatures using continuous flow isotope ratio
mass spectrometry (20-20 mass spectrometer: Europa
Scientific. Sandbac. UK). Isotopic ratios were
expressed in standard delta ‘0’ notation.

Data analysis

We estimated the trophic position and benthic
reliance of the three focal species using both stable
isotope and gut content methods. The §'°N baseline
was defined as the mean 6'°N value of the three main
primary consumer taxa in the system: Hyallela,
chironomids and zooplankton. Trophic position was
estimated assuming a per-trophic level fractionation
of 3.4%o, using the equation of Vander Zanden et al.
(2006b). We classified gut content items into three
trophic categories: primary producers such as algae,
seeds and roots (trophic level 1), primary consumers
such as zooplankton, small crustaceans, chironomids
and Hyallela (trophic level 2), and secondary con-
sumers such as fish scales, hemiptera insects and
leeches (trophic level 3). A handful of prey items of
unknown trophic position were left out of the analysis
(<6% of the items). The trophic position of each
individual was calculated as the average trophic level
of the prey items contained in the stomach, weighted
according to the contribution to total stomach
volume. We compared trophic positions among the
three species obtained using the two techniques using
non-parametric Kruskal-Wallis tests.
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Benthic reliance was estimated from 6'°C data
using a two end-member mixing model (Vander
Zanden et al. 2006b). The benthic-end member was
Hyalella, while the pelagic end-member was the mean
value of chironomids (which feed on particulate-
matter/detritus) and zooplankton. Gut contents were
used to estimate benthic reliance by classifying prey
into the following categories: pelagic (zooplankton,
chironomids, and algae) and benthic (insects, Hyallela,
terrestrial seeds, POM). Items that could not be
classified as benthic or pelagic comprised a small
fraction of overall gut volume and were left out of the
analysis. We compared benthic reliance among spe-
cies using ANOVA for isotope data and non-para-
metric Kruskal-Wallis tests for gut content data.

Community niche analysis using 6'*C-6"°N bi-plots
(Layman et al. 2007) was used to compare trophic
niche partitioning among the three species. Originally,
this technique evaluates the trophic niche area of a
community using isotopic distances among species in a
two-dimensional §'°C-6'"°N space (Layman et al.
2007). We adapted the technique to evaluate the
trophic niche of individual species instead of for
communities. Thus, this approach measures a species’
trophic niche based on values such as nitrogen range
(NR), carbon range (CR) and total niche area (TA) of
axolotl, and compares them to those of carp and tilapia,
rather than comparing whole food webs from different
sites. NR represents the difference between the highest
and lowest 6'°N of each species, indicating the
capacity of the species to consume organisms occupy-
ing different trophic levels. CR is the distance between
the highest and lowest 6'>C of each species, indicating
the variability of food sources consumed by the
species. TA represents the trophic niche area for a
species, estimated as the convex hull area in the bi-plot
(Layman et al. 2007).

Results

Tilapia comprised more than 77% of the vertebrate
biomass sampled, followed by carp (21%) and axolotl
(0.5%). These data were obtained from the axolotl
sampling program between 2002 and 2004 (Valiente
2006). Tilapia catch increased dramatically during
the early years of this study, followed by a rapid
decline in abundance, which corresponds with the
exotic fish reduction program (Fig. 2). Carp exhibited
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little change in abundance, while axolotl exhibited a
dramatic population decline over this period.

Gut content analysis revealed that axolotl had the
highest frequency of empty stomachs (16.7%),
followed by carp (6.6%) and tilapia (1.2%). Diets
differed among species, with axolotl consuming a
wider variety of items than either of the exotic fishes
(Table 1). The most important preys in axolotl diets
were insects and fish. Almost half of carp’s diet was
comprised of primary producers, but their diet also
includes axolotl eggs. Particulate organic matter and
primary producers dominated tilapia diet.

Benthic reliance estimated using gut contents
shows that all three species are more reliant on
benthic resources compared to pelagic resources
(Fig. 3a). Axolotl and carp were significantly less
reliant on benthos compared to tilapia (Table 2).
Estimates of benthic reliance based on stable isotopes
did not yield a significant difference among species.

Gut contents and stable isotopes produced more
consistent results for comparison of trophic position.
Axolotl occupy the highest trophic position of the
three species and were significantly different from
tilapia based on isotope signatures and significantly
different from both exotics based on gut contents
(Table 2). Carp trophic position was slightly below
that of axolotl, while tilapia were almost one trophic
level below axolotl (Fig. 3b).

The bi-plot comparing trophic niche areas and
food web metrics of the three species reveals
substantial overlap in niche space (Fig. 4). The area
occupied by axolotl coincides entirely with both
exotic species. Carp exhibit higher §'°N, while tilapia
tend to have more enriched 6'°C. All three of the
trophic niche measures (NR, CR and TA) were higher
for tilapia compared to the other species, while the
axolotl had the lowest values (Table 3).

Discussion

Two exotic fishes, carp and tilapia, have been highly
successful in Xochimilco. Carp generally invade
temperate habitats, whereas tilapia invade tropical
regions (Zambrano et al. 2006). Xochimilco is one of
the few subtropical locations in which the two species
co-exist (Mercado-Silva et al. 2008). The combina-
tion of these two exotic species has had a dramatic
impact on this aquatic system. The effect of these
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Table 1 Gut content analysis for axolotls (n = 12), carp
(n = 76) and tilapia (n = 85)

Item Axolotl Carp Tilapia

Area % Area % Area %

POM 0.64 13.50 19.27 27.10 93.05 71.08
Plants 0.65 19.52 23.87 4398 25.66 20.01
Filamentous 0.12 6.25 3.96 5.62 10.37 5.78
algae

Zooplankton 0.08 428 5.58 564 036 0.72
Small 0.30 15.05 4.13 2.65 0.07 0.13
Crustaceans

Chironomids .11 19.63 6.03 6.60  0.51 2.09

Hemiptera 0.00 0.00 0.01 0.01 0.00  0.00
larvae

Unidentified 0.25 11.18 3.21 526 0.03 0.10
insects

Other 0.18 329 0.02 0.04 0.01 0.02
invertebrates

Axolotl eggs  0.00 0.00 0.21 1.24  0.00 0.00

Other fish 0.25 729 0.53 1.86  0.09 0.09

TOTAL 3.59 100.00 66.81 100.00 130.13 100.00

Area refers to the number of filled squares in the Petri dish (see
“Methods”), and % refers to the percentage of the total gut
contents’ area occupied by each item. Organisms with empty
stomach are not included

POM particulate organic matter

exotic fishes on Xochimilco appears to be focused at
the base of the food web because tilapia have the
lowest trophic position, followed by carp. The
dramatic increase in their abundance in recent years
has the potential to reduce the quality and quantity of
food sources. Theoretical work indicates that food

2004 2005 2006 2007 2008 2009

web stability is reduced in the absence of basal
resource diversity (Rooney et al. 2006). Empirical
studies of food webs such as this help to bridge the
gap between theoretical studies, and our understand-
ing of the trophic pathways supporting higher trophic
levels in natural aquatic ecosystems.

Axolotl were found to occupy the highest trophic
position among the species studies. This is not
surprising, as in captivity they only feed on moving
organisms such as fish, insect larvae and oligochaetes
(Valiente 2006). These same items accounted for a
significant percentage of their diet in Xochimilco.
Higher 6'°N values confirm the elevated trophic
position of axolotl. The uniformity of their diet in
both captive and wild populations, even given the
potentially reduced prey availability in Xochimilco,
suggests that axolotl lack plasticity in their feeding
habits. This lack of flexibility in feeding makes the
salamander particularly vulnerable to ecosystem
changes or the introduction of exotics with similar
food preferences.

Our approach of comparing species’ trophic niches
has potential to help elucidate interactions among
native and exotics species. The highly omnivorous
nature of these two exotic fishes (Huchette et al.
2000; Zhao et al. 2000) is evident from the trophic
niche analysis. The high NR, CR, and TA values of
exotic fishes indicate broad diets relative to axolotls.
This is consistent with the role of axolotl as predators,
which tend to have less variable diets than consumers
at lower trophic positions (Hecky and Hesslein 1995).
Gut content data may not fully capture the extent of
omnivory, since they only provide a snapshot of
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consumer diet, while the stable isotopes integrate
over a longer time period. This highlights the
complementary nature of these two approaches for
elucidating food web relationships. Furthermore, a
common diet item for carp and tilapia, particulate
organic matter (POM), may be diverse in origin.
Therefore the high proportion of POM in gut contents
of tilapia and carp may also help explain the high TA
values for these species, as POM may be comprised
of material from diverse origins.

Based on a recent axolotl population viability
analysis (PVA), a slight reduction in axolotl egg and
larval survival rates increases extinction probabilities
(Zambrano et al. 2007). Considering the observed
carp abundances in Xochimilco, and that axolotl eggs
were found in more than 10% of carp stomachs, it is
possible that carp is causing a significant reduction in
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the salamander population growth rate. The fact that
axolotl population declines correspond with increases
in carp abundance supports this possibility.

Exotics can also have indirect effects on aquatic
systems by increasing water turbidity. Carp increase
turbidity in shallow systems by re-suspending sedi-
ments in the water column (Avnimelech et al. 1999;
Persson and Svensson 2006; Webster et al. 2001),
while tilapia may increase turbidity through cascad-
ing effects on zooplankton and phytoplankton abun-
dances (Okun et al. 2008). Another factor that could
cause sediment resuspension is the traditional “pol-
ing”, in which a long pole is pushed into the sediment
to move the boat. This activity may increase turbid-
ity, but is concentrated in a small number of tourist
areas. In most of the canals, boats are rare compared
to carp and tilapia. An increase in turbidity not only
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Table 2 Trophic position and benthic reliance comparisons among axolotl, carp, and tilapia

Kruskal-Wallis

Mult. comp. test

H df P [0 P
Trophic position based on gut contents 18.9 2 <0.001
Axolotl vs. Tilapia 4.21 <0.05
Axolotl vs. Carp 3.85 <0.05
Tilapia vs. Carp 0.738 NS
Trophic position based on isotopes 12.94 2 <0.01
Axolotl vs. Tilapia 3.249 <0.05
Axolotl vs. Carp 0.881 NS
Tilapia vs. Carp 2.576 <0.05
% Of benthic reliance based on gut contents 26.19 2 <0.001
Axolotl vs. Tilapia 3.54 <0.05
Axolotl vs. Carp 4.17 <0.05
Tilapia vs. Carp 1.54 NS
F df P
% Of benthic reliance based on isotopes 0.965 2 NS

Q value refers to Dunn’s multiple comparison test
NS not significant

27

20t ‘\T\um

d"C

Fig. 4 Trophic niches of axolotl, carp and tilapia (Layman
et al. 2007). Each symbol (triangle or circle) is an individual
from one of the three species. Enclosed areas represent the
total trophic niche occupied by each species. The single line
enclosing grey circles represents axolotl, the dashed line with
dots enclosing white triangles represents carp and the dotted
line enclosing dark triangles represents tilapia

decreases overall productivity, but also shifts the
system from having multiple resource pathways
(benthic and pelagic) to having only a few, in this
case, dominated by a detritus-based benthic pathway.
Recent theoretical work indicates that simplification

Table 3 Trophic niche variables estimated for each species,
based on Layman et al. (2007)

Axolotl Carp Tilapia
NR 6.39 8.91 10.93
CR 12.24 18.67 15.61
TA 53.14 79.79 105.55

See “Methods”

NR nitrogen range, CR carbon range, TA total area

of the food web in this way may have important
implications for food web dynamics and stability
(McCann et al. 1998; Vadeboncoeur et al. 2005).
Food web studies can provide useful information
regarding energy fluxes within an ecosystem. Theo-
retical research suggests that changes in food webs
could lead to modifications in community structure in
aquatic ecosystems, but there is little empirical
understanding of the trophic pathways involved, or
the impact of exotic species (Vander Zanden et al.
2006b). A critical aspect of this study was to assess
the trophic niches of two successful exotics and one
endangered native species in a highly perturbed
system. This perspective allowed us to examine
possible consequences for the trophic pathways in the
system, and the consequences for axolotl populations.
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The current restoration program for the axolotl
includes a long-term exotic species removal program,
with the goal of promoting favorable food web
conditions for the axolotl by expanding trophic diver-
sity at the base of the food web. To date, intensive carp
and tilapia removal has not halted the decline of
axolotl, and there may be time lags in ecosystem-level
changes. In addition, other factors may be contributing
to the decline of axolotl such as poor water quality
(Contreras et al. 2009). Though exotic species removal
is likely to be helpful, additional strategies are also
needed and would likely include establishing exotic-
free areas as axolotl refuges.

Acknowledgments Thanks to anonymous referees that made
helpful suggestions to improve this manuscript quality. Also
thanks to Roberto Altamirano and Alma Itzel Martinez, for
their help in the data collection, and Victoria Contreras for the
map. The project was partially funded by Posgrado de Ciencias
Biologicas y Maestria en Restauracion Ecoldgica, and
Canadian Association of Zoo and Aquarium (CAZA).

References

Alcocer-Durand J, Escobar-Briones E (1992) The aquatic biota
of the now extinct lacustrine complex of the Mexico
Basin. Freshw For 2:1-13

Alvarez F, Rangel R (2007) Population study of the crayfish
Cambarellus montezumae (Crustacea: Decapoda: Cam-
baridae) in Xochimilco, Mexico. Revista Mexicana de
Biodiversidad 78:431-437

Amundsen PA, Gabler HM, Staldvik FJ (1996) A new
approach to graphical analysis of feeding strategy from
stomach contents data-modification of the Costello
method. J Fish Biol 48:607-614

Avnimelech Y, Kochva M, Hargreaves JA (1999) Sedimenta-
tion and resuspension in earthen fish ponds. J World
Aquac Soc 30:401-409

Brothers AJ (1977) Instructions for the care and feeding of
axolotls. Axolotl Newsletter 3. Indiana University, axolotl
colony, pp 9-16

Cahn AR (1929) The effect of carp on small lake, the carp as a
dominant. Ecology 10:271-274

Canonico GC, Angela A, Thieme MJK, Michele L (2005) The
effects of introduced tilapias on native biodiversity. Aqua
Conserv Marine Freshw Ecosyst 15:463-483

Chase J, Abrams PA, Grover J, Diehl S, Chesson P, Holt R,
Richards S, Nisbet R, Case T (2002) The interaction
between predation and competition: a review and syn-
thesis. Ecol Lett 5:302-315

Contreras V, Martinez-Meyer E, Valiente-Riveros E, Zambrano
L (2009) Recent decline and potential distribution in the
last remnant area of the microendemic Mexican axolotl
(Ambystoma mexicanum). Biol Conserv. doi:10.1016/
j-biocon.2009.07.008

@ Springer

Crossley PL (2004) Sub-irrigation in wetland agriculture. Agric
Hum Values 21:191-205

Figueredo CC, Giani A (2005) Ecological interactions between
Nile tilapia (Oreochromis niloticus, L.) and the phyto-
planktonic community of the Furnas Reservoir (Brazil).
Freshw Biol 50:1391-1403

Hargrave CW, Ramirez R, Brooks M, Eggleton MA, Suther-
land K, Deaton R, Galbraith H (2006) Indirect food web
interactions increase growth of an algivorous stream fish.
Freshw Biol 51:1901-1910

Hecky RE, Hesslein R (1995) Contributions of benthic algae to
lake food webs as revealed by stable isotope analysis. J
North Am Benthol Soc 14:631-653

Huchette SMH, Beveridge MCM, Baird DJ (2000) The impacts
of grazing by tilapias (Oreochromis niloticus L.) on
periphyton communities growing on artificial substrate in
cages. Aquaculture 186:1-2

Jiménez J, Rojas-Rabiela T, Gomez-Pompa A (1995) Con-
clusiones y recomendaciones del Taller. In: Social
CdlyeSdA (ed) Presente, pasado y futuro de las chinam-
pas, México DF, pp 19-43

Layman CA, Arrington DA, Montafia CG, Post DM (2007)
Can stable isotope ratios provide for community-wide
measures of trophic structure? Ecology 88:42-48

Li H, Rossignol P, Castillo G (1999) Risk analysis of species
introductions: insights from qualitative modeling. In:
Claudi R, Leach JH (eds) Nonindigenous freshwater
organisms. Lewis, New York, pp 431-448

Lynch M (1979) Predation, competition, and zooplankton
community structure—experimental-study. Limnol Oce-
anogr 24:253-272

McCann K, Hastings A, Huxel GR (1998) Weak trophic
interactions and the balance of nature. Nature 395:794—
798

Mercado-Silva N, Helmus M, Vander Zanden MJ (2008) The
effects of impoundments and invasive species on a river
food web in Mexico’s central plateau. River Res Appl.
doi:10.1002/rra.1205

Minns CK, Cooley JM (1999) Intentional introduction: are the
incalculable risks worth it? In: Claudi R, Leach JH (eds)
Nonindigenous freshwater organisms. Lewis, New York,
pp 57-60

Okun N, Brasil J, Attayde JL, Costa IAS (2008) Omnivory
does not prevent trophic cascades in pelagic food webs.
Freshw Biol 53:129-138

Paine RT (1966) Food web complexity and species diversity.
Am Nat 100:65-75

Persson L, Greenberg L (1990) Juvenile competitive bottle-
necks: the perch (Perca fluviatilis) roach (Rutilus rutilus)
interaction. Ecology 71:44-56

Persson A, Svensson JM (2006) Effects of benthivorous fish on
biogeochemical processes in lake sediments. Freshw Biol
51:1298-1309

Petern K, Case TJ (1996) An experimental demonstration of
exploitation competition in an on going invasion. Ecology
77:118-132

Peterson BJ, Fry B (1987) Stable isotopes in ecosystem studies.
Annu Rev Ecol Syst 18:293-320

Pringle CM, Hamazaki T (1998) The role of omnivory in a
neotropical stream: separating diurnal and nocturnal
effects. Ecology 79:269-280


http://dx.doi.org/10.1016/j.biocon.2009.07.008
http://dx.doi.org/10.1016/j.biocon.2009.07.008
http://dx.doi.org/10.1002/rra.1205

Food web overlap among native axolotl and Author's per&n al COpy 3069

Rooney N, McCann KS, Gellner G, Moore JC (2006) Struc-
tural asymmetry and the stability of diverse food webs.
Nature 442:265-269

Stephan-Otto E (2005) El Parque Ecoldgico de Xochimilco. In:
CO UNES (ed) Xochimilco, un proceso de gestion par-
ticipativa. UNESCO, Puebla, pp 67-68

Vadeboncoeur Y, McCann KS, Vander Zanden MJ, Rasmussen
JB (2005) Effects of multi-chain omnivory on the strength
of trophic control in lakes. Ecosystems 8:682—693

Valiente E (2006) Efecto de las especies introducidas en
Xochimilco para la rehabilitacion del habitat del ajolote
(Ambystoma mexicanum), Maestria en Restauracion.
Posgrado en Ciencias Bioldgicas, Universidad Nacional
Autonoma de México, México

Vander Zanden MJ, Casselman JM, Rasmussen JB (1999)
Stable isotope evidence for the food web consequences of
species invasions in lakes. Nature 401:464-467

Vander Zanden MJ, Chandra S, Allen BC, Reuter JE, Goldman
CR (2003) Historical food web structure and restoration of
native aquatic communities in the Lake Tahoe (Califor-
nia-Nevada) basin. Ecosystems 6:274-288

Vander Zanden MJ, Olden JD, Gratton C (2006a) Food-web
approaches in restoration ecology. In: Falk DA, Palmer
MA, Zedler JB (eds) Foundations of restoration ecology.
Island Press, Washington, DC, pp 165-189

Vander Zanden MJ, Chandra S, Park S-K, Vadeboncoeur Y,
Gooldman CR (2006b) Efficiencies of benthic and pelagic
trophic pathways in a subalpine lake. Can J Fish Aquat Sci
63:2608-2620

Webster IT, Ford PW, Hancock G (2001) Phosphorus
dynamics in Australian lowland rivers. Mar Freshw Res
52:127-137

Werner EE, Hall DJ (1977) An experimental test of the effects
of predation risk on habitat use in fish. Ecology 64:1540-
1548

Zambrano L, Valiente E (2008) Mitigacion del impacto de las
especies introducidas en la zona lacustre de Xochimilco.
Gobierno del Distrito Federal, Instituto de Biologia de la
UNAM, México DF

Zambrano L, Scheffer M, Martinez-Ramos M (2001) Cata-
strophic response of lakes to response to benthivorous fish
introduction. Oikos 94:344-350

Zambrano L, Martinez-Mayer E, Meneses N, Towsend PA
(2006) Invasive potential of common carp (Cyprinus
carpio) and Nile tilapia (Oreochromis niloticus) in
American freshwater systems. Can J Fish Aquat Sci
63:1903-1910

Zambrano L, Vega E, Herrera L, Prado E, Reynoso V (2007) A
population matrix model and population viability analysis
to predict the fate of endangered species in highly man-
aged water systems. Anim Conserv 10:297-303

Zambrano L, Contreras V, Mazari-Hiriart M, Zarco-Arista A
(2009) Spatial heterogeneity of water quality in a highly
degraded tropical freshwater ecosystem. Environ Manage
43:249-263

Zhao W, Dong SL, Zheng WG, Zhang ZQ (2000) Effects of
Nile tilapia on plankton in enclosures with different
treatments in saline-alkaline ponds. Zool Res 21:103-114

@ Springer



	Food web overlap among native axolotl (Ambystoma mexicanum) and two exotic fishes: carp (Cyprinus carpio) and tilapia (Oreochromis niloticus) in Xochimilco, Mexico City
	Abstract
	Introduction
	Methods
	Study site
	Sampling
	Data analysis

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


