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ABSTRACT: Xenobiotic mixtures in aquatic ecosystems may compromise fish health by inducing
oxidative stress, decreasing resistance, and fostering susceptibility to pathogens such as helminths.
Lipid peroxidation (LPO) is one of the most commonly used methods to evaluate oxidative stress. The
present study examines the potential correlations between LPO in liver, muscle, and gill and the
presence of helminths in Astyanax aeneus from a subtropical river in Mexico. Five helminth species
were identified: the trematodes Uvulifer ambloplitis, a subdermal larval parasite, and Clinostomum
complanatum, which infected the base of the gills; the nematodes Contracaecum sp. and Spiroxys sp.;
and the acanthocephalan Polymorphus sp. The latter 3 species occurred in the posterior half of the
intestine. Total helminth abundance was highest in April and July. Helminth species richness
increased along a gradient from the headwaters to the middle reaches of the river. An integrated
biomarker response for LPO (IBR-LPO) was assessed in the 3 tissues analyzed. IBR-LPO peaked in
July. A direct correlation was found between gill and muscle LPO and mean abundance of Clinostomum complanatum, Contracaecum sp., and orthophosphate values, as well as between liver LPO and
mean abundance of Polymorphus sp., whereas no relationship was found between LPO and
U. ambloplitis or Spiroxys sp. This research revealed an association of both orthophosphate values
and the presence or abundance of parasites with oxidative stress levels in A. aeneus, without any
causal association, but rather as a result of synergistic processes associated with these variables.
KEY WORDS: Helminths · Lipid peroxidation · Environmental disturbance · Astyanax aeneus ·
Humid subtropics
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Adverse environmental conditions may cause
numerous diseases in all types of organisms. In aquatic
ecosystems, xenobiotics can compromise fish health
through different mechanisms including environmental stress, which can result in pathologies and stimulate
the pathogenicity of certain biostressors (Lafferty &
Holt 2003) such as helminths. These pathologies may
be caused by adverse effects of poor water quality (e.g.
changes in biological oxygen demand, nitrogen and
phosphorus levels, salinity, temperature), which produce a significant increase in stress and reduced re-

sistance in the host. The limnological, geographic, and
trophic characteristics of water systems are additional
determinants of both fish health and the structure of
fish parasite communities (Hogue & Swig 2007).
In recent decades, efforts have focused on quantifying the changes in and damage to aquatic biota due
to stress resulting from environmental alterations in
the aquatic ecosystem (López-López et al. 2006,
Tejeda-Vera et al. 2007). One such case is that of
oxidative stress, which occurs through disruption of
the balance between reactive oxygen species (ROS)
and antioxidant defenses. Oxidative stress damages
biomolecules such as lipids and induces various physi-
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ological and biochemical changes which cause cell
impairment and death (Sherry 2003, Van der Oost et
al. 2003). ROS convert fatty acids into fatty acid radicals that are able to oxidize adjacent molecules. This
process, known as lipid peroxidation (LPO), yields a
large number of subproducts including malondialdehyde (MDA), which, determined in tissues, is used to
evaluate oxidative stress (Van der Oost et al. 2003). An
increase in ROS levels that the antioxidant defense
system is unable to offset may induce major functional
changes, compromising the functioning of the immune
system and increasing the susceptibility to pathogens
such as helminths (Romano 1999). The relationship
between oxidative stress and the presence of parasites
has scarcely been studied in fish (Belló et al. 2000) and
is even less well known for fish from tropical ecosystems. Thus, the aim of the present study was to examine the potential correlations between parasites of the
banded tetra Astyanax aeneus (Günther, 1860) and
LPO levels in the liver, muscle, and gill of the fish, as
well as to assess water quality indicators in the Río
Champotón in southeastern Mexico.

MATERIALS AND METHODS
Fish specimens were collected from the Río
Champotón in the humid subtropics (19° 24’ 00’’ to
19° 05’ 24’’ N, 90° 43’ 12’’ to 90° 23’ 24’’ W) of southeastern Mexico. Río Champotón has 2 zones: the freshwater zone, with salinity values <1.2 (PSU); and the
estuarine zone, where salinity wedges occurred and
salinity values range from 10 to 35 (PSU) , except in the
hurricane season, when salinity depletes to freshwater
conditions. Astyanax aeneus is a primary freshwater
fish that is intolerant to saltwater (Myers 1949). Fish
were collected only in the freshwater zone of Río
Champotón, in the upper and middle reaches (LópezLópez et al. 2009). Four sampling seasons were con-

ducted in the course of 1 yr: spring (April 27 to 29,
2007), summer (July 22 to 26, 2007), fall (November 7
to 13, 2007), and winter (February 21 to 25, 2008) at 4
study sites (Fig. 1): San Juan Carpizo (SJC), Santa Sara
(SS), San Antonio del Río (SAR), and Puente Ulumal
(PU). A minimum of 200 specimens ranging in size
from 45 to 85 mm standard mean length were collected
at each site during each sampling season. Of these, 25
were used in the parasite analysis and the rest were
dissected to obtain liver, muscle, and gill tissue for LPO
determination. Since at least 1 g of each tissue is required for biochemical assays and A. aeneus is a very
small species (52.38 mm standard mean length, 5.91 g
mean weight), the assays were made on 4 pools of 50
organs. Dissected organs were transported to the laboratory in liquid nitrogen for processing.
Fish specimens were necropsied microscopically for
ecto- and endoparasites. Parasites were counted and
sorted by taxon for appropriate fixing and preservation. Taxonomic keys were used to identify the parasites (Caspeta-Mandujano 2005, Salgado-Maldonado
2006). Infection was characterized in terms of helminth
mean abundance according to Bush et al. (1997). Sample size to analyze helminth infection was determinate
according to cumulative curves.
Anthropogenic activities such as agriculture, aquaculture, and human settlement in areas adjacent to the
sampling sites were regarded as indicators of environmental disturbance. Water samples were collected to
determine N (nitrite, nitrate, ammonium) and P (orthophosphate) using a HACH Model DLR/2500 spectrophotometer, while biological oxygen demand over
5 d (BOD5) and total and fecal coliforms were quantified according to APHA (1985) procedures. Dissolved
oxygen, salinity, and temperature were measured in
situ using a Quanta multiparametric sonde.
LPO was determined in each tissue using the method
of Buege & Aust (1978) on homogenates from the pools
of the organs under study, previously rinsed in Tris-

Fig. 1. Study area and study sites. PU: Puente Ulumal; SAR: San Antonio del Río; SJC: San Juan Carpizo; SS: Santa Sara
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HCl buffer (pH 7.4). The MDA produced was quantified. Protein content was determined by the Bradford
(1976) method.
LPO data were normalized and standardized. Values
from assays of the pooled sample of each tissue (liver,
muscle, and gill) from each study site were used as x.
The overall mean and standard deviation (SD) of the x
values of each tissue were calculated for all study sites
and sampling seasons and normalized as y = (x –
mean)/SD. The minimum absolute value (min.) of the y
values of each tissue from all study sites and sampling
seasons was added to the y values to standardize LPO
data: y + (min.).
The integrated biomarker response (IBR) was estimated using the procedure proposed by Beliaeff &
Burgeot (2002). In the present study, IBR represents
the integrated LPO response in liver, muscle, and gill
(IBR-LPO) by site and sampling season. Results are
shown in the form of star plots for each site and sampling season. Each vector represents liver, muscle, or
gill LPO. The area enclosed by the triangle connecting
the endpoints of vectors represents the IBR-LPO.
A Spearman correlation analysis was performed
using the LPO values for each tissue, study site, and
sampling season, IBR-LPO, environmental factors, species richness and mean abundance of each helminth
species, and total helminth abundance. The level of
significance was set at p = 0.05.
A redundancy analysis (RDA) was conducted using
the LPO for each tissue, helminth mean abundance
and water quality parameters in each site and sampling season. To this end, a matrix of environmental
factors and LPO in each tissue by site was set up using
standardized data (log x + 1). Statistical analyses were
performed with XLSTAT-Pro 2008.6 software.
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RESULTS
Helminths
The component community of helminths in Astyanax
aeneus was found to be formed by the following 5 species (Table 1): Uvulifer ambloplitis (Hughes, 1927) and
Clinostomum complanatum (Rudolphi, 1814) (Trematoda); Contracaecum sp. (Railliet and Henry, 1912) and
Spiroxys sp. (Schneider, 1866) (Nematoda); and Polymorphus sp. (Lühe, 1911) (Acanthocephala). These
species differed in their distribution in the body of
the host. Only 1 species was found infecting the skin:
U. ambloplitis. Clinostomum complanatum was found
only at the base of the gill arches. The remaining species occurred in the posterior half of the intestine.
Helminth species richness present in Astyanax aeneus
increased from the upper reaches (Site SJC), where only
2 species were recorded, to the middle reaches (Site PU)
where 5 species were found (Table 2). Contracaecum sp.
and Spiroxys sp. were present at all sites, while Uvulifer
ambloplitis and Polymorphus sp. occurred only in the
middle reaches (Sites SAR and PU). Clinostomum complanatum was found at 2 sites, in the upper (Site SS) and
middle reaches (Site PU). July had the highest species
richness with 4 species, while April, November, and
February had the lowest (Table 1).
By site and sampling season, Astyanax aeneus was
host to a maximum of 4 helminth species at Site PU in
July. Helminth species richness per site was usually < 2
(Table 1). No helminths were found at Site SS in April
and at Site SJC in November and February.
Helminth mean abundances were low. Peak values
occurred in July and April (16.54 ± 6.69 and 5.6 ± 2.5,
respectively). November and February had the lowest

Table 1. Helminths infecting Astyanax aenus. Mean ± SD abundance and number of helminth species in fish by site and sampling
season. PU: Puente Ulumal; SAR: San Antonio del Río; SJC: San Juan Carpizo; SS: Santa Sara
Month

Site

Contracaecum
sp.

Spiroxys
sp.

Uvulifer
ambloplitis

Clinostomum
complanatum

Polymorphus
sp.

Species
richness

Total
abundance

Apr

SJC
SS
SAR
PU
SJC
SS
SAR
PU
SJC
SAR
PU
SJC
SS
SAR
PU

0
0
0
0
0.10 ± 0.28
0.20 ± 0.37
0.05 ± 0.22
0.10 ± 0.40
0
0.10 ± 0.20
0
0.10 ± 0.20
0.40 ± 0.86
0.30 ± 0.41
0

0.10 ± 0.31
0
0.30 ± 0.65
0
0
0.10 ± 0.28
0
0.04 ± 0.20
0
0
0
0.20 ± 0.44
0.04 ± 0.20
0
0

0
0
0
5.2 ± 10.8
0
0
1.7 ± 7.60
13 ± 16
0
0
0
0
0
0
0

0
0
0
0
0
0.20 ± 0.37
0
0.10 ± 0.28
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0.10 ± 0.20
0.04 ± 0.20
0
0
0
0

1
0
1
1
1
3
1
4
0
2
1
2
2
1
0

0.10 ± 0.04
0
0.30 ± 0.13
5.20 ± 2.33
0.10 ± 0.04
0.50 ± 0.10
2.70 ± 0.76
13.24 ± 5.79
0
0.20 ± 0.05
0.04 ± 0.02
0.30 ± 0.09
0.44 ± 0.18
0.30 ± 0.13
0

Jul

Nov

Feb
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Table 2. Helminths infecting Astyanax aenus. Spatial and seasonal distribution of helminth species in fish by site and sampling
season. PU: Puente Ulumal; SAR: San Antonio del Río; SJC: San Juan Carpizo; SS: Santa Sara
Species

Site

Contracaecum sp.
Spiroxys sp.
Uvulifer ambloplitis
Clinostomum complanatum
Polymorphus sp.
No. of species

Month

SJC

SS

SAR

PU

X
X

X
X

X
X
X

X
X
X
X
X
5

X
2

3

X
4

mean abundances (Table 2). Uvulifer ambloplitis had
the highest mean abundances, although this only
occurred in July, when maximum mean abundances
were reached, and in April, when it was found only at
Site PU. Contracaecum sp. had its maximum mean
abundance in February, when it was present at all sites
except Site PU. Spiroxys sp. was most abundant at Site
SAR in April but occurred at all other sites in every
sampling season, although with lower values, except
in November. Clinostomum complanatum was found
only at Sites SS and PU in July and Polymorphus sp.
only at Sites SAR and PU in November.

Habitat characteristics
Water temperature remained constant throughout
the year and between sites. Salinity showed values
<1.2 PSU (range, 0.11 to 1.19 PSU), with slight variation between sites, but in November had a marked
depletion to values < 0.2 PSU due to the rains and hurricanes which caused severe freshwater flooding.
Water quality parameters differed between study
sites and sampling seasons (Fig. 2). Dissolved oxygen
was highest at Sites SAR and PU, particularly in
November. Ammonium and nitrite levels were low
(< 0.1 and < 0.01 mg l–1, respectively). Sites SJC and SS
had the highest levels of ammonium and nitrate,
respectively, while orthophosphate was highest at
Sites SAR and PU. Mean values of BOD5 were similar
at all study sites. The maximum numbers of fecal and
total coliforms occurred at Site SS and the minimum at
Site SJC (Fig. 2A). Ammonium levels peaked in
November and February. The highest levels of nitrate
occurred in July. Nutrient concentrations (N and P)
were highest in July and lowest in November. BOD5
peaked in April and was lowest in November. Maximum fecal and total coliforms occurred in July. Based
on these results, we can say that the upper reaches of
the river (Sites SJC and SS) have higher levels of nitrogen compounds, while the middle reaches (Sites SAR
and PU) are high in ortophosphate and organic matter.

Apr

Jul

Nov

Feb

X

X
X

X
X

X
X
X
X

2

4

X
2

2

LPO
LPO in Astyanax aeneus differed between sites as
well as between sampling seasons and tissues (Fig. 3).
The star plots show that IBR-LPO was highest in July
(total IBR, 12.23) and April (total IBR, 12.09). In April,
Sites SJC and SAR had the highest levels of liver, muscle, and gill LPO, while in July the highest LPO values
were found at Sites PU and SS. November and February were low in oxidative stress. Total IBR was highest
at Sites SAR and SJC (15.0 and 10.15, respectively).
The vector for gill LPO had the highest values in all
sites and sampling seasons followed by the one for
liver LPO, suggesting these are the organs most
affected by oxidative stress.

Relationships between LPO, helminths, and environmental factors
Spearman correlation analysis of the LPO by organ,
IBR-LPO, environmental factors, and helminth mean
abundance and species richness indicated that Clinostomum complanatum was directly correlated with
orthophosphate and gill and muscle LPO, with correlation coefficients of 0.538, 0.550, and 0.592, respectively
(p = 0.05) (Table 3). Polymorphus sp. was directly correlated with liver LPO and dissolved oxygen (correlation coefficient, 0.592; p = 0.05). No relationship was
seen between Spiroxys sp. and LPO in a specific tissue,
but this species was directly correlated with BOD5 and
IBR-LPO. Contracaecum sp. and Uvulifer ambloplitis
were not associated with LPO or environmental factors, but were directly correlated with the number of
helminth species, and U. ambloplitis in particular with
total helminth abundance.
RDA comprising LPO by tissue, helminth mean
abundance, and environmental factors at each study
site produced a biplot in which the first 2 components
accounted for 98.27% of the explained variance
(Fig. 4). A close correlation was found between gill
LPO, mean abundance of Contracaecum sp. and Cli-
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Fig. 2 (above and next page). Mean (± SD) values of water quality parameters by (A) site (PU: Puente Ulumal; SAR: San Antonio
del Río; SJC: San Juan Carpizo; SS: Santa Sara) and (B) sampling season (A: April 27 to 29, 2007; J: July 22 to 26, 2007; N: November 7 to 13, 2007; F: February 21 to 25, 2008). BOD: biological oxygen demand; MPN: more probable number

nostomum complanatum, maximum coliforms, and
peak levels of orthophosphate, which occurred concurrently in July at Sites PU, SAR, and SS. Uvulifer ambloplitis, the most abundant helminth, and Spiroxys sp.
had the lowest correlation coefficients with LPO, but
were directly correlated with fecal coliforms and
BOD5, respectively. Liver LPO was also associated with
dissolved oxygen, nitrite, and ammonium at all study
sites in November. RDA showed the existence of seasonal differences in the component community of
helminths in Astyanax aeneus as well as their relationship with water quality parameters, and also indicates
that some helminth species are associated with oxidative stress.

DISCUSSION
Water quality parameters support the existence of
some amount of environmental disturbance along the

river course. Sites in the upper reaches (Sites SJC and
SS), characterized by low agricultural activity, very
small human settlements, and cattle breeding with
watering areas, are high in nitrogen compounds, particularly nitrate. This is probably due to fertilizer inputs
and the breakdown of untreated animal and human
waste by microorganisms, as suggested by the high
numbers of fecal coliforms in this area. These sites
were also low in organic matter, perhaps due to continuous mineralization, which in turn indicates that this
area is not highly contaminated. Sites in the middle
reaches (Sites SAR and PU) are nutrient-rich and have
higher levels of organic matter, probably due to the
presence of larger human settlements and the use of
Site SAR as a swimming spot and camping area. High
levels of nutrients and organic matter at Site PU are
more probably due to farming of tilapia in floating
cages. Both areas are therefore undergoing eutrophication. However, based on water quality parameters as
well as nitrogen levels (Camargo & Alonso 2006), the
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Fig. 2 (continued)

Río Champotón sustains low environmental degradation in spite of the activities taking place along its
course. Total and fecal coliforms at all sites were below
the maximum numbers allowed for effluents by Mexican legislation (NOM 2006).
Environmental stress is a major factor in the incidence and abundance of helminths, since it may
increase the prevalence of certain biostressors
(Marcogliese & Cone 1997). However, wild animals in
systems with environmental disturbance may be subject both to an increased risk of parasitosis (Mancini et
al. 2000) and a decreased risk of endoparasitical infections, while sustaining more ectoparasites (Silva et al.
2005). On the other hand, nematode abundance is
higher in fish living in systems contaminated with
domestic waste and industrial discharges than in those
from lower impact areas (Olivero-Verbel et al. 2005).
Our results show that helminth species richness and
mean abundances are higher in the middle reaches
where human settlements are larger, and also where
eutrophication was detected. Also, the most abundant

helminth species occurred only in this part of the river.
Helminth mean abundances are much lower in the
Champotón than in the Papaloapan and Ayuquila
rivers (Salgado-Maldonado et al. 2004, 2005). This suggests there is less environmental disturbance in the Río
Champotón than in either of these 2 rivers, although a
tendency toward eutrophication was observed in the
Champotón River.
Transmission and distribution of helminths could be
related to historical and contemporary events. Among
contemporary events, seasonal variations in rainfall pattern can favor changes in the structure of fish populations and communities, as well as in plants and invertebrates that serve as intermediary hosts (Vidal-Martínez
et al. 2002). During November, because it was hurricane
season, a depletion of salinity was observed in the estuarine zone, allowing migration of Astyanax aeneus to
this zone. However, during the rest of the year, A. aeneus
had a migratory pattern which seemed to be associated
with the amount of food available to the bigger fish at
Site PU (Jamett-Mora et al. 1996). Also during Novem-
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IBRT = 6.73

Fig. 3. Star plots of the integrated biomarker response (IBR) for lipid peroxidation (LPO). Shaded area represents the IBR. Vectors
represent LPO in gill (LPO-G), muscle (LPO-M), and liver (LPO-L) of Astyanax aeneus. The numbers 0 to 3 indicate the dimensionless scale of the IBR. PU: Puente Ulumal; SAR: San Antonio del Río; SJC: San Juan Carpizo; SS: Santa Sara. IBRT: total IBR.
It was not possible to access Site SS in November (hurricane season)

ber, with the depletion in salinity there was an increase
in species richness of fish in the middle reaches and
estuarine zone of the river Champotón caused by the entry of marine species in these areas (López-López et al.
2009); this event provoked an interaction between the
freshwater species with estuarine and marine fish. This
interaction allowed some parasites such as Polymorphus
sp., a common generalistic marine fish helminth (Tantaleán et al. 2005), to parasitize A. aeneus. However, November showed the lowest helminth richness and abundance, suggesting that in this month an intermediary
host could also have been affected by the severe flooding
of the river, and life cycles of helminths could not be
completed on a regular basis.
As for historical events, Pérez-Ponce de León &
Choudhury (2005) consider that the parasite fauna is
largely circumscribed by higher levels of monophyletic
host taxa (families, orders, etc.), and that this pattern is
independent of areas. The same authors found that the
pattern of host associations in each of the drainages
indicates that, for most of the fish families, the para-

sites are largely restricted to the level of host family,
with low levels of parasite exchange (with very few
exceptions). Sharing of parasites is also mainly
restricted to species within a monophyletic lineage of
hosts (confamilial hosts for most parasites, ordinal level
for some). Ornelas-García et al. (2008) consider that
Astyanax spp. in North America and upper Central
America form a monophyletic group. This could
explain the low species richness of helminths found in
A. aeneus in Champotón versus the high richness of
fish-fauna in the river and in a zone where only one
species of Astyanax was found.
All worms in the present study were found in larval
stages, and there were differences in their spatial and
seasonal distribution. Contracaecum sp. and Spiroxys
sp. showed the widest spatial distribution as they
were recorded at all study sites, while Uvulifer ambloplitis, Polymorphus sp., and Clinostomum complanatum were found at specific sites (the first 2 at Sites
SAR and PU and the third at Sites SS and PU). Likewise, their seasonal distribution varied. The most con-
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Variable

Table 3. Spearman correlation matrix. Boldface values are significantly different from zero at p = 0.05. LPO-G = gill LPO; LPO-M = muscle LPO; LPO-L = liver LPO
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spicuous case was Polymorphus sp., which was
recorded only in November. These differences may be
because all helminths we found are allogenic species,
and so they need intermediary hosts, mainly mollusks
(snails), as well as definitive hosts (piscivorous birds)
to complete their life cycle (Vidal-Martínez et al.
2002), which indicates that it is likely that these hosts
are not distributed throughout the year nor at all sites.
Based on the water quality parameters found in the
present study, Champotón River could be considered to be a low impacted river in terms of environmental disturbance. However, Rendón von Osten et
al. (2008) reported that small quantities of several persistent (non biodegradable) organic compounds, such
as PCBs, DDT, endosulfans, and heptalchlors, were
found in the sediments of the Rio Champotón in the
main and possibly waning populations of invertebrates that serve as the first intermediate hosts to
most of the parasitic helminths (Iannacone et al.
2002). Several persistent pollutants in aquatic systems
provoke an increase in oxidative stress (Van der Oost
et al. 2003).
LPO is usually higher in fish from contaminated systems than in those from less contaminated areas, irrespective of the type of parasitosis (Marcogliese et al.
2005). In the present study, LPO varied widely
between sites, tissue types, and sampling season, but
maximum IBR-LPO occurred in July, and gill always
had the highest LPO, probably because it is exposed
to all disturbances in the aquatic ecosystem (Peña et
al. 2001), including lixiviation by agrochemicals used
in the adjacent areas of the river. Since the Río Champotón is not highly disturbed, LPO was lower in all tissues than in fish from more contaminated rivers
(Marcogliese et al. 2005, López-López et al. 2006,
Tejeda-Vera et al. 2007).
Environmental changes may affect fish resistance
and increase infection levels (Marcogliese et al. 2005).
In turn, the presence of parasites induces higher
energy and oxygen consumption in the host fish
(Voutilainen et al. 2008), which increases oxidative
metabolism (ROS) as well as damage at the cellular
membrane level. An increase or decrease in ROS levels can lead to major changes (Sherry 2003) which
compromise the function of the immune system
through increased susceptibility to pathogens such as
parasitic worms (Romano 1999). The results of the
present study suggest that mean abundances of Clinostomum complanatum, Contracaecum sp., and
Polymorphus sp. are directly correlated with LPO in
specific organs. Uvulifer ambloplitis and Spiroxys sp.,
on the other hand, were not correlated with LPO in
the 3 organs and therefore probably infect Astyanax
aeneus regardless of the level of oxidative stress. LPO
was highest at all sites in July, coinciding with maxi-
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Spiroxys sp.
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F2 (3.29 %)
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LPO induction in fish caused by the
presence of Contracaecum sp. or Polymorphus sp. The present study data are
thus the first to show a relationship
between these helminths and the oxidative status of the liver in Astyanax
aeneus, which could be associated with
ROS production during inflammatory
processes that play an important role in
host defense against infections (Eberlein
et al. 2008).
The present research revealed an association of both orthophosphates values
and the presence or abundance of parasites with oxidative stress levels (LPO) in
Astyanax aeneus. This is not a causal association, but rather is the result of synergistic processes associated with these
and other variables, since oxidative
stress is the result of any process that
generates ROS.

F1 (94.98 %)
Fig. 4. Redundancy analysis of the study sites based on lipid peroxidation
(LPO), water quality parameters, and helminths in Astyanax aeneus. Vectors
represent LPO (in gill, LPO-G; muscle, LPO-M; and liver, LPO-L) and
helminth mean abundance; squares represent sites (PU: Puente Ulumal; SAR:
San Antonio del Río; SJC: San Juan Carpizo; SS: Santa Sara) and sampling
seasons (A: April 27 to 29, 2007; J: July 22 to 26, 2007; N: November 7 to 13,
2007; F: February 21 to 25, 2008); triangles represent water quality parameters

mum helminth species richness and abundances and
with higher orthophosphate concentrations, which
may also induce an overall increase in oxidative stress
in the fish, as evidenced by the IBR-LPO values.
Few studies have been done on the relationship
between LPO and the presence of parasites. However,
data about LPO and helminth infections suggest that
parasites increase the oxidative status in fish (Belló et
al. 2000, Marcogliese et al. 2005). Belló et al. (2000)
reported that Clinostomum detruncatum infects the
base of the caudal and pectoral fins of the freshwater
fish Rhamdia quelem and induces muscle LPO. The
data of the present study suggest that something similar occurs in the case of C. complanatum and
Astyanax aeneus, since a close correlation was found
between mean abundance of the former and muscle
LPO in the latter. In the present study, C. complanatum also infected the base of the gill arches and was
directly correlated with gill LPO. Marcogliese et al.
(2005) found that fish infected with the nematode
Raphidascaris acus had higher levels of LPO compared with uninfected fish and that those infected
with >10 metacercaria of Apophallus brevis displayed
higher levels of LPO. There are no previous records of
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