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Abstract This paper is a comparative study ofDiplostomum
(Austrodiplostomum) compactum (Lutz, 1928) in Nile
tilapia Oreochromis niloticus (Linneo) from two fish farms
and two nearby coastal lagoons in Guerrero state, Mexico.
The higher infections levels in cultured tilapia than wild
tilapia is attributed to higher fish densities in the culture
systems and higher abundance of the snail Biomphalaria
cf. havanensis (Pteiffer), first intermediate host of this
parasite in freshwater and brackish water systems.

Introduction

Parasitic diseases are sporadic or periodic limiting factors in
aquaculture production. A wide variety of parasitic diseases
are prevalent in extensive fish monocultures (Karvonen et al.
2005, 2006), and their control requires frequent use of drugs
and chemicals.

One of the most important parasitic diseases in cultured
freshwater fish is diplostomiasis, also known as diplosto-
matosis, parasite cataract, or eye-fluke disease (Chappell
et al. 1994; Semenas 1998). Caused by Diplostomum and
Tylodelphys genera helminth species, it is one of the most
widespread diseases found in wild and cultured fish in
temperate and tropical climates (Chappell et al. 1994). In

cultured fish, it can cause massive mortalities at the
breeding stage, especially in intensive conditions, but is
not reported as deadly in natural fish populations (Paperna
1995; Overstreet and Curran 2004).

In Mexico, diplostomiasis is caused by the digenean
Diplostomum (Austrodiplostomum) compactum (Pineda-
López et al. 1985), a species recorded in 33 freshwater fish
species from ten families (Salgado-Maldonado 2006),
including the African tilapia Oreochromis mossambicus,
O. niloticus, and O. urolepis hornorum (Pineda-López et al.
1985). In the state of Guerrero, D. (A.) compactum has been
recorded in ten species of fish from the Coyuca and Tres
Palos lagoons (Violante-González 2006; Violante-González
and Aguirre-Macedo 2007; Violante-González et al. 2007).

Commercial and subsistence aquaculture in Guerrero
have grown notably in recent years, meaning constant
supervision of cultured populations is needed to prevent
outbreaks of parasitic diseases such as diplostomiasis, and
reduce high losses due to mortality or suboptimum growth
performance. The aim of the present study was to make an
initial comparative description of diplostomiasis in tilapia
Oreochromis niloticus from two culture systems and two
coastal lagoons in Guerrero, Mexico.

Materials and methods

From October 2007 to April 2008, samples were taken of
Nile tilapia Oreochromis niloticus (Linneo) and the snail
Biomphalaria cf. havanensis (Pteiffer) from two commercial
farms and two natural lagoons. Aguas Blancas farm (17°02′N;
100°03′W) covers approximately 0.9 ha and utilizes 30×
20 m2 earth ponds. Las Playas farm (16°49′N; 99°43′W)
covers approximately 0.75 ha and utilizes 75×25 m2 earth
ponds. Water temperature in the ponds at both farms ranged
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from 24 to 28°C (25.87±1.73) during the study period. A
total of 454 fish were collected at Aguas Blancas farm
during a single sampling in December 2007, and 321 were
collected at Las Playas farm in two samplings; one at the
beginning of the culture period (n=192, October 2007), and
another 4 months later (n=129, February 2008). A total of
569 snails B. cf. havanensis were collected from Aguas
Blancas farm, and 552 from Las Playas farm. Samples were
also taken of the snail Thiara (Melanoides) tuberculata
(Müller, 1774) (n=320) at Aguas Blancas farm, but only
B. cf. havanensis was found to contain cercariae of D. (A.)
compactum, and therefore only data for B. cf. havanensis are
included here.

Collections of wild tilapia and B. cf. havanensis were
made during the same period in two natural coastal lagoons
near the farms. A total of 72 wild tilapia and 64 snails were
collected from Coyuca Lagoon (16°57′ N; 100°02′ W), and
120 tilapia and 48 snails from Tres Palos Lagoon (16°48′
N; 99°47′ W).

All fish and snail samples were transported for analysis
to the laboratory of the Marine Ecology Academic Unit,
Universidad Autonoma de Guerrero. Total length was
measured for each fish, and the eyes dissected and then
examined for metacercariae with a stereoscopic microscope.
The metacercariae extracted from each eye were counted as
separate lots, and placed in a Petri dish containing saline
solution before fixing in 70% alcohol. Some metacercariae
samples were fixed using slight ventral flattening in AFA
(acetic acid–alcohol–formalin) fixer for 24 h, and then
placed in small flasks containing 70% alcohol. Other
samples were fixed directly in 70% alcohol, without
flattening, to prevent errors in morphometric measurement.
Parasite specimens were stained using carmine hydrochloric
solution, and mounted in synthetic resin. Identification of
larval stages and adult forms were based on the morpho-
logical and morphometrical descriptions of Ostrowski de
Nuñez (1982) and tested with molecular analysis (data to be
presented in separate article).

Shell diameter to the nearest millimeter was measured in
snail specimens. These were dissected in a Petri dish
containing a small quantity of pond or lagoon water to
prevent cercariae from drying out and dying before being
located. Cercariae samples were fixed in 70% alcohol for
permanent preparation.

In an effort to collect data for the entire lifecycle of
D. (A.) compactum, 15 cormorant Phalacrocorax olivaceus
(Gmelin) specimens were collected. This piscivorous bird
permanently inhabits the coastal lagoons of Guerrero and
was observed feeding on tilapia fingerlings at the sampled
farms during the study period. After killing, the birds were
dissected, all helminth species extracted from their diges-
tive system (esophagus, stomach, intestine and cloaca), and
fixed in individual flasks containing 70% alcohol. Other

piscivorous birds species observed at the collection sites
included Ardea herodias (Linnaeus), Casmerodius albus
(Linnaeus), Egretta thula (Molina), Egretta tricolor
(Müller), and Nycticorax nycticorax (Linnaeus). Specimens
of these species were also collected and examined, but only
P. olivaceus harbored adults of D. (A.) compactum. Voucher
specimens of D. (A.) compactum metacercariae and adults
(6534, 6535, 6536, and 6537) were deposited in the
National Helminth Collection, and voucher specimens
B. cf. havanensis (3091) were deposited in the National
Mollusks Collection, both in the Institute of Biology,
National Autonomous University of Mexico, Mexico
City.

Parasite infection levels in the different hosts were
evaluated using the infection parameters of prevalence
(percent infected host); mean intensity (number of parasites
per infected host), expressed as the mean±standard devia-
tion; abundance (number of parasites per examined host);
and range of intensity (Bush et al. 1997). Possible differ-
ences in infection prevalence between cultivated and wild
fish were identified with a G test (Sokal and Rohlf 1998)
and a Chi2-test was used to identify differences in mean
intensity. The Spearman correlation coefficient (rs) was
applied to fish size classes to determine if a linear relation
existed between fish size and infection parameters. A
Student test with n−2 degrees of freedom and a p<0.05
significance level was used to evaluate if the rs value was
of sufficient magnitude to accurately indicate correlation
between variables.

Results

In the sampled cultivated and wild tilapia Oreochromis
niloticus, the metacercariae of Diplostomum (Austrodiplos-
tomum) compactum was the cause of diplostomiasis.
Metacercariae were found to be free inside the eyes of
infected hosts, actively moving in the vitreous humor.

Infection prevalence was highest among fish sampled
from Las Playas farm (G=99.9, p<0.05), although no
differences in mean intensities were observed between
cultivated and wild fish (Chi2=0.74, p>0.05). Tilapia from
Las Playas farm had the broadest range of intensity (1 to
11), followed by wild tilapia from Tres Palos Lagoon (1 to
8; Table 1). The cultured tilapia exhibited a higher
percentage of infected fish, but the number of metacercariae
per individual was low (one to two); indeed, only 20%
of the cultured fish harbored more than six parasites
(Fig. 1).

Analysis of infection levels considering fish size classes
showed prevalence to be negatively correlated to total
length, particularly in fish from the Las Playas (rs=−0.83,
p<0.05) and Aguas Blancas farms (rs=−0.79, p<0.05;
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Fig. 2). However, no correlation was observed between
total length and mean intensity at either farm (rs=−0.68,
p=0.09; rs=−0.60, p=0.15, respectively). Further analysis
considering the total number of examined hosts per farm (Las
Playas, n=321; Aguas Blancas, n=454) showed total length
to be negatively correlated to metacercariae abundance
(number of parasites per infected fish) in the eyes
(rs=−0.201, p<0.01; rs=−0.233, p<0.05, respectively).
Prevalence was also negatively correlated to total length in
the wild tilapia from Tres Palos Lagoon (rs=−0.85, p<0.05).
Due to small sample sizes and the low infection levels in
infected wild specimens, no further analyses were done of
the fish from Tres Palos or Coyuca lagoons.

Prevalence of cercariae in the population of B. cf.
havanensis was 8.4% at Las Playas farm and 8.7% at
Aguas Blancas farm. Shell diameter of snails from the
farms ranged from 1.9 to 11 mm (5.01±1.28), and only
individuals with a shell diameter >4.1 mm were infected
with D. (A.) compactum cercariae or redia. Prevalence
increased with size, and was over 40% in the 9- to 11-mm
size range (Fig. 3). Other unidentified cercariae were
observed in snails from the farms, but co-occurrences with
D. (A.) compactum cercariae were rare. Snails from Coyuca
Lagoon had a mean size of 5.64±1.10 mm and an infection
prevalence of 12.5%, while those from Tres Palos Lagoon
had a mean size of 6.97±2.25 mm and a prevalence of
10.7%. As it occurred in snails from the farms, D. (A.)

compactum almost never co-occurred with other cercariae
in the snails from the lagoons.

Infection prevalence of D. (A.) compactum adults in the
15 examined cormorants (P. olivaceus) was 100%, with a
mean abundance of 18.75±16.45, and an intensity range of
two to 54 helminths per infected host.

Discussion

Infection levels of the digenean Diplostomum (Austrodiplos-
tomum) compactum were higher in the cultivated tilapia than
in the wild tilapia. This is probably due to higher fish density
in the aquaculture systems, and higher abundance of its
primary host Biomphalaria cf. havanensis at both farms. At
the farms, the highest overall infection levels and parasite
counts in the eyes were registered in young fish (<5 cm
fingerlings; Fig. 1).

Kennedy and Burrough (1977) commented that varia-
tions in parasite load in relation to host length are
apparently rare in species of Diplostomum. More recent
research, however, has shown positive correlations between
standard length and D. (A.) compactum infection levels in
fish from the Paraná River, Brazil (Machado et al. 2005),
which suggest that the number of fish infected by D. (A.)
compactum metacercariae increased proportionally to host
length. Increased infection levels with host growth have
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Fig. 1 Percentages of Diplostomum (A.) compactum metacercariae infection in two tilapia farms

Table 1 Infection parameters of D. (A.) compactum metacercariaes in cultivated tilapias and wild, from Guerrero state

Locality No. fishes No. infec. Total metacer. p (%) Mean intensity Range

Las Playas farm 1° 192 149 490 77.6 3.29±2.17 1–11

Las Playas farm 2° 129 31 52 24.03 1.68±0.91 1–4

Tres Palos lagoon 120 14 25 11.67 1.78±1.88 1–8

Aguas Blancas farm 454 80 98 17.62 2.1±0.75 1–4

Coyuca lagoon 72 6 8 8.33 1.33±0.51 1–2

1° first sampling (October 2007), 2° second sampling (February 2008). No. Fishes total number of examined fishes, No. Infect. number of infected
host, Total Metacer. total number of metacercariae. P (%) infection prevalence (% infected), mean intensity mean number of metacercariae per
infected host±standard deviation, Range min–max
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also been reported for parasite species with longer life
cycles, such as D. spathaceum (Muzzall et al. 1990).

In contrast, infection levels in the studied cultivated fish
decreased as total host length (i.e., age) increased, probably
due to behavioral differences between fingerlings and
adults in the culture ponds. During early life stages, smaller
(<5 cm) fingerlings take refuge among the aquatic
vegetation (Desmanthus sp. and Panicum sp.) along the
pond edges. Here, they ingest mainly aquatic insects
(Noctonectidae Family), but are also in constant proximity
to the snail B. cf. havanensis, greatly increasing their
probability of becoming infected. In contrast, larger fish
spend most of their time consuming the dry feed provided
daily in the deeper areas of the ponds, which lack aquatic
vegetation and therefore provide no habitat for B. cf.
havanensis. This same behavior is exhibited by native and
non-native cichlid fingerlings (e.g., Cichlasoma trimaculatum,
O. niloticus, respectively) in the brackish water systems
of Guerrero (unpublished data), suggesting that cichlid
fingerlings in the two studied coastal lagoons may also have
higher infection levels than adult stages.

Infection percentages were generally higher in the
cultured fish than in the wild fish (Table 1). Studies of
parasitic diseases in cultivated fish have suggested that

extensive monoculture favors persistence of a wide variety
of parasitic diseases, since high stocking densities favor
increased parasite populations (Karvonen et al. 2005,
2006).

The prevalence and infection intensities observed for
both the cultivated and wild fish (8.3 to 77.6%; 1.33 to
3.29), are relatively low when compared to the 100% (five
at 20) reported for cultured Oncorhynchus mykiss in
Argentina (Semenas 1998), the 71% to 100% (15.1 to
106.9) for wild Plagioscion squamossimus, and 20 to 90%
(5.2 to 12.7) for wild Cichla ocellaris in Brazil (Sousa et al.
2002). The present results, however, are similar to the 55%
prevalence and 3.9 metacercariae per infected fish reported
by García et al. (1993) for the tilapias Oreochromis aureus
and O. mosambicus from Amela Lagoon in Colima state,
Mexico.

It is unlikely that the metacercariae counts in the eyes of
either the cultivated or wild fish were sufficiently high to
affect survival. Infection with cercariae such as D. (A.)
compactum can produce severe damage in hosts, including
death (Pineda-López et al. 1985). Indeed, massive fish kills
due to D. (A.) compactum metacercariae infections in the
eyes of cultivated tilapias have been documented in
Malpaso and La Angostura reservoirs in the state of
Chiapas, Mexico (Pineda-López et al. 1985). Total blindness
can result when metacercariae counts exceed 40 individuals
per eye, depending on fish size (Evans et al. 1976). Under
these circumstances, the affected host can lose the capacity to
feed, causing growth delays, weight loss and eventual direct
mortality by starvation, or indirect mortality by increased
vulnerability to predation (Kennedy 1974).

Infection patterns in the Biomphalaria cf. havanensis
specimens collected from the farms showed larger (i.e.,
older) snails to have higher infection prevalence (>40%,
Fig. 3), whereas smaller snails (<4 mm diameter) were not
infected. Although smaller than the samples from the farms,
the snail samples from the coastal lagoons clearly exhibited
infection patterns similar to those in the farm samples.
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Fig. 3 Prevalence of D. (A.) compactum cercariae in Biomphalaria cf.
havanensis in relation to snail shell diameter (mm) in two fish farms
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806 Parasitol Res (2009) 105:803–807



These results coincide with Karvonen et al. (2006), who
reported that infection prevalence in the snail Lymnaea
stagnalis, and the proportion of snails that released
Diplostomum spathaceum cercariae, was strongly depen-
dent on snail size. These authors observed that prevalence
was low in snails <20 mm, that no infections occurred in
snails <10 mm, and that those >40 mm were consistently
infected. The above suggests that in snails the larger size
classes are responsible for most cercariae production, and
therefore that these classes are vital to consider when
developing preventive measures against parasitic diseases
in culture systems.

Infection prevalence in the B. cf. havanensis populations
was 8% at the farms and 11 to 12% in the lagoons. The
higher prevalence in the lagoons can be attributed to the
smaller sample sizes and that the sampled snails were
>5 mm in diameter, meaning that the percentage of infected
individuals was higher. Nonetheless, an infection preva-
lence between 1% and 10% in snails is considered
sufficient to generate 100% infection rates in fish (Stables
and Chappell 1986).

Of the six piscivorous bird species examined, only the
cormorant Phalacrocorax olivaceus harbored mature adult
D. (A.) compactum. This suggests that P. olivaceus is the
final preferential host of D. (A.) compactum in this region
of Guerrero, which coincides with reports for other areas of
Mexico (Pineda-López et al. 1985; Ramos 1995) and for
other countries (Ostrowski de Núñez 1982; Rietschel and
Werding 1978; Lunaschi et al. 2007).

Overall, the results indicate that even though the
metacercariae counts in the eyes of either the studied
cultivated or wild fish were not sufficiently high to affect
survival, preventive measures such as vegetation control
and removal of snail populations are needed to prevent any
possible diplostomiasis outbreaks in the culture systems of
the state of Guerrero.
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