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Abstract The parasite community structure of the neotropical
cormorant, Phalacrocorax brasilianus, from two lagoons
(Coyuca and Tres Palos) from Guerrero state, México, was
examined. Fourteen species of adult helminths (6,391
individuals) from 48 cormorants were identified: 9 digeneans,
1 acanthocephalan, 1 cestode, and 3 nematodes. A total of 11
species were collected in Coyuca Lagoon and 12 in Tres
Palos Lagoon. Nine species co-occurred in cormorants of
both lagoons but, with the exception of Contracaecum
multipapillatum and Drepanocephalus olivaceus, species
were not equally common in both lagoons. The prevalence
values of six species of helminth and the mean abundance of
four species varied significantly between lagoons, and C.
multipapillatum was numerically dominant in both lagoons.
The qualitative similarity between the two communities at the
component level was 64%. All cormorants examined were
infected, and parasite species richness was 3–5 in Coyuca and
4–9 in Tres Palos lagoon. The results indicate that both
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communities presented a similar structure at the component
level, probably because the cormorants of both lagoons feed
on the same species of fish and thus acquire almost the same
species of parasites. Differences observed at the infracommunity level were attributed to variations in the degree of
dominance of the particular species.

Introduction
Migratory piscivorous birds are considered important
agents of dissemination of helminth parasites, particularly
of allogenic species, many of which use aquatic birds
as definitive hosts (Esch et al. 1988; Kennedy 1998).
The neotropical cormorant, Phalacrocorax brasilianus
(Gmelin), is one of the more abundant piscivorous birds
that inhabit the coastal lagoons of Guerrero state, Mexico. It
is a permanent resident in these coastal lagoons, in which it
forms dense colonies along the lagoon banks and feeds on
several species of fish that it actively hunts by diving into
the cloudy waters.
There are few studies of helminths of fish-eating birds of
Mexico, and most are taxonomic surveys of a single species
of bird in a single locality or of a group of helminths
(Lamothe-Argumedo and Pérez-Ponce de León 1986;
Scholz et al. 2002; Ortega-Olivares et al. 2008). Other
studies present checklists of helminths of birds but do not
describe the communities in a quantitative form (RamosRamos 1995; Barrera-Guzmán and Guillén-Hernández
2008; García-Prieto et al. 2010). To date, no studies of the
helminths of P. brasilianus in Guerrero, México have been
made. However, studies of the helminth fauna of fish of two
coastal lagoons in Guerrero indicate that at least 14 species
of larval helminths parasitize the different species of fish
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that inhabit these lagoons (Violante-González and AguirreMacedo 2007; Violante-González et al. 2007); many of
these species complete their life cycles in birds. The
abundance of P. brasilianus in the region suggests that the
species may act as an important definitive host for many
species that use fish as intermediate or paratenic hosts.
Therefore, the aim of the present study was to establish a
preliminary record of the helminth fauna of P. brasilianus
from the coastal lagoons Coyuca and Tres Palos, Guerrero
state and to characterize the helminth community of this
species in these two lagoons.

Materials and methods
Forty-eight adult cormorants, P. brasilianus, with total
individual weights of 730 to 1,045 g (956.87±102.32),
were collected between May and December 2008 from two
coastal lagoons: Coyuca (16°57′ N; 100°02′ W, n=24) and
Tres Palos (16°48′ N; 99°47′ W, n = 24) (Scientific
Collector’s Permit FAUT-217, Direction of wild life,
SEMARNAT, México, issued to SM). All birds were
necropsied, and helminths were collected from internal
organs (trachea, esophagus, heart, lung, kidney, liver,
pancreas, spleen, intestine, and cloaca) and counted.
Helminths were processed according to LamotheArgumedo (1997) and Vidal-Martínez et al. (2001).
Platyhelminths were fixed in alcohol–formalin–acetic acid,
and acanthocephalans were placed in distilled water,
refrigerated overnight (6–12 h), and then fixed in 70%
ethanol. Helminths were stained with carmine or Gomori’s
trichrome, dehydrated using a graded alcohol series, cleared
in methyl salicylate, and mounted whole on slides.
Nematodes were cleared with glycerin for examination
using light microscopy and, after examination, were stored
in 70% ethanol. Voucher specimens of all taxa of helminths
were deposited in the Colección Nacional de Helmintos
(CNHE), Instituto de Biología, Universidad Nacional
Autónoma de México, Mexico City, Mexico.
Helminth community composition was described using
prevalence (percent of infected bird), mean abundance
(mean number of helminths per bird ± standard deviation),
and intensity for each species of helminth per lagoon (Bush
et al. 1997). Possible differences in infection parameters for
species recorded in the lagoons were evaluated using G
tests (Sokal and Rohlf 1998) for prevalence and a χ2 test
for abundance. Significance for all the statistical analyses
was established at P=0.05 unless stated otherwise.
Analyses were made at the levels of component
community (i.e., total helminths in the total sample of birds
collected per lagoon) and infracommunity (i.e., total
helminths in each individual bird) (Holmes and Price
1986). Component community parameters included the
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total number of species of helminth, total number of
individual helminths, the Shannon–Wiener index (H) as a
measure of diversity, species evenness (equitability) (Krebs
1999), and the Berger–Parker index as a measure of
numerical dominance (Magurran 2004). Component community predictability was determined by the Jaccard
similarity index.
Infracommunities were described in terms of mean
number of species per host, mean number of individual
helminths, and the mean Brillouin diversity index (H’)
value per host. A one-way ANOVA was applied to
determine significant differences in infracommunity parameters between lagoons. Normality was evaluated using the
Kolmogorov–Smirnov test following Lilliefors’ approach
(Sokal and Rohlf 1998), and when significant deviations from
normality were found, the data were log(x + 1)-transformed.
The infracommunity index (ICI) (Zander 2004), which
describes the frequency of double and multiple infections by
a single species of parasite in a distinct host, was calculated in
order to determine the degree of contribution of each species
of helminth to the structure of the infracommunity in each
lagoon.

Results
Fourteen species of adult helminths were collected from the
48 cormorants (P. brasilianus): 9 Digenea, 1 Acanthocephala, 1 Cestoda, and 3 Nematoda (Table 1). Nine of these
species co-occurred in cormorants of both lagoons.
The frequency distributions of prevalence values for
helminths indicate that the parasite communities were formed
by two species groups in both lagoons: common species, with
a prevalence greater than 50% and mean abundance >2
helminths, and rare species, with a prevalence less than 50%
and mean abundance <1 (Fig. 1). Some species that were
common in birds from one lagoon were not common in the
other one. Contracaecum multipapillatum and Drepanocephalus olivaceus were the exception to this, and were about
equally common in each lagoon (Fig. 1).
The prevalence of six species of helminth varied significantly between lagoons: two species registered higher
prevalence in Coyuca (Paradilepsis caballeroi, G=11.12,
P<0.05 and Syngamus trachea, G=13.33, P<0.05), and four
from Tres Palos [Ascocotyle (Phagicola) longa, G=8.33,
P<0.05; Diplostomum (Austrodiplostomum) compactum,
G=45.0, P<0.05; Riberoia ondatrae, G=58.33, P<0.05,
and Southwellina hispida, G=11.12, P<0.05]. In contrast,
mean abundance between lagoons only varied significantly
for four species: C. multipillatum (χ2 =33.97, P<0.05) and
D. olivaceus (χ2 =7.14, P<0.05) had higher mean abundances in Coyuca lagoon, and D. (A.) compactum (χ2 =18.29,
P<0.05) and R. ondatrae (χ2 =25.94, P<0.05) were more
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Table 1 Helminth infection parameters for neotropical cormorant Phalacrocorax brasiluanus from two coastal lagoons in Guerrero, Mexico
Parasite
Digenea (adult)
Ascocotyle (Phagicola) longa Ransom, 1920
(intestine) Asc

CNHE NI/Lagoon P (%)

7572
7575
7576
7574
7572
7577
7578

6/Co
12/TP
2/TP
6/Co
24/TP
22/Co
20/TP

7579

6/TP

25

7580
7581
7582
7583
7584
7585

2/Co
4/Co
2/TP
2/Co
2/Co
18/TP

Acanthocephala
Southwellina hispida (Van Cleave, 1925) Witenberg, 1932 7588
(intestine) Sou
7589
Cestoda

Clinostomum complanatum Rudolphi, 1814 (stomach) Cli
Diplostomum (Austrodiplostomum) compactum Lutz,
1928 (cloaca, intestine) Dip
Drepanocephalus olivaceus Nasir & Marval, 1968
(intestine) Dre
Echinochasmus leopoldinae Scholz, Ditrich &
Vargas-Vázquez, 1996 (intestine) Echi
Euhaplorchis californiensis Martín 1950 (stomach) Euh
Mehrastomum minutum Saksena, 1959 (cloaca) Meh
Odhneria raminellae Travassos, 1921 (stomach) Odh
Riberoia ondatrae (Price, 1931) Price, 1942
(intestine, stomach) Rib

Paradilepsis caballeroi Rysavy & Macko, 1971
(intestine) Par
Nematoda
Contracaecum multipapillatum Drasche, 1882
(stomach, intestine) Con
Syngamus trachea (Montagu, 1811).Chapin 1925
(esophagus) Syn
Capillaria sp. (intestine) Cap

Mean abundance Range of intensity ICI

172
312
2
12
474
690
282

7.17±24.60
13.00±25.33
0.08
0.50±0.89
19.75±16.98
28.75±38.44
11.75±8.53

22

8.33
16.67
8.33
8.33
8.33
75

8/Co
16/TP

7586

16/Co

7587

8/TP

7590
7591
7592
7593
7594

24/Co
20/TP
14/Co
6/TP
4/TP

25
50
8.3
25
100
91.67
83.33

Total

1–52
3–61
1
1–3
1–54
1–136
1–29

0.06
0.09
0.01
0.06
0.17
0.21
0.14

0.92±2.58

2–7

0.04

2
6
2
99
8
646

0.08
0.25±0.58
0.08
4.13±21.92
0.33
26.92±22.04

1
1–2
1
34–65
4
6–70

0.02
0.04
0.01
0.02
0.02
0.13

33.33
66.67

24
64

1.00±3.17
2.67±4.03

1–9
1–13

0.07
0.12

66.67
33.33

90
144

3.75±6.45
6.00±23.48

1–20
1–55

0.15
0.06

100
2,530
83.33
860
58.33
68
25
6
16.67
146

105.42±71.22
35.83±33.93
2.83±3.86
0.25
6.08±22.52

1–263
12–128
1–12
1
17–56

0.22
0.14
0.13
0.04
0.03

Higher significance values of prevalence (G test), abundance (χ2 -test), and infracommunity index (ICI >0.10) are in bold (P<0.05)
CNHE National Helminth Collection, NI number of infected. Co Coyuca lagoon, TP Tres Palos lagoon, P (%) prevalence of infection (percentage
infected), total total number of individual parasites, abundance mean number of parasites per examined fish ± standard deviation, intensity range
(i.e., min–max)

abundant in Tres Palos lagoon. The prevalence values
correlated positively with abundance in both lagoons,
indicating that the most prevalent species were also the most
abundant (Coyuca, rs =0.685, P<0.05; Tres Palos, rs =0.831,
P<0.05).
The total number of species encountered in each lagoon
was similar (11 in Coyuca and 12 in Tres Palos). However, the
total number of helminths in each lagoon varied significantly
(3,701 in Coyuca and 2,690 in Tres Palos; χ2 =159.93,
P<0.05; Table 2). The Shannon–Wiener diversity index
values (1.52 and 2.76, respectively) and evenness (0.44 and
0.82, respectively) were not significantly different between
lagoons (P>0.05). Qualitative similarity between the two
communities at the component level was 64% (Table 2). C.
multipapillatum was the numerically dominant species in
both lagoons.

All of the birds examined were infected with helminths
(3–5 species per bird in Coyuca and 4–9 species in birds from
Tres Palos). Fifty percent of the birds from Coyuca were
parasitized by five species and only 8% had three species, in
comparison to Tres Palos in which 75% of the birds were
parasitized by 5–6 species and 15% by 7–9 species (Fig. 2).
The mean number of species, 4.43±0.6 in Coyuca and
5.75±1.2 in Tres Palos, was significantly different, but the
mean number of helminths, 154.21±96.2 in Coyuca and
123.33±54.5 in Tres Palos, was not (Table 2). The mean
Brillouin diversity index values, 0.98±0.44 (Coyuca) and
1.68±0.42 (Tres Palos), were significantly different, and the
mean number of species and mean diversity were significantly higher in Tres Palos lagoon (one-way ANOVA,
F=21.18;
F=33.13, P<0.00001, respectively). Evenness
was positively correlated with diversity values of all

1306

Parasitol Res (2011) 109:1303–1309

120

100

100

80

80

60

60

40

40
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0
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Dre
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Dip

Common species

Asc Meh Rib

Odh
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Rare species

(b) 100

Prevalence (%)

60

60
40
40
20

20

0

0

Dip

Dre Con Rib

Sou Asc

Par Ech Syn Cap

Common species

infracommunities in each lagoon (rs =0.82, P<0.05; rs =0.91,
P<0.05, respectively), indicating that the most diverse
infracommunities were those with a higher uniformity in
species abundance. Mean qualitative similarity inside the
infracommunities, 49.03±24.19 (Coyuca) and 40.99±25.66

Significantly different parameters are in bold (P<0.05)

Mean abundance

80

80

Table 2 Characteristics of the
helminth component communities and infracommunities in
neotropical cormorant Phalacrocorax brasilianus from two
coastal lagoons in Guerrero,
Mexico

Mean abundance

(a) 120
Prevalence (%)

Fig. 1 Distribution of helminth
infection parameters of Phalacrocorax brasilianus from
Coyuca (a) and Tres Palos
lagoons (b)

Parameters
Component community
Total number of species
Total number of parasites
Shannon–Wiener index
Evenness
Berger–Parker index
Dominant species
Infracommunity
Mean number of species
Mean number of individuals
Mean value of Brillouin index
Mean evenness
Jaccard index

Cli Meh

Rare species

(Tres Palos), was significantly different between lagoons
(one-way ANOVA, F=14.30, P<0.05).
The infracommunity index values (ICI) indicated that the
species classified as common in each lagoon (Fig. 1) were
those that had a higher number of double or multiple

Coyuca

Tres Palos

11
3,701
1.52
0.44
0.68
C. multipapillatum

12
2,690
2.76
0.82
0.29
C. multipapillatum

4.43±0.65
154.21±96.2
0.98±0.44
0.49±0.21
49.03±24.19

5.75±1.26
123.33±54.5
1.68±0.42
0.71±0.11
40.99±25.66

Tests

P

χ2
0.04
159.93
0.36
2.16
0.16

>0.05
<0.05
>0.05
>0.05
>0.05

ANOVA
21.18
1.87
33.13
21.50
14.30

0.00001
0.17
0.00001
0.00001
0.0017
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Fig. 2 Frequency distributions
of helminth species richness of
Phalacrocorax brasilianus from
Coyuca and Tres Palos lagoons

60
50

Coyuca
Tres Palos

(%)

40
30
20
10
0

3

co-occurrences with other helminth species (ICI >0.10,
Table 1).

Discussion
Fourteen of the species of helminths registered in this study
are new geographical records for P. brasilianus from
Coyuca and Tres Palos Lagoons. Six species [A. (P.) longa,
C. complanatum, D. (A.) compactum, E. leopoldinae, S.
hispida, and C. multipapillatum] have been registered
previously in larval form in several fish species from the
two lagoons (Violante-González and Aguirre-Macedo
2007; Violante-González et al. 2007, 2011). However,
some species, such as D. olivaceus and R. ondatrae, that
were determined to be common in one or both lagoons
(Fig. 1) have not been registered previously in fish from
these localities. It is possible that these species were
overlooked in previous studies because the focus was on
endohelminths; the metacecariae of these two species are
found on the scales and lateral lines of cichlid fish (VidalMartínez et al. 2001). Nevertheless, since two cichlid
species (Cichlasoma trimaculatum and Oreochromis niloticus) are known to inhabit these lagoons, those species
should be reexamined to evaluate their contribution to the
helminth fauna of P. brasilianus.
Digeneans (nine species) dominated the helminth fauna
of P. brasilianus from both lagoons, a pattern similar to that
reported for freshwater fish helminth communities in
general in Mexico (Salgado-Maldonado et al. 2001a, b,
2004; Pineda-López et al. 2005), and in particular from
Coyuca and Tres Palos (Violante-González and AguirreMacedo 2007; Violante-González et al. 2007, 2011).
The differences registered in the infection parameters of
some helminth species could be related to individual
differences in the feeding habits of the birds in each lagoon
(Threlfall 1982). Even though the same species of fish are
present in both lagoons, their abundances differ (unpublished data), as well as the infection levels of parasite
species in each lagoon (Violante-González et al. 2009,

4

5

6
7
Number of species

8

9

2010, 2011). For example, D. (A.) compactum had a
prevalence of 100% in cormorants from Tres Palos and a
mean abundance of 19.75±16.98 (Table 1). In fish from the
same lagoon, the metacercariae of D. (A.) compactum had
prevalence values of up to 37.5% (Violante-González et al.
2007). However, the higher infection levels found for this
species in cormorants from Tres Palos could be because
many of the birds were captured near a commercial tilapia
farm in which an outbreak of diplostomiasis occurred in the
same year of sampling (Violante-González et al. 2009); the
cormorants could have become infected by feeding on
infected fish in this farm. Diplostomiasis, caused by
infection with species of Diplostomum and Tylodelphys,
has been identified as one of the most important parasitic
diseases in cultured freshwater fish in temperate and
tropical climates, and cormorants are known to be important definitive hosts for members of these genera (Chappell
et al. 1994).
The helminth component communities of P. brasilianus
were similar in both lagoons, i.e., exhibited a relatively low
number of species (11 and 12 species) and were dominated
by the same single species (C. multipapillatum; see Table 2).
A similar pattern was observed in the helminth communities of fish in these same lagoons (Violante-González and
Aguirre-Macedo 2007; Violante-González et al. 2007,
2011). The strength of this correlation can be attributed to
the lack of migratory behavior in these cormorants, which
limits exposure to species of helminths from other
geographical areas. In contrast, the component communities
of migratory avifauna frequently are species rich and more
diverse because they are exposed to a greater number of
species of potentially infective helminths during migration
(Threlfall 1982; Kennedy et al. 1986; Fedynich et al. 1997).
However, the 14 species of helminth registered for the first
time in P. brasilianus from these costal lagoons of Guerrero
was similar to the number (17 species) reported for this and
other species of cormorant (Phalacrocorax auritus and
Phalacrocorax auritus floridanus, 12 to 17 species) from
other geographical areas (Threlfall 1982; Fedynich et al.
1997).
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The richest and most diverse infracommunities
occurred in cormorants from Tres Palos. Although the
exact factors contributing to this are still unknown, these
infracommunities were less dominated by particular
species and were more uniform in richness, as indicated
by the higher mean evenness value (0.71±0.11, Table 2).
The values of richness and diversity registered in this
study were similar to those reported in infracommunities
of cormorants in other localities (Threlfall 1982; Fedynich
et al. 1997). A similar relationship between the helminth
infracommunities has also been reported in the fish from
these two lagoons (Violante-González et al. 2011), but
possible links between these tropic levels are yet to be
investigated thoroughly.
Overall, these results indicate that the communities were
similar in structure at the component level, which is
attributed to the cormorants of both lagoons feeding on
the same species of fish, by which they are exposed to the
infective stages of a very similar group of species of
parasites. Differences at the infracommunity level can be
attributed to differences in the degree of dominance since
the most rich and diverse infracommunities were those that
presented a higher uniformity in species abundance.
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