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Ectoparasitic monogeneans cause problems in aquacul-
ture worldwide; they include the dactylogyrids that affect 
lutjanids and barramundi in southeast Asia (Whittington 
2005). Dactylogyrid monogeneans, such as Haliotrema-
toides spp. and Euryhaliotrema spp., are common on the 
gills of the wild and cultured spotted rose snapper, Lutja-
nus guttatus (Steindachner) (see Fajer-Ávila et al. 2007), 
a fish that is important in aquaculture (Álvarez-Lajonchere 
et al. 2007). High levels of infection can cause a general 
stress response with potentially harmful effects on the 
farmed fish (Del Río-Zaragoza et al. 2010).

Most species of monogeneans are restricted not only 
to a particular host but also to a particular body part of 
the host (Turgut et al. 2006). Gill-infecting dactylogyrid 
monogeneans commonly exhibit a narrow site-specificity 
(Dzika 1999, Lo and Morand 2000, Simková et al. 2000, 
Turgut et al. 2006). The effect of these gill preferences is 

not clear, and many host and environmental factors could 
be involved (Pie et al. 2006). The variation in parasite dis-
tribution on the gills could be due to a response to water 
currents (Llewellyn 1956, Paling 1969), differences in the 
area between the gill arches (Buchmann 1989), aggrega-
tion of parasites for mating (Rohde et al. 1995), avoidance 
of interspecific competition (Simková et al. 2000), rein-
forcement of reproductive barriers to prevent hybridisation 
(Šimková and Morand 2008) or migration driven by host 
immunity (Buchmann and Bresciani 1998). Microhabi-
tat distribution and niche restriction also seem to be af-
fected by seasonal variation (Rohde 1991), the size and 
development of the host and ecological and morphologi-
cal differences between monogenean species (Dzika 1999, 
Chapman et al. 2000, Šimková et al. 2002). Other authors 
suggest that several of these factors may act synergistically 
(Gutiérrez and Martorelli 1999, Rubio-Godoy 2008). 

The microecology of dactylogyrids (Monogenea: Dactylogyridae) 
on the gills of wild spotted rose snapper Lutjanus guttatus 
(Lutjanidae) from Mazatlan Bay, Mexico

Lilia C. Soler-Jiménez1,2 and Emma J. Fajer-Ávila2

1	Posgrado en Ciencias del Mar y Limnología, Unidad Mazatlán, Universidad Nacional Autónoma de México, Avenida Joel Montes 
Camarena s/n, Mazatlán, Sinaloa, C.P. 82040, México;

2	Laboratorio de Parasitología, Centro de Investigación en Alimentación y Desarrollo, A.C. Unidad Mazatlán en Acuicultura 
y Manejo Ambiental, Avenida Sábalo Cerritos s/n, Mazatlán, Sinaloa, C.P. 82010, México

Abstract: The spatial distribution and coexistence of monogenean dactylogyrids was assessed on the gills of 63 specimens of wild 
spotted rose snapper, Lutjanus guttatus (Steindachner), caught in the Mazatlan Bay, Sinaloa, Mexico. Five species are reported: 
Euryhaliotrema perezponcei García-Vargas, Fajer-Ávila et Lamothe-Argumedo, 2008, Euryhaliotrematoides sp., Haliotrematoides 
spinatus Kritsky et Mendoza-Franco, 2009, H. plectridium Kritsky et Mendoza-Franco, 2009, and H. guttati García-Vargas, Fajer-
Ávila et Lamothe-Argumedo, 2008. All except E. perezponcei and H. guttati represent new geographical records for the Pacific 
coast. The most prevalent dactylogyrid species was E. perezponcei (100%), H. plectridium and H. spinatus had >80% prevalence, 
and H. guttati and Euryhaliotrematoides sp. had the lowest prevalence. The mean abundance of H. plectridium and E. perezponcei 
was close to 60 parasites/fish, whereas Euryhaliotrematoides sp. and H. guttati had the lowest abundance. The dactylogyrid species 
exhibited a tendency for attachment to gill arch 2: 25% attachment occurring on gill arch 1, 30% on 2, 27% on 3 and 18% on 4, and 
showed a significant preference for the central sector of the gill (42%). Haliotrematoides plectridium had a preference for attachment 
to gill arches 2 and 3 and the central sector. Haliotrematoides spinatus tended to settle on the gill arches 2 and 3 and had a preference 
for the central sector. Euryhaliotrema perezponcei tended to settle on the gill arches 1 and 2 and the anterior gill sector. Euryhali-
otrematoides sp. and H. guttati did not show a preference for any gill arch or sector. The intraspecific aggregation was stronger than 
the interspecific aggregation, indicating that all the dactylogyrid species on spotted rose snapper were aggregated, and there was no 
evidence of competition among the species.
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The lack of information on the basic ecological features 
of the dactylogyrids that infect wild spotted rose snapper 
has hindered comparisons with cultured fish. The aim of 
this study was to determine which dactylogyrid species 
infect adult wild spotted rose snapper from Mazatlan Bay, 
Sinaloa, and their abundance and spatial distribution on 
the gills. We also attempted to analyse which factors are 
involved in site selection based on the relative importance 
of intra- and interspecific interactions.

MATERIALS AND METHODS

Host collection. A total of 63 adult spotted rose snapper, 
L.  guttatus, were sampled and examined from October to De-
cember 2006 and from February to April 2007 at Mazatlan Bay, 
Sinaloa, Mexico (23°14′29″N, 106°24′35″W). All fish were 
caught by hook and line by local fishermen and were immediate-
ly transported to the laboratory for examination within 12 hours 
of capture. The total length (TL) from the mouth to the end of 
the caudal fin of each fish was measured with a conventional 
ichthyometer (precision ± 0.1 cm), and the wet weight was de-
termined on a digital balance (LS 5000) (precision ± 0.1 g). 

Parasite data. Monogeneans found on fresh gills were iso-
lated, counted and observed alive with an OLYMPUS BX51 
light microscope (Center Valley, PA, USA) using the 100× 
objective. All dactylogyrid species were identified using scle-
rotized parts of the parasite haptor (anchors, connective bars 
and marginal hooks) and reproductive organs (male copula-
tory organs and vaginal armaments) according to Plaisance and 
Kritsky (2004), García-Vargas et al. (2008) and Kritsky et al. 
(2009). Some helminth specimens were mounted unstained 
in Grey and Wess medium (Humason 1979) for the study of 
sclerotized structures, and others were stained with Gomori’s 
trichrome (Humason 1979) and mounted in Canada balsam 
for the observation of internal structures. Voucher specimens 
from lutjanid hosts from the U.S. National Parasite Collection 
(USNPC; Beltsville, USA) were obtained for direct compari-
son and measurement. Voucher specimens of helminths were 
deposited in the National Collection of Helminths, Institute of 
Biology, National Autonomous University of Mexico (UNAM) 
as Euryhaliotrematoides sp. (CNHE 7290), Haliotrematoides 
spinatus (CNHE 7291), Haliotrematoides plectridium (CNHE 
7292) and Haliotrematoides guttati (CNHE 7293). 

Spatial distribution on fish gills. Only gills from the left 
side of the fish were dissected. The gill arches were numbered 
1 to 4 from external to internal and divided into three sectors: 
anterior, central and posterior (Fig. 1). Each gill sector was 
individually placed in a separate Petri dish with several drops 
of filtered marine water and was monitored using a dissecting 
microscope (Leica Microsystems, Wetzlar, Germany) using the 
2× objective (total magnification 20×). Monogeneans found on 
fresh gills were isolated, identified and counted from each of the 
twelve sectors separately. The position of each individual of the 
dactylogyrid species was recorded.

The association among dactylogyrid species was measured 
by the “aggregation model of coexistence” for parasites (modi-
fied by Morand et al. 1999), which analyses intra- and interspe-
cific aggregation and their relative strengths in a pair of species.

Intraspecific aggregation (J): the proportionate increase in 
the number of the same dactylogyrid species on a random host 
relative to a random distribution;

where n1i is the number of specimens of species 1 in patch i; 
m1 is the mean number and V1 is the variance in the number of 
species 1. A value of J = 0 indicates that individuals are random-
ly distributed, whereas a value of J = 0.5 indicates there are 50% 
more conspecifics in a patch than with a random distribution.

Interspecific aggregation C: the proportionate increase in 
the number of heterospecific competitors relative to a random 
association;

where Cov12 is the covariance between a pair of species. 
When C > 0 the two species are positively associated; when 
C < 0, the species are negatively associated. The interspecific 
association test was chosen to examine if the occurrence of one 
parasite was influenced by the existence of the other parasite 
species on the same host.

The relative strength of intraspecific aggregation vs. inter-
specific aggregation in a pair of species can be assessed using 
the equation,

If A > 1, the intraspecific aggregation is stronger than inter-
specific aggregation.

Statistical analysis. Prevalence, abundance, mean abun-
dance and mean intensity were used as defined by Bush et al. 
(1997). Data were normalised by the ln (x+1) transformation 
to satisfy the assumption of homoscedasticity and linearity of 
the parametric tests. Data on the abundance of the four arches 
were pooled for host samples. A two-way ANOVA with multi-
ple comparisons (Holm-Sidak method) was used to compare the 
mean abundance of the total number of dactylogyrids among 
gill arches and sectors. The microhabitat preference for each 
dactylogyrid species was determined by observing their position 
on the gill arches and sectors. The distribution of each dactylo-
gyrid species on particular gill arches and sectors was analysed 
by two-way ANOVA with multiple comparisons to assess the 
significance of the difference. 
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Fig. 1. Schematic drawing 
of gill arch showing division 
into three arbitrary areas. 
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RESULTS
The mean total length of the 63 spotted rose snapper, 

L. guttatus, sampled was 30 ± 5.51 cm. The 9179 dacty-
logyrids found belonged to five species: Euryhaliotrema 
perezponcei García-Vargas, Fajer-Ávila et Lamothe-Ar-
gumedo, 2008, Euryhaliotrematoides sp., Haliotrema-
toides plectridium Kritsky et Mendoza-Franco, 2009, 
Haliotrematoides spinatus Kritsky et Mendoza-Franco, 
2009, and Haliotrematoides guttati García-Vargas, Fajer-
Ávila et Lamothe-Argumedo, 2008.

Composition of parasite species. Haliotrematoides 
plectridium and E. perezponcei represented 42% and 41%, 
respectively, of the total number of dactylogyrids found. 
Haliotrematoides spinatus and H. guttati corresponded 
to 14% and 2%, respectively, and Euryhaliotrematoides 
sp. corresponded to 1%. The most prevalent was E. pe-
rezponcei (100%), with at least one individual on each 
fish sampled, followed by H. plectridium and H. spinatus, 
each of which with >80% prevalence (Table 1). The mean 
abundance of H. plectridium and E. perezponcei was 
close to 60  parasites per fish, whereas Euryhaliotrema-
toides sp. and H. guttati had the lowest values. The mean 
intensity of H. plectridium and Euryhaliotrematoides sp. 
was 69 and 4 parasites per fish, respectively.

Parasite aggregation. All dactylogyrid species had 
a value of J > 0, which indicated that individuals of each 
species were aggregated. The highest levels of intraspe-
cific aggregation were recorded for H. guttati and H. plec-
tridium and the lowest for E. perezponcei (0.47). Of the 10 
values of species pairs, 8 pairs had a positive interspecific 
aggregation (C > 0), and two, E. perezponcei – H. spina-
tus and E. perezponcei – H. guttati, had a negative in-
terspecific aggregation (C < 0). The relative strength of 
intraspecific aggregation on interspecific aggregation (A) 
was greater than 1, which indicates that intraspecific ag-
gregation was stronger than interspecific aggregation.

Microhabitat selection. The mean abundance of all 
the dactylogyrids on the different gill arches did not show 
any statistically significant difference among gill arches 1, 
2 and 3, whereas significantly fewer dactylogyrids were 
found on gill arch 4 (F = 7.9, p<0.001). The distribution 
of parasites revealed an overall tendency of preferential 
settlement on the gill arches 2 and 3: 25% of all worms 
were found on gill arch 1, 30% on 2, 27% on 3 and 18% 
on 4. The mean abundance of total dactylogyrids was sig-
nificantly higher (F = 17.9, p<0.001) in the central sector 
than in the anterior and posterior sectors of the gill, where 
42% of the parasites were located (Fig. 2A). Because 

Soler-Jiménez, Fajer-Ávila: The microecology of dactylogyrids

Fig. 2. Percentage of dactylogyrids on the gill arches and sectors of Lutjanus guttatus. Total dactylogyrids (A), Euryhaliotrema pe-
rezponcei (B), Euryhaliotrematoides sp. (C), Haliotrematoides spinatus (D), H. plectridium (E), H. guttati (F).
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of their rare occurrence, Euryhaliotrematoides sp. and 
H. guttati were not included in the general analysis.

The distribution of some dactylogyrid species across 
microhabitats was not random. The analysis for E. pe-
rezponcei showed significant differences in the number 
of parasites in arches 1 and 2 relative to arch 4 (F = 4.34, 
p<0.05), which had the lowest number of parasites. How-
ever, this species had a tendency of preference to be found 
on gill arches 1 and 2, with 27% on gill arch 1, 29% on 
2, 25% on 3  and 20% on 4. On the anterior gill sector, 
a significantly higher abundance of E. perezponcei (36%) 
compared with the posterior sector (29%) was found 
(F = 3.37, p<0.05), whereas the central sector (35%) did 
not show a difference between the anterior and posterior 
arches (Fig. 2B). Euryhaliotrematoides sp. apparently 
did not have a preference for a gill arch or sector but had 
a tendency to be located on gill arch 1 (39% on gill arch 1, 
26% on 2, 18% on 3 and 17% on 4) and the central sector 
(37%) (Fig. 2C). Haliotrematoides spinatus did not show 
a  preference for any gill arch but tended to be located 
on arches 2 and 3 (22% on gill arch 1, 29% on 2, 29% 
on 3 and 20% on 4%); however, a significant increase of 
individuals was found on the central (44%) and posterior 
(37%) sectors (F = 18.1, p<0.001) (Fig. 2D). Haliotrema-
toides plectridium preferred gill arches 2 and 3 (24% on 
gill arch 1, 31% on 2, 28% on 3 and 17% on 4) com-
pared with 4 (F = 4.68, p<0.001) and the central sector 
(49%) (F = 16.31, p<0.001) (Fig. 2E). Haliotrematoides 
guttati showed a  significant preference for gill arches 
1 (39%) and 2 (33%) compared with 3 (17%) and 4 (11%) 
(F = 7.35, p<0.001) as well as for the central (40%) and 
posterior (40%) sectors (F = 4.12, p<0.005) (Fig. 2F).

DISCUSSION
The largest genus in the family Lutjanidae is Lutja-

nus, with 68 valid species (Froese and Pauly 2010), 20 of 
which have been found infected by dactylogyrids. Three 
dactylogyrid genera, Euryhaliotrema Kritsky et Boeger, 
2002, Haliotrematoides Kritsky, Tingbao et Yuan, 2009 
and Tetrancistrum Goto et Kikuchi, 1917, include species 
that have been found on the gills of snappers (Kritsky et 
al. 2009). Fifteen species of Euryhaliotrema are currently 
known from snappers worldwide (Kritsky and Boeger 
2002, Li 2005, 2006, Li et al. 2005, Pan and Zhang 2006, 
Fuentes Zambrano and Silva Rojas 2006, García-Var-
gas et al. 2008) and 22 of Haliotrematoides (Kritsky et 
al. 2009). In Mexico, four species of Haliotrematoides 

have been found on lutjanids from the Atlantic (Zhukov 
1976). Euryhaliotrema perezponcei and H. guttati were 
described from the spotted rose snapper, L. guttatus, on 
the north-western coast of Mexico (García-Vargas et al. 
2008). The morphological characteristics of the dactylo-
gyrid species found in this study matched the descriptions 
of E. perezponcei and H. guttati by García-Vargas et al. 
(2008) and of H. plectridium and H. spinatus by Kritsky 
et al. (2009). The description of a new Euryhaliotrema-
toides species is underway.

Most populations of fish parasites in natural waters 
are limited by transmission events (Kennedy 1997). Ec-
toparasitic metazoans on fish in natural waters often occur 
in low numbers; for these parasites, site specificity can 
facilitate mating in these low-density populations (Rohde 
1994). The intensity of infection by dactylogyrids on the 
gills of spotted rose snapper varied according to the dac-
tylogyrid species. In this study, H. spinatus had an inten-
sity of infection (25 parasites per fish infected) similar 
to that found for H. johni (Tripathi, 1959) (=  Euryhali-
otrema johni (Tripathi, 1959) (Kritsky et Boeger, 2002)) 
(29 parasites per fish infected) in the wild golden snap-
per Lutjanus johnii (Bloch) (see Leong and Wong 1987). 
However, H.  plectridium and E. perezponcei had the 
highest intensity of infection (59 and 69 parasites per fish, 
respectively), which is in contrast with the value (10.6; 
n = 17) previously reported by Bosques Rodríguez (2004) 
for H. heteracantha (Zhukov, 1976) on Lutjanus synagris 
(Linnaeus). The prevalence of Haliotrematoides spp. in 
the present study was high, but the prevalence of H. plec-
tridium (89%) and H. spinatus (81%) was similar to that 
reported for Haliotrema abaddon Kritsky et Stephens, 
2001 from Glaucosoma hebraicum Richardson (see Krit-
sky and Stephens 2001) and for Pseudohaliotrema sp. on 
Siganus sutor (Valenciennes) (Geets et al. 1997). The 
prevalence of E. perezponcei (100%) was similar to the 
value previously reported (94.73%) on this host species 
(García-Vargas et al. 2008). These results are consistent 
with other data on the frequency of the occurrence of dac-
tylogyrid species on the gills of snappers (Kritsky et al. 
2009).

The microhabitat of gill-living monogeneans has been 
investigated by many authors (Dzika 1999, Lo and Mo-
rand 2000, Simková et al. 2000, Šimková et al. 2002, 
Matejusová et al. 2002), and it has been shown that many 
species have clearly defined microhabitats (Wootten 
1974, El Hafidi et al. 1998, Dzika 1999, Lo and Morand 

Table 1. The prevalence, mean abundance (± Standard Deviation, SD) and mean intensity (± SD) of dactylogyrid species collected 
from the gills of the spotted rose snapper, Lutjanus guttatus, from Mazatlan Bay (n = 63).

Euryhaliotrema 
perezponcei

Euryhaliotrematoides 
sp.

Haliotrematoides 
spinatus

Haliotrematoides 
plectridium

Haliotrematoides 
guttati

Prevalence (%) 100 39.7 81.0 88.9 50.8
Mean abundance 59.8 ± 52.9 1.6 ± 2.7 20.1 ± 24.5 61.3 ± 68.7 2.8 ± 4.1
Mean intensity 59.8 ± 52.9 4.1 ± 2.7 24.9 ± 25.0 69.0 ± 69.2 5.5 ± 4.7
Range of intensity 1–218 0–12 0–99 0–317 0–24
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2000, 2001, Turgut et al. 2006, Rubio-Godoy 2008). In 
the present study, the most abundant dactylogyrid species, 
H. plectridium, preferred the gill arches 2 and 3, whereas 
the second-most abundant species, E. perezponcei, tend-
ed to settle on the gill arches 1 and 2, indicating that these 
two dactylogyrid species were the main contributors to 
the microhabitat distribution. The least-abundant species, 
Euryhaliotrematoides sp. and H.  guttati, did not show 
a preference for a gill arch but had the tendency to settle 
on the gill arches 1 and 2, whereas a higher percentage 
of H. spinatus was found on the gill arches 2 and 3. Thus, 
the results indicated that the second gill arch of the spot-
ted rose snapper harboured the five dactylogyrids species 
found in this study, which had a tendency to be attached 
on the most exterior gill arches. This preference is simi-
lar to that for the first two gill arches reported by Geets 
et al. (1997) for Pseudohaliotrema sp. on Siganus sutor 
and consistent with the microhabitat distribution found 
by Rubio-Godoy (2008) for Discocotyle sagittata on cul-
tured rainbow trout.
The variation in the force and direction of the flow of 

water across the four gill arches may influence the set-
tlement of parasites (Llewellyn 1966). Rubio-Godoy and 
Tinsley (2002) reported a correlation between the propor-
tion of the number of D. sagittata and the current flow-
ing over each gill arch of Oncorhynchus mykiss. In the 
present study, the highest volume of water passing over 
the most exterior gill arches of spotted rose snapper may 
improve the aerobic conditions to favour the greatest 
number of dactylogyrids, in proportion to the respiratory 
current flowing over each arch. The high abundance of 
H. plectridium (49%), E. perezponcei (35%), H. spina-
tus (44%), H. guttati (40%) and Euryhaliotrematoides sp. 

(37%) found on the central gill sector, in contrast with 
anterior and posterior sectors, matches the greater surface 
area available for the settlement of parasites on the gill 
arches and corresponds with the locations on those gill 
arches that receive the strongest water flow (Paling 1968, 
Lo and Morand 2000).

In terms of inter- or intraspecific interaction, the ‘ag-
gregation model of coexistence’ postulates that if species 
using the same type of resource are distributed in such 
a way that interspecific aggregation is reduced relative 
to intraspecific aggregation, species coexistence is facili-
tated. In the present study, there was no observed over-
lap in the use of the microhabitats. Moreover, the species 
of monogeneans studied here exhibited a weak positive 
interspecific association, and the value of intraspecific 
aggregation (J>0) of dactylogyrid species indicated an 
aggregated distribution. The restriction in the selection 
of monogenean microhabitats to specific gill arches and 
sectors could facilitate species coexistence and opportu-
nities to mate (Rohde 1991, Lo and Morand 2001), avoid 
competition (Simková et al. 2000) and reinforce the re-
productive barriers to prevent hybridisation (Šimková 
and Morand 2008). The reduction in competition is also 
reflected by the relative strength of intraspecific aggrega-
tion versus interspecific aggregation (A>1), facilitating 
the coexistence of species.

The increase of parasite load favours the aggregation of 
congeners within the hosts, which could be pathogenic in 
farmed fish. However, the main factor that contributes to 
settlement in a specific microhabitat has not been defined, 
and the spatial preference might be correlated with physi-
ological, environmental, ecological and physical factors 
(Rohde 1994). More studies are required to clarify this.
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