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Abstract
The importance of small-scale heterogeneity in local factors which overrides that of larger-scales factors, suggest that local fac-

tors play a major role in determining the richness and prevalence of larval digeneans in intertidal gastropods. The restricted dis-

tribution of the snail Heleobia australis along a 500 m transect in Cangrejo creek (Mar Chiquita, Argentina) provides a good

opportunity to test the assumption that a study at spatial scale of 100s meters can detect spatiotemporal fluctuations of a larval

digenean assemblage. To analyze that, 3600 specimens of H. australis were collected seasonally during the year 2011. A quan-

titative variation and a space-time interaction between sampling points and seasons of the year for the total prevalence of lar-

val digeneans and snail’s densities were found, as well as a positive correlation with abiotic factors. These results revealed that

the fluctuations in the community of larval digeneans of the snail H. australis can be detected at small spatial scale, using its

natural distribution of 500 m. This study also highlights the importance of seasonality as a factor that must be considered in stud-

ies focused on the search for patterns structuring the communities of larval digeneans, at medium and large scales.
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Introduction

In the latest years, parasitological studies regarding different

aspects of the host-parasite relationships have placed special

emphasis on the spatial scale at which those relationships are

examined (Poulin and Mouritsen 2003; Byers et al. 2008). In

general, infection processes are proximately driven by local

factors (environmental conditions, resources or biotic interac-

tions) which ultimately may be correlated over large regional

scale (Byers et al. 2008). For this reason, studies conducted at

large, nested spatial scales are considered as particularly in-

formative (Byers et al. 2008). Nevertheless, in the case of the

larval digeneans parasitizing snail hosts, Poulin and Mouritsen

(2003) stressed the importance of small-scale heterogeneity

in local factors which overrides that of larger-scales factors,

suggesting that local factors play a major role in determining

the richness and prevalence of larval digeneans in intertidal

gastropods. 

The digenean life cycles are typically complex and require

at least one intermediate snail host (Hasseb and Fried 1997).

The completion and the spatial distribution of the these life

cycles depends of a variety of factors such as the coincidence

in the distribution of both intermediate and definitive hosts,

and the characteristics of the environmental factors that can

favor or limit the transmission of free-living stages (Galak-

tionov and Dobrovolskij 2003). All these factors that act in-

terdependently (Faltýnková et al. 2008) determine the spatio-

temporal variability, in terms of species richness and preva-

lence, commonly observed in the larval digenean communities

in snail hosts.

In general, studies dealing with the spatiotemporal vari-

ability of larval digenean assemblages in the same snail

species are based on samples collected on a scale of kilome-

ters (e.g. Granovitch et al. 2000; Eschweiler et al. 2009).

However, Poulin and Mouritsen (2003) suggested that local

factors, operating on a scale of 10s to 100s of m, can also de-

termine how many digenean species are present or how many

snails are infected. 

The gastropod Heleobia australis (d´Orbigny, 1835)

(Cochliopidae) is one of the most abundant species of inver-

tebrates inhabiting the Mar Chiquita coastal lagoon (Buenos

Aires province, Argentina) (37º46´S, 57º27´W). This species

of small size (usually <7mm total shell length) has a life span

of 12 months (De Francesco and Isla 2004) and may reach

densities over 11 individual/cm3 (De Francesco and Isla

2003).
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With reference to parasitological studies, Etchegoin (1997,

2001) reported a total of 13 species of larval digeneans para-

sitizing H. australis. Some of these species were described by

Martorelli (1986, 1989, 1990); Martorelli and Etchegoin

(1996) and by Etchegoin and Martorelli (1998).

In previous investigations (Etchegoin 1997, 2001), the

Cangrejo creek was not included as study area. In this creek,

connected with the estuarine zone of the lagoon which com-

municates with the open sea, H. australis presents a distribu-

tion of only 500 m. Taking into account that studies related to

the detection of spatiotemporal variations in parasite/inverte-

brate relationships at small spatial-scale are scanty, the re-

stricted distribution of H. australis in the Cangrejo creek

provides a good opportunity to test the supposition that local

factors play a major role in determining the richness and

prevalence of larval digeneans in gastropods. As a first ap-

proach to the study of the local factors influencing larval di-

genean assemblages in the area, the objective of this study was

to determine if a study at small spatial scale operating on a

scale of 100s meters can detect the spatiotemporal fluctua-

tions, related to species richness and prevalence, of a larval

digenean assemblage in a snail host. 

Materials and Methods

Sampling site

The Mar Chiquita coastal lagoon, designated a Man and Bios-

phere Reserve by UNESCO, can be divided into a freshwater

zone, characterized by continental water discharge, and an es-

tuarine zone which communicates with the open sea. The es-

tuarine zone is characterized by mixo-euryhaline waters and is

greatly influenced by marine water. Cangrejo creek, where this

Fig.1. Map of Mar Chiquita Coastal Lagoon, Argentina (Arg.) showing the location of sampling points
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study was conducted, is connected with the main body of the

lagoon in the outer estuarine zone which communicates with

the open sea (Fig. 1).

Sampling procedures

Specimens of H. australis were collected from 1 sampling

trips per season during the year 2011, along a 500 m transect

which coincide with the entire distribution of H. australis in

the creek. Along this transect, three sampling point were se-

lected: one in the south end of the transect (point A) and the

other two at 250 m and 500 m of the point A (points B and C,

respectively) (Fig. 1). At each sampling point, five replicates

samples per sampling trip were taken and water temperature

and salinity were measured, using a Digital Multi-Ther-

mometer range –50, 150°C and a Portable Refractometer FG-

211 Salinity/ATC 0~100 o/oo, respectively. Snails were

collected using random cores (8 cm diameter × 3 cm depth)

and the content of each core was placed into plastic cups filled

with water from the lagoon for transportation. In the labora-

tory, snails were removed from mud, quantified and measured

for total length with a Vernier caliper (precision 0.1 mm). Den-

sity of H. australis at each core was calculated as the number

of snails by cm3. The sample size was calculated according to

the methodology developed in Merlo et al. (2010), and a total

of 3600 randomly selected snails were isolated individually

and exposed to a 100 W incandescent lamp for 48 h to stimu-

late shedding of cercariae. Finally, all gastropods were dis-

sected under a stereomicroscope in order to detect the presence

of sporocysts, rediae and developing cercariae (prepatent in-

fections; Curtis and Hubbard, 1990). Developing or com-

pletely developed cercariae, sporocysts and rediae were

identified using previous studies dealing with larval digeneans

parasitizing snails of the genus Heleobia from Mar Chiquita

coastal lagoon (Martorelli 1986, 1989, 1990; Martorelli and

Etchegoin 1996; Etchegoin 1997; Etchegoin and Martorelli

1998).

Data analysis

To analyse and compare the community of larval digeneans

in H. australis over time and space, the following indices

were used: (a) Species richness (S) which represents the total

number of species in a sample (Ludwig and Reynolds 1988,

Magurran 1988); (b) Overall prevalence = the number of par-

asitized snails/the number of collected snails × 100 (Lafferty

et al. 1994); (c) Prevalence of a species = the number of

snails parasitized by that species/the number of collected

snails × 100. 

Similarities in the composition of the larval digenean com-

munity were analyzed with the Anosim and Simper tests,

where the factors analyzed were the sampling points (A, B and

C) and the different seasons of the year (summer, autumn,

winter and spring), Anosim and Simper tests were imple-

mented in PRIMER 6 (Clarke and Green 1988). Two-way AN-

COVA test was used for comparisons between overall preva-

lence, using the snail’s sizes as covariable. Two-way ANOVA

test was used to analyze species richness and snail’s densities.

In both tests, the factors analyzed were the sampling points

(A, B and C) and the different seasons of the year (summer,

autumn, winter and spring) and Tukey test (Zar 2009) was

used for post-hoc comparisons. Furthermore, to establish pos-

sible relationships between the seasonal overall prevalence vs.

snail’s densities, Spearman correlation index was applied. Fi-

nally, to establish possible relationships between the seasonal

overall prevalence and abiotic factors (temperature and salin-

ity), Pearson correlation index was applied in both cases. All

analyses were done using the statistical programming lan-

guage R, version 2.15.2. (R Development Core Team 2005)

and InfoStat/L (FCA-UNC, 2012).

Results

A total of 22 digenean species, belonging to 11 families, were

observed in the community of larval digeneans parasitizing H.
australis (Table I). The means of species richness recorded in

each season, fluctuated between 2.2 and 6.33 (Table II). Sim-

ilarities in the composition of the larval digenean community

between three points were not significantly different

(ANOSIM R value = 0.11; p = 0.227) as well as between four

seasons of the year (ANOSIM R value = 0.25; p = 0.077).

SIMPER analysis found that >50% of this similarities were

due to the relative greater occurrence in three sampling points

of Maritrema bonaerensis, Microphallus szidati and the cer-

cariae of Haploporidae sp. 2. The number of species found at

each point and at each season revealed no significant differ-

ences (Two-Way Anova Factor: Point: F
2;42

= 1.556, P = 0.223;

Season: F
3;42

= 2.782, P = 0.053; Point × Season: F
6;42

=2.16;

P = 0.066).

The overall prevalence and prevalence of species for each

sampling point and for each season of the year are showed in

Table I. Analysis of the overall prevalence revealed a signifi-

cant snail’s size effect (F
6;42 

= 11.96; P = 0.0013), and an in-

teraction between sampling points and seasons of the year

(F
6;42 

= 8.72; P<0.0001) was found after correction carried out

from the effect due to the snail’s size. This means that the dif-

ferences found between sampling point varied according to

the season of the year under study. Moreover, the overall

prevalence showed different seasonal patterns at each point. In

sampling point A overall prevalence showed higher values in

summer (S) and autumn (A) than in winter (W) and spring

(Sp) (S vs Sp; S vs W; A vs Sp and A vs W P<0.05; in all other

cases P>0.05). Sampling points B and C showed constant

overall prevalence values throughout the year (in all cases

P>0.05). Regarding to the differences between sampling sites

for each season of the year, only the sampling point A was sig-

nificantly different from sampling points B and C during the

summer (A vs B and A vs C P<0.05) and from sampling point

C during the autumn (P<0.05) (Fig. 2a).
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With regard to the snail’s densities (Table II and Fig. 2b),

the statistical analysis indicated significant interaction be-

tween sampling points and seasons of the year (Two-way

ANOVA; F
6; 42

= 6.84; P<0.001). The Tukey test revealed dif-

ferences between the seasons of the year for each sampling

point. In the sampling point A, autumn was significantly dif-

ferent from the other seasons of the year (A vs S; A vs W and

A vs Sp P<0.05; in all other cases P>0.05). In the sampling

point B, the summer was significantly different compared with

spring and winter (S vs Sp; S vs W P<0.05), and autumn pre-

sented higher values than winter (P<0.05). Finally, in the sam-

pling point C, the values of summer were significantly higher

than the values calculated for the other seasons (S vs Sp; S vs

W and S vs A P<0.05; in all other cases P>0.05). The analy-

ses of the differences between sampling points for each season

of the year revealed that, only during the autumn, the sam-

pling point B evidenced lower values than sampling points A

and C (B vs A and B vs C P<0.05; in all other cases, P>0.05). 

Spearman correlation index revealed significant negative

correlations between seasonal overall prevalence and densi-

ties in autumn (rs
autumn 

= –0.85; P<0.001), however in the other

seasons of the year no correlations were found (rs
summer 

= –0.6;

rs
winter 

= –0.08; rs
spring 

= –0.5; in all cases P>0.05). 

Regarding to the abiotic factors measured in Cangrejo

creek, the maximum values of water temperature were

recorded in the summer and the minimum values in winter

(Table II). The values of salinity were typical of an estuarine

lagoon to which Cangrejo creek is associated, where the max-

imum values were registered in summer and autumn and the

minimum values in winter and spring (Table II). In both cases,

Pearson’s correlation index revealed significant positive cor-

Table II. Summary of seasonal data for snail’s length, snail’s densities, overall prevalence, species richness, temperature and salinity. All val-
ues are expressed as range (mean) 

Sample
point

Season 
of the year

Nº snail
examinated

Snails length
(mm)

Snail’s density
(snails/cm³)

Prevalence 
(%)

Species 
richness

Temperatue 
(ºC)

Salinity 
(PPM)

A Winter 300 3.90–8.42
(6.23)

0.5–1.20 
(0.80)

15–26.66
(19.33)

2–6 (4.2) 7.8–9.4 
(8.8)

14

Spring 300 3.74–9.20
(6.59)

0.45–1.54
(1.03)

3.3–23.33
(9.33)

1–4 (2.2) 18.8–20.5 
(19.60)

15

Summer 300 4.68–8.26
(6.40)

0.64–1.22
(0.95)

64.76–78.09
(68.89)

3–7 (5) 25.4–26.5
(25.96)

27–28 
(27.5)

Autumn 300 4.36–9.36
(6.80)

0.01–0.45
(0.146)

46.15–81.91
(62.55)

3–9 (6.25) 17–18.1 
(17.6)

27–29 
(27.8)

B Winter 300 4.21–7.33
(6.29)

0.38–0.74
(0.58)

16.66–33.33
(23.33)

3–6 (4.4) 10.9–13.1
(11.88)

10–16 
(14.2)

Spring 300 3.90–7.80
(6.49)

0.57–1.02
(0.71)

16.66–28.33
(23.33)

3–7 (5) 20.1–21.4 
(20.98)

15

Summer 300 5.14–7.95
(6.29)

1.2–1.49 
(1.37)

24.76–42.85
(35.51)

5–7 (6.33) 29.7–30.5 
(30.03)

28–29 
(28.5)

Autumn 300 4.52–7.95
(6.08)

0.88–1.55
(1.12)

10–48.33
(25.33)

2–8 (4.8) 19.4–20.5 
(20)

26–30 
(28.4)

C Winter 300 4.99–8.42
(7.31)

0.2–0.75 
(0.45)

16.66–31.66
(25.67)

4–7 (4.8) 10.7–11.9 
(11.5)

15–16 
(16.8)

Spring 300 5.46–8.11
(6.98)

0.37–1.22
(0.79)

23.33–65
(37.33)

4–6 (5.4) 19.3–20 
(19.66)

14–15 
(14.4)

Summer 300 4.99–9.51
(7.21)

1.19–1.63
(1.43)

23.80–40.95
(31.11)

6 24–30 
(28.31)

29–30 
(29.66)

Autumn 300 4.99–9.36
(7.42)

0.2–0.94 
(0.54)

25–73.33
(46.66)

3–7 (5) 19.2–19.5 
(19.38)

21-30
(22.8)

Fig. 2. Seasonal variation in the three sampling point (A, B, C)

located in Cangrejo creek for: a. Overall prevalence (± S.D) of

larval digeneans parasitizing Heleobia australis; b. Heleobia
australis’ densities (± S.D)
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relations between overall prevalence with salinity (R2 = 0.22;

P<0.05) and with temperature (R2 = 0.10; P<0.05).

Discussion

In Cangrejo Creek, the community of larval digeneans in

Heleobia australis species comprised a total of 22 morpho-

logical types. The species richness and the composition of

morphological types (or species) of larval digeneans in Can-

grejo creek was homogeneous between the three sampling

points and during the four seasons of the year. This spatial ho-

mogeneity in species richness and the composition of mor-

phological types (or species) could be mainly due to a

homogeneous distribution of species of the definitive host

(mainly birds) in the 500 m of the snail distribution in the

creek (Parietti 2011). In addition, gastropods have the ability

to float and move along water bodies (Armonies and Hartke

1995), and this behaviour could also contribute, in the case of

H. australis, to the homogeneity in species richness. For ex-

ample, due to the mobility of H. australis, a snail that was in-

fected in the sampling point A could float to point B,

transporting a parasite originally absent in point B and con-

tributing to the homogeneity in species richness of the larval

digenean community, observed in the different sampling

points. 

In general, ecological factors that determine parasite

prevalence include the distribution of hosts, the biological in-

teraction among them and the abiotic factors. The strength of

these three factors can be scale dependent (Thieltges and Reise

2007; Thieltges et al. 2009). Changes in habitat features over

large and small spatial scales can directly or indirectly influ-

ence transmission dynamics, and thus, the recruitment of par-

asites to their hosts (Sousa and Grosholz 1991). The overall

prevalence in the population of H. australis in Cangrejo creek

showed spatial variations, but these variations should be stud-

ied taking into account the seasons of the year. 

One factor that could contribute to differences in preva-

lences found in sampling point A could be the presence of the

exotic polychaete Ficopomatus enigmaticus (Serpulidae) that

serve as shelter and preference habitat of invertebrates

(Schwindt et al. 2001; Obenat et al. 2006; Bruschetti et al.
2009) and as a site of resting and feeding areas for birds 

(Bruschetti et al. 2009). Also, F. enigmaticus have an impor-

tant role in facilitating the transmission of larval digeneans in

the lagoon. The reefs like aggregates builder by this poly-

chaete may act as foci of parasite transmission mainly when

they are present in a given area during a long time, and when

they become the unique or preferred habitat for the snail host

species Etchegoin et al. (2012). 

Although the diversity and distribution of the definitive

host species is homogeneous along the creek as mention

above, the abundance of definitive host is higher in the sam-

pling point A (Parietti 2011). The presence of invertebrates

and vertebrates associated with the aggregates, increases the

chances of contact between potential intermediate and defin-

itive hosts (Etchegoin et al. 2012), contributing to the higher

values of prevalence observed at sampling point A. In fact,

prevalences were higher in the months of onset of migratory

birds in sampling point A where these vertebrates are more

abundant. Positive relationship between bird abundance and

the presence of larval digenean parasitizing snail hosts on

small to medium spatial scales were found by several studies

(e.g. Curtis and Hurd 1983; Hechinger and Lafferty 2005; 

Koprivnikar et al. 2007; Merlo and Etchegoin 2011). In addi-

tion, Prinz et al. (2010) observed that the temperature increase

coincides with a large number of definitive hosts and with a

consequent increase in parasite prevalence in the mollusc

hosts. The same pattern could apply to the community of lar-

val digeneans in H. australis because during the warmer

months (September to April), the Mar Chiquita lagoon be-

comes an important site for migratory birds as well as a breed-

ing area for native species (Botto et al. 1998; Ferrero 2001).

Spatial and temporal variability in prevalence of larval di-

genean communities has been related to the density of the snail

hosts (Kube et al. 2002; Faltýnkova et al. 2008). According to

our results, only a negative association between prevalence of

larval digeneans and snail’s density was detected during the

autumn. This observation agrees with the miracidial limita-

tion hypothesis of Kuris and Lafferty (2005) who suggested

that, at a small scale view of transmission, increasing snail

density reduces prevalence. Due to snail’s density does not ap-

pear to be a major factor influencing spatial and temporal vari-

ability in prevalence of larval digenean communities, other

factors should be taken into account for future studies, such as

snail’s habitat preference, vagility, snail’s sizes and life-his-

tory dynamics (Fernandez and Esch 1991; Sousa 1993; Jokela

and Lively 1995).

In the case of digeneans, abiotic factors such as tempera-

ture and salinity have a quite crucial effect on the transmis-

sion cycles (Poulin 2006; Koprivnikar and Poulin 2009).

Indeed, in Cangrejo creek, the values recorded for both water

temperature and salinity coincides with the typical annual

range of the lagoon, and the overall prevalence showed sig-

nificant correlations with temperature and salinity. Neverthe-

less, the values of the Pearson’s correlation index, despite

being significant, were very low. For this reason, the increase

in prevalence could be considered indirectly related to the sea-

sonal increase in the water temperature values, and directly

influenced by the seasonal presence of definitive hosts. As

mentioned earlier, during the spring and summer, a notorious

increment in the presence of migratory birds can be observed

in the lagoon (Botto et al. 1998; Ferrero 2001), which may de-

termine an increment in the digenean´s transmission. The im-

portance of the positive correlation between prevalence and

salinity may be considered as not determinant, because salin-

ity fluctuates daily in the lagoon. In addition, most of the

species of digeneans in H. australis have a high tolerance to

changes in the levels of salinity (a typical adaptation of or-

ganisms living in estuarine environment) (Zander 2005).
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In summary, the results obtained during this study revealed

that the fluctuations in the community of larval digeneans of

the snail H. australis can be detected at small spatial scale,

using its natural distribution of 500 m. Given that local factors

play an important role in determining the richness and abun-

dance of larval digeneans in their snail host (Poulin and Mourit-

sen 2003; Byers et al. 2008), therefore, differences in the

spatio-temporal distribution of the community of larval dige-

neans in H. australis should not be attributed to the effect of

only a limited number of factors. This study also highlights the

importance of seasonality as a factor that must be considered

in studies focused on the search for patterns structuring the

communities of larval digeneans, at medium and large scales.
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