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Monthly variation in the parasite communities
of the intertidal fish Scartichthys viridis (Blenniidae)
from central Chile: are there seasonal patterns?
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Abstract Monthly variation in parasite populations and
communities, from the blenniid fish Scartichthys viridis,
were assessed during two consecutive years in order to
examine monthly and seasonal temporal patterns. A total of
969 S. viridis was collected from September 2006 to
August 2008 in central Chile. Sample size and fish total
length (TL) varied among months. The S. viridis parasite
community included 17 parasite taxa, of which five species
were present throughout the year: a leech (Piscicolidae gen.
sp.), two copepods (Lepeophtheirus zbigniewi and Colobo-
matus sp.), a monogenean (Microcotyle sp.) and a trema-
tode (Lecithasteridae gen. sp.). The parasite prevalence,
abundance and biovolume varied among months. More
precisely, the leech and the copepod Colobomatus sp. were
the most prevalent and abundant parasites, reaching their
maxima between November and January (austral spring—
summer). The parasite communities also showed seasonal
patterns; prevalence, abundance and species richness of
parasites were higher between October and January
(spring—summer) than between March and May (autumn—
winter). The population and community descriptors of
parasites were significantly correlated with fish TL.
Consequently, the variation in parasite populations and
communities was associated with fish growth throughout

G. Muiioz (P<)

Facultad de Ciencias del Mar y de Recursos Naturales,
Universidad de Valparaiso,

Casilla 5080, Refaca,

Vina del Mar, Chile

e-mail: gabriela.munoz@cienciasdelmar.cl

H. S. Randhawa

Department of Zoology, University of Otago,
340 Great King Street,

Dunedin 9054 New Zealand

Published online: 11 January 2011

the year. Postlarval settlement of S. viridis, in the intertidal
rocky pools, occurs in autumn, with fish reaching larger
body size in summer.

Introduction

Spatial and temporal variations in populations are associ-
ated with natural changes in climate, environmental con-
ditions and interspecific relationships occurring in every
ecosystem (Begon et al. 1996). Parasite populations are not
unresponsive to these changes because they are directly
exposed to the environment at some stage of their lives
(Rohde 1993). Besides this, parasites are in contact with
different hosts (those harbouring parasites), according to
their development stages, implying that any biological
change in the host would also affect their parasites. Several
biological changes of the host are predictable over time,
such as growth, diet, body size, and habitat. Additionally,
abiotic components of their environment, such as season,
upwelling events and tides, are also predictable. Temporal
patterns in parasite population and community structure can
be affected by host biology (Rohde 1993; Mufioz et al.
2006; Poulin 2006) and environmental characteristics
(Rohde and Heap 1998), especially those associated with
annual/seasonal changes.

Several studies have observed seasonal variations in
parasite populations. However, high and low parasite
abundance may be associated with different seasons
depending on the parasite and host species studied. For
instance, several trematode populations of the snail Heli-
soma anceps reach their highest prevalence during the
spring (Negovetich and Esch 2007), whereas nematode
populations of the wild Red deer Cervus elaphus reach their
highest prevalence and abundance during the winter months
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(Santin-Duran et al. 2008). Although seasonal variations in
parasite populations have been associated, generally, with
environmental conditions, few studies have effectively
identified specific factors as affecting the dynamics of
parasite populations (Bauer and Karimov 2006). This is
because parasite species, their development stages, hosts
and transmission pathways may respond differently to
physical and chemical cues of their environment. However,
host biological features, e.g., reproductive periods, food
availability, mortality (Negovetich and Esch 2007) and
abundance of the hosts Fellis and Esch 2004) have been
considered as determinants of temporal variation in the
dynamics of parasite populations.

Changes in parasite populations ultimately lead to
changes in parasite communities. However, different para-
site populations may show dissimilar seasonal patterns, i.e.
some species are more abundant and prevalent in certain
months or seasons, whereas other species may not vary
significantly over time. For instance, the prevalence of
some parasites of the Patagonian toothfish Dissostichus
eleginoides was higher during the winter, while it was
higher during the summer in other parasite species (Brickle
et al. 2005). Consequently, considering that variations in
abundance, prevalence, and species richness of parasites
communities correspond to the sum of the variation in
populations, it is possible to notice different temporal
patterns between parasite populations and communities, as
observed in goby fishes (Zander and Kesting 1998).

This study focuses on parasites populations and com-
munities of the blenniid fish Scartichthys viridis. This
species is a resident and abundant fish in the rocky
intertidal zone of central Chile (Mufioz and Ojeda 1997,
2000; Pulgar et al. 2005). Moreover, parasite abundance
and species richness are positively correlated with body
size in S. viridis (Diaz and George-Nascimento 2002;
Flores and George-Nascimento 2009). Generally, the
Chilean intertidal is home to different cohorts of this fish
(Hernandez-Miranda and Ojeda 2006). Juveniles arrive to
the intertidal during the autumn, starting in April, and stay
there for several months, whereas adults are generally
found during the spring and summer distributed between
the inter- and subtidal zones (Hernandez-Miranda and
Ojeda 2006). These fish reach up to 45 cm in total length
(Mufioz-Muga and Mufioz 2010), reach maturity at ~12 cm
(Williams 1990) and spawn in the spring and summer
(Hernandez-Miranda et al. 2003).

Although the interannual variation in parasite communi-
ties of S. viridis has been studied (Diaz and George-
Nascimento 2002), seasonal variation has not. It is expected
that parasite populations and communities of S. viridis will
undergo seasonal changes as juveniles (autumn) grow into
adults (spring and summer). Host body size has been
identified as a key determinant of parasite abundance and

@ Springer

species richness in this host species (Diaz and George-
Nascimento 2002; Mufioz-Muga and Muiloz 2010); there-
fore, we expect that peaks in prevalence, abundance, and
species richness will be observed in the spring and summer
when adults are found in the intertidal. The objective of this
study is to measure the monthly variation in parasite
populations and communites in S. viridis, over the course
of two consecutive years, in order to examine patterns in
seasonal variation.

Materials and methods

Monthly sampling on the intertidal rocky shores of El Tabo,
central Chile (33°30°13” S, 71°36°15” W) between Sep-
tember 2006 and December 2008. Fish were collected with
hand nets from rocky intertidal pools, bagged individually
to avoid losing ectoparasites, and subsequently, most were
frozen. A few fresh specimens were examined in order to
obtain parasites in good condition for staining and
mounting.

Eumetazoan ectoparasites were collected from the body
surface, gills and opercular ducts, whereas endoparasites
were collected from the gut, body cavity and muscles. The
identification of parasites was carried out in consultation
with Bray (2002); Castro and Baeza (1981); Cressey and
Cressey (1985); Cressey and Schotte (1983); Cribb (2005);
Gibson (2002); Muifioz (2010); Overstreet and Curran
(2005); Petrochenko (1971).

Prevalence, mean intensity and abundance data for each
parasite species were determined sensu Bush et al. (1997).
Biovolume, a surrogate for biomass, was also calculated as
described by George-Nascimento et al. (2004). For monthly
variation in parasite populations, the prevalence and
abundance were determined for the commonest parasites
in order to display the months that had greatest changes
during the two sampling years. For monthly variation in
parasite communities, the total prevalence (percentage of
host parasitized with any parasite species) and averages for
abundance, biovolume and species richness of parasite
infracommunities (average number of parasite species), in
addition to component community richness (total number
of parasite species) were calculated (sensu Bush et al. 1997,
Diaz and George-Nascimento 2002) for each month.

The infra-community abundance (number of parasite per
host individual), biovolumne (volume of parasites per host
individual) and species richness of parasites (number of
parasite species per host individual) were analysed sepa-
rately using a generalized linear model (previously trans-
formed to log;o(x+1)), with these three descriptors as the
dependent variables, months and years as fixed factors, and
fish body length as the covariate. Spearman’s correlations
were performed between parasitological descriptors (for
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populations and communities) and the average total length
(TL) of fish (Zar 1996) for each month in order to
determine the importance of TL throughout the year.

A hierarchical cluster analysis was performed for
parasitological community descriptors from each sample
(n=24) in order to detect which months were more similar
to one another. Prior to this analysis, correlations were
applied between community descriptors (total prevalence,
average abundance, average biovolume, average infra-
community species richness and the component community
richness) to identify determinants of temporal variation in
parasite communities. The similarity of parasite community
descriptors, between months, was examined using Ward’s
similarity algorithm and represented by Euclidean distan-
ces. A group of months, showing high similarity to one
another (>50%) was identified as a cluster. The description
profiles of the different clusters and fish TL were compared
using a one-way analysis of variance (ANOVA) (Zar 1996).
All statistical analyses were performed using Statistica
software 8.0 (Statsoft, Inc. 2010).

Results

A total of 969 S. viridis individuals were collected.
Between 17 and 86 individuals were sampled each month
(Fig. 1). Of the total individuals examined, 604 were
parasitized with at least one parasite species (total preva-
lence=62.3%) and the average parasite abundance was 3.2
(+5.3 standard deviation) individuals per fish. In total, 17
parasite species were recorded, of which 6 are undescribed
(Table 1). Of these 17 species, five can be considered
common in S. viridis since they had the greatest prevalence,
abundance, and biovolume in nearly all months sampled
(Fig. 2): (1) the leech Piscicolidae gen sp.; the copepods (2)
L. zbigniewi and (3) Colobomatus sp.; (4) the monogenean
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Microcotyle sp.; and (5) an unidentified trematode Lec-
ithasteridae gen. sp. (Table 1). The monogenean, Gyrodac-
tylus sp., was more prevalent from March to August 2008
(85 to 97%), than in January and February 2009 (22 to
68%). Because this parasite was detected late in our
sampling, it was not possible to observe temporal variation
throughout the year for this species; therefore, this parasite
was excluded from our analyses.

Monthly variation of parasite populations

The prevalence, abundance and biovolume of the 5 most
common parasites varied throughout the year (Fig. 2). Most
parasite species, chiefly Piscicolidae gen. sp. and Colobo-
matus sp., had the lowest prevalence between March and
May (austral autumn) and highest between October and
January (austral spring and summer), in both years sampled
(Fig. 2a). Piscicolidae gen. sp. was the parasite with the
highest abundance, particularly between December and
January. The other parasite species, L. zbigniewi, Colobo-
matus sp., Microcotyle sp., and Lecithasteridae gen. sp.
showed less variability in prevalence and abundance
throughout the year, generally peaking during the summer
months (Fig. 2a, b).

Across all species, most parasites of S. viridis were
small-bodied, averaging 0.51+1.3 mm?® (range=0.01-
5.59 mm®). The leech Piscicolidae gen. sp. had the largest
average body size and the highest average abundance;
therefore, leeches had the greatest average biovolume than
any other parasite species during this two year survey
(Table 1, Fig. 2c). The biovolume of leeches was high from
October to January (austral spring and summer), whereas
the biovolume of the other 4 parasite species was less
variable, with some weak peaks from November to January,
and the lowest values in April-May 2007 and March 2008
(Fig. 2c¢).
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Table 1 Parasite community of Scartichthys viridis (N=969) from El Tabo, Central Chile

SUM  Prevalence (%)  Average abundance (SD)  Average intensity (SD)  Average biovolume (SD)

HIRUDINEA

Piscicolidae gen. sp. (a)* 1,107 38.2 1.14 (2.88) 2.99 (4.02) 6.391 (16.102)
COPEPODA

Lepeophtheirus zbigniewi (a) 133 6.9 0.13 (0.67) 1.99 (1.67) 0.037 (0.177)

Caligidae (ju)® 9 0.6 0.01 (0.15) 1.50 (1.22) 0.0003 (0.005)

Colobomatus sp. (a)* 726 433 0.75 (0.97) 1.73 (0.69) 0.095 (0.123)

Holobomolochus chilensis (a) 12 0.8 0.01 (0.15) 1.50 (0.76) 0.003 (0.032)
TURBELLARIA

Unidentified species 2 0.1 <0.01(0.06) 2.00 (-) 0.0002 (0.006)
MONOGENEA

Microcotyle sp. (a) 360 18.4 0.37 (1.06) 2.02 (1.68) 0.104 (0.297)

Neobenedenia melleni 28 2.6 0.03 (0.19) 1.12 (0.33) 0.036 (0.233)

Gyrodactylus sp. (a)* - 83.1 Not available Not available Not available
TREMATODA

Lecithasteridae gen. sp. (a)* 710 22.2 0.73 (2.13) 3.30 (3.45) 0.031 (0.090)

Helicometrina nimia (a) 3 0.2 <0.01 (0.07) 1.50 (0.71) 0.0003 (0.006)

Hemiuridae gen. sp. (ju) 1 0.1 <0.01 (0.03) 1.00 (-) <0.0001 (0.001)

Monascus filiformis (a) 15 0.6 0.01 (0.28) 2.50 (2.81) 0.007 (0.121)

Hemipera sp. (a) 33 1.4 0.03 (0.47) 2.36 (3.23) 0.0003 (0.004)
Megasolena sp. (a)* 21 1.4 0.02 (0.22) 1.50 (1.09) 0.002 (0.016)
CESTODA

Pseudophyllidea gen. sp. (1) 1 0.10 <0.01 (0.03) 1.00 (-) 0.0001 (0.002)
ACANTHOCEPHALA

Corynosoma c.f. australe (1) 7 0.5 0.01 (0.11) 1.40 (0.55) 0.001 (0.020)
NEMATODA

Pseudodelphis chilensis (a) 17 1.4 0.02 (0.17) 1.31 (0.63) 0.005(0.052)

a adult, ju juvenile, / larva, SD standard deviation
# Undescribed species

o1t may be L. zbigniewi

Monthly variation of parasite communities

There were monthly variations in prevalence, average
abundance, species richness and biovolume of parasite
infracommunities throughout the 24 months considered.
However, the highest and lowest values of these descriptors
were not observed in the same months. Nevertheless, it is
possible to generalize that higher prevalence (Fig. 3a),
species richness (Fig. 3b) and abundance (Fig. 3c) were
detected from November to February (austral spring and
summer). Component community richness varied among
months, with a low of 4 species in December 2007 and
highs of 10-11 species in January, June and August 2007,
but without showing any seasonal pattern (Fig. 3b).
Monthly variation of parasite community biovolume was
less noticeable than for total abundance, although these two
descriptors showed similar trends (Fig. 3c). Parasite
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community biovolume reached maximum values in January
(2007 and 2008).

The abundance, biovolume and species richness of
parasite infracommunities varied significantly with fish
TL, between months and year of sampling (Table 2).
Additionally, except for biovolume, all varied significantly
between years. However, the fish TL, explained the
majority of the observed variance for the 3 parasitological
descriptors (Table 2).

In the cluster analysis, two different groups of months
were distinguished, cluster 1 included months from October
to February (austral spring and summer), whereas cluster 2
comprised months from February to October (austral
autumn and winter) (Fig. 4). The common months between
the two clusters (specifically February and October)
belonged to different sampling years (Fig. 4). Subsequently,
the profiles of the community descriptors and body size of
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fish, obtained from the cluster analysis, were different
between groups (Table 3); the ANOVA indicated that all
community descriptors, except for the component commu-
nity richness, were significantly different between groups
(Table 3). The highest values of the community descriptors
occurred in cluster 1, mainly corresponding to the austral
spring and summer (Fig. 4).

Host body size

S. viridis TL varied between sampling months: fish were
smallest between April and May (austral autumn) and
largest in December and February (austral summer)
(Fig. 5). There was an annual pattern in the fish TL
distribution, with a steady increase in TL throughout the
year beginning at recruitment of juveniles, one cycle started
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in February 2007 and the other in March 2008.
According to the cluster analysis, the body sizes of fish,
whether measured as TL or weight, were statistically
different between the two clusters, i.e. corresponding to
the grouping seasons, austral autumn—winter and spring—
summer (Table 2; Fig. 5).

The total prevalence and average abundance and biovolume
of the 5 most common parasite species were positively
correlated with monthly averages for S. viridis TL; Piscicolidae
gen. sp. L. zbigniewi, Colobomatus sp., Microcotyle sp., and
Lecithasteridae gen. sp. (n=24; r,=0.43-0.81; P<0.001 for all
parasite species and descriptors), except for Microcotyle sp.
abundance (7,=0.36; P=0.08).

Due to differences in TL between the sampled months, five
parasite community descriptors obtained for each monthly
sample were regressed against the average S. viridis TL for
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each month. The prevalence, abundance, biovolume, and
species richness of parasite infra-community were positively
and significantly correlated with average S. viridis TL, i.e.
months in which small fish were found had lower parasite
loads than months with large fish (n=24, r;>0.856, P<0.01
for monthly prevalence, infracommunity species richness,
abundance and biovolume of parasites vs fish length). The
major differences occurred between autumn and summer, in
which the fish had different TL and, consequently, different
community descriptors. The average species richness of the
parasite infra-community reached a maximum of 2.5 species
in fish of 10 cm TL. The component community richness
showed no relationship to body size, either TL or weight,
between sampling months (n=24, r,=0.126, P>0.05).

The smallest fish sampled during this study, <5 cm, were
parasitized by leeches only. In larger fish (>5 cm), other
ectoparasites appeared, such as Colobomatus sp. and Micro-
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cotyle sp. In endoparasites, the trematode Lecithasteridae

gen. sp. was the first species to colonize the fish, from
5.5 cm TL, and was abundant and prevalent in fish between
8 and 16 cm TL. Other endoparasites were less common and
appeared in fish of varying TL, although several of them
were more common in fish from 10 cm TL.

Discussion

Parasite populations and communities in S. viridis vary
according to the predictions proposed a priori in this study,
i.e. parasitological descriptors varied monthly producing
seasonal patterns; the lowest values of parasitological
descriptors occurred from March to May (austral autumn),
whereas the highest values were between November and
January (austral summer) (Fig. 4). However, these “season-
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Table 2 Summary of the generalized linear model testing for
differences in (log-transformed) abundance and species richness of
parasites between sampling month, year, and fish total length (FTL)

Variable MS df F P

Log abundance

Log FTL 69.49 1 1,515.15 0.001
Months 0.43 11 9.29 0.001
Years 0.36 1 7.74 0.005
Months x years 0.14 11 3.13 0.001
Error 0.05 944

Log biovolume
Log FTL 10,184.59 1 736.02 0.001
Months 54.98 11 3.97 0.001
Years 23.80 1 1.72 0.189
Months X years 28.63 11 2.07 0.020
Error 13.84 944

Log richness
Log FTL 25.71 1 1,103.23 0.001
Months 0.19 11 8.52 0.001
Years 0.12 1 498 0.025
Months x years 0.09 11 4.11 0.001
Error 0.02 944

al patterns” were associated strongly with fish TL (Table 2).
Consequently, parasite colonization in S. viridis begins in
autumn, when fish are generally young and small, and
peaks in summer, when fish are adults and reach larger
body sizes. Fish cohort turnover occurs in autumn, mainly
by moving to the upper subtidal zone and new recruits enter
the intertidal pools becoming gradually parasitized as they
Zrow.
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Fig. 4 Display of similarity of parasitological descriptor, though a
cluster analysis, among sampling months of Scartichthys viridis. Broken
line, 50% of similarity among months. Months and years as in Fig. 1

The coastal water temperature of central Chile changes
due to seasonal upwelling and solar radiation, and is
correlated also with salinity and productivity (Letelier et
al. 2004). Normally, the temperature reaches 15-16°C in
the summer and drops to 12—12.5°C in the winter (Letelier
et al. 2004). Seasonal characteristics of the environment
may somehow affect the parasite population dynamics and
communities; however, this was not verified in this study.
In any case, S. viridis descriptors of parasite communities
were correlated with fish TL rather than with environmental
variables known to fluctuate seasonally per se: (1) there
were marked differences in fish TL during the year (Fig. 5),
(2) the prevalence, abundance and richness of parasite
infracommunities increased significantly with monthly TL
averages. For instance, fish from February 2007 were
smaller than usual for that summer, so they had fewer
parasites than observed in other summer months. Con-
versely, fish from May 2008 were larger than usual for that
autumn and, therefore, had more parasites. Thus, the
average abundance and richness of parasites varies with
fish TL rather than with environmental variables. In
addition, despite significant variation in TL during the
year, the number of parasite species is relatively constant
over time, implying that the parasite component community
richness showed no correlation with fish TL, nor any
seasonal patterns. The common parasite species of S. viridis
were present throughout the year and they can parasitize
their hosts at any time. Larger hosts represent potential
habitats with greater resources for parasites than smaller
ones and are therefore more likely to become parasitized
(Rohde 1993). Our results suggest that the observed
parasite populations and communities would show little
change even if the S. viridis TL remained constant
throughout the year.

Historically, it has been easier to monitor and observe
the effects of abiotic factors on parasite populations than in
parasite communities. In fact, there are studies which
concluded that temperature and salinity affect the emer-
gence of trematode larvae (e.g. Koprivnikar and Poulin
2009) and the development of copepods and monogeneans
(e.g. Voorhees and Schwartz 1979; Gannicott and Tinsley
1998; Costello 2006; Lackenby et al. 2007). Consequently,
the temporal variations observed in parasite populations
have been attributable, generally, to environmental factors.
However, in this study, parasite populations of S. viridis
showed seasonal variations. Yet, the effects of seasonal
environmental variables could not be untangled from the
biological properties of the host and parasites. More
precisely, the prevalence and abundance of the leech
Piscicolidae gen. sp. and the copepod Colobomatus sp.
varied throughout the year and peaked during the summer.
Comparable results were also associated with fish TL and
were similarly observed for parasite communities.
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Table 3 Summary of ANOVAs
comparing the parasite commu-

nity descriptors and host body
sizes between the two clusters
gathered from a multivariate
analysis

Variable Between SS df Within SS df F P
Parasite communities
Prevalence 12.42 1 10.58 22 25.82 <0.001
Average abundance 13.55 1 9.45 22 31.54 <0.001
Average biovolume 7.65 1 15.34 22 10.97 0.003
Average infra-community richness 16.64 1 6.35 22 57.59 <0.001
Component community richness 0.35 1 22.64 22 0.34 0.564
Host body size
Total length (cm) 16.37 1 6.62 22 54.33 <0.001
Weight (g) 13.42 1 9.57 22 30.86 <0.001

The colonization of S. viridis by parasites begins in
juveniles and parasite load increases steadily with fish TL.
Generally, ectoparasites are the first to colonize this host
species because of the direct life cycle involved in their
transmission, i.e. no intermediate hosts are required for the
completion of their life cycles. The first endoparasite species
to establish infection is the trematode Lecitastheridae gen. sp.
This species first appears in relatively small hosts
(>5 cm) and persists throughout the year, despite
exhibiting monthly and seasonal patterns in prevalence,
abundance and biovolume. Other helminths (Table 1)
were neither abundant nor prevalent, and, therefore,
showed no seasonal pattern. Several of these endoparasites
appeared in fish of medium size, mainly from 10 cm.
Although S. viridis is mainly herbivorous, it is known to
feed on invertebrates (Mufloz and Ojeda 2000). The
transmission of endoparasites is likely to involve these
invertebrates as intermediate hosts, although the life cycles
of parasites infecting S. viridis are unknown. S. viridis
consumes invertebrates in a low percentage of frequency
of occurrence, about 3% of biomass in fish of between 4

and 8.5 cm in TL. However, the frequency of inclusion of
invertebrates in its diet nearly doubles in larger fish (8.6—
13.0 cm long) and remains constant thereafter (Mufioz and
Ojeda 2000). Possibly, the greater abundance and preva-
lence of endoparasites in larger fish may reflect an ontogenic
shift in diet: increased consumption of invertebrates at the
expense of vegetation. However, it is essential to gain a better
understanding of the temporal variation associated with the
abundance and prevalence of parasites and host diet in order
to elucidate these life cycles (see Zander and Kesting 1998).

In addition to demonstrating seasonal variations in
parasite populations and communities, S. viridis has the
most diverse parasite fauna compared with other intertidal
fish species (Mufioz et al. 2002; Pardo-Gandarillas et al.
2004; Muioz and Cortés 2009). The parasite fauna of S.
viridis was composed of 17 parasite species (Table 1), a
high parasite richness for a herbivorous fish. Nevertheless,
this fish species is the most abundant among intertidal fish
in Chile (Mufioz and Ojeda 1997; Muiioz and Cortés 2009),
thus, it is an example of “a high fish density=a high
parasite load”.
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Seldom has parasite biovolume been considered in
describing parasite communities. However, the great differ-
ences of parasite body size among the species in a
community may show different temporal patterns of para-
sites to those estimates based solely on abundance. In this
study, the largest parasite species was also the most
abundant. This observation contrasts with the notion that
larger parasites may be less abundant because they require
more resources from the host (George-Nascimento et al.
2004). However, leeches are indeed larger, but their host
use is limited to feeding events (Burreson 1995), so the
resources required from the host should be less than that for
other large “permanent” parasites.

In summary, parasite population and communities of S.
viridis clearly varied with months throughout the year, thus
demonstrating a seasonal pattern. This pattern was mostly
associated to host body size. In turn, host body size is
associated with environmental variables and is strongly
correlated with seasons. These trends were observed during
the 2 years of study indicating that parasite populations and
communities have a variation pattern along a year.
Consequently, the parasito-fauna of the recruiting cohorts
of S. viridis, which stay in the intertidal for several months,
provide insights into its population structure. So, every
change in the environment that may affect the fish, such as
pollution, perturbation of any nature or strong climate
change, could be detected and analysed through the parasite
community structure, similar that stock discrimination of
fish using parasites as biological tags (e.g. MacKenzie and
Abaunza 1998; Luque et al. 2010).

Acknowledgements We thank Dr. Mauricio Landaeta for his critical
revision on an earlier draft of this paper, Ms. Alejandra Rodriguez for
her assistance in statistical analyses, and Mr Patricio Rivera for editing
the figures. This study was funded by the grant FONDECYT
11060006 to GM. Financial support to HSR provided by a Marsden
Fund grant (Royal Society of New Zealand).

References

Bauer ON, Karimov SB (2006) Patterns of parasitic infections of
fishes in a water body with constant temperature. J Fish Biol
36:1-8

Begon M, Harper JL, Townsend CR (1996) Ecology: individuals,
populations and communities, 3rd edn. Blackwell, Osney
Mead

Bray RA (2002) Family Fellodistomidae Nicoll 1909. In: Gibson DI,
Jones A, Bray RA (eds) Keys to the trematoda. CABI Publishing
and The Natural History Museum, London, pp 261-293

Brickle P, MacKenzie K, Pike A (2005) Parasites of the patagonian
toothfish, Dissostichus eleginoides Smitt 1898, in different parts
of the Subantarctic. Polar Biol 28:663-671

Burreson EM (1995) Phylum Annelida: hirudinea as vectors and
disease agents. In: Woo PTK (ed) Fish Diseases and Disorders,
vol 1, Protozoan and Metazoan Infections. CAB International,
Oxford, pp 599-629

Bush AO, Lafferty KD, Lotz JM, Shostak AW (1997) Parasitology
meets ecology on its own terms: Margolis et al. revisited. J
Parasitol 83:575-583

Castro R, Baeza H (1981) Lepeophtheirus dissimulatus Wilson, 1905
and Lepeophtheirus zbigniewi new species (Copepoda: Caligi-
dae) parasites of inshore fishes from the Pacific coast of Chile,
South America. Bull Mar Sci 3:318-328

Costello MJ (2006) Ecology of sea lice parasitic on farmed and wild
fish. Trends Parasitol 22:475-483

Cressey R, Schotte M (1983) Three new species of Colobomatus
(Copepoda: Philichthyidae) parasitic in the mandibular canals of
haemulid fishes. Proc Biol Soc Wash 96:189-201

Cressey R, Cressey HB (1985) Holobomolochus (Copepoda: Bomo-
lochidae) redefined with descriptions of three new species from
the eastern Pacific. J Crustac Biol 5:717-721

Cribb TH (2005) Family Opecoelidae Okazi 1925. In: Jones A, Bray
RA, Gibson DI (eds) Keys to the trematoda, vol 2. CABI
Publishing and The Natural History Museum, London, pp 443—
531

Diaz F, George-Nascimento M (2002) Estabilidad temporal de las
infracomunidades de pardsitos en la borrachilla Scartichthys
viridis (Valenciennes, 1836) (Pisces: Blenniidae) en la costa
central de Chile. Rev Chil Hist Nat 75:641-649

Fellis KJ, Esch GW (2004) Community structure and seasonal
dynamics of helminth parasites in Lepomis cyanellus and L.
macrochirus from Charlie's Pond, North Carolina: Host size and
species as determinants of community structure. J Parasitol
90:41-49

Flores K, George-Nascimento M (2009) Las infracomunidades de
parasitos de dos especies de Scartichthys (Pisces: Blenniidae) en
localidades cercanas del norte de Chile. Rev Chil Hist Nat 82:63—
71

Gannicott AM, Tinsley RC (1998) Environmental effects on trans-
mission of Discocotyle sagittata (Monogenea): egg production
and development. Parasitology 117:499-504

George-Nascimento M, Muioz G, Marquet AP, Poulin R (2004)
Testing the energetic equivalence rule with helminth endopar-
asites of vertebrates. Ecol Lett 7:527-531

Gibson DI (2002) Family Lecithasteridae Odhner 1905. In: Gibson DI,
Jones A, Bray RA (eds) Keys to the trematoda, vol 1. CABI
Publishing and The Natural History Museum, London, pp 381-398

Hernandez-Miranda E, Ojeda FP (2006) Inter-annual variability of
somatic growth rate and mortality of coastal fishes off central
Chile: an ENSO driven process? Mar Biol 149:925-936

Hernandez-Miranda E, Palma AT, Ojeda FP (2003) Larval fish
assemblages in nearshore coastal waters off central Chile:
temporal and spatial patterns. Estuar Coast Shelf S 56:1075-1092

Koprivnikar J, Poulin R (2009) Effects of temperature, salinity, and
water level on the emergence of marine cercariae. Parasitol Res
105:957-965

Lackenby JA, Chambers CB, Ernst I, Whittington ID (2007) Effect of
water temperature on reproductive development of Benedenia
seriolae (Monogenea: Capsalidae) from Seriola lalandi in
Australia. Dis Aquat Org 74:235-242

Letelier J, Pizarro O, Nuiiez S, Arcos D (2004) Spatial and temporal
variability of thermal fronts off central Chile (33—40°S). Gayana
68:358-362

Luque JL, Cordeiro AS, Oliva ME (2010) Metazoan parasites as
biological tags for stock discrimination of whitemouth croaker
Micropogonias furnieri. J Fish Biol 76:591-600

MacKenzie K, Abaunza P (1998) Parasites as biological tags for stock
discrimination of marine fish: a guide to procedures and methods.
Fish Res 38:45-56

Muiioz G (2010) A new species of Pseudodelphis (Dracunculoidea:
Guyanemidae) in the intertidal fish Scartichthys viridis (Blenniidae)
from Central Chile. J Parasitol 96(1):152-156

@ Springer



Parasitol Res

Mufioz G, Cortés Y (2009) Parasite communities of a fish assemblage
from the intertidal rocky zone of central Chile: similarity and host
specificity between temporal and resident fish. Parasitology
136:1291-1303

Muiioz-Muga P, Muiioz G (2010) Parasite communities of Scartich-
thys viridis (Pisces: Blenniidae) from Central Chile: locality vs.
host length. Rev Biol Mar Oceanogr 45(1):165-169

Muioz AA, Ojeda FP (1997) Feeding guild structure of a rocky
intertidal fish assemblage in central Chile. Environ Biol Fish
49:471-479

Muiloz AA, Ojeda FP (2000) Ontogenetic changes in the diet of the
herbivorous Scartichthys viridis in a rocky intertidal zone in
central Chile. J Fish Biol 56:986-998

Muioz G, Valdebenito V, George-Nascimento M (2002) La dieta y la
fauna de parésitos metazoos del torito Bovichthys chilensis Regan
1914 (Pisces: Bovichthydae) en la costa de Chile centro-sur:
variaciones geograficas y ontogenéticas. Rev Chil Hist Nat
75:661-671

Mufioz G, Grutter AS, Cribb TH (2006) Endoparasite communities of
five fish species (Labridae: Cheilininae) from Lizard Island: how
important is the ecology and phylogeny of the hosts? Parasitol-
ogy 132:363-374

Negovetich NJ, Esch GW (2007) Long-term analysis of Charlie's
pond: fecundity and trematode communities of Helisoma anceps.
J Parasitol 93:1311-1318

Overstreet RM, Curran SS (2005) Family Haploporidae Nicoll 1914.
In: Jones A, Bray RA, Gibson DI (eds) Keys to the trematoda,
vol 2. CABI Publishing and The Natural History Museum,
London, pp 129-165

Pardo-Gandarillas MC, Garcias F, George-Nascimento M (2004) La
dieta y la fauna de endoparasitos del pejesapo Gobiesox
marmoratus Jenyns, 1842 (Pisces: Gobiesocidae) en el litoral

@ Springer

de Chile estan conectadas pero no correlacionadas. Rev Chil Hist
Nat 77:627-637

Petrochenko VI (1971) Acanthocephala of domestic and wild animals
Academy of Science of the USSR. All-Union Society of
Helminthlogists, Moscow

Poulin R (2006) Variation in infection parameters among populations
within parasite species: intrinsic properties versus local factors.
Int J Parasitol 36:877-885

Pulgar J, Bozinovic F, Ojeda FP (2005) Local distribution and thermal
biology of two intertidal fishes. Oecologia 142:511-520

Rohde K (1993) Ecology of marine parasites, 2nd edn. CAB
International, Oxon

Rohde K, Heap M (1998) Latitudinal differences in species and
community richness and in community structure of metazoan
endo- and ectoparasites of marine teleost fish. Int J Parasitol
28:461-474

Santin-Duran M, Alunda JM, Hoberg EP, de la Fuente C (2008) Age
distribution and seasonal dynamics of abomasal helminths in
wild red deer from central Spain. J Parasitol 94:1031-1037

StatSoft, Inc. (2010) Electronic Statistics Textbook. Tulsa, OK:
StatSoft. Available at: http://www.statsoft.com/textbook/

Voorhees JT, Schwartz FJ (1979) Attachment site, seasonality, and
effects of the parasitic copepod Lernaeenicus radiatus on two
estuarine fishes in the Cape Fear River, North Carolina. Trans
Am Fish Soc 108:191-196

Williams JT (1990) Phylogenetic relationships and revision of the
blenniid fish genus Scartichthys. Smith Contrib Zool 492:1-30

Zander CD, Kesting V (1998) Colonization and seasonality of goby
(Gobiidae, Teleostei) parasites from the southwestern Baltic Sea.
Parasitol Res 84:459-466

Zar JH (1996) Biostatistical analysis, 3rd edn. Prentice-Hall, Englewood
Cliffs


http://www.statsoft.com/textbook/

	Monthly...
	Abstract
	Introduction
	Materials and methods
	Results
	Monthly variation of parasite populations
	Monthly variation of parasite communities
	Host body size

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


