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Abstract

Fish harbor a high diversity of parasites that play an important role for the ecosystem. Because these parasites have
different life-cycle traits, changes in their populations or communities may provide useful information related to eco-
system health. Highly stressful conditions may reduce parasite communities or populations. However, it is not a rule
since host-parasite interactions are hardly predictable. In this study, macroparasites of the fish sailfin molly (Poecilia
velifera) from three sites (conserved, degraded and under restoration) located within a mangrove wetland area, in
the Terminos Lagoon (southern Gulf of Mexico), were analyzed in order to determine their potential use as bioindica-
tors. A total of 198 fish were examined for parasites. Six parasite species were found: two crustaceans (Argulus sp. and
Ergasilus aff. cerastes), one trematode (Centrocestus formosanus), one monogenean (Gyrodactylus sp.) and two nema-
todes (Contracaecum sp. and Cuculanus sp.). There were no significant differences in the structure of parasite infra-
communities as well as in prevalence and intensity of parasite populations between degraded and conserved sites.
However, the site under restoration had poorer infracommunities and smaller populations of crustaceans and trema-
todes, which suggests that restoration efforts have not improved the ecological conditions. Based on these results, it
is conjectured that parasites of P velifera did not show useful information to provide a diagnosis related to ecosystem
health. Beyond this ecological subject, the present study represents new host record for most parasite species found.
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Background

Global wetland areas are highly valuable in terms of bio-
diversity and ecosystem services such as regulation of
water quality, protection against extreme events, carbon
management, and proportion of food; however, about
50% of them has been lost because of human impact
[1, 2]. In tropical regions, coastal wetlands are impor-
tant for reducing the negative effects of windstorms, so
loss of vegetation can increase the vulnerability of these
areas to more incidences of natural disasters [3]. There-
fore, ecological restoration has been developed in order
to recover the health, integrity, and sustainability of wet-
lands worldwide.
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and indicate if changes were made.

Evaluating wetland restoration often requires detailed
long-term observations of ecological variables related
to soil (e.g. organic content) and water quality (e.g. dis-
solved oxygen), as well as abundance and diversity of
plants and free-living animals [4—6]. The use of aquatic
parasites as indicators has been very limited despite the
fact that they may provide useful information about the
ecosystem health.

At community level it has been proposed that the
higher the richness in parasites, the healthier the eco-
system [7, 8]. The underlying principle of parasites as
ecosystem health indicators lies in their life-cycle [7, 9].
Endoparasites generally have an indirect life-cycle involv-
ing two or more host species; therefore, the absence of
a single endoparasite species would be indicating the
absence of at least one host in the ecosystem, which
could be attributable to an environmental disturbance.
Ectoparasites which typically have a direct life-cycle are
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also useful bioindicators as they may directly respond
to changes in their environment. For instance, at low to
moderate stress host defense may result compromised
leading to high infection levels of ectoparasites, but at
higher stress levels the number of ectoparasites may be
reduced due to the direct negative effect of the stressor
[10, 11]. However, although parasite community param-
eters (e.g. richness) may be informative, it has been sug-
gested that parasite population parameters are slightly
more responsive to stress [12].

We contend that parasitological data should be inte-
grated into coastal wetland restoration projects. A few
studies have shown that prevalence and diversity of
trematodes in snails reflect degradation and recovery
of coastal wetlands [13, 14]. However, it is necessary to
investigate whether other host-parasite systems may pro-
vide useful information for this task.

In the southern Gulf of Mexico, the Terminos Lagoon
is one of the most important coastal wetlands in the
Yucatan Peninsula region of Mexico. It has historically
been impacted by anthropogenic and natural phenom-
ena, generating some destruction of the mangrove forest
[15-17]. In 2010, the Research Center of Environmen-
tal Sciences of the Universidad Auténoma del Carmen
(UNACAR) started a mangrove restoration project in an
area named Bahamitas. Five years later, personnel from
the Laboratorio de Zoologia, Facultad de Ciencias Natu-
rales, UNACAR performed monitoring to determine the
abundance and distribution of the fish sailfin molly (Poe-
cilia velifera) to evaluate the restoration progress within
that area (unpublished data). This fish species is endemic
to the Yucatdn Peninsula, restricted to coastal habitats,
particularly those with low flow regimes, such as anchia-
line cenotes and salt marshes, where the fish are prey of
fish, birds, and crocodiles [18]. Fish were not specifically
collected for parasitological analysis; however, we were
allowed to examine some samples. The goal of this paper
was to analyze the macroparasite communities of P. velif-
era and determine their potential utility as bioindicators
of the wetland restoration progress.

Materials and methods

Fish sampling and parasitological examination

The Terminos Lagoon (Fig. 1), located in the southern
Gulf of Mexico, is a complex system of 2500 km? and
mean depth of 3.5 m, constituted by estuaries, lagoons,
wetlands and associated terrestrial ecosystems [19]. Fish
were captured by the Laboratorio de Zoologia, Facultad
de Ciencias Naturales, UNACAR, with funnel-type min-
now traps and, after euthanasia, preserved in 70% alco-
hol. Water depth was measured with a measuring rod
with 1-cm precision, and water temperature, salinity,
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dissolved oxygen, and pH were measured with a portable
multiparameter (YSI 63) at each sampling site.

For this study, we selected fish samples (n=198)
caught in three sites with different mangrove forest
covers. The sites were termed conserved (n=50 fish),
degraded (n="78 fish) and under restoration (n=70 fish)
(Fig. 1). The conserved site (18°41'1.7"N, 91°39'2.7"W) is
a channel permanently connected with the lagoon, with
a mean depth of 1.2 m, mean salinity of 32.1%o, mean
temperature of 29.1 °C, mean dissolved oxygen concen-
tration of 7.3 mg/L, and mean pH of 8, bordered by man-
groves (Rizophora mangle and Avicenia germinans). The
degraded site (18°41'29”N, 91°38/10"W) is a channel with
mean depth of 0.4 m, mean salinity of 30.5%o, mean tem-
perature of 31.6 °C, mean dissolved oxygen concentra-
tion of 5 mg/L, and mean pH of 7.9, bordered by short
mangrove and a few tall, mostly dead trees. Degrada-
tion was most likely due to the isolation of the channel
from the lagoon propitiated by the sand accumulation as
consequence of both anthropogenic activities and hurri-
canes that have pounded the Yucatidn Peninsula. At the
site under restoration (18°40'17.1"N, 91°4026.7"W) the
main conservation strategy was the creation of an artifi-
cial channel in 2010. Before the restoration efforts, this
site was characterized by the accumulation of sand and
predominantly dead vegetation; however, during the pre-
sent study 5 years later the channel was characterized
by a mean depth of 0.5 m, mean salinity of 31.5%o, mean
temperature of 30.7 °C, mean dissolved oxygen concen-
tration of 8.1 mg/L, and mean pH of 8, bordered by new
mangrove plants and pioneer vegetation.

Total body length (mm) was measured for each fish
prior to necropsy. Fish fins, body, and gills were exam-
ined for macro-ectoparasites, whereas liver, gastrointesti-
nal tract, heart, kidney, and gonads compressed between
two glass plates were examined for macro-endoparasites
under a dissection microscope. Helminth parasites were
carefully removed and counted, fixed and stained or
cleared pending on the taxonomic group [20]. Crusta-
cean parasites were fixed in 70% alcohol and cleared in
glycerine alcohol. Parasites were observed under a Stemi
DV4-Zeiss microscope to perform identification to the
lowest practicable taxonomic level.

Data analyses

Possible differences in total length of fish among sam-
pling sites were determined with an ANOVA test in Sig-
maStat 3.0 software. All parasite ecology terminology
follows definitions of Bush et al. [21]. Parasite commu-
nities were analyzed at infracommunity (all parasites in
an individual host) level through the mean species rich-
ness per host, mean number of parasite individuals per
host, mean Brillouin diversity index per host, and mean
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Fig. 1 Map of the Terminos Lagoon in the southern Gulf of Mexico, showing the three sampling sites during the present study

Berger—Parker dominance index per host. These indices
were compared among sampling sites with Kruskal—Wal-
lis tests and Dunn’s method as a posteriori test in Sig-
maStat 3.0 software. In addition, to detect any possible
difference between communities, a non-metric multi-
dimensional scaling (MDS) plot and a one-way analysis
of similarity (ANOSIM) on ranked square root-trans-
formed Bray—Curtis dissimilarities were performed with

PRIMER 6.0 software. Uninfected fish were excluded
from infracommunity analyses.

Prevalence (percentage of hosts from a sample infected
with a particular parasite) and mean intensity (average
number of a particular parasites in infected host indi-
viduals in a sample), with their respective 95% confidence
intervals, were determined for each parasite taxa using
Quantitative Parasitology on the Web (QPweb) software
[22, 23]. Differences in prevalence and mean intensity of
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the commonest species (prevalence >10%) between sites
were detected with Fisher’s exact test and bootstrap ¢
test (2000 replications) in QPweb. Significant differences
were established when P<0.05.

Results

Median values of fish total length were ca. 40 mm and
did not vary significantly (?>0.05) among sampling sites.
A total of six macroparasite species were found: two
crustaceans (Argulus sp. and Ergasilus aff. cerastes), one
trematode (Centrocestus formosanus), one monogenean
(Gyrodactylus sp.) and two nematodes (Contracaecum
sp. and Cuculanus sp.). The proportions of fish harbor-
ing at least one parasite species were 96%, 78% and 80%
in the conserved, degraded and under restoration sites,
respectively. No fish was parasitized by all six parasite
species simultaneously. The maximum infracommu-
nity species richness (4 species) was found in only three
hosts from the conserved site. Species richness, Brillouin
diversity index, and Berger—Parker dominance index
were similar between conserved and degraded sites, and
significantly higher (P<0.05) than in the site under res-
toration, whereas the number of parasite individuals was
higher (P<0.05) in the conserved than in the other sites
(Fig. 2). However, MDS shows similar structure of infra-
communities between sites (Fig. 3), which was confirmed
by the ANOSIM (Global R =0.033, P<0.05).

Prevalences and mean intensities of infection are
given in Tables 1 and 2, respectively. Centrocestus for-
mosanus showed the highest infection level. Also Argu-
lus sp., E. aff. cerastes, and Cuculanus sp. were common
species. All except Argulus sp. showed significant dif-
ferences (P<0.05) in prevalence among sampling sites.
Prevalences of E. aff. cerastes and Cuculanus sp. were sig-
nificantly lower in the site under restoration than in con-
served and degraded sites, but their mean intensities did
not change. Prevalence and mean intensity of C. formosa-
nus were lower in both degraded and under restoration
sites than in the conserved site.

Discussion

Parasites as bioindicators

The very low dissimilarity of infracommunities between
sites, as indicated by the global R from ANOSIM, and
by the lack of significant differences in species richness,
diversity index, and dominance index between conserved
and degraded sites, suggest that the ecological conditions
(e.g. mangrove coverage) at those sampling sites were not
reflected in the structure of the parasite infracomunities
of P, velifera. It was probably due to the fact that stress-
induced decreases in one species can be countered by
increases in another [12]. Even so, the site under resto-
ration showed a significantly lower diversity of parasites,
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Fig. 2 Mean + standard error of parasite species richness, number
of parasite individuals, Brillouin diversity index, and Berger—Parker
dominance index in sailfin molly (Poecilia velifera) from three sites

in Bahamitas, Terminos Lagoon. Different letters indicate significant
differences between sites

which suggests that restoration efforts have not improved
the ecological conditions, at least not to be comparable
with the conserved site. According to Marcogliese [7],
perturbations in ecosystem structure and function that
affect food web topology may also affect parasite trans-
mission, which impacts upon parasite species abundance
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Fig. 3 Two-dimensional nonmetric MDS plot of Bray—Curtis similarity based on data of macroparasite infracommunities of Poecilia velifera from

Table 1 Prevalence (95% confidence interval) of macroparasite species found in Poecilia velifera from three sampling

sites in Bahamitas, Terminos Lagoon

Parasites Conserved

Degraded Under restoration

Crustacea
28 (16.2-42.5)°
42 (28.2-56.8)°

Argulus sp. (A)
Ergasilus aff. cerastes (A)
Trematoda

Centrocestus formosanus (L) 92 (80.8-97.8)°

Monogenea
Gyrodactylus sp. (A) 2(0.1-10.6)
Nematoda
Contracaecum sp. (L) 2(0.1-106)
Cuculanus sp. (L) 14 (5.8-26.7)°

115 (54-20.8)°
46.2 (34.8-57.8)°

17.1(9.2-28)
229 (13.7-344)°

74.4 (63.2-83.6)° 74.3 (62.4-84)°

5.1 (14-126) 86(3.2-17.7)
13(0-69) 0
9(3.7-17.6)° P

Values marked with superscript letters in common or no letters indicate no significant difference between sampling sites (Fisher’s exact test, P> 0.05)

A adult stage, L larva stage

and composition. It is a very complex issue given the dif-
ficulty of determining the particular mechanisms driving
differences in parasite community dynamics (e.g. [24]).
Nonetheless, it has been observed that ecological dis-
turbance has a negative impact on parasite diversity. For
instance, Krause et al. [8] observed that fish Etheostoma
nigrum from polluted sites had significantly lower num-
bers of parasite individuals and species richness than fish
from reference sites.

At population level, given that prevalence and inten-
sity of ectoparasite species E. aff. cerastes and Argulus
sp. were practically similar between sites, it could be
assumed that water quality did no changed through the

study area. The exception was the significantly lower
prevalence of Ergasilus aff. ceraste in the site under res-
toration, which could be indicating (to some extent)
poorer water quality than in the other sampling sites and,
therefore, poor progress in the successful restoration of
Bahamitas after 5 years. We got this conjecture consider-
ing the fact that ectoparasites are in direct contact with
their environment and poor water quality may reduce
their vitality or increase their mortality [9, 12]. The prev-
alence of Argulus sp. was also lower in the site under res-
toration than in the conserved, but the difference was not
significant.
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Table 2 Mean intensity (95% confidence interval) of macroparasite species found in Poecilia velifera from three sampling

sites in Bahamitas, Terminos Lagoon

Parasites Conserved Degraded Under restoration
Crustacea

Argulus sp. 19(14-24)7° 1.7 (1.2-2)% 1.25(1-1.4)°

Ergasilus aff. cerastes 2.9 (2.0-4.5) 3.19 (2.3-4.6)° 19 (14-26)%
Trematoda

Centrocestus formosanus 312 (25.2-39.1)° 21(153-322)° 19.6 (16-25.2)°
Monogenea

Gyrodactylus sp. 1 1 1.2(1-1.5)
Nematoda

Contracaecum sp. 1 1 0

Cuculanus sp. 1.9 (1-2.7) 19 0°

Values marked with superscript letters in common or no letters indicate no significant difference between sampling sites (t-bootstrap test, P> 0.05)

Likewise, the significantly lower prevalence and
intensity of C. formosanus in the under restoration and
degraded sites may indicate more unfavorable ecological
conditions than in the conserved site, where the infection
levels of C. formosanus were significantly higher. This
parasite requires three host species (snail, fish, and fish-
eating birds) to complete their life cycle. We conjecture
that the scarce vegetation bordering the under restoration
and degraded sites provoked a decrease in abundance of
the final bird host which resulted in a decrease of C. for-
mosanus population. When Huspeni and Lafferty [13]
evaluated a saltmarsh restoration project, they observed
that the prevalence of trematodes of snails (Cerithidea
californica) increased in restored sites, which was attrib-
uted to an increased bird presence. Aguirre-Macedo et al.
[14] observed that the populations of trematodes of snails
(Cerithidea pliculosa) decreased after a hurricane, but
then started to increase and in 6 years reached param-
eters similar to those before the hurricane, indicating the
ecosystem recovery. Taglioretti et al. [24] showed that the
susceptibility of fish-trematode systems to variations in
both biotic and abiotic stressors makes them a promis-
ing tool for detecting disturbances in aquatic ecosystems.
Therefore, trematodes are seen as promising effect indi-
cators so that prevalence is inversely related to the degree
of disturbance of aquatic ecosystems [9, 24].

Nonetheless, the use of C. formosanus as bioindica-
tor has to be taken with caution since it is an invasive
trematode, which was introduced to Mexico in 1979
with its intermediate snail host (Melanoides tuberculata)
and was able to disperse through a variety of fresh- or
brackish-water fish in different regions of the country,
reaching extraordinarily high infection levels [25]. The
snail M. tuberculata has already been reported from the
Terminos Lagoon [26], possibly at high abundance since
this successful invasive species may be more tolerant to

abiotic stressors than native species [27]. This possible
high abundance of the first intermediate host plus its low
preference for a particular fish host species could account
for the high proliferation of C. formosanus.

As mentioned initially, our fish samples were not origi-
nally collected for parasitological analysis. Therefore, one
shortcoming of this study is the lack of a proper study
design, including perhaps more contrasting or distant
sampling sites, replication of sites, and examination of
freshly sacrificed fish, since preservation prior to dis-
section results in incomplete quantitative and qualita-
tive data [28]. This situation could have influenced that
our parasitological data did not show useful information
to provide a confident diagnosis related to ecosystem
health. However, in the particular case of the restoration
project, the low abundance of trematodes and crusta-
ceans may suggest that strategies of restoration should be
improved to achieve better results.

New host-parasite records

Four out of six parasite species herein reported are hel-
minths. According to previous studies, P velifera is the
potential host of at least 11 helminth species: Contra-
caecum sp., Atrophecaecum astorquii, Stunkardiella
minima, Clinostomum complanatum, Saccocoelioides
sogandaresi, Ascocotyle tenuicollis, A. megalocephala, A.
diminuta, A. macrostoma, A. nana, and Proterodiplos-
tomidae gen. sp. [29-32]. These records are from fresh-
water habitats so that their absence in brackish water of
the Terminos Lagoon is not surprising. However, except
for Contracaecum sp., the parasites we found in P velif-
era have not been previously recorded in this fish. The
presence of these parasites may be explained by the eco-
logical characteristics of the Terminos Lagoon, which is
influenced by both marine and freshwater ecosystems
that favor biodiversity, particularly in the interlinked
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mangrove-seagrass habitat where the highest number of
trophic levels may be observed [33].

To the best of our knowledge, the present study rep-
resents the first record of a species of Gyrodactylus on
P velifera. According to Garcia-Vasquez et al. [34], 19
species of Gyrodactylus are known to infect poeciliid
fishes but P velifera does not appear in the list. There
are approximately 450 species of Gyrodactylus for
which delimitation currently requires not only morpho-
metrics but also molecular analyses, a task beyond the
scope of the present research. Recently, Garcia-Vasquez
et al. [35] pointed out that poeciliids could contribute
to the spread of Gyrodactylus cichlidarum, which is a
serious pathogen for tilapia. Thus, a more precise iden-
tification of the species found in P. velifera is necessary.

Other interesting findings in this study were the para-
sitic crustaceans; however, a detailed taxonomic study
for the correct species designation is needed. Species
of Argulus and Ergasilus are typically found on brack-
ishwater fish; however, they have not previously been
reported from P velifera. Ergasilus is a polyphyletic
genus that includes approximately 180 nominal species
whose delimitation may be confused because of insuf-
ficient detail in some older published descriptions [36,
37]. The species of Argulus found in the present study
morphologically resembles A. elongatus and A. izint-
wala, which are distinguished from congeners by their
elongated body and a carapace covering only the base
of the first pair of legs [38]. We suspect that our speci-
mens represent a new species but a deeper taxonomic
study is required.
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