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ABSTRACT 

The Spanish toothcarp, Apricaphanius iberus, is an endemic and endangered fish species 

found in coastal ecosystems on the Iberian Peninsula, which have encountered challenges 

including environmental fluctuations and parasitism by digenean trematodes. The study focuses 

on La Pletera, a protected area with diverse conditions, where metacercariae infestations were 

found in the fish’s gills, indicating potential respiratory and osmoregulatory impacts. The research 

aims to assess parasite descriptors in fish, considering factors like sex and length of the host, 

identify the digenean species, to detect larval stages in potential intermediate host (Hydrobia 

specimens), estimate cercariae emerging from the snails, and explore connections between lagoon 

conditions and infection rates. 

A. iberus specimens, cohabiting Hydrobia snails and Gambusia holbrooki were collected 

from three lagoons with different microecosystems. Analysis identified a total of 21,256 digenean 

metacercariae parasitizing A. iberus gills, resulting in only one non-parasitized individual. A high 

abundance of metacercariae was found encysted on one side gills in each individual, with differing 

results among lagoons. G. holbrooki exhibited no metacercariae, highlighting host specificity. 

Cercariae emergence confirmed Hydrobia snails as first intermediate host of this digenean. 

Histological studies detected metacercariae in various fish tissues including pharynx, intestines, 

jaw, spinal cord, and fins, among others, but no larval stages were found in snails.  

Key words: A. iberus, cercariae, environmental conditions, Hydrobia snails, intermediate host, 

metacercariae abundance.  
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1. INTRODUCTION 

Apricaphanius iberus, aka Spanish toothcarp, is a small fish from the family 

Cyprinodontidae, endemic of brackish and hypersaline coastal water lagoons and salt marshes in 

the Iberian Peninsula (Alcaraz & García-Berthou, 2007). Its distribution range is restricted to three 

biogeographical areas along the eastern Mediterranean coastline: Catalonian, Levantine and 

Murcian regions (sensu Doadrio et al., 1996; Oliva-Paterna et al. 2006). Its habitat distribution is 

considered among the most fluctuating ecosystems in the world since they depend on the amount 

of freshwater input, climate and human activities that affect their nutrient dynamics and water 

regime (Gedan et al., 2011; Beer & Joyce, 2013; Casamitjana et al., 2019).  

Coastal lagoons are categorized as opened or closed depending on their connection to the 

sea, and each of them is characterized by microecosystems (Casamitjana et al., 2019).  Although 

A. iberus specimens have adapted to the fluctuating conditions of their habitat, a decline on its 

populations has been recorded, mainly due to the introduction of the invasive Gambusia holbrooki 

(aka mosquitofish), water pollution and wetland fragmentation (Oliva-Paterna et al., 2006), leading 

the species to be listed as endangered by the IUCN (IUCN, 2006).  

In addition, parasitism of digenean trematodes has also been a persistent threat in 

Aphaniidae specimens of the Mediterranean coastline. Digenean metacercariae have been found 

encysted in the head, visceral regions and other tissues of an Aphanius species (Kalantan et al., 

1987). Specifically, metacercariae of the family Heterophyidae Leiper, 1909, have been detected 

parasitizing the serosa of the visceral organs (peritoneum) of Aphanius fasciatus (Valenciennes) 

from the northern Mediterranean coast of Italy, resulting in high parasite prevalence and intensity 

(Gustinelli et al., 2022).  

Heterophyid digenean have an indirect life cycle that usually use prosobranchiate snails as 

first intermediate host and fish as second one, while fish-eating birds or mammals serve as 

definitive hosts (Cribb et al., 2003). Heterophyid encysted metacercariae have been found to cause 

detrimental effects, as hyperplasia and cell proliferations in tissue sections, especially in gills but 

also in muscle and other organs, following different patterns among fish tissues (Abdallah et al., 

2009; Santos et al., 2013; Attia et al., 2021). These parasites are often organ-specific in the 

intermediate host (Paperna & Dzikowski, 2006) and many species of this family have been 
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reported to encyst in gill tissues, and even causing proliferation of gill cartilage (Blazer & Gratzek, 

1985; Olson & Pierce, 1997).  

In a specific study based on the project Aphanius (PID2019-103936GB-C21/C22), several 

specimens captured from the wild (La Pletera, Costa Brava, Catalonia) were tested for metabolic 

performance at different salinities and, surprisingly, unexpected mortalities occurred during the 

experiments. An extremely large number of metacercaria were detected in the gills of these 

specimens, suggesting a relevant impairment of respiratory and osmoregulatory functions and 

allostatic capacity in these fish. The structure and morphology of the metacercaria highly 

suggested an Heterophyidae as the most likely family of digenean trematodes. 

The study site, La Pletera, is a protected area composed of wetlands and some closed 

coastal lagoons that receive water input from the sea during sudden intense flooding events, but 

also go through long periods of confinement (Casamitjana et al., 2019), with higher salinity and 

lower water levels (Quintana et al. 1998, 2018). Furthermore, these lagoons are the habitat of the 

invasive Gambusia holbrooki. Mud snails of the genus Hydrobia are also very common in brackish 

water environments of Mediterranean coastal regions (Giusti et al., 1998), as in La Pletera, and 

can be good candidates to be studied as potential intermediate hosts for digeneans after these are 

released through feces of the definitive host into aquatic environments (Bordalo et al., 2011). 

Therefore, La Pletera gathers suitable variables to study digenean infections in A. iberus 

specimens.  

Taking into account that these infections are a threaten and a new challenge for the 

management and conservation of this endangered species, the main aim of this work is to 

characterize the digenean trematode populations in A. iberus at three nearby coastal lagoons with 

different environmental conditions in La Pletera. Specifically, 1) to assess parasite descriptors of 

this digenea in fish (second intermediate host) and inferred depending on the sex and length of the 

host, 2) to detect larval stages in the potential first intermediate host (Hydrobia specimens) and 

estimate the cercariae emerging from the snails, and 3) to infer the probable relation between 

environmental conditions of each lagoon with different degrees of infection.   
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2. MATERIALS AND METHODS 

2.1 Ecological characterization of three lagoon systems  

Three samplings of A. iberus were carried out in La Pletera (L’Estartit, Costa Brava, 

Girona, Catalonia, NW Mediterranean) in three different lagoon systems (M01, L04, M03) (Figure 

1). Physiochemical parameters, such as electrical conductivity, dissolved oxygen and temperature 

were measured from lagoons L04 and M03 in situ, during monthly campaigns conducted from 

February 2016 to August 2019 (Menció et al., 2023), and from May 2022 to April 2023 (Quintana 

X., personal communication, 2023) (Figure 2). No M01 was reported to have intermediate 

conditions of conductivity and dissolved oxygen (Quintana X., personal communication, 2023).  

For purposes of this study, conductivity is used to estimate salinity dynamics in the 

mentioned lagoons. This is feasible as salinity and conductivity are directly proportional (Rusydi, 

2018). 

FIGURE 1 Map of sampling area Apricaphanius iberus. La Pletera (L’Estartit, Costa Brava, 

Girona, Catalonia, NW Mediterranean). 
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FIGURE 2 Environmental conditions recorded from lagoon L04 (A, B and C) and M03 (D, E and 

F) in La Pletera (Catalonia, NW Mediterranean) from 2016 to 2019 and 2022 and 2023. A and D) 

Conductivity (mS); B and E) Temperature (Celsius); C and F) Dissolved oxygen (%O2). Numbers 

from 1 to 12 represent months from January to December, respectively.  

2.2 Apricaphanius iberus collection 

Samplings of A. iberus were carried out on May 3rd, 2022, and March 21st and June 20th, 

2023. Fish net traps were set up the day before to the collection in the three selected lagoons coded 

as M01, L04 and M03. Spanish toothcarps were sexed and counted. When possible, twenty A. 

iberus were collected and kept alive from the three lagoons, i.e., ten males and ten females. The 

remaining ones were immediately returned to their lagoons. A total of 94 fish specimens (49 

females and 45 males) were collected throughout the three samplings. 
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Specimens from the invasive G. holbrooki were counted and euthanized in situ by using an 

overdose of eugenol, except in the March 21st and June 20th samplings, where ten mosquitofish 

specimens were also taken alive for further analysis.  

Fishes were carefully transported in tanks to ensure survival. Once in the lab, fishes were 

kept in aquariums until euthanized with overdose of phenoxyethanol. Sex, standard length (SL), 

total length (TL), and total weight (TW) data of each individual were recorded.    

2.3 Metacercaria quantification and identification 

Fish were fixed individually in 10% buffered formalin. After 48 hours, gills from one side 

of each individual were taken out and observed under the stereomicroscope to look for 

metacercariae. Metacercariae abundance was quantified and recorded from the four gill arches and 

filaments of each individual. The rest of the specimen was kept in the same container with 10% 

buffered formalin for further histological analysis.  

Half of each individual of A. iberus (n = 10 of each lagoon and sampling, when possible) 

kept in 10% buffered formalin were processed by routine histological techniques and sections were 

stained with hematoxylin and eosin. Metacercariae quantification per organ section was recorded. 

Gills from one side of ten individuals were analyzed in fresh. Measurements of five 

metacercariae were taken from images at 40× magnification by a Leica camera model CTR5000 

attached to a Leica DM500B microscope and an image-processing software (ProgRes® C3). 

Measurements are presented as the range expressed in micrometers (µm). After metacercariae 

quantification, they were preserved in 100% ethanol for further molecular studies. 

Parasites were morphologically identified at a potential family level following the 

descriptions given by Scholz et al. (2001), Elsheikha and Elshazly (2008), Pearson (2008), Masala 

et al. (2016) and Gustinelli et al. (2022).  

2.4 Hydrobia collection and cercariae release  

On March 21st and June 20th, 2023, Hydrobia specimens along with two liters of water 

were collected from lagoons M01, L04 and M03. A total of 300 snails were kept alive. Three 

replicates of 20 snails per lagoon were kept in 20 mL containers with its respective water lagoon, 
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which was previously observed under the stereomicroscope to prevent the presence of cercariae. 

For M01, three additional replicates of 40 individuals were also included.  

Three heat lamps were placed surrounding the twelve containers to warm them up and 

stimulate the release of cercariae. Water temperature was recorded using a thermometer inside an 

additional container with a random lagoon water. After 24, 48 and 168 hours, water from each 

container was poured into medium glass plates and observed under the stereomicroscope for 

detection and counting of cercariae. Measurements of three small cercariae were taken from 

captured images. Additionally, six larger cercariae were preserved in 70% ethanol before 

measurements were obtained. To account for potential size reduction, the reduction ratio of the 

small cercariae was calculated from fresh and ethanol-preserved ones at different sections (length 

and width of head and tail), and then applied proportionally to the larger specimens to obtain their 

estimated measures.  

Ten Hydrobia specimens from each replicate were also fixed in 10% buffered formalin for 

the detection of larval stages by histological techniques. Specimens were processed without the 

shell by routine histological techniques to further identification of digenean larval stages. Sections 

were stained using Ziehl-Neelsen, and hematoxylin and eosin.  

2.5 Data analysis  

All variables were tested for normality and homoscedasticity using the Shapiro-Wilk and 

the Levene's test, respectively. Data distribution was also plotted for visual assessment. Statistical 

analyses were performed in R Studio software (version: 4.1.3), and significant level was set at p < 

0.05. Parasite prevalence (P%) and mean abundance (MA) were calculated following previous 

studies (Bush et al., 1997). 

Fulton’s body condition factor K was calculated as  

𝐾 =  
10,000 ×𝑇𝑊

𝑆𝐿3
 , 

where TW is total weight (g) and SL is standard length (mm).  

Standard length (SL), Fulton’s body condition (K) and total weight (TW) were tested for 

differences among sex, lagoons and seasons using Kruskal-Wallis chi-squared test. When 

necessary for further analysis, SL was used as a covariate. 
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Correlations between SL, K, TW, and total abundance of metacercariae in fish were tested in 

order to detect any possible relationships among them. This process was carried out using non-

parametric Spearman’s correlation tests. Differences in metacercariae abundance and sexes, 

lagoons and seasons were tested using Generalized Lineal Models (GZMs, Poisson distribution). 

Differences in metacercariae abundance, and gills, gill arches and filaments were tested using 

Mixed Effects Models (using individuals as random factors).  

Cercariae release data was calculated using emergence ratios per snail. Mean abundance and 

standard deviation were also determined using these ratios.  

3. RESULTS 

 Total length (TL) of assessed A. iberus ranged from 24 – 40 mm (31.53 (SD = 4.35)). 

Biometrical data and body condition index of fish are shown in Table 1. All three variables (SL, 

TW and K) were significantly higher in females (SL: KW = 40.0, p-value < 0.05; TW: KW = 

40.38, p-value < 0.05; K: KW = 4.46, p-value < 0.05).   

TABLE 1 Biometrical data of sampled Apricaphanius iberus in La Pletera (Catalonia, NW 

Mediterranean). Mean and standard deviation (SD) of standard length (SL, mm), total weight (TW, 

g) and Fulton’s body condition (K). Differences between males and females are represented by 

superscript letters (a and b) and their absence means no significant differences. 

  Lagoon N° of fish 

examined 
SL (SD) TW (SD) K (SD) 

 Sex 

  M01 36 25.36 (4.43) 0.52 (0.29) 2.95 (0.41) 

 Female 20 27.55 (4.61) 0.67 (0.30) 3.02 (0.44) 

 Male 16 22.63 (2.16) 0.34 (0.11) 2.86 (0.37) 

  L04 9 26.78 (4.35) 0.67 (0.32) 3.32 (1.08) 

 Female 4 30.50 (3.11) 0.85 (0.24) 2.96 (0.54) 

 Male 5 23.80 (2.39) 0.53 (0.33) 3.60 (1.37) 

  M03 49 25.91 (3.39) 0.55 (0.24) 2.99 (0.52) 

 Female 25 28.30 (2.35) 0.72 (0.21) 3.14 (0.57) 

 Male 24 23.42 (2.36) 0.37 (0.10) 2.83 (0.40) 

  Total 94 25.78 (3.89) 0.55 (0.27) 3.00 (0.56) 

 Female 49 28.17 (3.52)a 0.71 (0.25)a 3.08 (0.51)a 

 Male 45 23.18 (2.28)b 0.37 (0.15)b 2.92 (0.60)b 
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Individuals from lagoon L04 exhibited a marginal greater SL compared to the other 

lagoons, however, it did not result in a statistical significance, likely attributed to the low number 

of specimens assessed. A similar pattern appeared during the assessment of females, with those in 

spring exhibiting higher SL and TW compared to those in summer and winter, presumably due to 

the same constraint of sample size. Consequently, no statistically significant differences were 

discerned in SL, TW, or K among the three sampled lagoons and across seasons, whether 

considering all sampled specimens or examining males and females separately.  

3.1 Digenean metacercariae infection in fish 

A total of 21,256 digenean metacercariae were found parasitizing the gills of 94 A. iberus, 

resulting in only one non-parasitized individual (Table 2). Encysted metacercariae were ovoidal in 

shape, composed by a thin and clear cyst wall (3.50 (SD = 0.43) µm in the narrower region; 4.72 

(SD = 0.17) µm in the wider one), and a transparent inner layer. Cysts measurements resulted in 

155.52 (SD = 4.10) µm long and 94.25 (SD = 2.28) µm wide. The oral sucker (35.96 (SD = 3.32) 

µm wide; 41.78 (SD = 2.99) µm long), which bears circumoral spines, and the excretory vesicle 

full of dark granules could be identified (Figure 3). 

FIGURE 3 Encysted digenean metacercariae found in Apricaphanius iberus in La Pletera 

(Catalonia, NW Mediterranean). a) entire cyst where different structures can be seen:  CW, cyst 

wall; OS, oral sucker; EV, excretory vesicle; and b) detail of the oral sucker 
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High abundance of metacercariae were found encysted on one side of the gills in each 

individual (Figure 4), ranging from 0 up to 2036. No significant correlation between SL, TW and 

K, and metacercariae abundance was identified, nor with sex taking into account SL as covariate. 

TABLE 2 Prevalence and mean abundance of metacercariae in Apricaphanius iberus from in La 

Pletera (Catalonia, NW Mediterranean) for the three sampled lagoons. P%, prevalence; MA, mean 

abundance; SE, standard error.  

Lagoon 
P% MA ± SE 

Season 

M01   

Spring 2022 100% 53.67 ± 11.59 

Winter 2023 100% 308.37 ± 115.93 

Summer 2023 100% 113.50 ± 43.50 

L04   

Spring 2022 100% 723.00 ± 107.22 

Winter 2023 - - 

Summer 2023 - - 

M03   

Spring 2022 100% 92.14 ± 20.63 

Winter 2023 100% 291.40 ± 33.75 

Summer 2023 95% 109.85 ± 23.98 

Total 98.94% 226.13 ± 32.79 
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FIGURE 4 Encysted metacercariae found in A. iberus gill arches in La Pletera (Catalonia, NW 

Mediterranean). Fresh mounts (a and b) and histological sections (c and d) of gill arches (GA) and 

filaments (GF) with high numbers of encysted metacercariae. Arrows (in c and d) indicate encysted 

metacercariae. 

Fourth gill has less significant metacercariae abundance compared to the other gills (G1-

G4: t -ratio= 2.26, p-value < 0.05; G2-G4: t-ratio= 2.41, p-value < 0.05; G3-G4: t-ratio= 4.03, p-

value < 0.05), being the third gill the one with the highest abundance (Figure 5). No differences 

were found in the distribution of metacercariae between gill arches and filaments.  
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FIGURE 5 Mean abundance of metacercariae in the A. iberus gills in La Pletera (Catalonia, NW 

Mediterranean). Letters (a and b) means significant differences among the four gills. 

Regarding differences among lagoons, the single sampling in L04 presented the highest 

MA (723.00 ± 107.22), compared to the other two lagoons (M01-L04: t-ratio = -5.17, p-value < 

0.01; M03-L04: t-ratio = 5.63, p-value < 0.01). Taking into account seasonal samplings (excluding 

L04), significant differences of metacercariae MA were found, being winter the season with the 

highest values, and spring, the lowest ones in both lagoons, M01 and M03 (spring-summer: z-ratio 

= -40.02, p-value < 0.01; spring-winter: z-ratio = -168.27, p-value < 0.01; summer-winter: z-ratio 

= -125.79, p-value < 0.01) (Figure 6).  
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FIGURE 6 Metacercariae abundance per season (excluding lagoon L04) found in A. iberus gill 

arches in La Pletera (Catalonia, NW Mediterranean). Letters (a, b and c) means significant 

differences among seasons. 

Although most metacercariae were detected encysted in gill arches and filaments (Figure 

4), by histological analysis they were also found encysted in digestive tract (especially in in 

pharynx but also in intestines), near pseudobranch, liver, spleen, kidney, pancreas, gonads, spinal 

cord, and in muscular, adipose and connective tissues (Figure 7). Externally, metacercariae were 

observed in upper and lower jaw, nasal region, operculum, and dorsal, ventral and caudal fins 

(Figure 8).  
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FIGURE 7 Histological sections showing digenean metacercariae (indicated by black arrows) in 

different tissues and internal organs of Apricaphanius iberus from La Pletera (Catalonia, NW 

Mediterranean). a) pharynx; b) intestine; c) adipose tissue surrounding the pseudobranch; d) 

gonads. Arrows indicate encysted metacercariae. 
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FIGURE 8 Histological sections showing external digenean metacercariae in: a and b) jaws (a: 

LJ, lower jaw and b: UJ, upper jaw); c) operculum (O); d) muscle tissue; e) spinal cord (SC); and 

f) fins (CF, caudal fin); of Apricaphanius iberus from La Pletera (Catalonia, NW Mediterranean). 

Arrows indicate encysted metacercariae. 

No metacercariae were found in mosquitofish gills. 
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3.2 Digenea cercariae in snails 

A total of 60 digenean cercariae could be observed emerging from Hydrobia specimens from 

different lagoons and seasons. Among those parasites, cercariae of two sizes were identified 

(small: mean emerging ratio = 0.29 (SD = 0.27); big: mean emerging ratio = 0.15 (SD = 0.28)). 

Table 3 displays emergence ratio values of both cercariae sizes. They emerged from snails of L04 

lagoon during winter and summer sampling assessments, whereas they only emerge from lagoons 

M01 and M03 during winter assessment. All captured snails during summer sampling from lagoon 

M03 were dead. 

TABLE 3 Number of cercariae released per Hydrobia snail from the different lagoons from La 

Pletera (Catalonia, NW Mediterranean). Not displayed times (L04: 168 hours; M03: 24 y 168 

hours) had zero cercariae emergence. Dash (-) means no alive snails.  

 Lagoons M01 L04 M03 

 Hours 
24 48 168 Total 24 48 Total 48 Total 

Season Size 

Winter 
Small 0 0.2 0 0.2 0.45 0.15 0.6 0.1 0.1 

Big 0.03 0.6 0.03 0.65 0 0.05 0.05 0.05 0.05 

Summer 
Small 0 0 0 0 0.55 0 0.55 - - 

Big 0 0 0 0 0 0 0 - - 

Total 

Small 0 0.2 0 0.2 1.0 0.15 1.15 0.1 0.1 

Big 0.03 0.6 0.03 0.65 0 0.05 0.05 0.05 0.05 

Total 0.03 0.8 0.03 0.85 1.0 0.2 1.2 0.15 0.15 

Cercariae of two sizes were observed only during winter sampling analysis as in summer only 

small cercariae could be observed. Small cercariae were composed by an oval head measuring 

101.22 (SD = 52.00) µm x 158.29 (SD = 38.24) µm, and with a pair of visible eyespots. A single 

stem tail, transversely divided in two regions, was attached to the head. Tail had a total length of 

175.55 (SD = 1.83) µm and a width of 19.81 (SD = 2.07) µm in the widest section (Figure 9a). 

Larger cercariae possessed the same morphological features (Figure 9b). Estimation measures 

were head 326.82 (SD = 58.74) µm x 383.40 (SD = 38.72) µm; estimated tail measure was 830.60 

(SD = 65.55) µm and 47.52 (SD = 8.94) µm width in the widest section. Both cercariae types were 

very active and swam by rapidly and repetitively beating their tails. 
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FIGURE 9 Fresh mount of digenea cercariae released from Hydrobia snails in La Pletera 

(Catalonia, NW Mediterranean). a) Small size cercariae; b) big size cercariae (image captured after 

storage in 70% ethanol). H, head; T, tail. 

No sporocyst nor redia could be identified through histological studies of snails from any of the 

lagoons. 

4. DISCUSSION 

This research provides relevant information of important parasitic infections in A. iberus from 

Catalan lagoons. The study reveals a high prevalence (98.94%) and abundance (226.13 ± 32.79) 

of parasites located in gills of one side (approximately 450 metacercariae per fish). As mentioned 

before, this might indicate a significant negative impact on the respiratory and osmoregulatory 

functions, as well as allostatic capacity of these fish species, potentially enhancing the challenges 

faced by this endangered fish species. In addition, the fact that no metacercariae have been found 

in specimens of G. holbrooki strongly suggests the high specificity of the parasite in his second 

intermediate host, A. iberus. Such types of infections have been investigated in distinct species 

within the Aphanius genus across various geographical regions.  

In a seasonal incidence study of metacercariae in Aphanius dispar specimens from Saudi 

Arabia, Kalantan et al. (1987) found 86.6% parasite prevalence, with up to 41 metacercariae per 

fish. Although such results were not classified as “high” by the authors, it was found that 

metacercariae cysts caused degeneration of tissues and blood vessels congestion (Kalantan et al., 

1987). More recently, Gustinelli et al. (2022) found an 83% digenean prevalence in Aphanius 

fasciatus specimens from coastal lagoons in northeastern Italy, whose metacercariae mean 

abundance was up to 83, being these outcomes qualified as extraordinarily high for this species. 
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Furthermore, metacercariae has also been documented in species of other fish families. Masala et 

al. (2016) reported a total of 17,899 Heterophyidae metacercariae encysted in muscle tissue of 57 

examined Mugil cephalus fish with a total prevalence of 95%, which yielded a mean abundance 

of around 314 metacercariae per fish.  

Metacercariae abundance in A. iberus is notably higher, with values approximately ten times 

greater than those reported by Kalantan et al. (1987) and approximately five times higher than 

those observed in the study conducted by Gustinelli et al. (2022). Moreover, Masala et al. (2016) 

research yielded a mean abundance result that aligns more closely with the findings of the present 

study. However, it is essential to consider that M. cephalus exceeds A. iberus in both size and 

weight. Therefore, it can be inferred that observed parasite load in the gills of this smaller species 

could become exceptionally burdensome and detrimental to them.  

Although most metacercariae infections are classified as benign, if the infection is substantial, 

it can severely affect or even kill the host, mainly the ones living in small bodies of water (Cribb, 

2005). Thus, the parasite load identified in this research may result in a reduction of respiratory 

surface area and cause detrimental effects on fish at times of stress or when dissolved oxygen is 

low (Blazer & Gratzek, 1985). This scenario appears to be exemplified by lagoon L04, where 

exceptionally metacercariae abundance is recorded during the spring 2021 sampling, followed by 

the inability to capture any Spanish toothcarp specimen in subsequent samplings. The likely 

reduction or disappearance of its population in this lagoon could be attributed directly to the 

negative effects of the significant parasite loads encountered and/or to the vulnerabilities induced 

by these infections that hinder its population’s ability to adapt to environmental changes.  

Furthermore, morphological characteristics noted in this study closely resemble those 

documented for the Heterophyidae family in previous descriptions (Scholz et al., 2001; Elsheikha 

and Elshazly, 2008; Pearson, 2008; Masala et al., 2016; Gustinelli et al., 2022). The oral sucker 

bearing circumoral spines, the size of the oval head and the main structures such as the excretory 

vesicle, which is full of dark granules, and the outer cyst wall are general metacercariae 

characteristics that give the first clues to suggest categorization into said family. The majority of 

Heterophyidae parasites exhibit a site-specificity, often encysting muscle tissue, fins, adipose 

tissue around the internal organs, and gills (Waikagul & Thaenkham, 2014). In this study, the high 
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numbers of metacercariae in gills point to this organ as the main target organ in A. iberus, with 

equal affinity for gill arches and filaments, but less in the fourth gill. 

Considering the observation and measurements of cercariae in the present work, their 

morphology is also taken into account to identify their potential taxonomic categorization. In this 

case, the two types of cercariae exhibit resemblances to characteristics observed in members of 

Heterophyidae family, such as the oval head with a pair of visible eyespots and, specially, the 

single stem tail (Waikagul & Thaenkham, 2014). However, cercariae belonging to closely related 

species share similarities in their physical structure, making it challenging to differentiate them 

solely based on their morphology (Waikagul & Thaenkham, 2014). 

Although no larval stages could be identified in Hydrobia snails through histological analyses, 

the emergence of cercariae from these snails confirm this mollusk as the first intermediate host of 

the parasite. These mud snails inhabit brackish water environments of all Mediterranean coastal 

lagoons (Giusti et al., 1998), where they can live and reproduce in a wide range of temperatures 

and salinities (Barnes, 2005). Nevertheless, according to Pascual and Drake (2008), exposure to 

water with extremely high salinity and low oxygen levels, regardless of water temperature, could 

indicate negative effects on the normal activity (speed of movement, browsing rate, etc.) of some 

Hydrobia species. Thus, this could be related to mortality of mud snails from lagoon M03 during 

spring sampling since this lagoon is characterized by high salinity levels and fluctuating oxygen 

levels that may have exceeded the environmental thresholds of the unknown Hydrobia species.  

Environmental factors of the assessed lagoons play an important role in metacercariae 

abundance. Specifically, lagoon L04, which exhibits the lowest salinity levels, is the lagoon where 

snails have been most readily encountered during samplings, and it is also the location where the 

highest metacercariae abundance has been observed. This finding is in accordance with results 

described by Koprivnikar and Poulin (2009a), in which the trematodes Maritrema 

novaezealandesis (Microphallidae) and Philophthalmus sp. (Philophthalmidae) exhibited 

increased cercarial emergence at the lowest salinity tested (30 PSU), thus maximizing the chance 

of successful transmission to the next host.  
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On the contrary, in lagoon M03, characterized by higher salinity levels, it has been more 

challenging to locate snails in its shores and the parasite abundance has been found to be lower. 

Thus, it can be assumed that the digenean abundance depends on the first intermediate host and its 

responsiveness to environmental conditions. Limited emergence of cercariae might be attributed 

to host stress caused by altered salinity conditions (Berger & Kharazova, 1997), as numerous 

mollusks close their operculum in response to changes until they acclimatize (Cheung & Lam, 

1995).  

Although, those results differ from previous studies in which cercariae emergence increased 

with higher salinity (Sindermann, 1960; Sindermann & Farrin, 1962; Mouritsen, 2002; Studer & 

Poulin, 2012), the overall relationship between cercariae emergence and salinity of lagoons is 

likely context-dependent and influenced by various ecological factors. Contradictory findings may 

be attributed to variations in experimental conditions versus natural real conditions, host-parasite 

interactions and the specific trematode species being studied.  

 Seasonal variations are also relevant because it involves changes in temperatures, a well-

studied factor that influences parasite infections. Several research studies have suggested that 

elevated temperatures establish suitable conditions for parasite transmission (Lyholt & Buchmann, 

1996; Mouritsen, 2002; Studer et al., 2010; Koprivnikar et al., 2014). However, findings of this 

study present a contrasting proposition: the highest metacercariae abundance is observed during 

winter season. This outcome aligns with the research conducted by Koprivnikar and Poulin 

(2009b), which documented a higher cercariae emergence rate at lower temperatures (15°C) rather 

than higher temperatures (25°C), suggesting potential interspecific variations in trematode 

responses to temperature fluctuations.   

 Nevertheless, it is important to highlight that parasite abundance may be primarily 

influenced by factors such as oxygen and salinity rather than temperature. During the summer, 

L04 and M03 lagoons exhibit elevated salinity levels and significant oxygen fluctuations, 

occasionally resulting in very low oxygen levels. In contrast, parasites appear to proliferate more 

readily under lower salinity conditions and in environments with stable to higher oxygen levels. A 

notable example of this is the extremely high parasitization observed in A. iberus specimens from 

lagoon L04 during the spring.  
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The complex water dynamics of La Pletera, influenced by seasonal changes that impact 

lagoons’ salinity, oxygen and overall temperature, might contribute to the escalation of parasite 

infection. During periods of rainfall and storms, its water inflow is a mixture of groundwater and 

surface water, while drier seasons predominantly entail subterranean sources (Menció et al., 2017). 

Unfortunately, La Pletera salt marshes are currently experiencing extended periods of 

confinement, which are exacerbated by elevated temperatures associated with global warming. 

It is plausible to assert that climate change could potentially expedite evaporation rates, 

induce diminished water levels, and increase water salinity. While this scenario might initially 

seem advantageous for A. iberus specimens due to the apparent preference of the digenean parasite 

to lower temperatures and salinities, coupled with low interaction with G. holbrooki specimens 

that struggle in high-salinity environments, it can yield counterproductive outcomes. Although A. 

iberus specimens can withstand significant environmental fluctuations, certain biological factors 

and this heavy parasitization may make them more susceptible to shifts in its surroundings.  

Even though parasitization appears to be a threat for Apricaphanius iberus specimens, 

changes in temperature, salinity and oxygen levels within its habitat present a more substantial 

menace to its survival. Facca et al. (2020) proposed A. iberus as one of six ecological bioindicators 

of lagoon environmental conditions, providing relevant information of ecosystem health via their 

presence and abundance. In this context, the decline in its populations has predominantly been 

attributed to abrupt shifts in its habitat. Seasonal and interannual fluctuations in population have 

shown closer correlation with temperature variations, particularly low winter temperatures, as well 

as heavy rain and flooding events, which incite stress due to rapid shifts in salinity and prey 

availability (Prado et al., 2017). While the issue posed by the digenean parasites requires 

immediate attention, a broader scope of efforts is necessary to conserve a suitable habitat for this 

species, encompassing anticipated shifts arising from the impacts of climate change.  

5. CONCLUSIONS  

 In conclusion, while metacercariae infections in Apricaphanius iberus do not appear to 

cause massive mortality, they still have a discernible impact on the population. This is exemplified 

by the case of L04 lagoon, where a high metacercariae abundance has been recorded and 

subsequent samplings failed to yield any Spanish toothcarp individuals. This suggests that the 

parasitization weakens this species, rendering them more susceptible to stressors such as the 
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invasive G. holbrooki and impairing their ability to adapt to environmental fluctuations in factors 

like salinity and oxygen levels.  

The heavy parasitization observed in the endangered A. iberus populations inhabiting the salt 

marshes and lagoons along the Catalan coast raises significant concerns regarding the species’ 

survival and overall health. When coupled with the pressures exerted by G. holbrooki fish and the 

uncertainties associated with climate change, the situation of Apricaphanius iberus specimens 

becomes increasingly precarious, pushing them closer to the brink of extinction.  
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