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The authors studied the structure of the coastal fish assemblage in a temperate coral reef within a marine protected area in order to provide a baseline information on the occurrence and temporal distribution of fish and to highlight the importance of the coral reef to ichthyofauna. The coastal fish assemblage was investigated at two sites in Veliko jezero (Mljet National Park) in the southern Adriatic Sea with a non-destructive SCUBA visual technique in the period from 2013 to 2021. Altogether, 38 fish taxa were recorded on the right bank (coral reef) and 36 species on the left bank. The presence of the coral reef at a depth range between 9 m to 12 m is the main factor differentiating the fish fauna in these two areas, which are otherwise governed by the same environmental factors. At the coral reef a decrease in fish diversity was discovered with a steady regression from 2013 to 2021.
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1 Introduction

Coral reefs are among the most diversified and productive ecosystems and host an outstanding fish fauna (Sale et al., 1984). Scleractinian corals have long been recognized as attracting rich ichthyofauna (Coker et al., 2013) since they provide shelter and microhabitats to a wide array of fishes. The structural and topographical complexity of corals contributes to the diversity and abundance of the fish associated with them and utilizing their resources (Schrandt and Lema, 2011; Graham & Nash, 2013). At the same time, many fish species that use coral reefs as habitat themselves can also have positive effects on the corals, for instance by enhancing the transfer of nutrients or, in the case of herbivore fishes, facilitating coral suppression on the overgrowth of macroalgae (Shaver and Silliman, 2017).

In the Mediterranean Sea Mediterranean stony coral Cladocora caespitosa (Linnaeus, 1758) is a well-known habitat builder, physiologically and morphologically similar to the typical tropical reef-building corals (Zibrowius, 1980; Peirano et al., 1998) known to create large colonies up to 4 m in diameter (Kružić and Požar-Domac, 2002). According to Kružić et al. (2014), C. caespitosa is well adapted to the marked temperature seasonality of the Mediterranean Sea, but extreme seawater temperatures related to global warming have an evident impact on the growth and survival of this endemic coral in the Mediterranean. A growing number of papers have correlated the increase in seawater temperature with increased biological stress and mortality events associated with C. caespitosa in different areas of the Mediterranean (Rodolfo-Metalpa et al., 2011; Kružić et al., 2012; Kersting et al., 2013; Jiménez et al., 2014). Indeed, during the summer of 1997, a prolonged period of high temperatures (93 days with water temperature above 28°C) caused polyp necrosis in 10% of the Mljet bank colonies (Kružić et al., 2014). Mediterranean stony coral with its topographic complexity has been recognized as an important habitat builder for many benthic invertebrates (Koukouras et al., 1998; Pitacco et al., 2017, 2019).

As pointed out in many studies, the coastal ichthyofauna could be considered a good indicator of the state of the environment (Bell, 1983; Harmelin et al., 1995; Lipej et al., 2003; Orlando-Bonaca and Lipej, 2005). Many species of coastal fish are in fact resident and because of their habitat preferences, are almost always expected in a specific microhabitat type. The ichthyofauna of the C. caespitosa bed or banks has attracted little scientific attention. Among the few available sources is the research performed by Pitacco et al. (2019), who studied the fish fauna on beds of C. caespitosa in different locations along the Slovenian coast (Gulf of Trieste). The ichthyofauna of Veliko jezero has also received scarce scientific attention, since previous studies considered fish fauna only partially (Graham et al., 2009; Kraljević and Tutman, 2011).

Since tropical coral reefs are known to harbor remarkably high biodiversity in term of fish fauna (Sale et al., 1984; Hixon, 2011), it would be interesting to establish whether this is also true for the Mediterranean temperate coral reef. Based on these facts, and to gain insight into the structure of fish assemblages in a temperate coral reef, the purpose of this paper is to provide baseline information on the occurrence and distribution of fishes on the temperate coral reef in Veliko jezero and to highlight the importance of coral reefs for coastal ichthyofauna. The present study provides information on the occurrence and distribution of reef fishes in Veliko jezero, part of the Mljet National Park, based on systematic underwater surveys conducted in two selected areas. In addition, two research questions were addressed: did the diurnally active fish fauna on the Cladocora caespitosa coral reef differ from that in the surrounding environment covered with macroalgal vegetation along the depth gradient, and did this change over time?




2 Materials and methods



2.1 Study area

This research was conducted in Veliko jezero (42°46’11.1”N; 17°22’25.3”E), a part of the Mljet National Park in the southern Adriatic Sea (Croatia), which is the oldest marine protected area in the Mediterranean, established on November 11th, 1960 (Kružić, 2002). Veliko jezero was formed during the Mesozoic Era as a karstic depression filled with fresh water (Govorčin et al., 2001). The lake connects with the open sea through a narrow channel (10 m wide and 2.5 m deep), which seems to impact the main ecological characteristics of both the Veliko and Malo jezero seawater lakes (Benović et al., 2000), while the impact of freshwater input is negligible. Veliko jezero covers approximately 24 ha and reaches its greatest depth at 46 m. Salinity is rather high (38.1 - 38.4‰), with small annual oscillations (Kružić, 2002). Near the channel connecting with the sea, a coral reef is located, created by Cladocora caespitosa with a coverage of 650 m2, which makes it one of the biggest coral reefs in the Mediterranean Sea (Kružić and Požar-Domac, 2003). The reef extends at a depth range from 4 to 18 m; however, the main, uninterrupted reef is present between 6 and 12 m. Coral reefs benefit from optimal temperature, strong currents, and the related high organic input (Kružić, 2002).




2.2 Fish assemblage

The sampling of the fish fauna in the Veliko jezero was previously authorized by the authorities of the Mljet National Park. Data on the fish fauna were collected by underwater visual censuses (UVC) performed using SCUBA diving (Harmelin-Vivien et al., 1985; Harmelin-Vivien and Francour, 1992; Patzner and Serrao Santos, 1993; Lipej et al., 2003; Orlando-Bonaca and Lipej, 2005; Lipej et al., 2023). UVC are suitable in marine protected areas since it constitutes a non-destructive method (Harmelin et al., 1995).

The use of UVC is still the most practical and widely used method to assess coral fish fauna (Nagelkerken et al., 2000), especially since its impact on the environment is negligible (Mazzoldi and Girolamo, 1998). Such techniques have been used extensively in MPAs because they are non-destructive and guarantee that the fish community is not affected by sampling (Arcas et al., 2023). In addition, they are particularly suitable in the case of complex substrates, where other techniques cannot be used (Colton and Swearer, 2010), and they are also flexible for implementing different sampling designs in the field (García-Charton et al., 2000) and usually cost-effective (Prato et al., 2017).

For comparing the differences in coastal ichthyofauna between the temperate coral reef and neighboring habitat types, a sampling area characterized by macroalgal coverage was chosen. Fish fauna in Veliko jezero (Mljet National Park) was investigated in the summer period from 2013 to 2021 (2013, 2014, 2015, 2016, 2017 and 2021) in two different areas/environments of Veliko jezero: (a) the temperate coral reef comprising Cladocora caespitosa on the right side of the lake, and (b) the rocky bank on the left side, an area dominated by rocks and massive boulders with a rich algal community (Figure 1), and epifauna in deep layers. In both areas, the rocky bottom changed to a sandy sedimentary bed with a few isolated rocks or coral colonies.




Figure 1 | The locations of both study areas inside Veliko jezero in the middle (Google, (2023)), its geographical position in the Adriatic Sea (left; Google, (2023)) and a photogrammetric model of the coral reef (depth range between 9 and 12 m) within the right bank (Rb).



The UVC were performed by a skilled diver who swam along a 50 m long, and 1 m wide, horizontal transects at a constant speed (Marconato et al., 1996; Guidetti and Bussotti, 2000). Only diurnally active fish, bigger than 2 cm were counted. All censuses were carried out during the day (between 10:00 h and 16:00 h). In all transects the visibility was good. Sampling was performed by 2 divers. The second diver filmed the transect in order to obtain information on habitat coverage along the transects. Transects were recorded each year in both environments at depths of 3, 6, 9, 12 and 15 m. Thus, altogether 144 transects (rb= reef = 74, lb =left bank = 70) were performed between 2013 and 2021. To test the sampling efficacy, visual transects were performed on the coral reef at the depths of 3, 6 and 9 m from 2012. Fish species were identified mostly visually; in the case of difficulties, the movies taken simultaneously during the transects were accurately analyzed.




2.3 Data analysis

In the first step, all collected data were analyzed and organized into a comma-separated file (CSV) matrix with the following attributes: transect identification number (ID), date (as factor [DMY]), environment (as factor [reef or left bank]), depth (as factor [3, 6, 9, 12, 15 m]), substrate cover in % (Ccae = dense Cladocora caespitosa stands; Cy3= rocks with dense algal vegetation; Cy6 = boulders with dense algal vegetation) and type in % (K1 = bare stones 0.5-10 cm; K2 = bare stones 10-30 cm; P1 = rough sand <0.5 cm), fish species name and abundance. Next, the CSV file was enriched by calculating the following variables: number of fish species per transect (N), fish density per transect (D) and fish diversity (SI) per transect. The latter was determined by applying the Shannon-Wiener Diversity index: SI= −Σ piln(pi), where pi is the relative abundance of each species calculated as the proportion of individuals of a given species to the total number of individuals in the community (Shannon and Weaver, 1949). In the initial step of data analysis, the environment and depth factor variables were used to test potential differences in substrate/habitat type structure along the depth gradient. Mosaic plots were created by using the vcd package (Mayer et al., 2020) and the assoc and mosaic algorithms in the R statistical environment (R Core Team, 2023). To evaluate the interaction between a given fish community and the substrate cover/type (Ccae, Cy3, Cy6, K1, K2, and P1), Canonical Correspondence Analysis (CCA) and the Redundancy analysis (RDA) were performed. The significance of constraints in the CCA models (by = “term”) were additionally tested with the anova function within vegan. It automatically chooses the correct variant for the results of constrained ordination.

To test the assumption of fish species composition and abundance inequality between the coral reef and the algal dominated left bank (concerning the factors year and depth), a multivariate permutation analysis of variance (PERMANOVA; 999 permutations) was performed via the vegan package (Oksanen et al., 2023) in the R environment (R Core Team, 2023). Prior to that, the data were adequately reorganized to meet the basic requirements of this analysis. The weight of abundant fish species was reduced by applying the decostand function. The Euclidean distances between samples in the multidimensional space were thus simultaneously preserved (Legendre and Gallagher, 2001). However, control tests regarding homogeneity of group/factor and permutation dispersion (the betadisper and permutest algorithms) were performed in the following steps. In the case of both dispersion tests yielding insignificance (p>α; α=0.05), the simper function was implemented to identify key contributors of fish community differentiation along the coral reef-left bank environmental contrast. This step was repeated for the start and end of the survey (2013 vs 2021) concerning factor depth (especially for 9 and 12 m) since potential temporal changes in fish community composition and abundance (species turnover) needed to be identified and measured.

In the second analytical part of the study, the focus turned towards fish density and diversity trends in the two Veliko jezero environments (coral reef vs. algal dominated background). Differences in fish density (log transformed) and diversity (SI) by factors environment (reef, left bank), year (2013, 2014, 2015, 2016, 2017 and 2021), and depth (3, 6, 9, 12 and 15 m), were investigated with generalized linear models (GLMs) in the R statistical environment. Additional attention was paid to the 9 and 12 m depth categories where the environmental contrast coral reef-algal background was most pronounced. Differences in fish density (log transformed) and diversity were here tested with simple one-way ANOVA analysis and the corresponding post-hoc test (Tukey Contrasts) considering year as a factor.





3 Results



3.1 Fish species composition and abundance

Analysis of the fish assemblage at these two sites revealed a rather rich diversity of coastal fishes. The 144 visual censuses (74 at the reef and 70 at the left bank) registered a total of 23.486 specimens, expressed in terms of density per 100 m2. The great majority of this abundance comprise specimens of damselfish (Chromis chromis), 65.38% on the right bank and 54.73% on the left bank. Altogether 38 different fish taxa were recorded on the right bank and 36 different species on the left bank (Tables 1A, B). Thirty-four species occurred on both sides, while seven species were present only on the right bank and two species only on the left bank. The number of species per transect on the right bank varied from 5 to 15, on average 8.86 species per 100 m2, while the density per transects varied from 40 to 580 ind./100 m2, on average 189.4 ind./100 m2. If we do not take the damselfish Chromis chromis into consideration the average density becomes 65.57 ind./100 m2.

The number of species per transect on the left bank varied from 3 to 13, on average 8.28 species per 100 m2, while the density per transect varied from 14 to 382 ind./100 m2, on average 135.06 ind./100 m2. If we do not take the damselfish Chromis chromis into consideration, the average density becomes 61.14 ind./100 m2. The highest number of species was represented by sparids (7), followed by labrids, serranids and gobiids (6 each).

In term of frequency of occurrence, the most common species were C. chromis, Coris julis, Serranus scriba, Gobius fallax and Parablennius rouxi (Tables 1A, B). Both species of groupers, Epinephelus marginatus (mean FO% = 49.51) and E. costae (mean FO% = 30.24) were more frequent on the right bank.


Table 1A | The temporal footprint of the diurnally active fish fauna in the algal dominated (left bank).




Table 1B | The temporal footprint of the diurnally active fish fauna in the reef environment (right bank).






3.2 The fish community-substrate cover/type interaction

The two study areas, which are rather close together, differ significantly (p<α; α=0.05) in substrate/habitat type coverage at the 9 m and 12 m depths (marginally at 15 m, as well), especially concerning rocks and stones with vegetation, stony coral colonies, and stones with turf (Figure 2).




Figure 2 | Mosaic plots indicating differences in substrate/habitat type coverage between the reef and the algal dominated left bank environments at 9 m and 12 m depths. Ccae, Cladocora caespitosa; P, sand; K, stones; Cy, large rocks and limestone boulders with dense algal vegetation.



The CCA ordination diagrams in Figure 3 visualize fish species’ preference for habitat types in both environments. The first two axes in the reef (right bank) case explained 55%, and in the algal case (left bank) 53% of the variability among 38 or 36 fish species respectively. However, both CCA models were statistically significant (p<α; α=0.05) concerning constraint ordination.




Figure 3 | CCA ordination diagrams indicating the link between diurnally active fish fauna and substrate (black arrow)/habitat (red arrows) type on the reef (A); (the first axis loads 35% of variability, and the second axis 20%) and left bank (B); (the first axis loads 39% of variability, and the second axis 14%) environment. Ccae, dense Cladocora caespitosa stands; Cy3, rocks with dense algal vegetation; Cy6, boulder with dense algal vegetation; K1, bare stones 0.5-10 cm; K2, bare stones 10-30 cm; P1, rough sand <0.5 cm.



A clear distinction emerged between coral reef linked fish species (right bank) and those fish that prefer an algal dominated environment (left bank). This is especially true for many labrids (species of the genus Symphodus) and some sparids (Diplodus annularis, D. vulgaris and Oblada melanura). Fish species such as groupers (genus Epinephelus), painted comber (Serranus scriba), rainbow wrasse (Coris julis) and ornate wrasse (Thalassoma pavo) are more closely related to the C. caespitosa dominated bank (right bank). In the substrate type case, a similar fish community-dividing pattern can be observed between bare stone and sand dominated environments. Gobius geniporus, Pomatoschistus bathi, Serranus hepatus, S. cabrilla and some other inhabitants of bare, sandy habitats were found on both banks.




3.3 Differences in fish species composition and abundance – the environment, depth and time perspectives

Comparing the right bank (with the coral reef) fish species community against the algal dominated left bank environment along the depth gradient (3 to 15 m), shows evident differences in the species composition and abundance levels (Figure 4A). However, these statistical significances should be considered with caution since within-group/factor variability and permutation dispersion tests indicated differences, as well. The species contributing most to the detected pattern were Coris julis, Gobius fallax, Serranus hepatus, Mullus surmuletus, Epinephelus costae and Symphodus cinereus. Moreover, this comparison gained in importance and significance as soon as we considered depths where the coral reef versus left bank contrast was magnified. Figure 4B visualizes fish species composition and abundance differences at depths between 9 m and 12 m. Here, the betadisper and permutest results were not significant, and the PERMANOVA analysis could thus be fully trusted. According to the simper function output, these fish species statistically significantly contributed to the detected differences between the two environments: Coris julis (>reef), Serranus scriba (>reef), Gobius geniporus (>left bank), Diplodus vulgaris (>reef), Epinephelus marginatus (>reef), Serranus hepatus (>left bank), Sarpa salpa (only >left bank) and Mullus surmuletus (>left bank).




Figure 4 | Fish species composition and abundance difference between the right bank (reef) and the algal dominated left bank in the NMDS space (A); the intensified contrast between the two environments in fish species composition and abundance at a 9 m to 12 m depth (B); the species composition shift between 2013 and 2021 on the reef (C) and left bank environment (D).



From the temporal perspective (Figures 4C, D), our results indicated shifts in fish species composition from 2013 to 2021, between depths of 3 m and 15 m, especially in the algal dominated background. While the coral reef area still has some fish faunal overlapping in the NMDS space (with differences in group and permutation dispersion), the left bank experienced instead a clear and significant temporal fish shift.




3.4 Environment-depth-time dynamics in fish density and diversity

The GLM effect plots in Figure 5 summarize the influence of the depth and time factors on the dependent variables of fish density (log transformed) and diversity (SI) on the coral reef and in the algal dominated background environments of Veliko jezero. In both environments, fish density significantly decreased with depth up to a 9 m of depth. Differences emerged between 9 m and 15 m in depth, where on the reef, fish density steadily increased (but never reaching the values found at the 3 m depth), whereas in the algal environment, fish density increased in the 12 m depth category and then decreased to reach its minimum in the deepest parts (15 m). On the reef side, fish density at 9 m of depth differ significantly from other depths. In the algal environment, fish density at depths of 9 m and 15 m differs from other depths. Analysis of the temporal development of fish density showed that, both environmental contrasts yielded a similar sinusoid pattern (one-year turning point difference), with a higher amplitude in the algal background (left bank).




Figure 5 | GLM effect plots indicating the influence of depth and time on dependent variables: log-reformed fish density (Dlog) and diversity (SI) on the reef (A) and in the left bank environment (B).



Fish diversity decreased even more rapidly with the depth gradient. The 9 m depth category represented the turning point in both environments. On the coral reef side, fish species richness increased from this point on, to reach, at a 15 m depth, a similar value as at a 6 m depth. On the left bank, fish diversity rapidly increased from 9 m to 12 m depths, followed then by a decrease towards the 15 m depth, where it reached diversity values comparable to those for 9 m depth. Moreover, on the coral reef side, fish diversity significantly differed for each depth category. On the left bank, the 12 m depth category represented an exception since it had SI values comparable with those for the 3 m depth category.

The temporal pattern in fish diversity on the coral reef side indicated a clear negative and almost linear behavior. Fish diversity decreased each year, whereas on the algal background side, the fish diversity temporal dynamics cannot be described with a linear function. Fluctuations in SI values were evident, but when comparing the start and end of the survey, the difference was significant and the trend clearly negative (fish diversity significantly decreased).




3.5 The critical 9 m to 12 m depths – species turnover and evident biodiversity loss

The temporal trend of fish diversity between 9 m and 12 m in depth showed some differences between the two compared environments. A marginally significant (p=0.061; α=0.05) species composition change was detected in both environments (coral reef and algal dominated background) in only 9 years (the betadisper and permutest algorithm results were insignificant in both cases) (Figures 6A, B). However, this process seems to be less intensive on the coral reef side compared to the algal background.




Figure 6 | Fish species composition shift in the NMDS space between the years 2013 and 2021 at depths from 9 m to 12 m on the reef (A) and in the left bank environment (B).



What about fish density and diversity in the 9 m to 12 m depth zone? As shown in Figure 7, fish density did fluctuate over time but did not show any clear trend during the given time span (2013 – 2021) in either environment. The temporal trend of fish diversity differed between the coral reef (with a heavy predominance of C. caespitosa) and the left bank. On the reef side, fish density clearly decreased, with a practically steady regression from 2013 to 2021. In the algal dominated background between 9 m and 12 m in depth, fish diversity decreased till 2016, but from then on, it steadily increased; however, differences were not significant. An inverse relation between fish density and diversity was nonetheless evident in this algal dominated environment.




Figure 7 | Temporal development of log-transformed fish density (Dlog) and diversity (SI) at the 9 m to 12 m depth belt on the reef (A) and in the algal dominated background (left bank) environment (B). Small letters indicate statistically significant differences concerning Tukey Contrasts (p<α; α=0.05).







4 Discussion



4.1 Habitat diversity

Habitats with high substratum complexity were found to be inhabited by a more diverse fish community than that found on bare gravel or sedimentary bottoms (Macpherson, 1994; Bartholomew et al., 2000; Almany, 2004) since they provide breeding sites, shelter and feeding opportunities. The Mediterranean stony coral is an important habitat builder and provides niches for many tiny invertebrates in the species between corallites (endofauna) or on the surface of the colony (epifauna). The strong sea currents, which occur because of tidal exchange in the channel, appear to favor the growth of the coral reef (see Kružić and Benković, 2008). The bottom sea current in the channel during high tide is stronger than during low tide, and that could be why there are more small colonies in the part of the coral reef towards the inner side of Veliko jezero. Microhabitats within the corallites (inside colonies) are characterized by high diversity and an abundance of many benthic invertebrates (sensu Bettoso et al., 2023). In the study of Pitacco et al. (2019), who investigated the relationship between C. caespitosa, they showed that the number of invertebrate taxa associated with C. caespitosa colonies increases with the colony size, following the SAR equation proposed by Arrhenius (1921). At least 222 invertebrate taxa were found in association with coral colonies in the Gulf of Trieste (Pitacco et al., 2017). The biggest colony in the Gulf of Trieste, measuring about 68 cm in diameter (Zunino et al., 2018), rather smaller, but comparable to the size of most colonies on the Mljet reef, is estimated to host a total of 130 different taxa, predominantly comprising molluscs (39 taxa) and polychaetes (61 taxa). Feeding guilds of coastal fish that specialize in tiny invertebrates probably exploit the feeding potential provided by large colonies of stony coral. In addition, as already discovered for tropical coral reefs, the more complex the corals, the more spaces are available to provide refuge for more fish, and the more niches are provided for various fish species, which decreases interspecies competition (Almany, 2004; Johnson, 2007).




4.2 Fish diversity

The analysis of the fish assemblages on the coral reef and in the adjacent area revealed a rather rich diversity of coastal fish fauna. Previously Graham et al. (2009) published a list of 55 taxa, present in both lakes inside the Mljet National Park. However, data on the occurrence (date, abundance, depth) of each fish species are missing and some doubtful species such as the hammerhead shark (Sphyrna mokkaran) were mentioned. The great majority of other species were also observed in our study, but outside the performed transects. Kraljević and Tutman (2011) mentioned 47 species of juvenile fish in the coves of Mljet National Park. In Veliko jezero they found 12 juvenile species, while at the Soline site, which is the entrance point of the channel connecting Veliko jezero with the open sea, the number of species caught was 37. This number is comparable to the numbers yielded by our study.

In their study of the juvenile fish community in the Mljet National Park Kraljević and Tutman (2011) pointed out that habitat diversity was the main factor in structuring the more diverse fish community. The dominance of juvenile fish highlighted the importance of these two coves inside the Mljet National Park as nursery areas and feeding grounds for many different fish species (Dulčić et al., 1997). Previously, a study of the importance of various Cladocora caespitosa beds for coastal fish fauna was performed in the Slovenian part of the Gulf of Trieste (Pitacco et al., 2017). The sampled areas, characterized by a high density of C. caespitosa coral colonies, hosted moderately rich fish fauna, which represented 1/20 of the 449 species recorded for the Adriatic Sea (Lipej et al., 2022). The fish community’s abundance and diversity in vegetated habitats differ from sandy areas, owing to habitat complexity and protection from predation (sensu Curley et al., 2002). However, as pointed out by Pitacco et al. (2019), fish diversity is likely to respond to habitat heterogeneity, typology of substrate and prevalence of benthic organisms, such as seaweeds and sponges; therefore, the density of coral colonies and their coverage were not appropriate predictors of species richness.




4.3 Differences between the two banks

The difference between the two banks is evident especially at the depth range from 9 m to 12 m (coral reef). At shallower depths the two banks do not differ. The main environmental factor explaining the differences between the banks is spatial heterogeneity, which is expressed in structural complexity. The coral reef (the area from 9 m to 12 m on the right bank) is less structurally differentiated than the huge boulders assessed as the biocoenoses of infralittoral photophilic algae, and at the same time it is not covered with vegetation. Wrasses (family Labridae) are known to be closely associated with rocky bottoms with dense Cystoseira s.l. cover, since they find shelter and build nests inside this vegetation type (Lipej et al., 2009). The rainbow wrasse (Coris julis) prefers less complex habitats (Cuadros et al., 2019), whereas many species of the genus Symphodus prefer more complex, generally densely vegetated habitats with abundant prey such as polychaetes and amphipods (Ruitton et al., 2000).

On the coral reef, a decrease in fish diversity with a steady regression from 2013 to 2021 was discovered, whereas on the left bank the decrease lasted until 2016, after which an increase in species richness was noted. Fish species such as groupers (Epinephelus costae, E. marginatus), painted comber (Serranus scriba), rainbow wrasse (Coris julis) and ornate wrasse (Thalassoma pavo) were more closely related to C. caespitosa. Chittaro (2002) pointed out the importance of microhabitat richness for the increase in coral fish species richness. The painted comber preys on smaller gobies, such as Gobius fallax (Lokovšek et al., 2022), which is the most common and abundant fish prey in the area. Dusky grouper (Epinephelus marginatus) is known to be a mainly piscivorous and resident predator, avoiding large movements to seek their prey (Gracia López and Castelló i Orvay, 2005). The population of the dusky grouper in the study area is composed mainly of smaller (juvenile) specimens (TL<40 cm), which probably prey on smaller fish and crustaceans (Gracia López and Castelló i Orvay, 2005).




4.4 The case of groupers

Groupers (family Epinephelidae) are large, sedentary, slow-growing fish. They are mainly piscivorous and generally reef-resident predators that play a relevant role in regulating fish populations (Howlett et al., 2016). They are economically and ecologically important predators in the rocky coast ecosystems of the Mediterranean Sea. Groupers are generally long-lived (up to 40 years) and take many years to reach sexual maturity, which makes them vulnerable to fishing prior to reproduction (Sadovy de Mitcheson et al., 2012). Owing to increased fishing pressure during recent decades, the dusky grouper (Epinephelus marginatus) has suffered a dramatic decline in the NW Mediterranean and retreats more and more to deeper bottoms (Bruslé, 1985).

Guidetti and Micheli (2011) demonstrated that the analysis of ancient art can be helpful in assessing the status of certain fish species in ancient times. By analyzing more than seventy Etruscan, Greek, and Roman mosaics, they discovered 23 of these depicting groupers, which were much more common in the past than they are today and may have had larger body sizes. A similar phenomenon was observed by Winter et al. (2022), who in the study of three archaeological sites in the Levantine Sea, discovered that groupers bigger than 80 cm were not uncommon in the fish remains obtained from excavation. According to historical evidence, they were more common at very shallow depths of 3 m and less. Nowadays, groupers are generally reported in deep waters, where they find a refuge from fishing in areas without the status of protected area (Winter et al., 2022). The density of E. marginatus seems to be positively correlated to habitat structure, as discovered by Hackradt et al. (2014) for many Spanish Mediterranean protected areas. In our study, juvenile and small size dusky groupers and golden groupers were observed at all studied depths and on both sides, with densities up to 8 ind./100 m2. Howlett et al. (2016) stated that numerous studies have found relationships between coral health and groupers at their early stages when they are more vulnerable.

According to Vacchi et al. (1999) the density of the larger groupers increases with the level of protection, since inside the protected area, they are safe from spear fishing. However, the calculated densities in their study are lower in comparison with our data. As stated by Condini et al. (2018), the creation of MPAs in the Mediterranean Sea was an important step for dusky grouper conservation. Groupers are also known to respond rapidly to the establishment of a protection regime (Claudet et al., 2010). Both studied species, which are known to be residential and territorial species (Chauvet and Francour, 1990; Pastor et al., 2009), have benefited from the protection regime in MPA. This is further evidence of the importance of the NP Mljet as an area that hosts rather high densities of groupers, which are also present in shallow waters and perhaps resemble (although to a minor extent) the situation present in Roman times. Although cases of illegal fishing of groupers seem to occur, we did not observe any decline in density in the period 2013 to 2021 in either of the two study areas.





5 Conclusions

The present study shows that the two banks of Veliko jezero inside the National Park host a rich coastal fish assemblage. The presence of the coral reef mainly at a depth range between 9 m to 12 m is the main factor differentiating the two areas, which are otherwise governed by the same environmental factors. The reef, comprising huge colonies of Cladocora caespitosa, hosts different densities of certain fishes, among which are also two grouper species (E. costae, E. marginatus). The main factors that structure species richness are spatial heterogeneity, vegetation cover and currents. The trend in fish diversity for the period 2013 to 2021 shows an evident decrease in species richness, especially on the right bank. Among many benefits of MPAs they have been shown to protect apex predators that benefit stability to coastal habitats (Rooney et al., 2006; Pettersen et al., 2021) which is evident also in Veliko jezero in the case of groupers. According to the data obtained we may speculate that the marine protected area Veliko jezero maintain high fish diversity and abundance, however, a regular monitoring would ellucidate which specific factors caused the decrease in species richness in recent years.
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2012 2013 14 2015 2016 17 2021
D FO% D FO% D FO% D FO% D FO% D FO% D
1 Apogon imperbis 0 0 0 0 0.2 0 0 0 04 20 0 0 0.1 5
2 Boops boops 0 0 0 0 0 0 0 0 128 20 0 0 0 0
3 Chromis chromis 248 80 28 100 106 100 142 100 68.6 100 187 100 1752 100
4 Coris julis 152 100 16 100 20.8 100 19.3 100 18 100 212 100 113 100
5 Diplodus annularis 0 0 0.5 16.7 0.2 10 0 0 0 0 0 0 0.1 5
6 Diplodus vulgaris 32, 40 4.83 83.3 2 30 0.5 16.7 0.8 20 7 80 6.7 20
7 Diplodus puntazzo 0.8 40 0.67 167 2.6 60 0.17 8.3 0.6 30 16 50 0.2 10
8 I Diplodus sargus 0 0 0.17 8.33 0 0 0 | 0 0 0 0 0 0.7 25
9 Epinephelus costae 0.8 20 0 0 2 60 1.83 66.7 04 20 0.8 30 0.4 15
10 | Epinephelus marginatus 08 40 1 333 3 80 217 583 18 60 2 50 06 25
11 Gobius auratus 0.4 20 0.67 16.7 0.8 20 0.67 16.7 04 40 3 40 0.5 20
12 Gobius cruentatus 0 0 0 0 0.2 10 0.67 16.7 0 0 0 0 0 0
13 Gobius fallax 44 60 L5 417 3.6 60 7.17 833 6.4 90 6.2 40 7.6 100
14 Gobius geniporus 0 0 1.67 333 0 0 0.83 25 0.4 40 0.2 10 164 50
15 Gobius vittatus 0 0 3 50 0.6 20 3 583 58 60 12 30 14 45
16 | Liza aurata 0 0 1 16.7 0 0 3.17. 0 0 0 0 0 0 0
17 Morone labrax 0 0 0 0 0 0 0 0 0 0 0 0 0.1 5
18 Mullus surmuletus 16 40 1.83 3333 22 30 0.5 16.7 0.2 10 22 20 0.2 5
19 Mugilidae 0 0 0 0 0 0 0 0 0 0 0 0 0.7 15
20 | Muraena helena 0.4 20 0 0 0 0 0 0 0 0 0 0 0 0
21 Oblada melanura 0 0 0 0 0 0 1 16.7 0.2 10 1.8 20 0 0
22| Odondebuenia balearica 0 0 0 0 0 0 0 0 0 0 0 0 0.1 5
23 Parablennius incognitus 0 0 0 0 0 0 0 0 0 0 0 0 0 0
24 Parablennius rouxi 6.8 80 4 66.7 244 90 13.7 75 22 50 1.8 70 L1 30
25 | Parablennius tentacularis 0 0 0 0 0 0 0 0 0 0 0 0 0 0
26 Parablennius zvonimiri 04 20 0.17 833 0 0 0.33 16.7 0.4 20 0.4 20 0.4 15
27 | Pomatoschistus bathi 0 0 0 0 14 10 0 0 0 0 12 90 0 0
28 | Sarpa salpa 0.8 20 0 0 6 10 0 0 12 20 0 0 0 0
29 Serranus cabrilla 0 0 1 16.7 1 20 0 0 0 0 0 0 0.1 5
30 Serranus hepatus 0 0 0 0 0 0 0.17 8.33 0.8 20 0.2 10 0 0
31 Serranus scriba 7.2 100 6 100 4.8 70 733 83.33 54 70 5.6 90 4 80
32 Seriola dumerili 0 0 0 0 0 0 0 0 0 0 0 0 0.1 5
33 Sphyraena sp. 0 0 0 0 0 0 0 0 0 0 0 20 0 0
34 | Spicara flexuosa 0 0 0 0 0.4 0 0 0 0 0 0 0 0 0
35 Symphodus cinereus 0 0 0.33 8.33 0 0 0 0 02 10 0 0 0.1 0
36 Symphodus mediterraneus 0 0 0 0 0 0 0 0 0 0 0 0 0 0
37 Symphodus ocellatus 0 0 117 167 0.6 10 2 833 2 40 0.2 10 33 35
38 Symphodus tinca 2 60 1.67 167 0.6 10 0.83 25 0.2 10 0 0 0.6 25
39 | Thalassoma pavo 0 0 0 0 1.6 60 0 0 08 30 0 0 13 35
40 Tripterygion delaisi 6 80 25 75 1.6 50 3 66.7 24 40 32 60 16 50
41 | Tripterygion tripteronotus 0 0 0 0 0 0 0 0 0 0 0 0 0.2 5
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OEBPS/Images/table1a.jpg
left bank

2013
FO%
1 Apogon imperbis 0 0 0.2 10 0 0 0 0 0 0 0 0
2 Boops boops 0 0 0 0 0 0 0 0 0 0 0 0
3 Chromis chromis 228 80 574 100 79 100 574 100 39.2 60 130.8 95
4 Coris julis 11.8 100 14.6 100 16.2 100 124 90 9.8 100 6.1 70
5 Diplodus annularis 08 30 0 0 0 0 0 0 0 0 0 0
6 Diplodus vulgaris 4 50 4.2 30 5 40 4.6 20 26 40 25 35
7 Diplodus puntazzo 0.6 20 0.6 20 04 10 0 0 0.2 10 0 0
8 Diplodus sargus 0 0 0 0 0.4 10 0.4 20 0 0 1 10
9 Epinephelus costae 0 0 0.4 20 0 0 0 0 0.4 10 0.3 15
10 Epinephelus marginatus 1 0.2 10 14 30 04 20 0.8 40 1 40 0.8 35
11 Gobius auratus 0 0 0 0 0 0 0.2 10 0.4 20 1.6 25
12 Gobius cruentatus 04 10 0.6 20 0.2 10 0.4 10 0.2 10 0.2 10
13 Gobius fallax 18 40 3.6 90 34 60 8.8 100 4.8 100 35.6 85
14 Gobius geniporus 1 20 0.4 20 16 50 0.6 20 0.8 20 25.2 75
‘ 15 Gobius vittatus 0.6 20 38 60 18 50 22 30 1.8 30 24 35
16 Liza aurata 0.2 10 0 0 0 0 0 0 0 0 0 0
17 Morone labrax 02 10 0 0 0 0 0 0 0 0 0 0
18 Mullus surmuletus 1 30 0.8 40 0 0 0.2 10 0.8 30 0.3 15
19 Mugilidae | 0.6 10 0 0 0 [ 0 0 0 0 0 0.4 20
20 Muraena helena 0 0 0 0 0.2 10 0 0 0 0 0 0
21 Oblada melanura 02 10 0 0 0.8 10 0.6 10 0.4 20 14 15
22 Odondebuenia balearica 0 0 0 0 0 0 0 0 0 0 0 0
23 Parablennius incognitus 0.2 10 0 0 0 0 0 0 0 0 0 0
24 Parablennius rouxi 34 40 126 100 8.6 100 2.8 70 34 70 39 50
25 Parablennius tentacularis 0 0 0 0 0 0 0 0 0 0 1.1 35
26 Parablennius zvonimiri 0 0 0 0 02 10 0 0 0.4 20 0.6 25
27 Pomatoschistus bathi 0 0 0 0 0 0 0 0 0 0 0 0
28 Sarpa salpa 3 10 0 0 5 10 0 0 0 0 0.4 5
29 Serranus cabrilla 0 0 02 10 0 0 0 0 0.4 20 0.5 20
30 Serranus hepatus 16 20 1.8 30 22 40 2.8 50 32 40 23 35
31 Serranus scriba 42 80 4 80 5 70 52 60 3.6 50 29 55
32 Seriola dumerili 0 0 0.2 10 0 0 0 0 0 0 0 0
33 Sphyraena sp. 0 0 0 0 0 0 0 0 0 0 0.1 0
34 Spicara flexuosa 0 0 0 0 0 0 0 0 0 0 0 0
35 Symphodus cinereus 0 0 0 0 0 0 0 0 0.4 10 1.9 45
36 Symphodus mediterraneus 0.6 20 0 0 02 10 0.2 10 0 0 0 0
37 Symphodus ocellatus 04 20 0 0 04 20 24 40 0.8 » 30 5.6 60
38 Symphodus tinca 04 20 L » 20 0 0 0.4 10 0.6 10 ‘ 0.3 10
39 Thalassoma pavo 0 0 0.8 20 0 0 0 0 0 0 0.8 15
40 Tripterygion delaisi 0.8 20 14 50 04 20 0.2 10 0.8 40 37 65
41 Tripterygion tripteronotus 0 0 0 0 0 0 0 0 0 0 0 0

D - average density per year (expressed as specimens per 100 m?), FO% - frequency of occurrence taking account of all transects performed in a single year.





