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Abstract

:

Available research on invertebrates in Corallina officinalis settlements shows a high level of biodiversity due to a complex habitat structure. Our aim was to examine seasonal changes in the invertebrate population, considering the algae’s growth patterns. Nine locations with over 90% algal coverage were selected in southern Istria, where quantitative sampling was performed using six replicates of 5 × 5 cm quadrats in each location. Results showed that 29,711 invertebrates were found during winter (maximum algae growth) and 22,292 during summer (minimum algae growth), with an extrapolated average density of 220,000 and 165,200 individuals per square meter, respectively. The total number of individuals showed a linear increase as the algae biomass increased. The highest density, 586,000 individuals, was recorded in the Premantura area during winter. Dominant groups such as amphipods, polychaetes, bivalves and gastropods made up over 80% of the invertebrates. Our study confirms high invertebrate richness in the C. officinalis settlements, with the maximum density being the highest when compared to previously published data.






Keywords:


invertebrates; Corallina officinalis; seasonal variation; coastal area; north Adriatic












1. Introduction


The algae Corallina officinalis Linnaeus is the most commonly found species of its genus in temperate regions worldwide, forming dense settlements in the intertidal zone [1]. Previous mapping of macroalgae communities in the eastern Adriatic area using the CARLIT method showed that communities dominated by species of the genus Corallina are located in 13% of the investigated coast [2]. The unique structure of this alga modifies its surroundings, serving as an example of how algae can shape the composition and relationships of associated organisms. Its structure provides shelter for both vagile and sessile organisms during adverse weather [3,4,5,6,7,8]. Many benthic invertebrates found in algal forests have a larval stage that floats or swims in the plankton, making the macroalgae significant as larval collectors [9]. Macroalgae are crucial in supporting marine invertebrate communities, attracting diverse organisms [10,11,12,13,14]. These inhabitants form intricate associations, relying on macroalgae for various purposes, creating behavioral patterns that keep them within the algae [8]. Algal epibionts adapt to abiotic factors and exhibit varying degrees of dependence on algae resources [15,16,17].



According to previous research, several main groups of invertebrates have been recognized as the most abundant within C. officinalis settlements. These are mollusks (classes Gastropoda and Bivalvia), polychaetes and higher crustaceans (orders Amphipoda, Isopoda and Tanaidacea) [18,19,20,21,22,23,24,25,26]. Gastropods that usually live associated with macroalgae, whether they are species from the genus Corallina or some other macroalgae (such as fucalean species), are mainly herbivores and feed on the algae itself or on diatoms and epiphytic algae. Other species are detritivores, which feed on sediment trapped inside the algal thallus and use organic matter and microorganisms from that sediment [27,28]. The bivalves that live within C. officinalis settlements are diverse and can survive at various depths, temperatures and salinity [29]. In addition, there are also species that can survive in conditions in which the quality of sea water is lower [30]. Polychaetes are mainly marine invertebrates that inhabit a wide range of habitats, from the intertidal zone down to deep-sea sediments. They are one of the most diverse groups of invertebrates that constitute a significant percentage of the total number of organisms living associated with C. officinalis [24]. Peracarids are the most dominant crustaceans found within coralline algae [31]. Their feeding habits have been studied, and it has been found that, while detritus is one of their primary food sources, carnivorous species often feed on other types of crustaceans, and herbivores feed on macroalgae tissue [32]. This explains why they are a frequent group found in C. officinalis habitats. Other organisms that can be found in higher abundances in this type of habitat include pycnogonids, mites and nematodes [24,25,26,33,34,35].



As C. officinalis is a turf-forming algae, the effect of its biomass on the richness of invertebrate species has proven to be an important factor. Previous research has shown a positive correlation between the number of invertebrate species and algae biomass [36]. In the same research, another positive effect was recorded, namely the fact that turf-forming alga retain a larger amount of sediment that serves as a secondary habitat for many macrofauna, meiofauna and microfauna species [37]. Based on this observation, our research aimed to investigate how seasonal variations in C. officinalis algae, specifically its minimum and maximum growth phases, influence the dynamics of invertebrate structure and composition within its habitat. We hypothesized that changes in algal biomass during its maximum and minimum growth phases would result in differences in the number of individuals within the algae settlements.




2. Materials and Methods


2.1. Research Area and Sampling Methods


The research was conducted in the coastal area of southern Istria and the Brijuni National Park (Croatia, Adriatic Sea). Based on preliminary research by Buršić et al., 2019 [24] and essential coastal features (percentage of Corallina officinalis cover, slope of the coast and wind exposure), four areas were selected for seasonal sampling. In three of these areas (Pula, Banjole and Premantura), two locations were selected, while in NP Brijuni there were three locations (Figure 1). Within each location, two sites were chosen (minimum distance of 100 m between them) from which three subsamples were collected. Sampling was done within a 5 × 5 cm quadrat, as this was determined, after our preliminary research [24], to be the most appropriate size to provide a more accurate description of the research area, and also considering the number of invertebrates collected and further laboratory analyses to be conducted.



A total of 108 quadrats were sampled in the four areas during two seasons, 54 quadrats during the algae’s maximum growth (from November 2017 to April 2018, the “winter” samples) and 54 quadrats during the algae’s minimum growth (from June to August 2018, the “summer” samples). According to Croatian Meteorological and Hydrological Service data (https://meteo.hr/index_en.php, accessed on 12 October 2023), winters in Croatia’s northern Adriatic have average temperatures of 5 °C to 10 °C, occasionally dropping below freezing, with frequent rainfall ranging from 20 mm to 130 mm. Snowfall is rare and usually light, not leading to lasting snow cover. In contrast, summers in Istria are warm to hot, with temperatures averaging from 22 °C to 25 °C and the possibility of heatwaves. Summers are typically dry, with low monthly rainfall between 20 mm and 60 mm, occasionally interrupted by thunderstorms. Quadrats were sampled in areas where algae coverage was evenly distributed and exceeded 90% along the entire coastline. The coverage was evaluated in a coastal belt with a width of approximately 50 cm. Samples were taken during low tide when C. officinalis was completely out of the water to minimize the loss of associated organisms. Collection was performed with a hammer and chisel in order to gather the entire algal thallus. Immediately after collection, samples were stored in plastic bottles and fixed with alcohol. The next day, samples were washed in the laboratory through a sieve with a mesh size of 0.5 mm and stored in alcohol for further processing.



Invertebrates were separated manually from algae samples under a stereomicroscope with 10× to 60× magnification. Each algal thallus was examined in detail to isolate all the invertebrates present. After the separation of all invertebrates, the algae were dried at 80 °C for 24 h and weighed. By using dry weight, the water component is removed, leading to a more consistent and comparable measurement. Organisms were determined to the lowest accessible taxonomic group according to various resources available in the literature [38,39,40,41,42,43,44,45,46].




2.2. Analysis of the Invertebrate Structure and Composition


The total number of individuals (N) per investigated area was recorded and expressed per unit area of 150 cm2 (two sets of three replicate quadrats 5 × 5 cm in size). In addition, relative abundance and frequency of occurrence were calculated. These values were calculated separately for all taxonomic groups depending on sampling season, i.e., for 54 sampled quadrats during the algae’s maximum growth (“winter”) and for 54 sampled quadrates during the algae’s minimum growth (“summer”). Based on the relative abundance and frequency of occurrence, the taxonomic groups found can be classified into several different categories. To assess the dominance structure, the relative abundance was employed using the formula A = (ni/N) × 100, where ni represents the count of individual representatives for each taxonomic group and N indicates the total count of all individuals. The classification system introduced by Tischler, 1949 [47] for invertebrates and used by Travizi, 2010 [48] for marine invertebrates was adopted, comprising five categories as follows: eudominant (>10% of all individuals); dominant (5 to 10%); subdominant (2 to 5%); recedent (1 to 2%) and subrecedent (<1%). Frequency of occurrence was calculated using the formula Fa = Na/N × 100, where Na represents the number of samples in which taxonomic group a occurs and N represents the total number of samples. Taxonomic groups were classified into 4 categories: very frequent—present in 75–100% of samples, frequent—present in 50–75% of samples, widespread—present in 25–50% of samples and rare—present in 0–25% of samples [48,49].



The linear dependence of the total number of individuals of higher taxonomic groups against the dry weight of C. officinalis was verified by linear regression analysis in Microsoft Office Excel 2016. The linear regression analysis was used to analyze the relationship between two variables: the number of individuals and the dry weight (biomass) of C. officinalis. The seasonal variation in invertebrates within the Corallina officinalis turf was analyzed using non-metric multidimensional scaling (nMDS) based on square root transformation and Bray–Curtis similarity.





3. Results


The southern Istrian coast was mapped from Pula in the north-west to Ližnjan in the south-east. A total of 29,711 individuals of invertebrates were isolated in the winter samples of Corallina officinalis, and 22,292 individuals in the summer samples. In the non-metric multidimensional scaling (nMDS) analysis, clear seasonal variations were observed between periods of minimum and maximum algae growth within the invertebrate taxonomic groups associated with C. officinalis settlements (Figure 2). The average number of individuals per sampled quadrat was 550 for winter samples and 413 for summer samples, which, calculated per square meter, amounts to 220,000 individuals (ind m−2) for “winter” and 165,200 ind m−2 for “summer”. As in the preliminary sampling [24], the density of individuals associated with C. officinalis settlements varied between different sampling locations. Thus, locations Kamenjak and Stupice in Premantura had the highest recorded abundance of invertebrates. The maximum recorded number of individuals within a 5 × 5 cm quadrat was 1465 (amounting to 586,000 ind m−2) and was sampled during the period of maximum algae growth at the Stupice location (Figure 3).



The recorded dry weight of algae from 108 samples was compared for both seasons (Figure 4). During the period of maximum growth, the average dry weight per sampling quadrat was 9.18 g, while during the minimum growth, it was 7.35 g.



Isolated invertebrates were classified within 20 different taxonomic groups, whose relative abundance and frequency of occurrence varied depending on the sampling season. During the algae’s maximum growth, relative abundance ranged from 0.01% to 31.72%, and frequency of occurrence from 7.41% to 100%, while during algae’s minimum growth, relative abundance ranged from 0.01% to 55.24%, and frequency of occurrence from 1.85% to 100% (Table 1).



The calculation for the relative abundance of taxonomic groups during both sampling seasons showed that the category of subrecedent was the most represented, including 11 taxons out of 20 (Table 2). Regarding frequency of occurrence, the category of euconstant groups was the most represented, and 50% of the recorded taxonomic groups in both sampling seasons belonged to this category (Table 3).



The taxonomic groups of invertebrates that dominated in samples were amphipod crustaceans, polychaetes, bivalves and gastropods, which constituted 80% of all isolated invertebrates in “winter” samples and 84% in “summer” samples (Figure 5). Certain taxonomic groups were represented only by a few individuals, and their relative abundance was less than 0.1%. These were flatworms, decapods, sea urchins in “winter” samples and cumaceans in “summer” samples.



The four previously mentioned dominant taxonomic groups had the highest value of 100% for both sampling seasons in terms of frequency of occurrence. The remaining euconstant taxonomic groups were almost always the same during both sampling seasons. The exceptions were the polyplacophorans and pantopods, whose frequency of occurrence was classified into two different categories depending on the sampling season. The Polyplacophora group had a frequency of occurrence of 62.96% in the winter samples, which placed it in the lower category, while the Pantopoda group had a frequency of occurrence of 33.33% during the summer (Table 1 and Table 3).



The detailed qualitative and quantitative composition of invertebrates for each separate sampling area during both seasons is shown in Table 4. In addition, the frequency of occurrence and relative abundance of the taxonomic groups were calculated for each area to see the seasonal fluctuation in organisms with respect to different sampling areas. Detailed species lists for mollusks and pycnogonids are available in previously published papers [25,26,33]. In terms of relative abundance, the same four taxonomic groups were again the most dominant. Brijuni National Park is the only area where a higher relative abundance of amphipods over bivalves was recorded. Although in all other areas, regardless of the sampling season, bivalves always dominated, an increase in the relative abundance of this group can be observed if both sampling seasons are compared. During summer, no taxonomic group had a relative abundance higher than 50%, while in winter, bivalves were present in all locations with a relative abundance higher than 50%, i.e., in the range from 54% to 68%.



The relationship between the number of individuals and the dry weight of C. officinalis was studied for the taxonomic groups with the highest number of individuals (gastropods, bivalves, amphipods, tanaidaceans, isopods, mites, polychaetes and nematodes). No correlation was found between the number of bivalves and gastropods and the dry weight of C. officinalis, with low coefficients of determination (R2 = 0.011 for Bivalvia and R2 = 0.005 for Gastropoda) and high probabilities that the regression coefficients were not different from zero (P = 0.318 for Bivalvia and P = 0.511 for Gastropoda) (Figure 6). In contrast, other taxonomic groups showed a significant correlation with the dry weight of C. officinalis, with regression lines explaining up to 12.1% of the total variability in the number of individuals for amphipods (P = 0.001) and 7.9% for nematodes (P = 0.005) (Figure 7). The total number of individuals across all taxonomic groups increased linearly with the algae biomass (P = 0.002), explaining 9.3% of the variability in the number of fauna individuals (Figure 8).




4. Discussion


Previous research on the influence of turf-forming algal biomass on invertebrate species richness shows a positive correlation between the number of invertebrate species and the algal biomass [36]. The greatest diversity and abundance of fauna is always associated with thalli of higher density, which have the most complex structure [50]. Comparing the recorded dry weight of algae in this research with the total number of invertebrates, these numbers follow the same positive trend. Another positive effect of such a habitat has been recorded, which is the fact that algae with this specific structure retain a larger amount of sediment that serves as a secondary habitat for many macrofauna and meiofauna species [37]. In addition, the effect of habitat loss and changes in habitat structure on the number and distribution of species has previously been investigated. It was concluded that the reduction in habitat diversity has a negative effect on the diversity of taxonomic groups, considering that the habitat structure itself greatly affects the spatial distribution of species [8,51]. Research was conducted in an artificial habitat that simulates the appearance of algae to determine the extent to which these morphological changes affect the composition of the macrofauna [22,52,53]. As part of this current research, sampling was performed twice a year, i.e., during the minimum and maximum biomass of C. officinalis, and thus the results from this research confirm the previous findings. Regarding the total number of isolated individuals, 30% more individuals were recorded in samples taken during the algae’s maximum biomass.



Seasonal variability in the composition and structure of the fauna within the algal community is influenced by the structure of the alga itself, its growth rate and its substrate complexity. It also depends on the availability of food, i.e., the amount of detritus and the abundance of epiphytic algae, as well as seasonal changes in population density due to migration of species [54]. The importance of detritus in benthic communities has often been mentioned in the literature, because much more energy and matter are exchanged in detritus than in the food web of organisms that feed on macroalgae. Many organisms can use detritus directly as food, because shortly after microorganisms colonize that detritus, its nutritional value increases significantly [55]. It was observed that differences in density, branching and overall compactness of the genus Corallina have different effects on the accumulation of detritus, and thus on the species living in the intertidal sediments [56]. Small changes in such morphological characteristics, as well as changes in water currents, also affect the abundance of fauna. With its structure and densely branched thallus, Corallina is a trap for sediment and food. Microgastropods that feed on microalgae in the sediment can obtain sufficient food from the sediment located within the algal turf. Sediment in exposed coastal areas is coarser than densely packed sediment in sheltered locations. This makes it susceptible to disturbance caused by seawater movement, which can limit the primary production of microalgae. Grain size can be a limiting factor for primary production, because microphytobenthos bind more strongly to coarser sediment. All this can prevent the survival of organisms that feed on microalgae on such sediment [57] and affect the overall abundance and composition of invertebrates.



Various factors, including diverse reproductive strategies, can also explain fluctuations in species abundance [58]. Species without pelagic larvae, like amphipods and isopods, experience significant abundance variations during recruitment. Additionally, species with larvae that prefer substrate settlement, such as Spirorbis (Spirorbis) corallinae, contribute to increased abundance during settlement periods [59]. The timing of reproduction also plays a role, especially when it is seasonal or intensified during certain times of the year. Many of these species exhibit seasonal reproductive timing, notably gastropods, like those within the Littorina genus [59]. Reproduction may take place throughout the year, with potential reductions in fecundity during the summer [60]. Variations in the timing of reproduction among these direct-developing species can significantly influence their abundance and occurrence, creating distinct seasonal patterns. Another example is the gastropod Rissoella, which develops directly from eggs in the spring and summer, when it can reach high abundance. Eggs are then laid at the end of the summer, which over-winter within the turf and hatch the following year [60,61].



The seasonal dynamics of invertebrates within this research show that the distribution of dominant groups is more uniform during the algae’s maximum growth than during its minimum growth. To be more specific, during summer, bivalves become dominant and, considering the total number of individuals recorded at all research locations, constitute over 55% of the total. Given that the species Mytilus galloprovincialis was by far the most dominant bivalve, and that previous studies recorded the highest density of juvenile individuals of that species in May [16], it is understandable that in the summer period the competition for space within C. officinalis settlements will be on the side of bivalves. They can also eliminate larval/juvenile stages of other potential “settlers” through filtration. A study in southern Italy documented a high occurrence of juvenile M. galloprovincialis in algal settlements in coastal rocky areas, accounting for 96.6% of the total abundance within three fucalean species [28]. The research found adult forms of M. galloprovincialis located under or inside the algal branches, attached to the rocky bottom, where they compete for space with the algae [28].



Analysis of the linear dependence of the total number of individuals of higher taxonomic groups against the dry weight of C. officinalis indicates that while there are certain noteworthy correlations between the abundances of invertebrates and the algal biomass, the explained variance, as reflected by the R2 values, remains relatively low. Consequently, approximately 90% of the variance remains unaccounted for by the regression models. This implies that factors other than the algal biomass are likely to contribute significantly to the observed patterns. One plausible explanation for this unexplained variance is the presence of patchiness in the distribution of algae, both within individual sampling locations and among different sampling locations. It is conceivable that variations in environmental conditions, habitat characteristics or other factors lead to heterogeneity in the distribution and abundance of both invertebrates and algae. The relative scatter of data points within and between sampling locations further supports this notion, offering indications of the potential influence of algal patchiness on the relationships with invertebrate abundances. These findings underscore the need for further investigation into the specific factors driving the unexplained variance and the role of algal patchiness in shaping the relationships between invertebrates and algal biomass.



The comprehensive analysis of invertebrates in this study not only provides valuable insights into the community structure and composition within C. officinalis turfs but also sheds light on the overall biodiversity of the coastal zone of southern Istria, where this alga occupies a significant area. This research recorded that the presence of the algae C. officinalis was almost three times higher than in a previously recorded study conducted in the eastern Adriatic Sea [2], and this indicates that the area of southern Istria is a suitable habitat for this species. The fact that the habitat is so widespread in the coastal area of southern Istria, and that the abundance of invertebrates is high therein, contributed to the need to conduct this research. Previous studies worldwide have documented the presence of numerous invertebrates within C. officinalis settlements, with reported values of up to 329,000 individuals per square meter [21]. Comparing those findings to the maximum (586,000 ind m−2) and average (192,600 ind m−2) number of individuals recorded in our research, it becomes evident that this habitat holds immense importance due to its high abundance and diversity of invertebrates.



Moreover, by considering clustering techniques to assess similarity in invertebrate assemblages among the research locations, further insights into the factors influencing the variation in invertebrate community composition can be gained. Exploring potential relationships between environmental variables, algal biomass, patchiness and other relevant habitat characteristics, as well as the observed clustering patterns, valuable information on invertebrate assemblage variations can be provided. These analyses may reveal the role of localized factors, spatial dynamics and ecological interactions in shaping the community structure within C. officinalis turfs and contribute to a deeper understanding of the ecological processes governing coastal ecosystems.



This study not only enhances our understanding of the community structure and composition within C. officinalis turfs but also highlights the significant biodiversity and the abundance of invertebrates in this habitat.
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Figure 1. Corallina officinalis sampling locations (black dots) within four investigated areas in south Istria, namely Pula, Banjole, Premantura and NP Brijuni—Brijuni National Park; arrows indicate initial and final mapping points (a). C. officinalis habitat in Javorika Bay in NP Brijuni area (b). 
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Figure 2. Non-metric MDS ordination based on square root transformation and Bray-Curtis similarity of the total number of individuals during both sampling seasons in nine locations (“winter”—samples taken during the algae’s maximum growth; “summer”—samples taken during the algae’s minimum growth). 






Figure 2. Non-metric MDS ordination based on square root transformation and Bray-Curtis similarity of the total number of individuals during both sampling seasons in nine locations (“winter”—samples taken during the algae’s maximum growth; “summer”—samples taken during the algae’s minimum growth).



[image: Diversity 15 01099 g002]







[image: Diversity 15 01099 g003] 





Figure 3. Seasonal variations in the total number of invertebrates, expressed per sampling location described by six replicates, i.e., area of 150 cm2 (“winter” and “summer” having the same definitions as in Figure 2). 
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Figure 4. Comparison of C. officinalis average dry weight (g/25 cm2) during both sampling seasons (“winter” and “summer” having the same definitions as in Figure 2). 
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Figure 5. Dominant taxonomic groups within C. officinalis settlements in all sampling areas during both seasons (“winter” and “summer” having the same definition as in Figure 2). 
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Figure 6. Scatter diagram of the total number of bivalves (a), gastropods (b), amphipods (c) and tanaidaceans (d) in relation to the dry weight of C. officinalis (g/25 cm2). With the corresponding regression lines (n = 96), the values of the coefficient of determination (R2) and the statistical significance of the slope coefficient (P) are displayed. 
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Figure 7. Scatter diagram of the total number of isopods (a), mites (b), polychaetes (c) and nematodes (d) in relation to the dry weight of C. officinalis (g/25 cm2). With the corresponding regression lines (n = 96), the values of the coefficient of determination (R2) and the statistical significance of the slope coefficient (P) are displayed. 
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Figure 8. Scatter diagram of the total number of all recorded invertebrates in relation to the dry weight of C. officinalis (g/25 cm2). With the corresponding regression lines (n = 96), the values of the coefficient of determination (R2) and the statistical significance of the slope coefficient (P) are displayed. 
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Table 1. Relative abundance (A) and frequency of occurrence (F) of the taxonomic groups recorded in this investigation (“winter”—samples taken during the algae’s maximum growth; “summer”—samples taken during the algae’s minimum growth).
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Taxonomic Group

	
“Winter”

	
“Summer”




	
A%

	
F%

	
A%

	
F%






	
Platyhelminthes

	
0.01

	
7.41

	
0.01

	
1.85




	
Nemertea

	
0.12

	
31.48

	
0.13

	
18.52




	
Nematoda

	
3.08

	
98.15

	
2.17

	
81.48




	
Sipuncula

	
0.24

	
38.89

	
0.20

	
37.04




	
Gastropoda

	
7.69

	
100.00

	
10.21

	
100.00




	
Bivalvia

	
31.72

	
100.00

	
55.24

	
100.00




	
Polyplacophora

	
0.31

	
62.96

	
0.75

	
77.78




	
Polychaeta

	
13.62

	
100.00

	
9.27

	
100.00




	
Decapoda

	
0.08

	
33.33

	
0.01

	
1.85




	
Cumacea

	
0.11

	
22.22

	
0.02

	
7.41




	
Tanaidacea

	
5.67

	
87.04

	
6.02

	
79.63




	
Isopoda

	
3.66

	
87.04

	
1.44

	
75.93




	
Amphipoda

	
26.95

	
100.00

	
9.71

	
100.00




	
Caprellidae

	
0.80

	
51.85

	
0.06

	
14.81




	
Copepoda

	
1.96

	
90.74

	
0.87

	
75.93




	
Pantopoda

	
0.78

	
79.63

	
0.15

	
33.33




	
Acari

	
2.02

	
94.44

	
1.92

	
85.19




	
Diptera

	
0.43

	
50.00

	
0.73

	
50.00




	
Echinoidea

	
0.02

	
7.41

	
0.22

	
51.85




	
Ophiuroidea

	
0.72

	
64.81

	
0.89

	
62.96











 





Table 2. Relative abundance of taxonomic groups in investigated areas (%—percentage of groups belonging to a certain category of relative abundance).
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Relative Abundance

	
“Winter”

	
“Summer”




	
No. of Taxonomic Groups

	
%

	
No. of Taxonomic Groups

	
%






	
eudominant (>10%)

	
3

	
15.00

	
2

	
10.00




	
dominant (5–10%)

	
2

	
10.00

	
3

	
15.00




	
subdominant (2–5%)

	
3

	
15.00

	
1

	
5.00




	
recedent (1–2%)

	
1

	
5.00

	
2

	
10.00




	
subrecedent (<1%)

	
11

	
55.00

	
12

	
60.00




	
TOTAL

	
20

	
100.00

	
20

	
100.00











 





Table 3. Frequency of occurrence of taxonomic groups in investigated areas (%—percentage of groups belonging to a certain category of frequency of occurrence).
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Frequency of Occurrence

	
“Winter”

	
“Summer”




	
No. of Taxonomic Groups

	
%

	
No. of Taxonomic Groups

	
%






	
very frequent (75–100%)

	
10

	
50.00

	
10

	
50.00




	
frequent (50–75%)

	
4

	
20.00

	
3

	
15.00




	
widespread (25–50%)

	
3

	
15.00

	
2

	
10.00




	
rare (0–25%)

	
3

	
15.00

	
5

	
25.00




	
TOTAL

	
20

	
100.00

	
20

	
100.00











 





Table 4. Number of individuals in each taxonomic group during “winter” (a) and “summer” (b) in the areas of Pula, Banjole, Premantura and Brijuni National Park. Locations are indicated as follows: A—Verudela, B—Saccorgiana, C—Bumbište, D—Cintinera, E—Kamenjak, F—Stupice, G—Javorika, H—Dražice, I—Verige. Each location is described with three replicate quadrats 5 × 5 cm in size.
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(a)




	
Taxonomic Group

	
Pula

	
Banjole

	
Premantura

	
Brijuni National Park

	
Total




	
A

	
B

	
C

	
D

	
E

	
F

	
G

	
H

	
I




	
Platyhelminthes

	
0

	
0

	
1

	
1

	
1

	
1

	
0

	
0

	
0

	
4




	
Nemertea

	
2

	
2

	
5

	
8

	
12

	
0

	
1

	
7

	
0

	
37




	
Nematoda

	
89

	
125

	
151

	
148

	
78

	
134

	
57

	
71

	
61

	
914




	
Sipuncula

	
3

	
1

	
8

	
4

	
29

	
18

	
1

	
4

	
2

	
70




	
Gastropoda

	
294

	
194

	
408

	
129

	
789

	
187

	
86

	
117

	
82

	
2286




	
Bivalvia

	
1158

	
1367

	
468

	
862

	
1298

	
3269

	
422

	
450

	
131

	
9425




	
Polyplacophora

	
14

	
20

	
12

	
2

	
19

	
17

	
1

	
4

	
3

	
92




	
Polychaeta

	
332

	
289

	
612

	
390

	
306

	
1044

	
343

	
378

	
353

	
4047




	
Decapoda

	
1

	
0

	
7

	
0

	
7

	
2

	
1

	
3

	
2

	
23




	
Cumacea

	
0

	
0

	
6

	
0

	
0

	
1

	
0

	
4

	
22

	
33




	
Tanaidacea

	
96

	
10

	
64

	
6

	
42

	
258

	
387

	
669

	
154

	
1686




	
Isopoda

	
4

	
135

	
293

	
39

	
207

	
32

	
29

	
55

	
293

	
1087




	
Amphipoda

	
587

	
585

	
821

	
216

	
1315

	
1638

	
939

	
871

	
1035

	
8007




	
Caprellidae

	
20

	
3

	
11

	
0

	
8

	
87

	
4

	
3

	
103

	
239




	
Copepoda

	
62

	
58

	
65

	
230

	
11

	
63

	
5

	
38

	
50

	
582




	
Pantopoda

	
47

	
24

	
84

	
2

	
10

	
21

	
30

	
3

	
12

	
233




	
Acari

	
185

	
59

	
104

	
15

	
94

	
44

	
30

	
46

	
22

	
599




	
Diptera

	
4

	
14

	
15

	
3

	
50

	
13

	
0

	
5

	
23

	
127




	
Echinoidea

	
0

	
0

	
2

	
0

	
0

	
1

	
0

	
1

	
1

	
5




	
Ophiuroidea

	
31

	
1

	
33

	
3

	
62

	
6

	
30

	
20

	
29

	
215




	
Total

	
2929

	
2887

	
3170

	
2058

	
4338

	
6836

	
2366

	
2749

	
2378

	
29,711




	
(b)




	
Taxonomic Group

	
Pula

	
Banjole

	
Premantura

	
Brijuni National Park

	
Total




	
A

	
B

	
C

	
D

	
E

	
F

	
G

	
H

	
I




	
Platyhelminthes

	
0

	
0

	
0

	
0

	
0

	
3

	
0

	
0

	
0

	
3




	
Nemertea

	
1

	
17

	
0

	
1

	
2

	
0

	
1

	
4

	
3

	
29




	
Nematoda

	
23

	
125

	
30

	
12

	
110

	
88

	
34

	
17

	
44

	
483




	
Sipuncula

	
0

	
4

	
2

	
3

	
10

	
9

	
13

	
3

	
1

	
45




	
Gastropoda

	
132

	
358

	
339

	
117

	
269

	
28

	
568

	
279

	
186

	
2276




	
Bivalvia

	
1773

	
2459

	
1430

	
649

	
2613

	
1103

	
1122

	
796

	
368

	
12,313




	
Polyplacophora

	
19

	
22

	
13

	
14

	
24

	
5

	
42

	
18

	
11

	
168




	
Polychaeta

	
84

	
196

	
226

	
229

	
261

	
318

	
344

	
144

	
264

	
2066




	
Decapoda

	
0

	
0

	
0

	
0

	
2

	
0

	
0

	
0

	
0

	
2




	
Cumacea

	
0

	
0

	
0

	
0

	
1

	
1

	
0

	
1

	
1

	
4




	
Tanaidacea

	
180

	
2

	
8

	
15

	
383

	
202

	
280

	
246

	
25

	
1341




	
Isopoda

	
23

	
19

	
57

	
23

	
125

	
20

	
5

	
31

	
19

	
322




	
Amphipoda

	
327

	
90

	
167

	
326

	
329

	
286

	
267

	
304

	
68

	
2164




	
Caprellidae

	
3

	
1

	
1

	
0

	
0

	
2

	
1

	
5

	
0

	
13




	
Copepoda

	
22

	
20

	
9

	
15

	
11

	
14

	
20

	
29

	
55

	
195




	
Pantopoda

	
1

	
2

	
3

	
0

	
4

	
9

	
4

	
7

	
3

	
33




	
Acari

	
94

	
115

	
37

	
17

	
32

	
12

	
55

	
38

	
27

	
427




	
Diptera

	
62

	
39

	
31

	
0

	
18

	
5

	
2

	
4

	
1

	
162




	
Echinoidea

	
0

	
3

	
9

	
13

	
9

	
6

	
7

	
1

	
0

	
48




	
Ophiuroidea

	
8

	
16

	
28

	
9

	
72

	
30

	
22

	
12

	
1

	
198




	
Total

	
2752

	
3488

	
2390

	
1443

	
4275

	
2141

	
2787

	
1939

	
1077

	
22,292
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