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A Hotspot in the Romanian Black Sea: Eelgrass Beds Drive Local Biodiversity in Surrounding Bare Sediments
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Ecosystem engineers create habitat and provide conditions otherwise unavailable for the development of diverse communities. In marine soft-bottoms in particular, the biodiversity sustained by a matrix of relatively uniform sediments can be drastically enhanced by the presence of ecosystem engineers such as seagrasses. Unfortunately, the influence of seagrass meadows on the diversity of surrounding sediments is often unrecognized in spite of its importance, especially in coastlines exposed to multiple sources of pollution. This study examined composition and diversity associated with a bed of Zostera noltei Hornemann, 1832, and its surrounding bare sediments in a highly urbanized coastal area of the Romanian Black Sea. Dissimilarity levels were quantified and key species driving the differences between uniform (bare) and complex (eelgrass) sedimentary habitats were identified. 48 taxa were collected and counted, with epifaunal and infaunal species each accounting for nearly half of that diversity. Abundance, richness and diversity were strikingly higher in eelgrass-associated sediments, a difference driven primarily by various species of snails, crustaceans, polychaetes and bivalves. Between-habitat differences remained significant even after the removal of epifaunal species and each dataset undergoing strong data transformation. These results suggest that even small eelgrass beds, located in the vicinity of multiple sources of stress, can act as hotspots and make a substantial contribution to local benthic diversity.
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INTRODUCTION

Ecosystem engineers (sensu Jones et al., 1994) create or alter local-scale conditions to provide critical habitat that allows the establishment of diverse communities (Wright and Jones, 2006). Coastal engineers are diverse and include, among others, corals, oysters, mussels, macroalgae, and seagrasses (e.g., Gutiérrez et al., 2003). The latter develop into distinct meadows embedded within the matrices of relatively uniform sediments associated with estuaries, lagoons, and sheltered bays (Lee et al., 2001; Bos et al., 2007). Seagrasses provide food resources, add live surface for colonization, attenuate currents, stabilize shorelines, buffer the negative effect of eutrophication, and help with carbon sequestration (Bos et al., 2007; Baeta et al., 2009; Bouma et al., 2009; Duarte et al., 2010; Marin-Diaz et al., 2020). Most studies on seagrass meadows show that they sustain and enhance local-scale diversity of communities (Attrill et al., 2000; Włodarska-Kowalczuk et al., 2014; Davis et al., 2017; Hyman et al., 2019; Rodil et al., 2021), or conspicuous groups of epifaunal organisms (Sánchez-Jerez et al., 1999; Hovel and Lipcius, 2002), polychaetes (Somaschini et al., 1994; Gambi et al., 1998) or fish (Guidetti and Bussotti, 2002). However, these meadows are not always recognized as hotspots of diversity and we argue that this is likely due to two main reasons: (1) there are well-known exceptions in which species composition or diversity measures within and outside seagrass beds do not differ (Den Hartog, 1983; Asmus and Asmus, 2000; Polte et al., 2005; Barnes, 2014; Barnes and Barnes, 2014) and (2) where striking between-habitat diversity differences occur, sometimes we have failed to highlight their potential influence on surrounding marine sediments (Hyman et al., 2019). The latter is particularly true in some regions of the Black Sea in which seagrasses have faced historical declines (Zaitsev and Mamaev, 1997; Uzunova, 2010), and where studies linking seagrasses with benthic diversity have lagged behind.

Seven phanerogam segrasses are known to occur in the Black Sea: Zostera (Zostera) marina Linnaeus, 1753, Zostera (Zosterella) noltei Hornemann, 1832, Stuckenia pectinata (L.) Börner, 1912, Zannichelia major (Hartman) Boenn. ex Reichenb., 1835, Ruppia maritima Linnaeus, 1753, Ruppia cirrhosa (Petagna) Grande, 1918, and Cymodocea nodosa (Ucria) Ascherson, 1870 (Milchakova, 1999; Milchakova and Phillips, 2003; Aysel et al., 2005). Five of these species (Z. noltei, Z. major, S. pectinata, R. maritima, and R. cirrhosa) occur in the Romanian Black Sea (Surugiu, 2008). However, data on their macrobenthic assemblages remain limited. Early studies by Borcea (1924, 1926, 1931) documented macrobenthic species composition from Zostera meadows, especially from the Agigea area. Four decades later, Manoleli (1967) described polychaetes associated to Zostera in the same area, and Băcescu et al. (1971) documented full macrobenthic assemblages. Since then, Zostera beds disappeared from the Romanian coast due to eutrophication and pollution in the 1980s (Surugiu, 2008). No further studies were published until a small Z. noltei bed was reported from the coast of Mangalia (Surugiu, 2008), and the composition of the species associated with this phanerogam was documented again (Surugiu et al., 2013).

Data from 2015 to 2018 (V. Surugiu and I. Şvedu; unpublished data) suggests that roughly the same number of species has prevailed in the Mangalia Z. noltei meadow. However, key comparisons with assemblages associated with nearby sedimentary bottoms have not been attempted. This study fulfills that gap in our knowledge by quantifying the differences between the bed of Z. noltei established in the vicinity of Mangalia, southern Romania (Surugiu, 2008) and surrounding bare sediments. Our working hypothesis was that habitat differences promote changes in macrobenthic species composition and abundance, beyond the natural variation associated with seasonality. Such hypothesis is based on two premises: (1) epifaunal species colonizing eelgrass should be absent in bare sediments (Duffy, 2006), and (2) infaunal species present in eelgrass-associated sediments would likely differ from those on structurally less complex bare sediments (Rodil et al., 2021). Results in support of that hypothesis were to be considered evidence of an eelgrass-driven enhancement of diversity that would critically contribute to local biodiversity.



MATERIALS AND METHODS


Study Site and Sampling Procedure

The fauna inhabiting a bed of Z. noltei was sampled in the immediate vicinity of the highly urbanized coastal area of Mangalia (43°48′18.0′N, 028°35′31.9′E; Figure 1). This single eelgrass bed developed in sandy sediments located between 0.8 and 3.3 m of depth in a small embayment formed by a dyke. Surveys of the sediments associated with the eelgrass bed and adjacent (2 m away) bare sediments were conducted in summer and fall 2010 (July 28th and October 2nd, respectively). The timing of the surveys aimed to get a snapshot of seasonal macrobenthic communities during the main periods of eelgrass growth and development, following spring/early summer faunal recruitment. On each survey date, seven random sediment samples were collected from the central area of the eelgrass bed by SCUBA diving, while other seven were also randomly collected from the nearby bare sediments. Replication levels were deemed appropriate considering prior studies in the area (Surugiu et al., 2013) and elsewhere (e.g., Włodarska-Kowalczuk et al., 2014; Bououarour et al., 2021). Samples were collected with a 10 cm-diameter hand-held corer (inserted up to 15 cm deep) and transferred underwater to labeled jars. Samples were subsequently rinsed over 500 μm sieves, and the retained organisms were placed in 10% buffered seawater-formaldehyde solution. In the laboratory, samples were sorted in major taxonomic groups, preserved in 70% ethanol, and subsequently identified to the lowest possible taxonomic level under stereomicroscope (Mordukhai-Boltovskoi, 1968, 1969, 1972).
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FIGURE 1. Map outlining the Black Sea (A) and the approximate location of the study area (B), immediately adjacent to the city of Mangalia, on the Romanian southern coast.




Data Analyses

Individual species abundances were used to calculate total abundance, species richness and Shannon-Wiener diversity (H’) from the full dataset of samples collected in eelgrass and bare sediments during summer and fall. A subset of that data, including only infaunal species was then used to calculate the same variables (i.e., abundance, species richness, and diversity of infaunal communities). The variables obtained from both datasets were subsequently used for between-habitat comparisons (eelgrass vs. bare sediments) using t-tests. Given assumption violations in 10 out of the 12 comparisons, these analyses were run using non-parametric Mann-Whitney U Statistic tests.

Both datasets (full data and infauna alone) were then analyzed with multivariate routines in the PRIMER 6 software. Specifically, species composition and abundance were used to create two-dimensional non-metric Multidimensional Scaling (MDS) plots using the Bray-Curtis Similarity index. Stress values assessed whether the distance between samples in the MDS plot was a reliable depiction of the actual differences between samples based on composition and abundance (values under 0.2 are considered a fairly reliable representation; Clarke et al., 2014). Potential between-habitat differences were then assessed with Analysis of Similarity (ANOSIM) which provided Global-R and p-values to assess significance. The same data was further examined with SIMPER analyses, which were used to estimate average levels of dissimilarity (%) and to generate a ranking of the species contributing the most to the difference between habitats. MDS, ANOSIM, and SIMPER analyses were all conducted with fourth-root transformed data, which removes the often overriding influence of numerically dominant species. Then, the same analyses were conducted with raw (untransformed) data and with data treated with the most severe transformation (presence-absence). The output of those parallel analyses is presented in detail in Supplementary Tables.



RESULTS

Overall, 48 invertebrate taxa were collected from eelgrass and bare sediment habitats, predominantly including gastropods (13 species), crustaceans (11), polychaetes (10), and bivalves (6). Based on their life history, nearly half of these taxa were categorized as primarily infaunal and the other half as epifaunal species. Both subsets contributed to the abundance and diversity quantified in each habitat during summer and fall (see full species composition per habitat and date in Supplementary Table 1). For the full dataset (epifauna and infauna combined) and during both seasons (Figures 2A–C), median abundance, species richness and diversity (H’) were all significantly higher in sediments associated with eelgrass (Mann-Whitney U Statistic’s p < 0.001 in each of the six between-habitat comparisons; Figures 2A–C) than in nearby bare sediments. With regard to the subset of infaunal species alone (Figures 2D–F), with one exception (total abundance in the summer; Mann-Whitney U Statistic p = 0.805), the remaining five comparisons found again significantly higher median values of abundance, species richness and diversity in communities associated with eelgrass beds (Mann-Whitney U Statistic’s p < 0.001 to p = 0.027; Figures 2D–F).


[image: image]

FIGURE 2. Boxplots illustrating abundance, species richness and Shannon-Wiener diversity of communities associated with eelgrass and bare sediment habitats during the 2010 summer and fall surveys. A distinction is made between results obtained from the full dataset (A–C) and a subset including infaunal species only (D–F). Mean values (thick black lines) are included in the boxplots. Between-habitat differences were significant (Mann-Whitney U Statistic’s p < 0.05) in all 12 comparisons except in the abundance of infauna during the summer (D; p > 0.05).


MDS plots (Figure 3) identified clear community differences between habitats, whereby samples associated with eelgrass clustered and segregated away from samples associated with bare sediments. Between-habitat ANOSIM comparisons confirmed that differences observed in the full dataset (Figure 3A) and in the subset of infaunal species (Figure 3B) were both significant: ANOSIM Global-R = 0.677 and 0.480, respectively; p = 0.001 in both analyses. Some of the most abundant species collected in this study were identified by SIMPER as those contributing the most to the differences between habitats (Table 1). When the full dataset was analyzed (86.31% average dissimilarity between habitats), the first seven taxa included five epifaunal and two infaunal species, which contributed up to near 39% of the dissimilarity measured. These include snails (e.g., Ecrobia maritima), bivalves (Mytilaster lineatus) and a spionid polychaete (Spio decorata) (Table 1). By comparison, when the subset of infaunal species was used (75.77% average dissimilarity), the first seven infaunal species explained near 60% of the between-habitats dissimilarity and included polychaetes (S. decorata) and various bivalves (e.g., Abra segmentum, Cerastoderma glaucum, Macomangulus tenuis). Similar between-habitat differences were detected using ANOSIM and SIMPER when full dataset and infaunal dataset were independently analyzed using untransformed (raw) data and presence-absence transformed data (see Supplementary Table 2).
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FIGURE 3. MDS plots illustrating community similarity among samples collected in eelgrass and bare sediment habitats for the 2010 summer and fall surveys combined. Separate plots are presented for the full dataset (A) and for a subset including infaunal species only (B). Dotted lines encircle primarily eelgrass samples to denote that they are significantly different from bare sediments according to ANOSIM (R-Global = 0.677 and 0.480 for (A,B), respectively) (p = 0.001 in both analyses).



TABLE 1. Summary of SIMPER analyses identifying the (seven) main taxa contributing to the dissimilarity between communities associated with eelgrass and bare sediment habitats for summer and fall surveys combined.
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DISCUSSION

In this study, we demonstrate that eelgrass beds enhance local-scale diversity and abundance. Compared to bare (unstructured) sediments, those associated with Z. noltei were populated by significantly more diverse and abundant assemblages. In fact, multivariate analyses and almost every univariate comparison conducted (11 out of 12) identified striking between-habitat community differences. We therefore suggest that these beds act as hotspots of biodiversity that may in fact influence the sedimentary habitat well beyond the meadows’ physical edge. These results provide support to our working hypothesis and add to the broader body of literature (e.g., Frost et al., 1999; Hirst and Attrill, 2008; Klayn et al., 2013; Boyé et al., 2017), suggesting that seagrass meadows enhance local macrobenthic diversity.

Comparisons with prior studies provide a context for better understanding the diversity levels documented here. The number of taxa collected from Z. noltei bottoms (up to 37 in each seasonal survey) was above the historical range reported from the Romanian Black Sea (12–27 taxa in total; Borcea, 1924, 1926, 1931; Manoleli, 1967; Băcescu et al., 1971; see Supplementary Table 3). Such diversity was also fairly similar to the levels reported from Z. noltei meadows in the Crimean (37; Arnoldi, 1949) and Bulgarian Black Sea (39; Uzunova, 2010). Outside this region, these diversity levels also compare with those reported from Z. noltei in Galicia, Spain (36; Junoy and Viéitez, 1992) but are well above the ones reported from beds located in south west Netherlands (22; Bouma et al., 2009) and Portugal (21; Baeta et al., 2009). Our diversity levels also compare with those reported from Z. noltei meadows in the south-western coast of France (means of 27–39 species per site, with a total of 126 species; Blanchet et al., 2004), the Morocco coast (8–29 species per site, 69 species in total; Bououarour et al., 2021), or the diversity of peracaridans in the northwestern Iberian Peninsula (33–42 peracarid species; Esquete et al., 2011). Together, these records suggest that the diversity levels described here are at the upper end of those reported for this eelgrass in the region and elsewhere. Arguably, this is a remarkable result considering the small size of the eelgrass bed (940 m2 in 2010 and 1,132 m2 in 2020), its fairly recent re-establishment in the area (Surugiu, 2008), and its close proximity to a large urban center (Mangalia). The influence of eelgrass bed size has been addressed in habitat fragmentation studies which have found a positive relationship between size (combined with other features) and diversity levels (e.g., Rodil et al., 2021). The young age of the bed along with its proximity to Mangalia are also noteworthy because eelgrass beds are known to be susceptible to the various sources of pollution (Unsworth et al., 2014) normally associated with city port areas. Despite the odds, the diversity levels documented here were high, and as indicated before, strikingly different to those measured in the surrounding sediments.

Beyond measures of diversity and abundance, between-habitat differences were also driven by species composition, with several taxa strongly contributing to the clustering of samples by habitat. As expected, small grazing gastropods (e.g., Rissoa splendida, E. maritima, and Cerithidium submammillatum) were among the most prevalent in eelgrass-associated bottoms. Among them, R. splendida and other species of that genus (Rissoa spp.) had been in the past found abundantly in the region associated with Z. noltei beds (Arnoldi, 1949; Uzunova, 2010), Z. marina beds (Uzunova, 2010) and in beds where both Z. noltei and Z. marina were present (Makkaveeva, 1976; Klayn et al., 2013). With regards to infaunal organisms, the polychaete S. decorata was consistently linked with bare sediments, whereas cockles (C. glaucum), clams (A. segmentum), and mussels (M. lineatus) were all among the most dominant in eelgrass-associated bottoms. These species of clams and mussels had also been identified in Z. noltei beds before (Arnoldi, 1949), whereas M. lineatus, in particular, had been associated with beds of Z. noltei and Z. marina combined (Klayn et al., 2013). Above and beyond the scope of this study, the co-occurrence of two or more species of Zostera, or more generally, two or more ecosystem engineers, often entails added benefits to diversity (Rodil et al., 2021) and other ecosystem services (e.g., Tummon Flynn et al., 2020). Such benefits remain to be thoroughly explored in single and combined Zostera beds in the Black Sea and elsewhere.

Community differences documented here are likely linked with the obvious structural differences between bare sediments and bottoms associated with complex eelgrass beds (Heck and Wetstone, 1977; Duarte et al., 2010). This is not surprising considering the number of organisms that naturally depend on this type of vegetation for food, attachment, shelter, or other services (e.g., Möller et al., 2014), but contrasts with the lack of between-habitat differences found by e.g., Barnes (2014) and Polte et al. (2005). Among the latter studies, Barnes and Barnes (2014) suggested that where diversity differences occur, they may not be related to the benefits provided by the seagrass but to disruptive processes operating in the unvegetated bottoms (e.g., bioturbation by Callianassa shrimps). That is a plausible explanation for some coastal regions, but it is clearly not the case in the study area. Nonetheless, further studies here and elsewhere should consider the strong role of this and other bioturbators (e.g., green crabs; Lutz-Collins et al., 2016), when attempting to assess the role of eelgrass beds. Given that these benthic communities not only include epifauna, it is noteworthy to mention two novel elements in our methodological approach: (1) the analysis of infaunal organisms separately, by artificially excluding epifaunal species, and (2) the use of distinct data transformations. To our surprise, significant between-habitat differences were still found by both univariate and multivariate analyses when the more plant-dependent epifaunal component was removed and only infaunal species were compared. In addition, the initial use of fourth-root data transformation, which aimed to remove the influence of overly abundant species (Clarke et al., 2014), produced the same results than analyses conducted with raw data and arguably the most severe form of transformation (presence-absence). The consistent enhancement of local-scale diversity in soft-bottoms associated with eelgrass beds suggests that these isles of highly structured habitats do contribute to local-scale diversity (Hirst and Attrill, 2008; Fredriksen et al., 2010). Hence, despite the regional decline that seems to be affecting these habitats (Uzunova, 2010), even small eelgrass beds as those studied here should be deservedly highlighted as hotspots of benthic diversity (Thomsen et al., 2018). It follows that seagrass beds in general (Waycott et al., 2009) and eelgrass beds in the southern coast of the Romanian Black Sea (Surugiu, 2008) in particular, should be the focus of much needed conservation efforts.
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Dataset Taxa Abundance per habitat Dissimilarity (%)
Eelgrass Bare Contribution Cumulative
Full dataset Ecrobia maritima (Milaschewitsch, 1916) (E) 1.97 0.00 7.75 .05
(86.31% dissimilarity) Cerithidium submammillatum (De Rayneval and Ponzi, 1854) (E) 1.59 0.00 5.90 13.64
Rissoa splendida Eichwald, 1830 (E) 1.50 0.00 5.62 19.27
Mytilaster lineatus (Gmelin, 1791) (E) 1.61 0.26 5.43 24.70
Gastropoda indet. (E) 1.38 0.00 5.03 29.72
Spio decorata Bobretzky, 1870 (1) 0.89 1.44 4.61 34.33
Abra segmentum (Récluz, 1843) () 1.16 0.00 4.44 38.77
Infauna only Spio decorata Bobretzky, 1870 (1) 0.89 1.56 11.82 11.82
(75.77% dissimilarity) Abra segmentum (Récluz, 1843) (1) 1.16 0.00 11.06 22.88
Cerastoderma glaucum (Bruguiére, 1789) (I) 1.11 0.08 9.66 32.54
Macomangulus tenuis (da Costa, 1778) () 0.54 0.57 8.44 40.98
Capitella sp. (I) 0.89 0.79 7.05 48.04
Lentidium mediterraneum (O. G. Costa, 1830) (1) 0.54 0.18 6.36 54.39
Polydora cornuta Bosc, 1802 (1) 0.71 0.00 5.58 59.92

Analyses were conducted with the full dataset (epifauna and infauna combined; E + I) and with infaunal taxa only.

In both cases, abundance values correspond to overall averages (fourth-root transformed) per habitat and their corresponding contribution to between-habitat dissimilarity.
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