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Seagrass ecosystems support human well-being by delivering a wide range of ecosystem services. Particularly important is the significant role they play in food provisioning by supporting fisheries worldwide. Despite their socio-economic importance, it is only recently when they have been considered as important social-ecological systems worldwide. Research focused on the interactions between seagrasses and human activities have been understudied and never addressed from a global approach, even though this knowledge is essential to create relevant policy and management plans, and to promote governance systems, which consider fishers’ needs and rights. Thus, we carried out a global systematic review on trade-offs and/or synergies between seagrasses and fishing activities, aiming to analyse the current state of the art on these interactions, to identify potential gaps in knowledge, and to pinpoint key research priorities. We found a total of 94 publications assessing the relationship between seagrass ecosystems and fisheries, which have tripled between 2001-2021, being most of them empirical studies (90%) with ecological scope (a total of 68). Socioeconomic studies (3%) on the subject were identified as a knowledge gap. Most studies (72%) were carried out in northern hemisphere countries, with an underrepresentation of studies in tropical regions. The studies reporting trade-off (a total of 69) interactions almost tripled those reporting synergies (a total of 31) between seagrass ecosystems and fisheries. Mechanical damage to seagrasses by fishing gear is the main source (51%) of trade-offs, followed by overfishing (28%), while aquaculture cages’ emissions (20%) are also a relevant source of trade-offs. Seafood market demand and conflicts of use were the main drivers for trade-offs. When assessing synergistic interactions, most studies (27 out of 31) reported a larger abundance or recruitment of species with commercial interest mediated by seagrass habitat provision. Globally, seagrass ecosystems are mainly affected by industrial and small-scale fisheries, including aquaculture and shellfisheries, and to a lesser extent, by recreational fisheries. Fisheries management system is not specified in more than half (53) of the reviewed publications, which represents a key knowledge gap with implications for sustainable management. Nevertheless, we document a fast increase in studies covering fishery-seagrass interactions, which, if accompanied by better reporting of the nature of the interactions and the socio-economic context of the fishery, would help improve the sustainable management of both systems.
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Introduction

Seagrass are marine flowering plants that form extensive meadows from intertidal to subtidal and can extend down to 60 m worldwide, except Antarctica. Seagrass habitats are a critical component of coastal systems that deliver a broad range of ecosystem services and functions, playing a significant role in supporting human well-being (De la Torre-Castro, 2006; Nordlund et al., 2016; Ruiz-Frau et al., 2017; De los Santos et al., 2019). In particular, seagrass meadows contribute to coastal protection of shorelines (Boudouresque et al., 2016) by reducing wave energy and trapping sediments (Ondiviela et al., 2014). They also improve water quality by filtering excess of nutrients and contaminants (Serrano et al., 2013), control diseases by removing pathogens from the water (Lamb et al., 2017), play a significant role in food security, supporting economies and livelihoods through fisheries (Unsworth et al., 2018), and sequester and store carbon thus mitigating impacts of climate change (Duarte et al., 2013). In fact, the reduction of seagrass capacity to sequester and store carbon because of its decline is also of high international concern, since seagrass loss can lead to significant increase of CO2 into the atmosphere (Arias-Ortiz et al., 2018). Seagrass meadows also provide non-material benefits to human societies, such as recreation, aesthetic, cultural heritage and education (Cullen-Unsworth et al., 2014; Garcia Rodrigues et al., 2017).

They are also of fundamental importance to world fisheries production in different ways since seagrasses are nursery and foraging habitats for commercially important invertebrates and fish (e.g. Unsworth and Cullen, 2010; Lilley and Unsworth, 2014; Nordlund et al., 2016; rev. Unsworth et al., 2018). Seagrass meadows are estimated to provide nursery habitat for at least 20% of the world’s 25 larger-scale fisheries (LSF), including the Alaska (walleye) pollock, the most landed species on the planet (Lilley and Unsworth, 2014; Unsworth et al., 2018). In addition, almost 80% of the 10 most caught species by small-scale fisheries (SSF) are associated with seagrass in tropical and subtropical regions (Unsworth et al., 2018). Seagrasses also support fisheries by providing trophic subsidy to contiguous habitats with adjacent fisheries, and, in the case of SSF, they also provide fishing grounds (Unsworth et al., 2018).

In spite of the critical role of seagrasses, they have shown a worldwide declining trend throughout the 20th century due to cumulative pressures on coastal areas (Waycott et al., 2009; Pendleton et al., 2012; Ruiz-Frau et al., 2017; McKenzie et al., 2020), such as commercial fisheries (trawling), shellfishing (dredging), building of coastal structures, and sewage and nutrient inputs, among others (Cullen-Unsworth and Unsworth, 2013; De los Santos et al., 2019). Nevertheless, encouragingly, increasing awareness about conserving and restoring seagrass meadows have led to a reversal trend involving seagrass recovery across many Australian, Asian, European and North American coastal ecosystems, particularly fast-growing species after restoration programs (De los Santos et al., 2019; Orth et al., 2020; Sinclair et al., 2021).

Although it is evident that fishery activities, including shellfish harvesting, interact with seagrass meadows (Cabaço et al., 2005; Park et al., 2011; Pitanga et al., 2012; Garmendia et al., 2017), the magnitude and impact (positive or negative) of such interactions remain unclear, as some studies report significant decline in seagrass population performance due to shellfishing (e.g. Cabaço et al., 2005), while others not (e.g. Park et al., 2011); even more, results are not always comparable as they might report different species performances. Nonetheless, Nordlund et al. (2018) used experts’ knowledge on 36 global study cases and found that seagrass-based fisheries are of high importance, concluding that wherever seagrass are present, there is most certainly fishing, with recreational, subsistence and commercial value. In addition, (Gagnon et al. 2020) investigated plant-bivalve interactions in coastal habitats (salt marshes, mangroves and seagrass), and reported that most interactions were positive and reciprocal, since plants promoted bivalve survival and abundance by providing substrate and shelter, while bivalves promoted plant growth and survival by stabilizing and fertilizing the sediment and reducing water turbidity. At the same time, (Fales et al. 2020) also carried out a global meta-analysis on ecological variables (e.g. density, size, growth, survival), reporting reciprocal interactions between seagrass and bivalve molluscs, and suggested a variety of outcomes for these interactions, as there are multiple specific mechanisms and spatiotemporal scales enabling the seagrass-bivalves coexistence. However, there is still limited information regarding the interactions between seagrass ecosystems and fisheries as a coupled socio-ecological system.

In this study, we carried out a global systematic literature review of peer-reviewed scientific studies on trade-offs and/or synergies between seagrasses and fishing and aquaculture activities. A trade-off is defined as a situation where the use of one ecosystem service by human activities directly decreases the benefits supplied by another service (e.g. the impact of the management of a fishery on the abundance of seagrasses) (Rodríguez et al., 2006; Bennett et al., 2009). A synergy occurs where the use of one ecosystem service directly increases the benefits supplied by another service (e.g. effectively managing seagrasses helps to improve fish nurseries) (Gilby et al., 2018). Thus, the aims of this paper were (a) to analyse the current state of knowledge on these interactions, in the context of increasing climate change impacts, (b) to identify knowledge gaps, and (c) to pinpoint key research priorities and the way forward beyond the current state of the art.



Methods


Literature Search

Search for published literature in English was performed in Scopus using the following terms in a single string: “seagrass” OR “eelgrass” AND “small-scale fisheries” OR “shellfisheries” OR “fisheries” OR “artisanal” OR “marine” OR “coastal” AND “climate change” OR “global warming”. The terms “subsistence fisheries”, “invertebrate gleaning”, “invertebrate fisheries” and “aquaculture” were included within the string search as a test, and the number of publications was the same as without these terms. Only ‘Articles’ and ‘Reviews’ were included as a type of document, because they have been subjected to a peer-reviewed process. Search results included articles published from 1992 (the first article found about this topic was published in 1992) to March 2022. In addition, despite not appearing in the Scopus searches, additional peer-reviewed articles were also included for being part of the references of publications that did appear in the searches. When a study was identified in a citation, it was scrutinized, and was only included if it met our inclusion criteria. These articles are included as they were directly related to our research objectives.



Literature Review Process

We follow the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Moher et al., 2009) for the systematic literature review (Figure 1). Publications were screened by their title and abstracts, which had to mention any type of relationship between seagrass and fisheries-related activities. The number of publications was remarkably reduced from 1135 to 274 after this screening process. After screening their abstracts, full-texts were considered to assess whether they were eligible for the final synthesis. In order to meet the eligibility criteria, publications had to present at least one qualitative or quantitative evaluation addressing trade-offs and/or synergies between seagrass ecosystems and fisheries-related activities. This analysis was carried out on 94 final publications (the detailed list of publications is included in the Supplementary Material).




Figure 1 | Flow diagram for literature review with the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA).



To analyse the results of the systematic review, we included 20 variables and their corresponding response categories. Data variables included habitat types, scale of the studies, type of fishing activities, commercial and seagrass species, ecosystem services, fisheries management systems, magnitude of interactions and those associated drivers, methods and data used to assess these interactions (Table 1).


Table 1 | Data variables used to obtain information from the systematic literature review.



We scored the magnitude of the interactions evaluated in the systematic review, either as trade-off or as synergy. As these scores are not absolute values from the review’s results, the relative quality of the underlying data may affect the robustness of the findings. In order to reflect this uncertainty in our magnitude calculations, we used data quality scores for each interaction in the dataset. For example, if the data suggested the occurrence of an interaction but their effects were not significant or evident by using the studied variables of the publication assessed, the quality score applied was 1 (minimum). We assigned a score 2 (low) when at least one studied variable was significant but did not affect the main outcome of results; score 3 (medium) when there was a significant effect on at least one of the main assessed variables, while a score 4 (high) when the effect was significantly different in most of the analyzed variables and the measure of such effect was at least twofold the reference value. Finally, when an effect was described in a publication, but it was not quantified in any way, the magnitude of the interaction was recorded as not assessed.




Results


Literature Synthesis

The number of publications assessing the relationship between seagrass ecosystems and fisheries has tripled over the last decade, starting from 24 publications in the early 2000s to 70 publications from 2012 to 2021. Prior to 2000, studies assessing the interaction were almost non-existing, at least within the selected criteria. Most of the publications found in the literature synthesis reported empirical studies (85 out of 94) where environmental survey (51 out of 94) was carried out at local or regional scale (73 out of 94) with an ecological scope (68 out of 94), although there was a variety of combinations among the methods and the scope of the assessment, as well as the habitat or the scale at which the studies were conducted Figure 2). A large number of publications (62) contributed within the research field of marine sciences (27), biology (16), ecology (13), environmental sciences (13), and oceanography (4). Seagrass ecosystems research field was represented by three publications, similar to fisheries (3), agriculture (3) and zoology (3). The least represented research fields were global change, geography and tourism (2 each), and veterinary, political sciences and economics (1 each).




Figure 2 | Number of publications considered in each variable category from the literature review (N=94).



Different methods were used in the papers, although most of them (69) were focused on obtaining data related to biological (e.g. variables such as abundance, reproductive effort, seagrass or fish biomass, size, growth, survival, coverage) or environmental parameters (e.g. sediment composition, organic matter, granulometry, water quality, oceanographic data), which enabled comparisons between disturbed and undisturbed seagrass meadows.

In a smaller proportion of studies (22), several socioeconomic variables were taken into account along with biological or environmental ones: twelve publications related the presence or abundance of seagrass or seafood to socioeconomic variables like harvesting experience, income, human development index, landings or subsistence on harvesting; six publications related seagrass conditions to social variables like stakeholders engagement, perceptions on governance or well-being, boaters’ profile, likelihood to use buoys or willingness to pay for their use; while four studies used economic variables like monetary value of seagrass, annual production of commercial species, or income, in relation to seagrass abundance. Only three publications were exclusively focused on the use of socioeconomic variables like number of licensed harvesters, monetary value of seafood, awareness of seagrass ecosystem services, frequency and purpose of collecting seafood, frequency of recreation in seagrass meadows, perception of seagrass condition, or perceived threats to seagrass.

Most of the studies used quantitative methods (74), while others used a combination of qualitative and quantitative methods (20). In most cases (55), multivariate analysis was the most used study method, followed by mapping (16), ecological modelling (10), interviews or workshops (7) and socioeconomic evaluations (3).

Many publications (N=40; 48%) considered the four types of ecosystem services categories delivered by seagrasses [provisioning, regulating, supporting and cultural services; based on Millennium Ecosystem Assessment (MEA), 2005], followed by 16 publications relating only three of these services in different combinations. Different ecosystem services bundles were also identified. For example, the combination of provisioning and supporting services were observed in 16 publications; regulating and supporting services were analysed in only 2, while the combined analysis of provisioning and cultural services were only assessed in 1 study. For those studies focusing on a single delivered service, the provisioning service was the most analysed (14 out of 16).

Most publications (N=74; 80%) included in the literature synthesis did not assess climate change. However, several studies (20) did consider climate change by modelling future scenarios (8), evaluating time series of data (6), measuring temperature response (3) and carbon sequestration (2), or carrying out ecosystem valuation (1). Carbon sequestration and storage by seagrass ecosystems dominated the focus of recent publications, when the words “climate change” or “global warming” were included in the search; however, they were not included in the synthesis as they did not directly assess seagrass-fisheries interactions.



Geographic Distribution

Most studies (N=68; 72%) were carried out in northern hemisphere countries Figure 3), mainly in the West and East coast of the USA and Canada, in the Atlantic coast of Western Europe and Mediterranean Sea (namely Spain). Only ten studies were developed in the Pacific Ocean, mostly in Australia and Indonesia (N=5; 6% each), while there was a considerable lack of studies in East Africa (N=7; 8%) (no studies were found in West Africa) and the Caribbean (N=1; 1%), despite the fact that seagrass-based fisheries are likely to be important in these areas (e.g. De la Torre-Castro et al., 2014).




Figure 3 | Geographical distribution of publication’ study sites. Trade-offs are shown in red and synergies in green (N=89). Global seagrass distribution is shown in blue (UNEP-WCMC and Short, 2021). Global reviews are not included to avoid duplications.



Our results also highlight that historical research efforts conducted to study trade-offs and/or synergies between seagrasses and fishing activities were mainly developed in those areas of the world where seagrasses are abundant, namely North America, Europe and Oceania Figure 3) (Short et al., 2007). However, the results also suggest that the research done in these developed regions is still limited, except in Europe where we found the largest number of relevant publications, mainly addressing trade-offs; although, naturally, fewer studies do not imply less research quality. As a result, most relevant studies were developed in marine ecosystems with temperate seagrass species, such as Zostera marina (30 publications), Posidonia oceanica (19), Z. noltei (13) and Cymodocea nodosa (8). Other species with more tropical distribution (e.g. species of the genera Thalassia, Halodule and Halophila) were poorly represented in the studies assessed (Figure 4).




Figure 4 | Number of publications assessing each seagrass species.





Trade-Offs and/or Synergies Between Seagrasses and Fishing Activities

The publications reporting trade-off interactions almost tripled those reporting synergies between seagrass ecosystems and fisheries (Table 2). Mechanical damage to seagrasses by fishing gear was the main source of trade-offs identified in the analysed literature, where most publications (N=35; 51% of trade-off origin) described, from small to large magnitude effects, caused by trawling, boat propellers or anchoring, digging, dredging and deployment of structures such as fish fences. Overfishing was the second most observed source of trade-offs (N=19; 28%), with most of the publications indicating a medium negative effect. Aquaculture cages’ emissions were also a relevant source of trade-offs (N=14; 20%), and at least one publication reported episodes of invasive species associated with aquaculture. Trade-offs were almost evenly driven by seafood market demand (according to 46 publications) and conflicts of use (33 publications).


Table 2 | Summary of origin and magnitude of observed interactions in the literature synthesis (number of publications where a particular interaction and magnitude was observed).



Regarding synergistic interactions, most studies reported larger abundance (N=23; 74% of synergies) or recruitment (N=4; 15%) of species with commercial interest mediated by seagrass habitat provision and by the regulation of beneficial processes for performance of populations (N=4; 13%), such as water quality improvement or sediment stabilization.



Relationships Between Drivers of Changes, Seagrasses and Fishing Activities

Globally, in most of the locations where the studies were reported, seagrass habitats were subjected to a variety of fishing activities (36% mixed activities, Figure 5), as industrial and small scale commercial fisheries, including shellfisheries, or finfish aquaculture and recreational fisheries, in different combinations and proportions of targeted species groups (e.g. fish, molluscs and crustaceans). Commercial fisheries alone represented more than 20% of the activities analysed within the interactions with seagrasses. Although about half of the publications did not specify what type of commercial fishery was involved in the study, SSF were the most observed fishery (37%), followed by LSF (11%) and then a small proportion of both types. Aquaculture had a similar presence (16%) to commercial fisheries within the analysed publications (mainly through shellfish - namely oyster culture- and finfish aquaculture), where the main cultivated species were the Pacific oyster Crassostrea gigas, and the gilthead seabream, Sparus aurata and European seabass, Dicentrarchus labrax, respectively. The publications that described shellfisheries as the main activity (14%), mostly mentioned molluscs (without specification) as the target group, while recreational fishery (exclusively assessed in almost 5% of the publications) targeted both fish (25%) and molluscs (25%), with a large proportion of unspecific target species (50%). Similarly, near 10% of the analysed publications did not specify the type of fishery activity performed and were encompassed within other anthropogenic activities.




Figure 5 | Main fisheries-related activities carried out on seagrass areas according to the literature synthesis. Fish, Vessel Based Fisheries; LSF, large-scale fisheries; SSF, small-scale fisheries; Aquac., Aquaculture; Shellf., Shellfisheries; Recr., Recreational fisheries; C. gigas, Crassostrea gigas (Thunberg, 1793); S. aurata, Sparus aurata (Linnaeus, 1758), D. labrax, Dicentrarchus labrax (Linnaeus, 1758); T. thynnus, Thunnus thynnus (Linnaeus, 1758); A. regius, Argyrosomus regius (Asso, 1801); D. puntazzo, Diplodus puntazzo (Walbaum, 1792).





Fishing Activities Management

Fisheries management system was not specified in most of the publications (54), while a few studies mentioned some undetailed type of management or regulation plan (12). Marine Protected Areas (MPAs) were the management system observed in 12 publications; Territorial Users Rights for Fishing (TURFs) was the management system described in 9 studies; the requirement of aquaculture license was indicated in 3 studies; Total Allowable Catches (TACs) were mentioned in 2 studies, and also two publications pointed out to a system management based on closed seasons. In the same way, many publications did not mention stakeholders (38) or only included some references to management effort (6), while government or administrations were mentioned in 38 studies, followed by scientists, fisheries sector, local communities and NGOs, with 11, 10, 9 and 6 mentions, respectively.




Discussion

Our systematic review shows a rapid growth of studies evaluating the relationships between seagrass ecosystems and fishing activities over the last decade. Trade-off interactions tripled the synergistic ones, driven by seafood market demand and conflicts of use in most cases. Globally, seagrass ecosystems are mainly affected by commercial fisheries of large and small scale, aquaculture and shellfisheries, and to a lesser extent, by recreational fisheries. These activities are enhanced as a result of the increased abundance and recruitment of commercially important species in this type of habitat.

Our results are consistent with the literature indicating that scientific interest in seagrasses has increased in the last decades (Fulton et al., 2020). It is likely that initiatives such as the Millennium Ecosystem Assessment published in 2005 have contributed to increase in awareness and interest on these habitats, as well as theoretical frameworks to better understand the dynamics of multiple ecosystem services (Bennett et al., 2009). Despite the benefits of seagrass ecosystems for human well-being, they had received less attention, in terms of media and scientific reports, than other coastal ecosystems extensively studied, such as coral reefs, salt marshes and mangrove forests (Duarte et al., 2008b; De la Torre-Castro et al., 2014). Seagrasses provide numerous valuable ecosystem services (Costanza et al., 1997) but, as in many other marine habitats, several studies have indicated high rates of global loss for seagrass ecosystems (Duarte, 2002; Orth et al., 2006; Duarte et al., 2008a; Waycott et al., 2009; Pendleton et al., 2012; De los Santos et al., 2019), exceeding those of tropical forests (Duarte et al., 2008b).

Our research indicates that in a relevant proportion, multiple fisheries activities occur on the same seagrass ecosystem (Figure 5, mixed activities), which is also consistent with Nordlund et al. (2018) results, who observed high similarity in seagrass fishery activity across several locations. Therefore, it seems that seagrass meadows tend to be exposed to several threats derived from fisheries and to other multiple anthropogenic threats, such as deterioration of water quality or coastal development (Duarte et al., 2008a; De los Santos et al., 2019). Overfishing is an important source of impact for seagrass, according to our analysis, which is in line with other studies stating that overfishing is linked to the main changes suffered in the structure of seagrass ecosystems (Baden et al., 2012; Alati et al., 2020). Increasing demand for seafood products supporting much of the 60% increase in per capita consumption of animal protein over the last decades (Béné et al., 2015), likely drives the impacts of overfishing in seagrass ecosystems.

Aquaculture alone represented 16% of the activities carried out in the areas where seagrass and fisheries interact, according to our literature synthesis. This aquaculture proportion does not take into account the cases where aquaculture occurred simultaneously with other activities such as recreational fishing, shellfishing or SSF, which would increase such proportion (Figure 5, mixed activities). From our literature review results, all the studies reported a negative impact of aquaculture practices, mainly emissions from fish cages but also by harvesting practices (e.g. Ruiz et al., 2001; Díaz-Almela et al., 2008; Kletou et al., 2018 Pérez et al., 2008), that ultimately led to degradation of seagrass meadows. Aquaculture has been considered as a potential sustainable solution for feeding the world’s population with products of marine origin. Currently, aquaculture generates around half (52%) of all fishery product production for human consumption (FAO, 2020). Through aquaculture it is possible to reduce not only the dependence of wild fisheries, but also the impacts of overfishing on marine ecosystems, however, aquaculture must be carried out sustainably in order to fulfill these expectations of beneficial effects (FAO, 2018). Suspended animal aquaculture usually generates organic enrichment via biodeposition (Dumbauld et al., 2009), transforming the sedimentary and biological structure of benthic communities into less diverse and poorer environments, a pattern that is shared with diverse anthropogenic sources (Pearson and Rosenberg, 1978). Generally, biodeposition from finfish farms and other anthropogenic sources is greater than those produced by shellfish farms (Pohle et al., 2001; Crawford et al., 2003), although benthic communities response will depend on the species cultured, the environment setting or the stock density (Dumbauld et al., 2009).

Our results suggest that after commercial fisheries and aquaculture, shellfisheries alone represent around 15% of the activities interacting with seagrass ecosystems. Several authors have described negative effects of clam harvesting (and its associated trampling) on seagrass mostly by changes in the species population structure through the reduction of shoot density and total seagrass biomass (Cabaço et al., 2005; Dumbauld et al., 2009; Barañano et al., 2017; Garmendia et al., 2017; De los Santos et al., 2019; Ferris et al., 2019). Mechanical damages by bivalves harvesting (namely clams) and other fisheries were among the main causes of trade-off interaction in our analysis. Other studies have also observed the same pattern regarding mechanical practices and stated that the harvest method and intensity cannot only influence the initial impact but also the recovery time of the meadow (Ferris et al., 2019). Manual methods of harvest are suggested as a source of lower disturbances, since they usually imply smaller harvested areas and result in faster recovery times (e.g. Cabaço et al., 2005).

The global research efforts of seagrass-fishery studies is biased toward temperate zones of the Northern hemisphere, mainly USA and Europe, despite the largest abundance and diversity of seagrass species found in tropical zones, especially in the Indo-Pacific region (Short et al., 2007). We found a mismatch between the research efforts and the hot-spot habitat distribution that most likely can be explained by the socioeconomic differences among regions (Nordlund et al., 2018). This is also supported by the fact that species of tropical distribution (Figure 4) were underrepresented in the analysed publications, where species from more developed temperate regions predominated (Short et al., 2007). Such an imbalance of research efforts usually translates into reduced funding priorities, conservation awareness, capacity building and management support in developing regions, where seagrass-based fisheries are likely to be of most importance. For example, we found that most of the synergies described in the scientific literature belong to studies developed through the coasts of Australia and the USA, where governments adopted spatial management strategies aimed at the protection of seagrass habitats. In fact, seagrass ecosystems are considered a priority for conservation in the USA and Europe and their protection is enforced (De los Santos et al., 2019; Muething et al., 2020).

Conservation of seagrass ecosystems should be a priority worldwide, as the multiple ecosystem services they offer are threatened under the increasing impacts and threats from climate change (Duarte et al., 2018), most likely through the loss of suitable habitats (Dolch and Reise, 2010; Dolch et al., 2013; Short et al., 2016; Ondiviela et al., 2020). Seagrasses are valuable ecosystems for mitigation of climate change given their capacity for carbon sequestration. In fact, their organic carbon stored per unit area is similar to that of forests (Fourqurean et al., 2012), and their ability to serve as carbon sinks has been estimated to account for up to $250 million USD in large seagrass ecosystems like the ones in Southeast Asia (Stankovic et al., 2021). However, the evidence suggests that such capacity diminishes with anthropogenic impacts (Duarte et al., 2013), which was a concern observed in our literature search when the terms “climate change” or “global warming” were included, as the vast majority of publications were related to the carbon sink function delivered by seagrasses. Even more, climate change will likely affect the magnitude and character of the interactions between seagrasses and anthropogenic activities like fisheries. For instance, in the West Coast of Australia, the heatwave caused by El Niño during the 2010-2011 summer, resulted in a massive collapse of a ~1300 km2 seagrass ecosystem. This caused not only the increase of carbon stock emissions during the six consecutive years, but also had a large impact on marine food webs, including fish communities, invertebrates, birds and marine mammals (Serrano et al., 2021). Additional anthropogenic pressure with physical disturbance on the sedimentary carbon stocks of seagrasses (like the one caused by fishery-related activities) can cause a decrease of up to 85% in the seagrass carbon stocks (Román et al., 2022). Therefore, the precautionary approach should be considered when designing management plans aimed at the use of the space where seagrasses and human activities overlap.

Seagrass ecosystems can remain functional as providers of fundamental ecosystem services in spite of a changing climate if other cumulative impacts do not interfere with their resilience capacity, which can only be achieved by effective fisheries management and conservation measures (Unsworth et al., 2015; Wallner-Hahn et al., 2016). However, the provision of some services may require determining a minimum threshold of habitat area below which the ecosystem fails to effectively deliver the service (De Groot et al., 2012). Effective communication from the scientific community is also essential to increase the awareness of the society and public administrations in order to ensure seagrass conservation (Duarte et al., 2008b).

It is important to highlight that socioeconomic studies were a minority in our literature review, which represents a critical knowledge gap in this research field. However, the scientific literature suggests that it is crucial to understand the relevance of seagrass in supporting the well-being of people, as impacts on seagrass ecosystems go beyond a resource decline, they can affect directly or indirectly human communities depending on coastal systems. Beyond the more obvious loss of fisheries support if a seagrass meadow is lost, a clear example of this connection can be made with tourism. For instance, in Green Island, Australia, tourists are attracted by the high density of turtles, which depend on seagrass for feeding; however, tourists do not necessarily establish the connection between healthy seagrass meadows and the presence of turtles (Cullen-Unsworth et al., 2014).

Insufficient reporting in some of the reviewed literature (ca. 10% of the studies), made it impossible to gather information on some of the variables we considered, such as the cause of the interaction and the type of fishery or the species involved; most likely because those aspects were not within the scope of the analysed studies. Nevertheless, based on the results of our literature review, we advocate for developing studies on this field to improve their reporting on the interactions between seagrass meadows and fisheries. More detailed information about the activities carried out in these habitats will improve our understanding to sustainably manage these interactions (De la Torre-Castro and Lindström, 2010; Wallner-Hahn et al., 2016; Ferris et al., 2019; Riera et al., 2020). In contrast to the well documented significance of coral reefs for fisheries, that of seagrass remains poorly understood. However, we document a fast increase in studies reporting fishery-seagrass interactions, which, if accompanied by improved reporting of the nature of the interactions and the socio-economic context of the fishery, would help improve the sustainable management of seagrass-associated fisheries.



Conclusions

The interest and awareness regarding the importance of seagrass ecosystems for human well-being appears to have rapidly increased in the past two decades. However, seagrasses are globally subjected to multiple threats and pressures from fisheries worldwide, as the studies reporting trade-off interactions almost tripled those reporting synergies between seagrass ecosystems and fisheries. The seafood market demand and the conflicts of use generated in coastal areas are the main drivers for such trade-offs. Results indicate that seagrass ecosystems are mainly affected by industrial and small-scale fisheries, but also by aquaculture and shellfisheries, and to a lesser extent, by recreational fisheries. In most cases, these activities have negative effects on seagrass ecosystems as they cause mechanical damage by their fishing gears or boat propellers, by overfishing itself, or by aquaculture cages’ emissions. Nonetheless, the scientific knowledge on synergistic interactions is improving, as most studies focused on this subject reported a larger abundance or recruitment of species with commercial interest mediated by seagrass habitat provision.

Most of the research effort has been allocated to ecological studies in developed countries with an underrepresentation of studies in tropical regions, which represents a mismatch and a knowledge gap precisely in the regions where seagrass ecosystems are more abundant. Similarly, another relevant gap identified in our review is the lack of studies with an in-depth socioeconomic scope, since even when socioeconomic variables were considered in a study, the ecological approach was dominant. A third gap was identified as the fisheries management system was not specified in many of the reviewed publications, which represents a key knowledge gap with implications for sustainable management. Therefore, we advocate for an improvement in the reporting of future studies regarding fishery-seagrass interactions, as key interdisciplinary studies would help improve the sustainable management of both seagrasses and fisheries.
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