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Mangroves provide multiple ecosystem services to coastal communities and their fisheries. In the Galapagos, mangroves have been primarily prized for their role as nursery grounds; though, the importance of cultural benefits, including the development of knowledge systems among fishers, needs to be further explored. Fishers’ local ecological knowledge (LEK) has been employed in the past to answer questions about the marine environment; not yet about mangroves. In such regard, this ethnoecological approach can contribute to unveil mangrove habitat-dependence relationships among fishery taxa across the life cycle, connectivity among habitats, and productivity spatial patterns across the archipelago. To access fishers’ LEK, we conducted 35 semi-structured interviews and 2 facilitated community workshops comprising 3 activities. A photo-elicitation method allowed us to extract values given to mangroves (i.e., ecosystem services), from which indirect use values were considered more relevant for fisheries. As such, the accumulation of LEK might have been crucial for the establishment of these values among fishers. By using a species-habitat association method, we revealed a high perceived connectivity between mangroves and other coastal and marine habitats in the Galapagos. Although this suggests an overall weak dependence to the ecosystem, fishers’ anecdotes allowed us to recognize novel species occurrences and exclusive habitat uses (e.g., spawning in Centropomus viridis). By applying Social Network Analysis to species-habitat association results, we learned that certain migratory commercial species (e.g., Lutjanus argentiventris, Seriola rivoliana) might constitute critical links in marine trophic webs and across seascapes. Finally, through scoring and participatory mapping methods, we revealed the prominence of western islands’ mangroves for fishery productivity, which were linked to biophysical attributes, like forest canopy and freshwater. Yet, other locations in central and southeastern islands might also be important, as they hold similar attributes. Interviews to other mangrove users (e.g., naturalist guides, park rangers, scientists; N = 33), and past scientific studies allowed us to triangulate LEK and to find complementarity among knowledge sources. Despite having an explorative focus, our work already showcases the potential of fishers’ LEK in improving mangrove research in the Galapagos, and the arising opportunities for ecosystem-based fisheries management and mangrove protection.




Keywords: mangroves, fishers, fisheries, local ecological knowledge, Galapagos Islands, ecosystem services, research, ethnoecology



1 Introduction

Mangroves fringing tropical and subtropical coastlines and estuaries are known to provide manifold benefits to coastal communities and the fisheries they depend on (Nagelkerken et al., 2008; Carrasquilla-Henao and Juanes, 2017). Commonly, these benefits are identified and quantified under an ecosystem services framework, which are defined as any positive benefit that wildlife or ecosystems provide to people (Millennium Ecosystem Assessment, 2005; Barbier et al., 2011). From one side, benefits can result from direct provisioning services, including the supply of food and timber resources (Whitfield, 2017). From another perspective, they derive from indirect supporting and regulating services, mainly the establishment of nursery grounds, but also hazard protection and water sanitation (Igulu et al., 2014). Additionally, tangible (e.g., recreation, ecotourism) and abstract cultural services (e.g., knowledge systems, social relations; Lal, 2003; Nagelkerken et al., 2008) are important for coastal communities depending on small-scaled fisheries and should be accounted when assessing mangrove-fishery linkages from an economic, social, or ecological perspective.

Although the importance of mangroves for fishery production has been globally acknowledged (Alongi, 2002; Lee et al., 2014; Whitfield, 2017; Sheaves et al., 2020), to date, most studies have focused on the mechanisms governing mangrove nursery function and the effects in adjacent fishery production (e.g., penaeid shrimps); with other benefits of the ecosystem receiving less attention (Manson et al., 2005; Carrasquilla-Henao and Juanes, 2017). Although global meta-analyses suggest a positive relationship between mangrove area and fish catch and yield (e.g., see Baran and Hambrey, 1999; Manson et al., 2005; Blaber, 2007; Aburto-Oropeza et al., 2008; Carrasquilla-Henao and Juanes, 2017), there is little evidence of this direct linkage at smaller scales. From this, it is expected that habitat dependence should vary between and within taxa (i.e., across life cycle), as response of regional (e.g., climate) and local environmental conditions (e.g., tide dynamics, turbidity, geomorphology; Castellanos-Galindo and Krumme, 2013). This is particularly relevant if mangroves constitute part of a mosaic of several coastal, estuarine, wetland and freshwaters habitats, which can provide the same opportunities as nursery grounds and for other ecosystem functions (Manson et al., 2005; Blaber, 2007; Benzeev et al., 2017). In such case, mangrove habitat-dependence relationships should be assessed within the context of complex seascape connectivity, particularly for highly-commercial species (e.g., snappers, groupers), which conduct ontogenic migrations from coastal nursery grounds to adult offshore areas (Sheaves, 2009).

Considering the ecological and spatial complexities driving mangrove-fishery linkages, and the weight of cultural ecosystem services in shaping this relationship at the local scale, it is thoughtful to discuss the opportunities that ethnoecological studies, particularly those addressing a Local Ecological Knowledge (LEK) approach, could bring for mangrove research (see Rönnbäck et al., 2007; Carrasquilla-Henao et al., 2019). LEK is defined as contemporary and historical knowledge about the environment based on lived experience that is not restricted by ethnicity or heritage to indigenous people exclusively (which in that case is entitled Traditional Ecological Knowledge - TEK; Tomaselli et al., 2018). As for the marine realm, LEK is provided by direct users of the oceans (e.g., fishers), which accumulate knowledge of adjacent coastal and marine ecosystems through observation, narratives, storytelling, interactions, failure, among others (Berkes et al., 2000; Pilgrim et al., 2008). On the contrary, indirect users (e.g., scientists, government and conservation officers) rely on science and management knowledge (SMK) acquired through formal education, research and conservation practice (Butler et al., 2012).

Ultimately, LEK and SMK provide independent sources of information that can be combined to increase confidence and depth of knowledge (see Drew, 2005; Butler et al., 2012; Madsen et al., 2020). While SMK is considered neutral and objective, LEK is rooted within the history, geography and culture of a particular site without being outdated, static or regressive (Pilgrim et al., 2007; Roux et al., 2019). Several studies in marine science have combined both knowledge sources for applications in ecosystem-based fisheries management, environmental protection, and governance (see Murray et al., 2005; Wilson et al., 2006; Raymond et al., 2010; Figus, 2018). The value of LEK is especially crucial in data-poor regions, where research and monitoring are challenging and limited to smaller spatio-temporal windows to allow the unravelling of causal relationships and trends (Stave et al., 2007; Brook and McLachlan, 2008); this being the case of many tropical oceanic islands (Jupiter et al., 2014).

The Galapagos Islands represent an interesting case study to access and explore fishers’ LEK concerning mangrove-fishery linkages, as other studies have portrayed them as social-ecological laboratory to investigate the early links and interactions between social and natural systems (González et al., 2008; Pontón-Cevallos et al., 2020; Riascos-Flores et al., 2021). The archipelago is surrounded by the Galapagos Marine Reserve (GMR), a multi-use marine protected area in which small-scale fisheries, tourism, research, management and conservation sectors depict competing interests and alliances (Heylings et al., 2002; Jones, 2013). Galapagos mangrove forests and fringing vegetation are in advanced successional stages, given strict environmental protections in place banning logging activity and shrimp farming, which have led to an increase in mangrove cover over the last decade (Moity et al., 2019). Although people in the Galapagos are not indigenous and have only formed bonds with the oceans since the late 18th century (thus, the term TEK cannot be applied), most fishing families hold strong cultural connections with mainland Ecuadorian urban centers (Jones, 2013; Schiller et al., 2013). This long history of natural experiences and interactions with the ocean has resulted in their progressive accumulation of local knowledge about fishing gears and techniques, marine ecosystems, and species’ life histories (Quiroga and Orbes, 1964; González et al., 2008; Schiller et al., 2013; Rodríguez-Jacome, 2020).

The integration of local knowledge in GMR decision-making, as well, as the promotion of mutual respect and collective learning among different knowledge owners, constitute some of the strategies that have been applied to improve governance in the marine reserve (Jones, 2013). However, despite the implementation of participatory monitoring surveys along with the fishing sector (Castrejón and Charles, 2013; Jones, 2013), there are few examples in which fishers’ LEK was integrated with SMK in marine sciences (see Burbano et al., 2014; Rodríguez-Jacome et al., 2019; Cavole et al., 2020). Concerning mangrove ecosystems, although SMK has contributed to highlight the ecological and economic importance of the habitat for several highly commercial species (e.g., Galapagos sailfin grouper - Mycteroperca olfax, snappers, mullets; Tanner et al., 2019; Fierro-Arcos et al., 2021; Plumlee et al., 2022), there are, to date, multiple information gaps that can be potentially tackled by addressing a fishers’ LEK approach. One of these, relates to the elucidation of mechanisms and factors driving habitat-dependence relationships across and within fishery taxa, particularly in the context of connectivity in the Galapagos. Furthermore, there is a need to reveal spatial patterns of fishery productivity across the archipelago at different scales (e.g., whole RMG, bioregions), and the environmental factors driving these patterns. However, cognitive processes around mangrove ecosystems need to be understood first, in order to foresee the applicability of fishers’ LEK in future participative research programs.

In order to explore the contribution of fishers’ LEK in unraveling mangrove-fishery linkages in the Galapagos, we utilized a qualitative approach with fishing communities, comprising two survey instruments: interviews and facilitated community workshops. We specifically explored three research questions: 1) Which and how fishery species associate to mangrove habitats in relation to life cycle and environmental conditions? 2) To what degree mangroves are connected by species movements to other coastal and marine habitats in the Galapagos, and which fishery species constitute critical links for seascape connectivity due to complex trophic interactions in mangroves? 3) Which are the spatial relationships of fishery productivity across the archipelago linked to biophysical attributes of the mangrove ecosystem? To explore these questions, we first dissected mangrove-fishery linkages under an ecosystem services framework to examine how LEK has contributed to shape values towards the ecosystem, and to reason whether it constituted a suitable approach to answer our research questions. We also triangulated and complemented LEK data with interviews to other mangrove users (OMU; e.g., naturalist guides, park rangers, scientists) and published and unpublished ecological data. We finally discussed the opportunities and challenges of addressing a fishers’ LEK approach in future mangrove research in the islands, including its complementarity with SMK and relevance in answering applied research questions.



2 Materials and Methods


2.1 Study Area

The Galapagos Archipelago lies on the Tropical Eastern Pacific about 1000 km off the coast of mainland Ecuador and encompasses 18 main islands and over 200 islets and rocks of volcanic origin (Snell et al., 1996). The coastal and oceanic waters of the archipelago are protected since the establishment of the (GMR) in 1998, which delimited an area of 138,000 km2. Within the marine reserve, tourism and fishing are the main activities contributing to the local economy, each accounting for 52% and 12% (agriculture and livestock included) of the employment in the population, respectively (CGREG, 2021). Fishing activity is only allowed for licensed artisanal fishers, for commercial, subsistence and recreational purposes in designated areas according to the zoning scheme, by which 99% of the GMR is open to fishing (Moity, 2018). Contrarily, industrial fishing has been completely banned since the marine reserve creation. Main fishing ports in the Galapagos are in Santa Cruz (Puerto Arora), San Cristobal (Puerto Baquerizo Moreno), and Isabela (Puerto Villamil), in which fishers are organized in fishing cooperatives and associations (Castrejón, 2011).

Mangroves forests in the Galapagos comprise three species (red – Rhizophora mangle, white – Avicennia germinans, and black – Laguncularia racemosa), in addition to the button mangrove (Conocarpus erectus) which grows as transitional vegetation with the arid coastal zone (Wium-Andersen and Hamann, 1986; Moity and Delgado, 2018). Mangrove forests cover around 35% of the coastline of the archipelago, although most patches exhibit an underdeveloped condition (~85% of mangrove patches have <0.5 ha), due to a rocky coastline mostly exposed to wave activity, a dry climate, and the lack of permanent estuaries and rivers (Moity et al., 2019). The distribution of mangroves is not homogenous across the archipelago. Geologically younger islands (e.g., Isabela, Fernandina) have more mangrove forests than older ones; with Isabela being the island with more mangroves per length of coastline (Moity et al., 2019). Regarding the distribution of mangroves per bioregion (sensu Moity, 2019), 90% of mangrove forests are in the Western and Central-Southeastern (CSE) bioregions (Moity et al., 2019).



2.2 Data Collection

To access knowledge, perceptions and values from fishers we employed a mixed-method qualitative approach comprising two stages: semi-structured qualitative interviews and facilitated community workshops (Newing, 2011). Interviews allowed us, in the first place, to reveal main mangrove-fishery linkages occurring in the Galapagos, and to pinpoint specific knowledge aspects that needed further elaboration and triangulation; these being further explored during workshops. Prior to initiating these activities, we recurred to strategies and techniques (e.g., participant observation, informal conversations, meetings) to prompt multi-stakeholder engagement (e.g., local government, fishing cooperatives, research institutions, conservation organizations) in the conduction of this study, and to identify key informants within fishing communities and other sectors of the society (see Supplementary Material Section 1.1.1.).

During the first stage (November 2019 to February 2020), we conducted semi-structured qualitative interviews to fishers of Santa Cruz, San Cristobal and Isabela, mainly during visits to landing sites. Questionnaires included a mix of open-ended and closed-ended questions aiming to reveal 1) main biophysical attributes, functions and benefits of mangroves (i.e., ecosystem services), 2) key species-habitat associations (of both target and non-target species), including predominant life stages, habitat uses and linkages with environmental conditions, and 3) ‘important’ mangrove locations (e.g., islands, sites within islands) harboring these species. Our universe of participants encompassed both active or retired fishers from any age (or time of experience), but whose primary economic activity is or was recently fishing. We used a non-probabilistic sampling design, in which a chain referral system with snowball sampling was applied (Goodman, 1961). This method allowed us to find potential new respondents and has been proved effective in small islands, like the Galapagos (e.g., Burbano et al., 2014; Cavole et al., 2020). Further details about methods for interviews, including questionnaire questions (Table S1), are presented in Supplementary Material Section 1.1.2.

In order to complement and triangulate knowledge about species-habitat associations and spatial patterns, we conducted interviews to OMU (July to October 2020), comprising local naturalist guides, park rangers and scientists. We selected respondents based on on-ground (rather than theoretical) knowledge, and experience in research, monitoring, tourism or management activities. Interviews were conducted by telephone, and in some cases, finished by e-mail, by employing similar questionnaires to those of fishers (see Supplementary Material Section 1.1.3).

During the second stage, we conducted two facilitated community workshops in Santa Cruz (April 16th, 2021) and Isabela (April 20th, 2021) islands, in which three group activities were performed to, respectively: 1) explore linkages among mangrove ecosystem services and the role of LEK in establishing values towards the ecosystem; 2) to complement and triangulate species-habitat associations in mangroves, and to explore the role of mangrove in the connectivity of these species, and to 3) characterize mangrove sites in regard to biophysical attributes linked to fishery productivity. Group activities were each accompanied by a facilitator and other members of the audience who acted as observers (i.e., scientists, managers and members of the local community comprising 20% of total assistants). Workshops were held in two, rather than three islands, due to a lack of time. Thus, we prioritized to contrast Isabela and Santa Cruz, as fishers from the former have more contact with the prominent ecosystem conditions in the Western and Elizabeth bioregions (see Section 1), while those from the latter, with the Central-Southeastern bioregion (which also comprises San Cristobal).

For group activities, mangrove ecosystem services were further extracted by using a photo-elicitation approach (see Patton, 2002; Richard and Lahman, 2015), in which a set of 20 photograph was handed to each group (Table S2) to build a photo-collage, which was then presented by participants to the rest of the audience (Figure S1). Species-habitat associations to mangroves and connectivity was delved and triangulated (i.e., to untangle potential taxonomic uncertainties), by asking groups to pin illustrations of fishery species to different coastal and marine habitats depicted in a digital representation of a Galapagos seascape (i.e., mangroves, shallow reefs, sandy bays and bottoms, shallow seamounts, epipelagic waters, vertical walls and deep sea; Figure S2). Finally, characterization of mangrove sites was conducted using semi-quantitative scoring during the Santa Cruz workshop, in which groups were asked to score 10 ecosystem variables on 13 sites based on ordinal criteria (i.e., 1, 2 or 3), which represented different states of these variables (‘attributes’) along an environmental continuum (Table S3; Table S4). Some of these sites represented most-salient results from interviews (‘important’ sites; N = 7), while others represented sites near or easily accessible from urbanized areas (‘impacted’ sites; N = 6). Instead, in the Isabela workshop, we employed a participatory mapping approach, in which groups represented and described attributes in these 13 sites and others that they found relevant (Figure S3). We adjusted the methodology from the first to the second workshop, as we found that fishers had problems understanding some variables and scoring criteria employed in the semi-quantitative approach (see Section 4.4). Further details about the group work methods can be found in Supplementary Material Section 1.1.4.



2.3 Data Analysis

First, to explain linkages among biophysical attributes, functions and benefits of mangroves under an ecosystem service framework, we employed Cultural Domain Analysis (CDA). This set of techniques is used to understand how people in a society think about and define their world. CDA is based on the premise that all cultures use a system of categories (‘domains’) to order experience; thus, researchers can determine which items constitute these domains and what values are attached to them (Weller and Romney, 1988; Puri, 2011). For our study, we chose four domains denoting different ecosystem service types (i.e., provisioning, regulating, supporting, and cultural), and then unexclusively assigned all items (keywords) elicited from workshops and interviews to each one of these. Categorization and shared keywords between domains were represented by a Venn diagram. After that, we inspected how LEK might have been critical in establishing perceived linkages among mangrove ecosystem services.

Second, to explore mangrove habitat-dependence relationships across fishery taxa, triangulate knowledge, and assess its complementarity with SMK sources, we consolidated all fishery species (as defined in Molina et al., 2004) reported in mangroves by fishers (i.e., interviews and workshops combined), and OMU, as well as those found in published and unpublished ecological data (Table S7). We highlighted species-habitat associations in which juvenile stages were deemed predominant in mangroves. We also summarized main observations and anecdotes about habitat use in mangroves and movement behavior. Then, we built a dendrogram heatmap to depict patterns of connectivity among coastal and marine habitats in the Galapagos, by pooling target and non-target species. With these data, we also applied Social Network Analysis (SNA) to discern patterns of interaction among species as a result of habitat connectivity. SNA utilizes networks and graph theory to understand social structures; yet has extensively grown across multiple research fields, including biology (Borgatti et al., 2009). A network is composed of a set of nodes (actors) and edges (relationships) that can be represented and analyzed through a variety of mathematical tools (Scott, 2013). For this study, we developed an undirected network representation of species interactions1 (through shared habitats) and grouped them by feeding guild. Based on this representation, we then used estimated hub scores of each species to delimit concentric visual groupings (i.e., using three uniform cutoff intervals), which served us to pinpoint those species that fishers perceive as pivotal in terms of habitat interactions, and thus more relevant for network (ecosystemic) stability. Although other studies have applied a similar approach to analyze species interactions (e.g., Engelhard et al., 2017; Tidbury et al., 2020), they used quantitative rather than qualitative data.

Last, to study spatial patterns in mangrove ecosystems of the Galapagos regarding fishery productivity, we mapped all ‘important’ mangrove locations identified by fishers and OMU during interviews and workshops. Some of these locations were marked on the map by fishers, while others were georeferenced using available databases (CDF, 2018)2. We also mapped biophysical attributes linked to fishery productivity in selected sites (both ‘important’ and ‘impacted’), in which a clear consensus was reached during the semi-quantitative scoring or participatory mapping activities conducted in each workshop (Table S4). These maps were used to investigate spatial and environmental relationships in mangroves. Fishers’ and OMU’s locations were contrasted in terms of spatial distribution, agreement and relative importance given to each location.

R v.4.1.2 (R Core Team, 2021) was used for the implementation of Venn diagram (package ‘ggvenn’; Linlin, 2021), dendrogram heatmap (default package ‘stats’), and Social Network Analysis and representation (package ‘igraph’; Csárdi and Nepusz, 2006). ArcGIS Pro v.2.7 (Esri Inc., 2020) was used to elaborate the maps; whereas Python 3.6. and Adobe Illustrator (Adobe Inc., 2019), to improve visualization.



2.4 Permits and Ethics

Studies and activities involving human participants were conducted under research permits No. PC-41-19, PC-41-20 and PC-41-21 from the Galapagos National Park Directorate, did not not required approval by an ethics committee. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements. Interviews and workshops were not video- nor voice recorded and conducted only after obtaining informed verbal consent from the participants and assuring them that they could omit questions or end their participation at any stage. Personal identity of participants was kept confidential and anonymous throughout the study.




3 Results


3.1 Sociodemographic Profile of Participants

Qualitative interviews were conducted to 35 artisanal fishers of the Galapagos, from which 18 were held in Santa Cruz, 10 in San Cristobal and 7 in Isabela. 31 of the respondents are currently active fishers (10% of operative fishing population; Vega, 2021), while 4 already retired. None of the respondents were women, as the few found during the visits to landing sites refused to participate. Age of participants ranged from 18 to 81, with a mean of 35 years of experience in either single-species (e.g., lobster, sea cucumber, whitefin) or, more usually, multispecies fisheries (83%). More than half of participants (60%) claimed to have acquired fishing skills locally, while the rest, when living in mainland Ecuador before their arrival to the islands. Furthermore, 43% of participants have additional experience in tourism, agriculture, research, conservation, maritime transport, administrative activities or others. Only 26% mentioned to have at least initiated tertiary education level.

Thirty-three qualitative interviews were conducted to OMU (21 men and 12 women), both by telephone and e-mail, from which 23 comprised naturalist guides, 7 park rangers (active or passive), and 3 scientists. Around 40% of the respondents have participated in environmental research activities, regardless of their main occupation. Finally, 79% mentioned to have completed until tertiary or graduate education level in environmental related fields.

Last, facilitated community workshops from Santa Cruz and Isabela received 14 and 6 local fishers (all men), respectively, with a mean age of 45. Groups in workshops comprised 3-5 fishers with age affinity in the case of Santa Cruz; while in Isabela, they were randomly assigned due to lower assistance.



3.2 Mangrove Ecosystem Services and Local Ecological Knowledge

By using a CDA methodology, we were able to extract 103 keywords depicting biophysical attributes, functions and benefits of mangroves; this allowing us to examine flows and connections between ecosystems services (Figure 1; see Table S5 for a complete list keywords). Other keywords depicted causes and consequences of natural and anthropogenic threats (e.g., marine pollution, habitat loss and disturbance, overfishing, climate-ocean variability), socioeconomic impacts, and responses from society (e.g., coastal clean-ups, reforestation, spatial planning, zoning, tourism regulation); though, these were not further analyzed during this study.




Figure 1 | Venn diagram depicting interactions among mangrove ecosystem services represented by keywords extracted from a fishers’ LEK study. Cultural Domain Analysis was used to assign keywords to different ecosystem services categories (‘domains’). Visualization only includes main keywords.



In general, fishers portrayed mangroves as ecosystems that ‘attract marine life’, ‘give life’, or that constitute a ‘source of life’. In relation to value for fisheries, they recognized direct benefits from provisioning services (e.g., supply of food and baits), particularly in regard to subsistence fisheries; though, indirect benefits were more often highlighted and discussed throughout our activities (Figure 1). Participants acknowledged that supporting services relate to habitat functions for fishery species, mainly nursery (i.e., referred to as semilleros in local language, meaning seedbeds), but also reproduction, foraging, and refuge, as well as benefits of nutrient recycling, productivity and trophic webs. Benefits of water sanitation were linked to the facilitation of these supporting services, in addition to those of hazard and erosion control (i.e., regulating services). As such regulating services were deemed relevant for fishery activity, as fishers seek calm, safe and clean waters for vessel navigation, mooring, and landing and commercialization of fish products (Figure 1). Benefits of the provision of shade and shelter were acknowledged in relation to labor and recreation of fishing communities, in addition of being beneficial for wildlife. At the same time, other cultural benefits derived from landscape and opportunities for natural experiences were deemed important for ecotourism, education, research, and management, which constitute sometimes supplementary subsistence activities, but are also essential for social relations (e.g., partnerships) within fishing communities (Figure 1).

As the information and knowledge function of mangroves was valued in the context of fisheries, we examined how LEK might have emerged and adapted within fishing communities and contributed to shape values towards the ecosystem. For one side, recurring presence and high abundance of juvenile stages in mangroves were linked to values towards mangrove nursery function. Additionally, observations and anecdotes of habitat use, migrations and movements among habitats and species interactions among target and non-target species, can explain values towards trophic web and connectivity functions, which have influenced fishers’ perceptions about which species and life stages depend stronger on mangroves, in contrast with other habitats (see Section 3.3 and 3.4). On the other side, knowledge about environmental cycles and conditions on fishery species, and the recognition of certain biophysical attributes in the ecosystem (i.e., mud, crabs, sea birds, forest canopy), were associated to values towards nutrient recycling and productivity functions, which have also influenced fishers’ perceptions of ‘important’ mangrove areas across the archipelago (see Section 3.5).



3.3 Species-Habitat Associations in Mangroves and Nursery Role

Fishers associated numerous fishery species (or taxa) to Galapagos mangrove ecosystems (N = 40), both during interviews and workshops. Species showing the highest relative importance in interviews (i.e., > 38% of respondents) or workshops (i.e., 5 out 5 groups) included snappers (Lutjanus spp.; 6 species pooled), particularly the yellow snapper (L. argentiventris), white snook (Centropomus viridis), mullets (Mugil spp.; 3 species pooled) and green spiny lobster (Panulirus gracilis; Table 1). Other species (or taxa) commonly reported in interviews (i.e., 37-18% of respondents) or workshops (i.e., 4 out of 5 groups) included, Pacific dog snapper (L. novemfasciatus), Galapagos sailfin grouper (referred to as bacalao), Thoburn’s mullet (M. thoburni), salemas (Xenichthys agassizii and Xenocys jessiae), milkfish (Chanos chanos), and herrings (Opisthonema libertate and O. berlangai; Table 1). In addition, fishers also associated several non-target species or taxa to mangroves (N = 25), namely other fishes (e.g., Pacific seahorse - Hippocampus ingens, bullseye puffer - Sphoeroides annulatus), sharks (e.g., whitetip reef shark - Triaenodon obesus), stingrays, sea and aquatic birds, sea lions, and other crustaceans (e.g., shrimps, crabs; Table S6).


Table 1 | Summary of fishery species (or taxa) associated to mangroves by Galapagos fishers during interviews (Int; N = 35), and by groups of fishers during community workshops (Wk; N = 5)- , and by other mangrove users (i.e., naturalist guides, park rangers, scientists; OMU; N = 33).



Although for all fishery species, both adult and juvenile stages were associated to mangroves, the latter stage was predominantly recognized (i.e., > 50% of reports) in species like, snappers, bacalao, starry grouper (Epinephelus labriformis) and misty grouper (Hyporthodus mystacinus; Table 1). On one side, fishers distinguished those fishery species with a marked ontogenic migratory behavior, usually observed solitary or forming small aggregations in mangroves (e.g., bacalao, snappers). On the other side, they distinguished other species remaining near coastal habitats throughout their whole lives (e.g., mullets, salemas, grunts, mojarras), often having shoaling or schooling behaviors; some in association with other species (e.g., grey grunt - Haemulon scudderii and burrito grunt – Anisotremus interruptus; Table 1). In addition, for some non-target species (e.g., sharks, stingrays), juvenile stages were also reported as common in the habitat.

In addition to nursery function, some fishery species in their adult stage were also reported mating or spawning in mangroves (e.g., white snook, mullets, salemas, Pacific thread herring, grunts), foraging on detritus or benthic algae (e.g., green spiny lobster, white mullet - M. curema), or seeking shelter and rest between roots, rocks or tide pools (e.g., Galapagos octopus – Octopus oculifer; Table 1). The effect of environmental cycles (e.g., tides, moon cycle, seasons) and biophysical attributes in the ecosystem (e.g., mud, root systems) were often linked to these habitat uses. In such regard, higher sea temperatures during the warm season and full moon were generally associated with fish mating or spawning behaviors. Species like the white snook, were reported laying and burying their eggs in muddy sea bottoms under these conditions. Tide cycles were linked to periodic movement behavior, as some fishes were reported using spring tides to reach some mangrove areas and then remaining within tide pools (e.g., milkfish, mullets; Table 1).

Interviews conducted to OMU revealed a total of 61 fishery species (or taxa), from which 35 (out of 40) were common with the fishers’ species list (Tables S6, S7). Some highly-commercial species, like the mottled scorpionfish or ‘brujo’ (Pontinus clemensi), yellow fin tuna (Thunnus albacares) and brown sea cucumber (Isostichopus fuscus) were listed in mangroves, yet fishers associated them to other habitats (Table S8). Species like the Pacific creole-fish (Paranthias colonus), grey grunt, salemas, mojarras (Gerreidae), milkfish, and red spiny lobster (P. penicillatus) received higher relative importance than in the case of fishers. Moreover, juvenile stages were predominantly perceived in a higher amount of species; for instance, in grunts, ocean whitefish (Caulolatilus princeps), other serranids, longfin yellowtail (Seriola rivoliana), pelican barracuda (Sphyraena idiastes) and Galapagos octopus (Table 1). Finally, a higher number of non-target species was reported by OMU (Table S6).

Fishers’ species list showed also high similarity with the ones reported in past scientific studies, especially from Fierro-Arcos et al. (2021); 23 species in common; (Table S7), who monitored communities using baited underwater cameras (stereo-BRUVS) and underwater visual censuses across two bioregions and multiple sites across the archipelago. In this study, highly-commercial species, like bacalao, snappers and mullets were also predominantly reported as juveniles. Other studies using gill nets, like Llerena-Martillo et al. (2018) and Suárez-Moncada (2012), showed moderate similarities with our results (i.e., 11 and 13 common species, respectively; Table S7), despite only covering few areas in the CSE bioregion. Important food (e.g., bacalao, milkfish) and bait species (e.g., salemas) were absent in the former study. Finally, light-trap studies targeting larval and early juvenile stages, like Verhaegen (2019) and our own data, demonstrate the occurrence of commercial (e.g., mullets, yellow and Pacific dog snappers) and bait species (e.g., herrings) in mangroves, despite also only covering the CSE bioregion (Table S7).



3.4 Connectivity and Trophic Interactions

Fishers reported higher species richness (of target and non-target species) in mangroves in comparison with other habitats, yet many species were shared with sandy bays, shallow reefs, and vertical walls. By contrast, oceanic habitats, like seamounts, epipelagic waters, and the deep ocean shared less species with mangroves (Figure 2; Table S8). Despite prominent differences in species richness, this is considered an artifact in our study (due to methods being habitat-centered), so will not be further discussed in this paper.




Figure 2 | Heatmap depicting similarities among different coastal and marine habitats in the Galapagos in terms of shared species, according to fishers’ LEK. Darker coloration depicts higher species richness (diagonally) or higher similarity between habitats (non-diagonally). Dendrograms represent relative similarity relationships among these habitats.



Based on the analysis of the derived network representation of species interactions, we remarked three clusters in terms on the number of shared habitats (Figure 3). Species in the central cluster shared more habitats with other species, and all were reported in mangroves. Most species in this hub were benthic predators (e.g., snappers, 'bacalao'), omnivores-herbivores (e.g., M. cephalus and M. thoburni) or planktivores (e.g., herrings, salemas), and constitute highly commercial coastal resources in the Galapagos. Contrarily, species in the outer cluster shared the least number of habitats with other species, and were usually pelagic predators (e.g., tunas and marlins), pelagic planktivores (e.g., giant manta ray – Mobula birostris) or deep ocean species (e.g., ‘brujo’; Figure 3). Furthermore, species with highest hub scores (i.e., within the central cluster) included, the longfin yellowtail (1.000), yellow snapper (0.997), Pacific creole-fish (Paranthias colonus; 0.997) and Galapagos octopus (0.997).




Figure 3 | Undirected network representation of species trophic interactions based on shared habitats. Vertices (or nodes) represent species reported by fishers. Edges (or links) represent shared habitats between species. Clusters group species based on ‘hub scores’ estimates during Social Network Analysis and represent cutoff intervals of 1-0.67 (dark grey), 0.66-0.34 (light gray), and 0.33-0 (lightest gray). Species were categorized by feeding type and colored according to legend. Abbreviations for fishery species were coded using three first letters of genera and species in scientific name (see Table 1; Table S8). Other abbreviations: Mob_bir, Mobula birostris; Xip_gla, Xiphius gladius; Aca_sol, Acanthocybium solandri; Cor_hip, Coryphaena hippurus; Pel_shark, other pelagic sharks; Sph_lew, Sphyrna lewini; Iso_fus, Isostichopus fuscus; Moray, moray eels; Sea urch, sea urchins; Tri_obe, Triaenodon obesus.





3.5 Spatial Patterns of Fishery Productivity

Throughout the interviews, fishers identified 7 islands (or parts of islands) across the archipelago containing ‘important’ mangrove locations (Figure 4). Three quarters of the respondents recognized Isabela or sites within the island. Other islands comprised, Santa Cruz, San Cristobal, Fernandina, Santiago, Baltra and Floreana (Figure 4). Almost one quarter of the respondents considered all Galapagos mangrove areas to be equally important.




Figure 4 | Upper panel. Map of the Galapagos Islands showing ‘important’ mangrove sites (yellow circles) identified by artisanal fishers during interviews. Green polygons along the coast represent mangrove vegetation, as mapped in Moity et al. (2019). Marine bioregions defined by Moity (2019) are overlaid in the map. Site names were number-coded and can be found in Table S9. Lower panels. Subsets maps of Isabela, Santa Cruz and San Cristobal contrasting ‘important’ and ‘impacted’ sites (red circles) regarding ecosystem attributes associated to fishery productivity. Depicted port villages represent locations in which interviews were conducted.



Within these islands, 54 mangrove sites were identified during interviews or workshops, from which 48 could be georeferenced on a map (Figure 4; Table S9). Most salient sites (9-37% of respondents) comprised Cartago Bay, Urbina Bay, Elizabeth Bay, and Punta Albemarle in Isabela; La Tortuga, Puerto Grande, Manglecito, and Rosa Blanca Bay in San Cristobal; and Punta Mangle in Fernandina. Even though most citations corresponded to Isabela or specific sites within the island, we noticed that, in general, fishers tended to recognize locations that were situated closer to their island of residence. For instance, 90% of the respondents from San Cristobal mentioned at least one site in their island.

Other mangrove users interviewed during this study recognized 79% of ‘important’ locations identified by fishers (Table S9), including most-salient sites mentioned above. However, they also remarked unique sites (e.g., Sacacalzon, Islote Venecia in Santa Cruz), some even located in other islands (e.g., Darwin Bay in Genovesa; Pinzon). Higher relative importance was given to Elizabeth Bay and Bolivar Channel in Isabela, Caleta Tortuga Negra and Punta Rocafuerte in Santa Cruz, and Puerto Grande and Manglecito in San Cristobal (Figure S4; Table S9).

We contrasted ecosystem attributes within and between ‘important’ and ‘impacted’ sites during group activities in workshops. Sites concentrating a higher number of attributes in workshops were situated in the Western and Elizabeth bioregions (Figure 4), which were acknowledged by fishers for having the highest mangrove cover. One respondent mentioned that fish in western areas live closer to mangroves throughout their life cycle. OMU linked productivity patterns in the former to the prevalence of nutrient-rich upwellings caused by the cold Cromwell undercurrent. During workshops, sites like Punta Mangle in Fernandina and Urbina Bay, Elizabeth Bay, El Estero, and Cartago Bay in Isabela, were characterized for having the tallest mangrove trees across the archipelago and were equated to mangrove ecosystems in mainland Ecuador (e.g., Gulf of Guayaquil, Esmeraldas). In addition, freshwater mixing was identified in Bolivar Channel (comprising Caleta Tagus and Playa Negra), Caleta Iguana, Roca Union, El Estero, Concha Perla and Cartago Bay in Isabela. On the other side, sites like Garrapatero in Santa Cruz, and Puerto Grande and Rosa Blanca Bay in San Cristobal, were characterized by having mangroves fringing semi-enclosed bays, and the occurrence of muddy sea bottoms; though, forest vertical stratification and freshwater mixing were not reported (Figure 4). In addition, OMU pinpointed sites, like Caleta Tortuga Negra, Punta Rocafuerte and Sacacalzon in Santa Cruz, for their importance as shark nurseries. As such, we were not able to distinguish specific attributes discriminating ‘important’ and ‘impacted’ sites from workshop results, as most prominent spatial patterns resulted from bioregional differences.




4 Discussion


4.1 Mangrove Ecosystem Services and Local Ecological Knowledge

Our study is the first to address a fishers’ LEK approach to study mangrove-fishery linkages in the Galapagos. Although only a reduced percentage of the fisher population participated in the study (from which none were women), it already showcased the potential that fishers’ LEK holds for answering applied research questions about mangrove ecosystems. The application of mixed-methods in our research design (i.e., interviews, different activities in workshops), and the identification of key informants among fishing communities and OMU, allowed us to get access to decades of accumulated ecological knowledge, perceptions and values about mangrove ecosystems, as well as to triangulate and complement information among different knowledge sources. However, we are conscious that these types of ethnoecological studies possess limitations that are absent from the traditional scientific approach. From one side, the sociopolitical context in the Galapagos might have influenced the veracity of some of our results, given recurrent tensions among fishers, scientists and other actors in the archipelago (Quiroga, 2009; Barragán-Paladines, 2015). At the same time, since our methods included several closed-ended questions and semi-qualitative techniques, it might be possible that some of our results do not represent the real vision of fishers themselves, but their understanding of these questions and instructions. The following sections will address separately some of the limitations in each of the research questions investigated in this study.

Before exploring the applicability of fishers’ LEK in answering our research questions, it was necessary in our study to analyze how fishing communities valued mangrove ecosystem in the Galapagos, and how LEK has influenced the establishment of these values. This allowed to identify prominent connections and flows among attributes, functions and benefits of the ecosystem, and to envision ways of integrating LEK with other knowledge sources to complement mangrove research and conservation.

Despite artisanal fishing in the Galapagos mainly occurring in offshore and shallow rocky-reef areas, mangrove ecosystems constitute important grounds for activities, like bait fishing. However, unlike locations, such as Cienaga Grande de Santa Marta in Colombia (Carrasquilla-Henao et al., 2019) and southern Kenya (Rönnbäck et al., 2007), in which direct use values are numerous and prime, in the Galapagos, indirect use (i.e., regulating and supporting services) and non-use values (i.e., cultural services) seemed to play a more important role for local fisheries. Throughout our study, we found that fishers mainly prized mangroves for the facilitation of nursery grounds for a myriad number of marine species, including highly-commercial ones, as well as other habitat uses and ecosystem functions. In addition, non-use values (e.g., shelter, shade, landscape) were also deemed important for the well-being, and social cohesion of fishing communities, which are related to the way they learn from the ecosystem.

Since mangroves are valued for the production of information and knowledge among fishing communities, we deduced that LEK has been determinant in shaping mangrove-fishery linkages in the Galapagos. Although the existence of fishers’ LEK in the archipelago can be rebutted on account of the relatively short history of the local society, the fact that fishers possess fishing traditions inherited or learnt from mainland Ecuador, as well as higher access to remote islands than OMU, constitute two key factors that support the uniqueness and suitability of this knowledge source to answer questions about the marine environment. In this regard, the emergence of LEK has resulted, among other things, in the discernment of the species depending stronger on mangrove ecosystems, and the benefits conferred by the ecosystem in contrast to other coastal habitats in Galapagos. Furthermore, throughout ubiquitous access to multiple areas, fishers have also learned to discriminate key biophysical attributes in the ecosystem and their relationship with ecological functions and environmental conditions, which are valuable to investigate spatial relationships in regard to fishery productivity across the archipelago. Finally, the fact that many fishers have participated in ecotourism, research and conservation activities around mangroves in the past, which sometimes constitute alternative income sources, has likewise played a role in the materialization of this knowledge among fishing communities, and in the strengthening of bonds towards the ecosystem.



4.2 Species-Habitat Associations in Mangroves and Nursery Role

Multiple fishery species in the Galapagos, including many benthic and benthopelagic fishes and invertebrates, were associated to mangrove ecosystems by fishers; some of high commercial importance (e.g., bacalao, snappers) being reported predominantly as juveniles, as other studies confirm (e.g., Fierro-Arcos et al., 2021; Plumlee et al., 2022). In addition, several non-target species, including sharks and aquatic birds, were also associated to mangroves; these establishing critical trophic links in the ecosystem and having a cultural value for local communities. The fact that fishery species listed by fishers highly matched those reported by OMU, as well as those found in past scientific studies (e.g., Fierro-Arcos et al., 2021), allowed us to triangulate our results of species-habitat associations and to discriminate main species associating to the habitat. Triangulation was particularly necessary in this case, due to the high variation in vernacular names among some species (e.g., snappers, grunts), and other issues of reporting during interviews (i.e., species grouping); these constraining the resolution of species taxonomic identities. However, visual aids utilized during the group activity in workshops contributed to partially solve these taxonomic uncertainties, and to pinpoint potential misidentifications in species showing similar morphology; for instance, Jordan’s snapper and grey grunt both being called ‘roncador’, and yellow snapper and Peruvian mojarra (Diapterus peruvianus) both being called ‘chaparra’. As such, it is most likely that fishers’ species list for this habitat did not contain any inaccuracies; thus, can constitute a valid baseline for future studies.

As fishers’ LEK is considered valuable for the understanding of mangrove-fishery linkages in the Galapagos, we underline the opportunities that its integration with SMK could bring in the clarification of habitat-dependence relationships between and within species. We believe that most remarkable insights from fishers derived from their observations and anecdotes about species habitat use, mainly those not yet reported in the scientific literature. Although all fishery species seem to benefit from mangroves during their juvenile stage, it is clear that some are more dependent than others, especially those who also rely on the habitat during their adult stage (e.g., for feeding, mating, spawning). For instance, species like the white snook, salemas, grunts and Pacific thread herring, which have been observed spawning in mangroves, constitute novel reports of species behaviors in the habitat, and might exhibit stronger habitat dependence relationships. Additionally, linkages between habitat use and environmental conditions or biophysical attributes in the ecosystem provided clarification of the mechanisms and factors shaping species-habitat-function relationships. One example of this, is the white snook seeking muddy bottoms to spawn and bury their eggs during the wet season (Table 1).

Furthermore, fishers’ LEK can also complement studies of rare species in Galapagos mangroves, like in other locations (e.g., Barbato et al., 2021) - with species like the misty grouper (Hyporthodus mystacinus) and Galapagos sheephead wrasse (Semicossyphus darwini) constituting novel reports in the habitat (Table S7). On the other hand, species that were given lower relative importance by fishers in contrast to OMU (e.g., Pacific creole-fish grey grunt, milkfish), or that were listed exclusively in mangroves by the latter but to different habitats by the former (e.g., ‘brujo’, brown sea cucumber and yellow-fin tuna), might show weaker dependence to the habitat. These perception discrepancies among mangrove users might result from the fact that fishers are more likely to associate species based on high frequency of sighting, relative abundance or a particular habitat use, while OMU listed species independently of their strength of habitat dependence. Finally, the fact that many species reported as juveniles in mangroves have already been found as larval stages in other studies (e.g., Verhaegen, 2019; own data; Table S7), allowed us to raise the question about the importance of mangroves as larval retention areas in the Galapagos, and to point out the need of more studies targeting these early-life stages, including their taxonomic identification and description.



4.3 Connectivity and Trophic Interactions

Although species-habitat association was probably biased by the fact that a limited number of habitats was presented rather than the real vision of the fishers themselves (i.e., how they see the seascapes of the Galapagos), our results revealed that, in general, coastal seascapes in the Galapagos possess similar macrofaunal assemblages. This suggests low levels of endemism in mangrove ecosystems, though it reveals their role in sustaining species connectivity within coastal seascapes and between coastal and offshore areas (Figure 2). This was expected, as many studies have shown that both vegetated (e.g., seagrass beds, salt marshes) and unvegetated habitats (e.g., coral and shallow rocky reefs), can provide analogous nursery functions to biota as mangroves (Eggleston et al., 2004; Dorenbosch et al., 2005). Despite other studies suggesting high levels of connectivity in fish species between mangroves and shallow reefs in the Galapagos (e.g., Fierro-Arcos et al., 2021), this is the first study to analyze general patterns of connectivity from a fishers’ LEK perspective. Similar qualitative approaches have been employed in Southeastern Puerto Rico to analyze connectivity, while producing relevant results for habitat prioritization and ecosystem-based fisheries management (see García-Quijano, 2007).

During Social Network Analysis and representation, we found that highly-commercial benthic predators, planktivores and omnivores-herbivores, as well as other culturally-important non-target species (e.g., green sea turtle) obtained higher hub score values in the analysis (i.e., central cluster). This implies that they depend more on connectivity than other predators from epipelagic and deep waters (outer cluster; Figure 3), and on complex trophic interactions (e.g., predation, competition, mutualism) across the habitats they use throughout their life cycle. If such species undergo major population declines or extirpations due to overfishing or other threats, they might produce larger cascading effects in marine trophic webs, as it has been demonstrated in past studies (e.g., Ruiz et al., 2016).

One of the advantages of applying Social Network Analysis with qualitative data, is that it does not require probabilistic sampling or hypothesis-driven approaches, which can be more time-consuming, and still reveal main patterns in multidimensional data (Crossley, 2010). At the same time, this highlights the needs of other data types and knowledge sources in future research (e.g., species densities, biomass, growth and survival rates) to improve our understanding of marine connectivity in the Galapagos. For instance, social network analysis could be applied in the identification of cultural keystone species in mangroves and other habitats (Kilkenny and Nalbarte, 2020), which can then inform species prioritization or be used as focal species in conservation or ecosystem-based fisheries management in the GMR (see King and Beazley, 2005). Although some of our target and non-target species (e.g., sharks, aquatic birds, sea lions) have been identified as keystone species in shallow reefs of the Galapagos (Bustamante et al., 2008; Wolff et al., 2012), this study is the first to report potential cultural keystone species across a matrix of connected habitats. Although smaller animals (e.g., crustaceans, polychaetes) and primary producers might also have a keystone role in mangroves and Galapagos seascapes, large mobile macrofauna species reported during this study might be more suitable as focal species, as they tend to be conspicuous and charismatic and have larger distributions (King and Beazley, 2005).



4.4 Spatial Patterns of Fishery Productivity

Mangrove structure and function are known to vary across bioregional and local levels as response of climatic, geomorphological and ecological forces operating on different spatial scales (e.g., Twilley et al., 1999). Throughout our study, fishers were able to identify ‘important’ locations across the archipelago and to score and recognize biophysical attributes in the ecosystem associated to fishery productivity (Figure 4) - this way allowing us to resolve spatial patterns in the ecosystem. Studies, like Moity et al. (2019), identified differences in mangrove forest development by island and by bioregion, supporting the results of fishers’ LEK that identified mangroves of Isabela as the most outstanding in terms of development. In addition, Fierro-Arcos et al. (2021), already revealed differences in mangrove fish assemblages between the Western and CSE bioregions in Galapagos, with the latter showing higher species richness despite lower mangrove cover. Yet, seasonal sea surface temperature, nutrients and primary productivity might play a role in the discrimination of species assemblages. Our results confirm the existence of a bioregional gradient, mainly as result of prevalent climatic and oceanographic conditions, but also reveal patterns at the local scale, which might derive from differences in geomorphology (open vs. semi-enclosed bay), or freshwater discharges in the ecosystem. As most fishers are familiar with the more productive mangrove systems in mainland Ecuador, they were able to pinpoint sites in which these favorable attributes occur. Moreover, our results highlighted the importance of mangrove areas near or easily accessed from urban areas (‘impacted’ sites) for coastal productivity (e.g., El Estero in Isabela and Garrapatero in Santa Cruz), despite some threats being acknowledged in such locations (e.g., tourism overcapacity, overfishing, contamination). This result is in concordance with the patterns found in our larvae-sampling data, which highlighted higher species richness values in such sites in comparison with others, like La Estacion or Playa Alemanes (Figure 4).

Although differences in perceptions among mangrove users drove discrepancies in the selection and relative importance of islands and sites, our results reveal the relevance of the complementarity of knowledge sources in elucidating spatial patterns in mangroves, which have already been explored in other studies (see Llerena-Martillo et al., 2018; Moity et al., 2019; Fierro-Arcos et al., 2021). This complementarity derives from the fact that fishers can visit remote areas that are hardly visited by OMU (for example, areas outside from mangrove touristic sites), and, most importantly, much frequently and in longer periods of time. This allows fishers to observe ecological processes in different seasons and times of the day, and to remember prominent environmental conditions in the ecosystem and to associate them with the occurrence of certain fishery species. On the other side, as OMU mainly comprised naturalist guides, some locations were selected based on their touristic value and their importance as shark nursery grounds (e.g., Caleta Tortuga Negra) or for sea turtle mating. Dissimilarities in the selection of areas among fishers residing in different islands were also noticeable, since nearby locations tend to be more visited than distant ones. This implies that in Galapagos, as in other tropical oceanic islands, perceptions can be conditioned by local environmental conditions, but also sociopolitical context (Rollero and De Piccoli, 2010; Quintas-Soriano et al., 2018). Nonetheless, we failed to find age differences in the selection of sites, as well as in their characterization; possibly, as we did not include many fishers younger than 30, and older than 60 years old (mean age of 48) – this constraining a proper generational comparison.

Future studies should integrate SMK and LEK to explore more in depth the effects of regional-scale environmental and evolutionary changes in species diversity and composition in mangrove ecosystems (e.g., species interactions, environmental filtering, dispersal, speciation, extinction; Levin, 1992; Chase and Myers, 2011), remarkably in the context of a changing climate (Jennerjahn et al., 2017). From another perspective, this knowledge could be potentially integrated to SMK and applied to inform policy, marine zoning and spatial planning in the islands; for instance, in regard to the definition and selection of Essential Fish Habitats (i.e., those waters and substrate necessary to fish for spawning, breeding, feeding or growth to maturity; Rosenberg et al., 2000) for future zoning schemes in the marine reserve. Other studies exhibiting similar approaches are Bergmann et al. (2004) and Leite and Gasalla (2013). As successful applications always rely on the accuracy of the data, it is important that future research using qualitative approaches engage in designing suitable methods to access knowledge from fishing communities in proficient ways, and in triangulating information. Given recurrent tensions between fishers and scientists in the Galapagos, it might be possible that during the interviews, fishers did not reveal all locations that they consider important. In response, by applying approaches like participatory mapping in the Isabela workshop, we were able to discover additional ‘important’ sites by creating a space to fishers to establish a deeper connection with the researchers, as well as to obtain relevant characteristics about the habitat. Although, the semi-quantitative scoring approach in Santa Cruz workshop was also efficient to pinpoint major spatial patterns, it is likely that researchers’ explanation and understanding of the ecosystem variables and scoring criteria might have affected fishers’ responses. The application of mixed-methods in social research can therefore be valuable for the purpose of triangulation and complementarity and should be considered in this type of studies (Newing, 2011; Murray et al., 2016).




5 Conclusion

Even though Galapagos mangroves do not constitute main fishing grounds, fishing communities in the archipelago have developed deep connections and gained knowledge towards the ecosystem, including species habitat use and environmental linkages, connectivity between mangroves and other habitats, and spatial relationships in relation to fishery productivity. Throughout our research we have designed and implemented a two-stage qualitative approach (i.e., interviews and workshops) to explore fishers’ LEK about mangrove-fishery linkages, discussing in the way, the challenges and opportunities for environmental decision-making. The time dedicated in identifying key informants within the local population was crucial in achieving quality and accuracy in our results. In this regard, our results might only reflect the view of those members of the community that are already ‘environmentally sensitive’, or that have been trained in marine ecology due to the abundance of educational events organized locally; these fishers usually collaborating in this type of studies. In addition, the triangulation of certain aspects of fishers’ LEK against other knowledge owners allowed us to position it as a useful complement to more traditional SMK in the Galapagos, contributing this way, in breaking the social paradigm of ‘fishers as predators of the oceans’ and in highlighting the prospects of engaging fishing communities in mangrove and marine ecosystem research.

Throughout this study, fishers’ LEK allowed us to corroborate and reveal novel fishery species that use mangrove habitats (e.g., Galapagos sheephead wrasse), to underline the major role of mangroves in connectivity against other coastal and marine habitats, and to ratify the prominence of the Western bioregion in fishery productivity as a result of specific biophysical attributes. In such regard, we obtained new insights about mangrove nursery role and other mechanisms associated to habitat dependence, complex species interactions occurring in mangroves in response to trophic interactions, and spatial and biotic-abiotic relationship across mangroves of the archipelago - aspects that have been understudied in the Galapagos. The advantage of relying on a qualitative LEK rather than quantitative SMK approach to investigate these research questions, can derive from the fact that fishing communities are more likely to comprehend complex relationships among species and the environment and to track long-term changes in the ecosystem (Cavole et al., 2020). However, if qualitative data from fishing communities and other marine users shall be used in the future to answer hypothesis-driven questions about the marine ecosystem, the use of probabilistic qualitative methods should be considered (e.g., surveys), as well as other ethnographic methodologies in which the relationship between the researcher and the fishers is much more profound (as opposed to the ephemeral relationship in interviews and workshops). Since qualitative studies including human beings is so complex, and can be influenced by many biases, a multi-methodological approach should be preferred. Another challenge in Galapagos lies in how to position LEK in comparison to traditional SMK, an issue to which this research will contribute. Finally, we suggest that LEK should be implemented in future management instruments in support to the co-management principle of the marine reserve (see Usseglio et al., 2014), principally the five-year fishing calendar (i.e., GMR fisheries management plan). For instance, finfish species suspected to have a high dependence to the habitat (e.g., white snook, yellow snapper) and occurring in several mangrove locations across the archipelago, can justify the creation of species-specific regulations in the fishing calendar, including spatial and other types of management measures (e.g., temporal closures). Ultimately, a LEK approach would even bring other benefits such as raising the sense of belonging and pride among fishing communities, and even improving their relationship with other stakeholders in the archipelago.
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Footnotes

1To improve visualization, we excluded species reported only in mangroves (Table S8)

2https://www.darwinfoundation.org/en/datazone. Accessed on 24/11/2021
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Other observations and anecdotes in mangroves and
other habitats

-Most spp. prefer oceanic habitats to spawn

-Some spp. spawn during the warm season, and others
during the cold season

-Use mangrove roots for protection when juveniles

-Occurs all year round in mangroves

-Often seen in schools with H. scudderii and A. interruptus

-Usually seen forming mixed schools with H. scudderii

-Usually prefers sandy areas

-Forms spawning in mangroves and other coastal habitats
-Usually seen forming mixed schools with A. interruptus
-Enters mangrove areas during low tide to spawn

-Enters mangrove areas during low tide to spawn

-Forms spawning aggregations in seamounts, shallow
reefs, and mangroves (not often) during warm season
-Forms spawning aggregations in seamounts during full
moon

-Forms spawning aggregations in seamounts during full
moon

-Spawns and buries eggs in mud during rainy days during
full moon

-Usually hides in between mangrove roots

-Enters mangroves to feed on fish schools during certain
periods of the year

-Use, prefer, enter mangrove roots for protection when
juveniles

-Prefers usually sandy substrates

-Enters mangrove areas during low tide in the warm
season to spawn

-Found all year in mangroves

-Spawns and migrates from mangrove areas shortly after
-Feeds on macroalgae or detritus from the bottom
-Spawns and remains in mangrove areas for longer periods

-Feeds on macroalgae or detritus from the bottom
-Spawns in the warm season

-Enters mangrove areas during low tide to spawn
-Forms spawning aggregations but not in mangroves
-Spawns all year round in mangrove and other habitats
-Enters mangrove areas during spring tides

-Meat tastes different if they are fished in mangroves
-Usually prefers muddy substrates

-Forms spawning aggregations during warm season but in
rocky areas

-Migrates along the coast forming chains of individuals
-Forms spawning aggregations during warm season but in
rocky areas

-Hides between rocks or roots in mangroves
-Occurs rarely in mangroves
-Acquires skin chromatophores from mangrove areas

Results were contrasted against interviews to other mangrove users. Species are ordered by taxonomy and classified by feeding habitat and value for local fisheries. For interviews, species
were ranked according to their percentage of citations by fishers/OMU: 4 (>38%); 3 (37-18%); 2 (17-7%); 1 (6-1%). For workshops, species were ranked according to the number of
groups associating such species to mangroves: 4 (5 gr.); 3 (4 gr.); 2 (3 gr.); 1 (2-1 gr.). * represent species in which juvenile stages comprise > 50% of all citations during interviews. ?Rank
was calculated by grouping all mentions of individual species in this genera and unespecific mentions.Observations and anecdotes of migrative behavior and habitat use are indicated for
some species. OM, ontogenic migration as adult; Cs, remains near coastal habitats across life cycle; SA, spawning aggregation; Agg, aggregative behavior other than spawning; For,
foraging; She, sheltering.
-Feeding habit (BP, benthic predator; BPP, benthopelagic predator; HV, herbivore; PV, planktivore; OV, omnivore; PEL, pelagic predator).

-Value for fishery (Com, commercial; Sub, subsistence; Rec, recreational; Bait, baits capture).
-Aggregating behavior (Sol, solitary; Gr, small groups; Sch, schools; Ms, mixed schools).

-Fishers' anecdotes and observations of species migrating behavior and habitat use in mangroves and other habitats in the Galapagos are also reported.





OEBPS/Images/fmars-09-911109-g002.jpg
Mangroves

Shallow reefs

Sandy bays & bottoms

Seamounts

Vertical walls

Epipelagic waters

Deep ocean

Mangroves

Sandy bays & bottoms

Shallow reefs

Vertical walls

Epipelagic waters

Seamounts

Deep ocean





