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Fisheries and Aquaculture are among the most popular activities in coastal regions of the world. In addition, both correspond to high-risk activities within a climate change context as they are vulnerable to environmental changes that threaten the socio-economic sustainability of the fishing communities that depend on fish for food security and income generation. In 2019, the central part of Mozambique was hit by two unprecedented cyclones: Idai and Kenneth that killed over 600 people and left nearly 2.2 million people in need of urgent assistance. The aim of the present study was to investigate the impacts these cyclones had on fisheries and aquaculture in the provinces of Sofala and Zambézia in Mozambique. The study further seeks to propose strategies that could be adopted by the communities to minimize the risks in the future. For the construction of the database, both secondary and primary data collection approaches were used to characterize the cyclone events. Secondary data was collected through sector reports and previously published articles, while primary data was collected through interviews with fishers, sector employees, and aquaculture producers in the affected provinces. The results revealed that these natural events had both a direct and indirect impact on fishing, as they affected more than 1,440 fishermen that lost 590 vessels, 1,800 fishing gear, and 67 boat engines in Sofala province. In Zambézia province, aquaculture producers lost 169 fish ponds, two cages, and 606,000 lost fry, while in Sofala province, 58 fish tanks, 204 cages, and 257,500 fish fry were lost. Overall, our study reveals the vulnerability of fisheries and aquaculture to extreme events particularly the cyclones in Mozambique. Lack of knowledge regarding climate change, advanced preventive measures, and poor adaptive capacity makes the sectors more vulnerable to disasters. Therefore, it is recommended to improve awareness programs, introduce measures and policies that promote resilience and optimum adaptive efficiency.
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INTRODUCTION

The effects of climate change on the ocean environment will continue to impact the fisheries, specially those areas that are suitable for the phenomena to occur (Mendenhall et al., 2020). This impacts brings profound implication to the coastel communities and ecological systems (Palacios-Abrantes et al., 2020; Whitney et al., 2020).

Some recent studies have shown evidence of how the impacts of climate change influence fish stocks and aquaculture production and also the negative effects on coral reefs, causing coral bleaching and altering the species composition and diversity (Munday et al., 2008; Pratchett et al., 2008; Daw et al., 2009; Ateweberhan et al., 2013; Belhabib et al., 2018; FAO, 2020). In this context, it is necessary to understand the impacts of extreme events such as increased temperature, sea-level rise, floods, droughts, and cyclones to predict and understand the dynamics of fish stocks and their impact on future food production systems, as the effects of these events are already being observed in the ocean and coastal areas, impacting the reduction of fisheries stocks (O'Reilly et al., 2003; Vollmer et al., 2005; Badjeck et al., 2010; Rezaee et al., 2016; Blanchard et al., 2017; Troell et al., 2017).

According to FAO (2020), the impacts of climate change tend to be greater in tropical regions of Africa and Asia, where temperatures are higher, contributing to the reduction of fishery productivity. Therefore, creating occupational alternatives to reduce fishing pressure, and increasing the adaptive capacity of fishermen based on the construction of resilient infrastructures in the fisheries and aquaculture sectors are urgently needed to minimize impacts.

The Mozambican coast is very rich in diversity of fisheries species, both for the composition of the different ecosystems that they host, as well as for the environmental characteristics (Hoguane et al., 2012). Fishermen and coastal communities in Mozambique depend mostly on fishery resources that are heavily influenced by climate dynamics (Allison et al., 2005; Badjeck et al., 2010). However, in the last three decades, production has been falling, not only due to the over-exploitation of the resources but also due to climate change (Blythe et al., 2014; FAO, 2020).

However, in recent years Mozambique has suffered cyclical natural events such as cyclones, floods, and droughts, with the central and northern zones being the most affected (Hussein et al., 2020; Malauene et al., 2021). These events directly or indirectly affect fisheries production, catches, and aquaculture production. Although coastal aquaculture is more vulnerable to climate change (Ahmed and Diana, 2015), the impacts of climate change are predicted in the future on continental aquaculture. Since the 2000s, the country has been the center of major climatic disasters in Southeast Africa, being (floods, droughts, cyclones) associated with climate change (INGC, 2009; Arndt et al., 2010; Naess et al., 2015; Samoilys et al., 2019).

In March 2019, the country recorded two major cyclones (Idai and Kenneth) that severely plagued the central region in the provinces of Sofala and Zambézia and part of the northern region in the provinces of Nampula and Cabo Delgado and about 600 people in total died, thousands were left homeless and several infrastructures were totally and or partially destroyed. This was the first time that two events of high magnitude had reached the country simultaneously in the same period leading to many lives being lost and many infrastructures destroyed [Instituto Nacional De Gestão De Calamidades (INGC), 2019; Hierink et al., 2020; Matos and Ndapassoa, 2020].

Studies addressing issues related to climatic events in Mozambique, such as cyclones and floods, mostly focus on health and nutrition, housing, and socioeconomic issues (Asante et al., 2009; Matos and Ndapassoa, 2020). Few studies bring the link between climate change in fisheries and aquaculture in Mozambique, except studies by Gammelsrød (1992) which shows the influence of environmental factors (rainfall) on the availability of shrimp fisheries at Sofala Bank, and by Hoguane et al. (2012) that relate rainfall to artisanal fishing on the tropical coast of northern Mozambique. Other studies highlights the consequences of climate change on both fisheries and aquaculture, creating problems for the sustainability of coastal communities (Blythe et al., 2014; Mucova et al., 2021), while other researchers point out that the quality of life of this communities reduces due to the negative impacts that climate change has on natural resources (Bunce et al., 2010; Techera, 2018). Hence, this study aimed to bring an understanding and characterization of the impacts caused by cyclones Idai and Kenneth on fisheries and aquaculture in the central provinces of Sofala and Zambézia in Mozambique. This brings an overview of the global impacts of the climate change in Mozambique channel and its influence on the artisanal fisheries and coastal community livelihoods. An appropriate understanding of the impacts of climate change is key to the development of appropriate measures for adopting and mitigating the impacts at both producer and policy formulation levels. Besides, the study will also fill the gaps in existing literature on the impacts of climate changing on the fisheries and Aquaculture by understanding the direct and indirect impacts of these two climatic events and also bring out aspects of resilience of fishing communities and aquaculture producers, vulnerabilities of coastal regions as well as the measures that must be taken to safeguard economic, environmental sustainability, and food security.



MATERIALS AND METHODS


Study Area

The data for this study were collected in March and April 2019 after cyclones Idai and Kenneth in the provinces of Sofala and Zambézia, both in the central zone of Mozambique (Figure 1). Mozambique is located in the southeast of the African continent. The country is ranked third among the most vulnerable nation from natural disasters, after Bangladesh and Ethiopia (Wheeler et al., 2007; Artur and Hilhorst, 2012). The study area comprises the two high vulnerable provinces of Mozambique, the province of Sofala and Zambezia. They are characterized by having a high level of exposure of costal climate hazard and cyclones (Niquisse et al., 2017). Although of high extension of vulnerability zone, the marine ecoregion and constaline of this two areas represents the main part of Sofala Bank (the largest fishing ground in Eastern Africa) (Charrua et al., 2020). In the last 20 years, among the biggest natural disasters (Floods, Droughts, Storms and Cyclones), Floods were the most frequent with more than 25 occurrences (49%) followed by severe storms, 15 occurrences (29%), period over 17 tropical cyclones occurred in Mozambique, with cyclone Idai and Kenneth being the most significant (EM-DAT, CRED/UCLouvain, 2020; Hierink et al., 2020). In 2000, the country experienced one of the greatest floods, in which it left more than 800 deaths, thousands of people displaced and several housing infrastructures destroyed (Artur and Hilhorst, 2012; EM-DAT, CRED/UCLouvain, 2020). Data published on disasters in Mozambique show that there is an increase in the frequency of occurrence and intensity of natural events such as cyclones, floods, and droughts in the country (Christie and Hanlon, 2001; Negrão, 2001; INGC and FEWS, 2003; Artur, 2013). Although natural disasters are cyclical in Mozambique, the construction of fisheries and aquaculture infrastructure still dominates in regions very close to the coast, creating conditions for vulnerability to disasters.
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FIGURE 1. Map showing the Province of Sofala and Zambezia and all the locations of the districts covered in the study. Source: Authors.




Study Design and Data Collection

The collected data was on impacts caused by cyclones Idai and Kenneth in the provinces of Sofala and Zambézia (Figure 1). Primary and secondary data were used, where the primary data consisted of field reports generated by the department of fisheries and aquaculture after the events, and the secondary data were collected from qualified literature and information from different actors through non-structured interviewers (fishermen, fish farm managers) aquaculture production, and fisheries companies in the respective affected provinces. These group of information where taken separately and with specific question according to their action area (fishermen and aquacultures producers). The data was divided into three areas: Fisheries, Aquaculture, and vulnerability maps. In fisheries, the main issues that were addressed are related to direct impacts (loss or damage of vessels and engines, fishing gear, amount of fish lost) while for aquaculture, the direct impacts were: number of producers affected, production infrastructure (tanks, cages, and hatcheries) destroyed, lost fry, production area affected and lost production, while the indirect ones were difficulties in transporting inputs for aquaculture production and, damage of support infrastructures. Additionally, we used some fisheries report from the minister of Sea, Inland Waters and Fisheries in order to collect data of fisheries and aquaculture from previous years. Finally some relevant information was observed by the authors during field visits that consisted on the conversation with fishermen in some fishing centers regarding their vison of fisheries after the event and their challenges.



Data Analysis

The research data were characterized into quantitative and qualitative for analysis. In order to evaluate the impacts of the cyclone on the production and infrastructure of the fisheries and aquaculture, the data were grouped in Excel spreadsheets for the production of graphs and tables and Minitab version 16 statistical package was used for descriptive analysis, for later interpretation.

To understand the distribution of spatial patterns and affected areas, the data already included in excell, were imported into ArcGis to make the representation of data (losses of fingerlings, affected areas and destroyed tanks), so that it would provide a base of information to the government for possible prioritization of interventions in the recovery process. The equal class classification algorithm was also used to produce the thematic map, where the intervals were divided into equal sizes in order to emphasize the quantity of an attribute value in relation to the other values.

ArcGis was also used to prepare a global map of cyclone trajectories, a map of districts vulnerable to flooding and a hypsometric map. For the first two qualitative data referring to the shapefile format obtained from The Humanitarian Data Exchange portal were used, being represented in the form of a map. For the preparation of the hypsometric map, points quoted in google Earth were collected, which, after saved in KML format, were converted to GPX through the Online GPS Visualizer application and later converted in ArcGis to feature format and finally the Digital Elevation Model (MDE) was created.




RESULTS


Fishermen's Experiences Concerning Climate Change

The topographical location of Sofala and Zambezia are shown in Figure 2. Based on these locations, it appears that they are located in the coastal zone and predominantly of low altitude, with an extensive drainage network where three main rivers stand out, the Zambezi River and the Púnguè and Licungo River. Due to this characteristic of these regions, the occurrence of cyclones is usually accompanied by strong winds, tropical storms and rains followed by floods.


[image: Figure 2]
FIGURE 2. Hypsometric map. Source: Authors.


Conversations and information were collected in the post-cyclone field. Although many of the results presented here are directly linked to the impacts of cyclones, there is also information on what fishermen have observed over the years concerning, for example, the scarcity of fishing resources. During the conversations with fishermen, it was possible to observe that although they did not perceive the impacts of phenomena such as sea temperature rise, sea-level rise, changes in rainfall patterns, and changes in the salinity of the surface of the ocean, they were aware of the reduction in fisheries production over the years, alteration of places with fish abundance, disappearance or reduction of certain fish species and vulnerability of their regions.



Vulnerability of Coastal Areas to Natural Disasters in Mozambique

Through the map (Figure 3), it can be seen that the trajectories of cyclones tend to form agglomerations, showing that these events have a defined spatial distribution and the Mozambique channel is covered by these agglomerations. This factor increases the risk for cyclone events that are generally characterized by strong winds and floods in this region. Among them, it is worth mentioning the cyclones Idai of category 2 in March 2019 and Kenneth of category 4 in April of the same year. The two cyclones caused widespread destruction, damage, and loss of human life besides affecting the fishing and aquaculture activities through destruction of infrastructures for production and the loss of fish and fish fry.


[image: Figure 3]
FIGURE 3. Global cyclone tracks map. Source: Authors.




Fisheries and Aquaculture Production Statistics Before the Cyclones

The previous fish production statistics in tons by both fisheries and aquaculture in the two affected provinces of Mozambique as reported by the MIMAIP (2019) are shown in Table 1. As indicated, there was a steady increase in the production by fisheries and aquaculture in both Sofala and Zambezia provinces from 2017 to 2018. However, in 2019, the production by both fisheries and aquaculture decreased in both provinces, while an increase was observed in Zambezia for both production types. Furthermore, except for fisheries production in Zambezia, all the production quantities recorded in 2019 were less than what was projected. Surprisingly, the fisheries production in 2019 for Zambezia was more than the projected quantity.


Table 1. Previous production (in tons) statistics in the two provinces in Mozambique affected by the cyclones (MIMAIP, 2020).
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Impacts on Aquaculture and Fisheries

In all the sampled areas, it was possible to verify that the indirect impacts were the most observed. In Sofala, where cyclones were more intense, 314 (34%) of producers were affected and the destruction of various production infrastructures including fry production facilities, in addition to 59 (12%) ponds and 169 (44%) floating cages (Table 2a). On the other hand, 74% of production was compromised due to the loss of more than 257,500 fry. The province of Zambézia, on the other hand, although it was not the epicenter of the cyclone, had a greater number of affected districts and, consequently, a greater affected area (Figure 4). The data show that 169 production ponds were partially or completely destroyed and 606,000 fry were lost (Table 2b).


Table 2a. Summary of impacts of cyclone Idai and Kenneth on the aquaculture sector in Sofala Province (a) and Zambézia (b).
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[image: Figure 4]
FIGURE 4. Location of the impacted areas of the cyclones Idai and Kenneth in fisheries and aquaculture. Source: Author.



Table 2b.

[image: Table 2]




DISCUSSION

Tropical cyclones are considered the most devastating of all-natural disasters given the level of destruction they cause to regions where they occur. In the case of the Mozambique channel, an anomalous eastern circulation associated with the Pacific La Ninã and hot SST in the southwest Indian Ocean were indicated as mechanisms that support repeated cyclogenesis of tropical cyclones (Chikoore et al., 2015). Thus, the vulnerability of coastal regions to floods (Figure 5) and storms is expected to increase with the future rise in sea level and the level of development along the coast, although this vulnerability also depends on the future characteristics of the storm (Knutson et al., 2010).


[image: Figure 5]
FIGURE 5. Flooding hazard map. Source: Author.


On the other hand, based on the topographic profile of the two provinces (Figure 2), it appears that they are located in the coastal zone and predominantly of low altitude, with an extensive drainage network where three main rivers stand out, the Zambezi River and the Púnguè and Licungo River. Due to this characteristic of these regions, the occurrence of cyclones is usually accompanied by strong winds, tropical storms and rains followed by floods.

It is therefore clear that the occurrence of cyclones is usually accompanied by flood events which leads to increasing the level of vulnerability and making the level of destruction to aquaculture infrastructure and loss of breeders and fry even greater. This vulnerability is expected to be further exacerbated by the effects of climate change, which are expected to cause the average sea level to rise to almost 1.0 m in 2100 due to global warming at 1.5°C, effects of tides, and tropical cyclones (Mavume et al., 2009; Aparecida de Araújo et al., 2020; Maulu et al., 2021).

Several impacts are associated with the occurrence of cyclones accompanied by floods which affect aquaculture and fisheries systems. Some of these include changes in aquaculture zoning, competition for space with coastal ecosystems providing defense services (i.e., mangroves), reduced freshwater availability, loss of areas such as mangroves and grassbeds that can protect coastal areas from waves, rising sea levels (Handisyde et al., 2014; Riddell and Rosendo, 2015). These impacts include increased infestation of fouling, organisms, pests, aquatic diseases, and changes in production levels (Handisyde et al., 2014; Maulu et al., 2021).

Generally, the impacts of climate change on fisheries and aquaculture are classified as direct and indirect impacts (Handisyde et al., 2006; De Silva and Soto, 2009; Maulu et al., 2021). Direct impacts are linked to the influence of physical and physiological factors that alter the fish stocks in a given production system, in the production of feed, and catches, as well as, influencing changes in species range and genetic variability. While indirect impacts affect the primary and secondary roads linked basically to the structure of production, prices of fishing inputs, production infrastructures, and all the services necessary for production to occur (De Silva and Soto, 2009; Knutsen et al., 2013; Freeman, 2017; Adhikari et al., 2018). The consequences of the climate Change is not restricted to fisheries and aquaculture. This events also causes effects on the coastal agriculture, maritime transportation and harbor damaging, as this area has been flooded and the adjacent area destroyed (Macassa et al., 2021; Montfort et al., 2021). Despite an overall increase in fish production even after the cyclones occurred, it was clear that the expected quantities based on several likely factors, such as the increase in the number producers as is often the case due to population increase. Therefore, climate change may not only decline the production in the fisheries and aquaculture sector but also decline the expected production.

In all the aspects analyzed, the province of Zambezia appeared to have had the greatest impact from cyclone due not only to the greater number of districts with aquaculture production initiatives but also with a greater number of production areas, that mainly small-scale for the livelihood of communities (Villasante et al., 2015; IDEPA Institute of Fisheries and Aquaculture Development, 2020; Muhala et al., 2021). Extreme climatic events such as cyclones, drought, and floods have increased dramatically in recent decades in Mozambique (EM-DAT, CRED/UCLouvain, 2020). Generally, these events have been accompanied by strong winds and heavy rains that lead to the destruction of aquaculture infrastructures. According to De Silva and Soto (2009), extreme events will continue to affect the tropical regions of the world, and coastal aquaculture will be most impacted. On the other hand, Rutkayova et al. (2017) and Maulu et al. (2020), claim that extreme events such as cyclones, floods, and storms, will negatively affect aquaculture production through loss of fish during the invasion of floodwaters in ponds, in addition to the introduction of new species that can create aquaculture unsustainability problems due to the entry of exotic species (Edwards, 2015). In addition, most production tanks in Mozambique are shallow and smaller in size, ranging from 150 to 300 m2 on average (Companhia and Thorarensen, 2012; Muhala et al., 2021). This factor increases the vulnerability of the ponds to flooding mainly in the lower regions and the invasion of unwanted species [Intergovernmental Panel and Climate Change (IPCC), 2007; De Silva and Soto, 2009]. Some regions of Sofala and Zambezia were characterized by low-lying areas mainly due to the influence of several rivers such as Búzi, Púnguè, Zambezi, and Licungo, contributing to flooding in the surrounding areas during periods of extreme rain.

Most cage aquaculture production in tropical regions of Africa is carried out in lakes, reservoirs, and riverbeds (De Silva and Soto, 2009; Hasimuna et al., 2019; MIMAIP, 2019; Muhala et al., 2021). Cage production in Mozambique is an unremarkable activity. Although emerging, it does not escape the impacts of environmental changes, especially when there are extreme events such as storms and cyclones. In this study, 171 floating cages were affected by cyclones Idai and Kenneth in both provinces. Several studies show that cage aquaculture is the one that suffers the most mainly from mariculture, practiced in the open sea due to its vulnerability (De Silva and Soto, 2009; Maulu et al., 2021), contrary to what was observed in the present study. Edwards (2015), reported that aquaculture in cages on land also suffers the impacts of winds and cyclones, especially if the infrastructure is fragile.

Food security and sustainability from the ocean is a global challenge. Fisheries have been severely impacted by climate change (UN General Assembly, 2014). The central region of Mozambique comprises the most productive coastal oceanic area and covers the Sofala Bank which is the most productive fishing zone in the country where most communities depend on fishing for their livelihood (Hoguane et al., 2012; Darkey and Turatsinze, 2014). Artisanal fishing makes a significant contribution to the economic sustainability of local communities, reaching 70,000–100,000 fishermen and collectors who operate in coastal regions using small motorboats, wooden canoes, and a variety of fishing gear considered as trawls from the bottom, beach trawl, gillnets, handlines, traps and spears (Hoguane et al., 2002, 2012).

According to field observations and informants' testimonies, the effects of climate change were both direct and indirect. Indirect impacts, fishermen claim that they have noticed a decrease in catches and that variations in periods of rainfall and temperatures have influenced not only the type of resources available but also the quantity caught. Our findings were in agreement with the report of Barange et al. (2018) who also noted that extreme events affectes not only infrastructure in the fisheries sector but also production quantities. Therefore, the impacts on the fisheries sector are not limited only to fishermen, but also to the sustainability and food security of the communities that depend on it (Blythe et al., 2014). The vulnerability of coastal communities in Mozambique is notable when a climatic event such as tropical storms and cyclones occur in the region. Mills et al. (2011) demonstrated that although there were other difficulties in the communities of Nigeria and Mali, they still suffered great vulnerability when it comes to fisheries. On the other hand, in some regions of the Sofala Bank, fishermen reported the scarcity of some species that were once abundant. These findings are not restricted to the Sofala bank alone (Barange and Perry, 2009; Brander, 2010; Lam et al., 2020). Regarding the impacts caused by the cyclones, our results revealed that besides the physiological and behavioral aspects described above, the fishing sector suffered high impacts and losses, having affected 2,700 fishermen including the destruction of 2,037 fishing vessels and 237 fishing gear (Table 3). Most of the affected fishermen belonged to the artisanal fisheries sector that makes up the majority of fishermen in Sofala Province. The fishing structure in Sofala is artisanal and consists of men and in some cases women who use surface trawls and catch crabs for subsistence (Darkey and Turatsinze, 2014). Motorboats and fishing canoes are the fishing vessel that was commonly used in Mozambique, particularly in the Sofala Bank region for capturing fishery resources (Mualeque and Santos, 2011; Blythe et al., 2014).


Table 3. Summary of the impacts of cyclones Idai and Kenneth in the province of Sofala.

[image: Table 3]

Furthermore, due to the precariousness of the materials used during manufacturing, these fishing vessels are destroyed when there are strong climatic events such as cyclones and storms allied to the drainage area that is not safe and without protection. The lack of timely communication of the occurrences of climatic events also leads to poor awareness and consequently negatively impacts fishing communities. Fishermen reported that during the cyclone, many vessels were moored on the edges of the beaches and some within the coastal part of the sea. These factors may have created conditions for them to suffer greater damage when the storms pass. According to Ramenzoni et al. (2020), the impacts of climatic events in the fisheries sector are varied, including changes in ecological conditions, acceleration of coastal zone degradation through soil entrainment, vegetation degradation. Our results agree with those reported by McConney et al. (2009), who identified the effects of climate change on small-scale fisheries in the eastern Caribbean where they indicated a negative biological response from fish when ocean temperatures changed due to climate change.


Challenges and Responses

Climate change and its effects pose challenges to everyone, especially developing countries where predictions of the occurrence of extreme events as a result of climate change have been made, and also the conditions for building resilient infrastructure are weak. Aquaculture production in Mozambique is mostly practiced by small producers and with low investment, needing a lot of help from the government and private sectors to implement it (Muhala et al., 2021). The same small investment scenario can be seen in the artisanal fisheries sector. The biggest challenges that are encountered include a lack of investments for the small-scale fisheries and aquaculture players, to enable them to acquire infrastructure and equipment that can withstand extreme events. On the other hand, poverty and lack of education in most of the actors contribute to the non-adaptation to the stresses caused by climatic events such as cyclones, floods, and storms (Blythe et al., 2014). The lack of education and other income-generating activities exacerbates the fishermen's dependence on fishing activities thereby creating additional pressure on the sector and declining fisheries.

On the other hand, the lack of adequate technical knowledge not only from fisheries and aquaculture actors but also from government and private sectors to create more appropriate measures to adapt to long-term climate change constitute an obstacle for small-scale artisanal fishing and aquaculture. Lack of knowledge for adaptation and monitoring have been reported as major constraints to reducing the impact of climate change on fisheries and aquaculture in Africa, mainly due to a lack of research and institutional development (Lam et al., 2012; Belhabib et al., 2016; Maulu et al., 2019; Samoilys et al., 2019). However, this is also likely to be worsened by the effects of extreme events through destruction on institutional capacity such as research and extension facilities.




CONCLUSIONS AND RECOMMENDATIONS

Climate change is expected to continue impacting Fisheries and Aquaculture as well as on those who depend on these sectors for their livelihoods. While there are efforts to map and show the diverse biological, ecological, and biophysical factors that climate change causes, there is a lack of a clear map to proceed with mediation and prevention when it comes to fisheries and aquaculture in Mozambique. Our study has revealed that the cyclones Idai and Kenneth affected part of aquaculture and fisheries production, leaving various infrastructures and equipment destroyed. Based on the findings of this study and the region's susceptibility, it can be concluded that the negative effects of cyclones will continue to occur and that the first issue that should be prioritized is promoting the adaptive capacity of communities that depend more on the fisheries sector for their survival. Therefore, there is a need to incorporate public policies for the comprehensive dissemination of timely information on the occurrence of climatic events to fishing and aquaculture communities so that preventive measures can be taken well in advance. Lastly, this study recommends that players in fisheries and aquaculture should build more resilient production systems to climate change, such as fish ponds, boats, and canoes.
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