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Abstract

:

Mud crab fishing (Scylla serrata) is an important activity contributing to the livelihood of coastal communities in Mozambique. The abundance of this crab and the increase in international companies in the region that exclusively buy crabs and export to the Asian market have caused fisheries to gain local importance in recent years. The present study evaluates the socioeconomic importance of mud crab fishing and the contribution of this activity to the quality of life (QoL) of the local communities along the Bons Sinais Estuary (BSE)—Mozambique. The study was conducted in three fishing villages of the BSE (Mucupia, Carungo, and Inhangulue) to collect information on the economic and sociocultural structure conditions of the local crab families. Field data collection focuses on direct observation and a semi-structured questionnaire divided into four categories/dimensions: fishing activity (FA), family structure (FS), typology of household expenditure (HE), and other activities (OTA). The socioeconomic conditions of fishers’ families were analyzed based on the fishery contribution index (FCI), which comprises different indicators related to FA, HE, and OTA. The monthly fishing revenue ranged from MZN 2.500 (EUR ≈ 35) to MZN 30.000 (EUR ≈ 417), with an average of around MZN 10.796 (EUR ≈ 150) per fisher, slightly exceeding the minimum wage set for public service in Mozambique, which is around MZN 8000 (EUR ≈ 112). The contribution of mud crab fishing is low and is not directly related to enhancement of QoL, meaning that the fishing revenue of mud crabs is barely enough to cover the basic needs of fishers’ families, such as basic services and basic goods. Investments are mainly for transport, including bicycles. The FCI was also low, standing at the alert level (FCI = 0.26–0.50) in all three communities. As the crab market is still growing in the country, it is important that the government, through competent authorities, creates public policies to ensure sustainable exploitation, regulates the selling price of mud crabs according to size, as happens in other countries, and promotes basic services that facilitate the self-development of the fishing communities.
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1. Introduction


Fishing is one of the most important activities in societies all over the world [1,2,3,4]. The livelihoods of many nations, as well as the world’s economies, are generally secured through fisheries. In addition to the social aspects that fishing is associated with, it plays a very crucial economic role, contributing to reducing the unemployment rate, increasing food security, and generating income for the country [1,3,5,6].



Mozambique has one of the most extensive coastal areas in East Africa, as well as great fishing potential [7,8]. Most coastal communities are directly dependent on the sea and its resources for their survival [6,9,10]. In Mozambique, marine fisheries account for more than 90% of the total fish production, of which around 80% originates from small-scale and subsistence fisheries [11,12]. This is also the case for many estuarine communities along the Bons Sinais Estuary (BSE), where artisanal and subsistence fishery play a key socioeconomic role [13,14].



The mud crab (Scylla serrata) is a crustacean of high commercial value belonging to the Portunidae family [15,16,17]. This species has a wide distribution, covering the entire Indo-Pacific region from Hawaii, Japan, Taiwan, Philippines, Australia, the Red Sea, South Africa, and around the Indian Ocean to East Africa [17]. This species is exploited in both artisanal and industrial fishing in many countries [15,17]. The main market is Asian countries, mainly the Republic of China [18,19].



In Mozambique, the mud crab is distributed throughout most of the coast, with higher abundance in Zambézia Province, which is believed to be associated with the greater abundance of mangroves in this region [8,20]. The mud crab contributes a low percentage in weight to the global fisheries’ catches in Mozambique due to unreported catches as it has not been included in national fisheries’ statistics. Although crustaceans present low contributions in catches, they are economically valuable resources [21]. The species is caught in several estuaries, but there is a major lack of information in relation to this activity, as well as their socioeconomic importance for local fishing communities [22]. Since 2015, two Chinese companies have been established in Quelimane, targeting their market to crabs and clam fisheries. The low acquisition price of crabs at local villages, together with the increasing international demand, made the number of these companies triple until 2020. This aspect has raised major concerns from local authorities, namely related to increased fishing pressure and potential overfishing [22]. Thus, the National Institute of Fisheries Research (IIP), now the Oceanographic Institute of Mozambique, started scientific surveys in 2016 and 2017 to collect biological data about the species [22]. This study focused on biological aspects such as the size of first maturity and spawning seasons. So far, there are no studies addressing the socioeconomic aspects and the role of mud crab fishing regarding enhancing the living conditions of the local communities in Mozambique and the entire western Indian Ocean region.



Socioeconomic studies of many fisheries are complex. However, they are very important because they provide the possibility to understand the economic, sociocultural, and overall/particular conditions associated with the fisheries, such as livelihoods, the profitability of the activity, and the development pattern of fishing communities. This knowledge is very important to support the conservation and management of fisheries’ resources [3,14,23,24]. Consequently, such knowledge can support decision makers in the formulation of appropriate public policies aimed at offering basic services with a view to promoting the self-development of fishing communities [14,25]. Subsistence and artisanal coastal fishing are regarded as some of the most important activities that determine the livelihood of fishing communities of small islands and in estuarine fisheries in Africa, including in Mozambique [2,8,13,26]. Traditionally, the dependence of coastal communities on small-scale and subsistence fishing has been determined by the availability of arable land, or other sources of income related to secondary sectors, which may include additional factors that determine the social and economic role of coastal fishing [25,27].



The development of effective policies requires knowledge of the resource and fishing and marketing systems, which in most cases are not sufficiently known for crab fishery. Economic assessment is usually applied to determine the viability of fishing and marketing operations, and to identify constraining factors in fisheries. Such analyses are based on principles of rational economic behavior, capital, labor, and time as major input components [24,28,29,30]. These principles, however, do not account for traditional social values. Conventional economic analysis may therefore be limited to extending our understanding of the economic and sociocultural structures and conditions associated with artisanal fisheries [28]. Despite such importance, regional government policies in Mozambique pay very little attention to crab fishery regarding how it can support fishers’ livelihoods and local communities. Knowledge of the commercialization process is also lacking that is of fundamental importance for the formulation and control of management measures, as well as for ensuring socioeconomic sustainability in fishing areas, from the production phase to commercialization [31]. On the other hand, the sociodemographic and socioeconomic characteristics of the fishery communities involved, the main actors, as well as information that enables understanding the contribution of crab fishery regarding improvement of family life conditions are also insufficiently understood. We gathered data on the fishing gear and operations, the fishing yields/revenues, the commercialization circuit, and on the family structure, the typology of household expenditure, and other activities complementary to crab fishery to assemble information related to the socioeconomic profiles of the crab fishers along the BSE. Overall, based on this information, it was possible to assess the extent to which mud crab fishing contributes to improving the quality of life of the fishing communities along the BSE. Specifically, we evaluated how crab fishing revenue is related to household expenditures. Initiatives that aim to encourage the development of programs that promote the socioeconomic valuation of crab fishing and the respective public policies were also suggested and discussed.




2. Material and Methods


2.1. Study Area


The study was conducted in three fishing communities along the BSE, in Zambézia Province, central region of Mozambique: Carungo, Inhangulue, and Mucupia. These communities were selected because they engage in fishing activities, with a particular focus on mud crab harvesting. The main channel of the BSE spans approximately 30 km from its sea entrance to the upper estuary, where two freshwater rivers, Cuacua and Licuar, converge. This estuary separates Quelimane and Inhassunge Districts (Figure 1). The climate is tropical, with two seasons: dry–cold season from April to August) and wet–warm season from October to March. The water temperature in estuary ranges from 17 to 31 °C and salinity from 24 to 35‰ and can drop during the wet season, once the river discharge has a great influence on the environment [32].




2.2. Data Collection


To understand and characterize fishing activity, fishing gear characteristics, families’ socioeconomic profiles, and commercial value chain of mud crab, two techniques for data collection were used: (i) direct observation during fieldwork, and (ii) inquiries with fishers. The inquiries were conducted through a semi-structured interview carried out between September and October 2018.



Following standard studies in socioeconomic assessment in fisheries [3,33,34,35], the questionnaire was composed of open questions as well as closed questions. Open questions play a major role as they allow the respondent to ask questions about a given proposed topic without conditions pre-fixed by the researcher [34], which is the case regarding fishers’ age, number of children, the number of household members, and so on. Closed questions include the typology of household expenditure and other activities’ dimensions (Table 1).



The snowball method was used to collect socioeconomic data, which consist of identifying a fisher, which will indicate other crab fishers. This method assumes that all co-workers know each other, which means that one fisher can indicate the other fishers more easily [36]. In addition, the inquiry was divided into four different categories/dimensions, namely fishing activity (FA), family structure (FS), household expenditure (HE), and other activities (OTA), in addition to fishing assessment. Each category was composed of several indicators (Table 1).



Because of the low literacy rates among artisanal fishers in the region, employing fishing logbooks for data collection would be unfeasible. Thus, data on fishers’ daily catches, fishing effort, as well as fishing revenue (RPUE) were collected at the landing sites in each fishing village. Crab fishing along the estuary is dependent on the tidal cycle, which in this specific case is semi-diurnal, with two cycles of variations every 6 h. According to interviews, the fishers always try to maximize their catches. The fishing effort was standardized for 6 h of fishing per fisher/day. The price per kg was recorded during the sale of crabs process, at the landing sites, buying and selling places established by Chinese companies, and at local markets in general.




2.3. Data Analysis


All collected information was analyzed using different tools, including descriptive statistics, regression and correlation analysis, and multivariate analysis. Finally, a fishery contribution index (FCI) was also developed to assess how crab fishing impacts socioeconomic conditions and quality of life of many fishers’ families. The monthly fishing effort (FE) was used, which considered cumulative number of fishing days per fisher per month (Equation (1)), while the monthly catch per unit of effort (CPUE) was calculated as the total monthly catches (kg) divided by fishing effort (Equation (2)). The fishing revenue (RPUE—revenue per unit effort) was obtained by multiplying the catch rate by the price (kg) (Equation (3)).
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Descriptive statistics (mean ± standard deviation) were used to describe how catch rates (CPUE), fishing revenue (RPUE), fishing effort (FE), age structure of fishers, the number of households per family and the number of children vary between communities. Statistical differences among communities regarding the above indicators were tested using a one-way ANOVA (F-test). Prior to ANOVA, data were analyzed to test normality and homogeneity of variance among treatments. Statistical analyses were conducted using the Past4.01 software. A probability level of α < 0.05 was used to reject the null hypothesis. Whenever statistically significant differences were observed, the post hoc Tukey comparison test was used to identify differences between pair of groups.



The estimation of scores within the HE and OTA categories was conducted by estimating the probabilities of occurrence of different variables or predefined indicators for each fisher. These values were calculated by the ratio between the number of indicators that were answered by fisher divided by the total number of potential predefined indicators. For instance, for basic goods (BG), if fisher answered “table” (N = 1 indicator) out of 7 available potential indicators, then we obtain 1:7 as probability (Equation (4)).


    P v   s c o r e   =   n   N    



(4)




where Pvscore—is the probability score of the variable; n—is the number of indicators answered by the fishers; and N—is the total number of potential predefined indicators.



The Pearson’s correlation test (α < 0.05) was used to evaluate the degree of relationships between variables [33], aiming to understand the following questions: how fishing revenue (RPUE) relates to families’ investments, such as basic services (BS), basic goods (BG), communication and information goods (CIG), mobility goods (MG), and development goods and family evolution (DGFE). The above relationships were tested under the assumption that higher economic income (RPUE) would enhance the probability to acquire goods and services for crab fishers’ families.



Multivariate analyses were used to test differences between communities in terms of fishing activity (FA category) and socioeconomic structure (categories FS, HE, and OTA). For these analyses, all variables within the category were used: FA, FS, and OTA. For the OTA category, analyses were conducted based on individual indicators. A similarity matrix was built based on the Jaccard similarity index [37,38,39,40]. The multivariate ordination technique (nMDS—nonmetric multidimensional scaling) was used to visualize similar differences among variables/indicators across communities. The one-way PERMANOVA test was used to confirm the existence of possible statistically significant differences in the variables between crab fishing communities. The similarity percentage test (SIMPER) was used to identify the dominant variables that explained categories’ differences among communities whenever statistical differences between communities were found by PERMANOVA. The primary questions formulated for the above analyses aimed to ascertain whether there are differences in fishing activity, household expenditure, family structure, and other complementary activities among communities. All these multivariate analyses were performed using the open software Past4.01.



The fishery contribution index (FCI) created to assess the socioeconomic conditions of the fishers’ families takes into account the values of weighted categories according to their importance to the model (Equation (5)). Three categories of information and their respective variables were used (fishing activity—FA; household expenditure—HE; and other activities—OTA). Categories whose values were numerical and not probabilities of occurrence, such as the FA, were adjusted using a data MIN (0.1)—MAX (1) transformation process, which allows standardizing the categories to have the same scale unit range.



Following Saaty [41] and Silva et al. [42], the fishery contribution index (FCI) was calculated by the cumulative contribution of FA, HE, and OTA (field sampling observation values) multiplied by the estimated weight (W) of each category, divided by the cumulative sum of the weight of each category (Equation (5)).


  FCI =     W F A .     C   F A     + W F I .     C   H E     + W O T . (   C   O T A       W F A + W H E + W O T A      



(5)







The weight of each category was obtained through the combination of two methods: AHP—analytic hierarchy processes and PCA—principal component analyses. The AHP method consisted of determining the relative importance of each category through an arbitrary scale of comparison criteria created by expert score judgment [42]. For example, in terms of socioeconomic impact, the FA, HE, and OTA will have different importance, which, when translated into a score, will indicate which of the categories is more important compared to the others and so on. Thus, the final score is determined based on an arbitrary pre-selected scale proposed by Saaty [41]. The importance of the categories can be classified as the following: 1 (the categories have the same importance); 3 (one of the categories is moderately more important than the others); 5 (one of the categories is more important than the others); 7 (one of the categories is very important compared to the others); and, finally, 9 (one of the categories is absolutely important compared to the others) [42]. All these values are presented on the right of the table, while the opposite classifications are presented on the left of the table in fractional numbers (example: 1; 1/3; 1/5; 1/7, and 1/9) (Table 2). In total, three experts were involved in this process, one of them from the National Institute of Fisheries Research and two from academic institutions that understand the socioeconomic nature and livelihood rationality of the local crab communities.



The PCA method was also used to extract the eigenvalues that measure the degree influence of each category in the model through correlation analyses [42,43,44]. These extracted eigenvalues are the weights or factor loadings of each variable on the main PCA Y component, in this specific case the fishery contribution index (FCI). The percentage of variance explanation by principal axis (PCA1) was 48%, 63.2%, and 50% for Carungo, Inhagulue, and Mucupia and 50.3% for all communities.



At the end, the weights of each category in the index are the result of multiplying the proportional weights obtained by AHP method and the eigenvalues extracted from the PCA for all communities, as well as for each community.



Linear relationships were fitted between the values of the fishery contribution index (FCI) (dependent variable), with the economic indicators, in this case the RPUE (explanatory variable), to verify whether any increase in fishing revenue would also increase the contribution index of fishing. Thus, these analyses have enabled shedding light on the impact of improving the socioeconomic conditions of fishermen’s families. According to Kubrusly [44], Silva et al. [42] and Filho et al. [43], normally, this relationship must be positive so that the model can be validated and the analysis can continue; otherwise, it cannot proceed. It is important to note that the fishery contribution index (FCI) was built based on the combination of three categories/dimensions, where the respective weighting methods were applied. Each category/dimension is made up of many variables or indicators. Thus, although the economic indicator (RPUE) represents one of the variables in the FA category used as input data to build the index, in this relationship, it is considered an independent variable. The index rating scale was from zero (0) to one (1). The variations and their respective classifications are described in Table 3.



In order to assess the impact of crab fishing on the enhancement of socioeconomic conditions and quality of life of the fishers’ families, Pearson correlation tests were carried out regarding the fishery contribution index (FCI), with the different indicators of families’ investment categories/dimensions. The main indicators include basic services—BS; basic goods—BG; communication and information goods—CIG; development goods and family evolution—DGFE; and mobility goods—MG.





3. Results


3.1. Sociodemographic Structure of Fishers


In total, 73 crab fishers belonging to different families were interviewed in three fishing communities (Mucupia, Carungo, and Inhangulue) along the BSE. The description of the sociodemographic structure of the fishing communities (age structure—A, number of household members—C, fishing experience—E, and number of children—G) is provided in Figure A1, Appendix A. The field interviews confirmed that mud crab fishing is an important activity in all the communities. Only men carry out crab fishing. The age groups of fishers range from 12 to over 50 years old, with an average of 25 years old, and the most frequent age group of fishers is between 16 and 30 years old, representing 82% of the total fishers. Although with a low contribution (4%), children (age ≤ 15) and fishers aged 40 and over (8%) were also observed. The fishing experience of the total number of fishers interviewed ranged from 1 to 15 years, with an average of 5 years of experience. Around 80% of the fishers had between 1 and 6 years of experience in crab fishing, which means that major crab fishery exploitation took place between 2013 and 2019. The number of household members per fishers’ family interviewed ranged from a minimum of two to a maximum of eleven members, with an average of five members. However, 59% of the crab fishers had three to five household members. The number of children per fishers’ family ranged from zero to nine, with a general average of two children per family. Around 55% of the fishers had one to three children, and 27% of the fishers had no children. No statistical differences were observed in the mean age of fishers (ANOVA; F = 0.23; p > 0.05; Figure A1B), number of household members (ANOVA; F = 0.26; p > 0.05; Figure A1D), fishing years of experience (ANOVA; F = 0.17; p > 0.05; Figure A1F), and number of children (ANOVA; F = 0.07; p > 0.05; Figure A1H) between all three communities (see Figure A1, Appendix A).




3.2. Fishing Activity Characterization, Gear Characteristics, and Modus Operandi


Crab fishing takes place during high tide, and a fishing line is the main fishing gear used to target crabs (Figure 2A). Several independent fishing lines are deployed in a proxy fishing area. The fishing lines are made of opportunity material and consist of a buoy that remains at the surface, which is linked to a baited hook by a line. The distance between buoys varied between 10 and 15 m. The buoy dropline, measuring 8 to 12 m, is equipped with one hook at the end of the line that comes in contact with the sea floor. The droplines’ weights, which allow the hooks to remain on the sea floor, can include rocks and opportunity materials such as lead plates decomposed from obsolete car batteries. The hooks are barbed baitholder hooks. The number of the lines and buoys to fish crabs varied among boats as the boat size and accommodation conditions of the equipment occupy most boats’ surfaces. Small shrimp from the Sergestidae family (low economic value) and small tilapias (Oreochromis mossambicus and Oreochromis niloticus) are normally used as bait in crab fishery, and the types of boats used during fishing are usually small wooden pirogues, with a maximum capacity to carry one or exceptionally two people (Figure 2B). The selling price to fishers per kg ranged from EUR 1 to 3, with an average of EUR 2 ± 0.2 SD (based on August to September 2019 surveys).




3.3. Value Chain of Mud Crab in the Bons Sinais Estuary (BSE)


Figure 3 shows the structure of the commercial production chain and the market circuit of mud crab in the region. Individual fishers are responsible for production/catching. Usually, no bycatch species are caught. After fishing, there are three types of buyers, which include fixed or primary buyers, the local Chinese companies’ buying stations in the communities, and, finally, secondary buyers. Crab catches most often are already destined for a fixed buyer. Therefore, no auction occurs. Secondary buyers are responsible for supplying local markets, restaurants, and hotels, ensuring local consumption. Secondary buyers often do not have access to fishers, and the product is traded from fixed or primary buyers. Primary or fixed buyers act as a kind of pivot in the marketing circuit; they are very familiar with prices and market fluctuations and have several possibilities to sell their product, such as through secondary buyers or at Chinese companies, or even direct to the exporting companies. All catches sold to Chinese buying stations, or sold directly to Chinese companies, are for export to the international market. The crab circuit implies commercialization and exporting specimens alive.




3.4. Distribution of Fishing Revenue between Fishers


The monthly revenue per fisher ranged from MZN 2.500 (EUR ≈ 35) to MZN 30.000 (EUR ≈ 417), with an average monthly income around MZN 10.796 (EUR ≈ 150), slightly exceeding the minimum wage fixed regarding public service in Mozambique, which is around MZN 8000 (EUR ≈ 112). Indeed, most fishers (43%) have a monthly fishing revenue below the observed average income (fishing revenue of fishers < average income), a few of them (19%) have an average income (fishing revenue of fishers ≈ average income), and 38% of the fishers have fishing revenue above the average income (fishing revenue of fishers > average income) (Figure 4).




3.5. Analysis of Catches per Unit of Effort (CPUE), Fishing Effort (FE), and Fishing Revenue (RPUE)


The fishing effort ranged from 8 to 28 fishing days, equivalent to 48 to 168 h per fisher per month. The mean of fishing effort and standard deviation (SD) was 25 ± 5.1 SD fishing days, equivalent to 150 fishing hours per fisher per month (Figure 5A). The catch rates (CPUE) ranged from 24 to 168 kg per fisher per month, equivalent to a mean catch of 86 ± 33.4 SD kg (Figure 5B). The fishing revenue (RPUE) ranged from EUR 33 to 369 per fisher per month, while the mean fishing revenue (RPUE) was around EUR 150 ± 66.5 SD per fisher per month (Figure 5D). The expenses for fishing are relatively low, ranging from EUR 0.3 to 9 per fisher per month, with a general average of EUR 4 ± 1.95 SD per fisher per month (Figure 5C). Statistical differences for fishing effort (ANOVA: F = 7.861, p < 0.05), fishing expenses (ANOVA: F = 7.844, p < 0.05), and fishing revenue (RPUE) (ANOVA: F = 7.219, p < 0.05) were observed between the communities.



The differences observed for FE (Tukey test: p < 0.05) occurred between both the Mucupia and Inhangulue communities, which recorded the highest fishing effort (FE), and Carungo (Figure 5A). The differences observed for RPUE (Tukey test: p < 0.05) occurred between the community of Inhangulue, which recorded the highest RPUE, and the other communities (Figure 5D). For fishing expenses (FEX) (Tukey test: p < 0.05), differences were found between the community of Mucupia, which has the lowest investment in fishing (Figure 5C), and the other communities. No statistically significant differences were observed for the catch rates (CPUE) between communities (ANOVA, F = 2.499; p < 0.05) (Figure 5B).




3.6. Relationship between Fishing Revenue (RPUE) and Household Expenditure Indicators (BG, BS, CIG, DGFE, and MG)


The correlations between fishing revenue (RPUE) and household expenditure indicators (BS, BG, CIG, DGFE, and MG) were not statistically significant and in some analyses denoted low correlation (r) values (Table 4).




3.7. Community Structure and Socioeconomic Profiles


The nMDS plots for assessing the differences in the community socioeconomic profiles, performed for different categories of questions collected during the inquiries, are shown in Figure 6. According to the PERMANOVA test, no statistical differences occurred across the communities, and the socioeconomic profiles are similar across the communities for the family structure category (Figure 6A), the fishing activity category (Figure 6C), and the other activities category (Figure 6D). However, for household expenditure (HE), statistical differences were observed between the communities of Mucupia and Carungo (Figure 6B). According to the SIMPER test, communication and information goods (CIG) amounted to the most important indicator within the household expenditure category, which contributed 30% to the observed differences between the communities, followed by development goods and family evolution (DGFE) and basic goods (BG), with 25% and 24% contributions to the differences observed, respectively.




3.8. Fishery Contribution Index (FCI)


The overall FCI for all the communities was 0.41. All the communities presented a fishery contribution index (FCI) within the alert level. The lowest value of FCI observed was in the community of Mucupia (0.36), and the highest value of FCI was observed in the community of Inhangulue (0.47), near the upper limit of the alert level. The FCI value for the community of Carungo was (0.38) (Figure 7). Analysis of variance (ANOVA) showed statistically significant differences between the communities in terms of FCI (F = 3.977; p < 0.05). According to Tukey’s pairwise test, differences occurred between the community of Inhangulue and the communities of Mucupia (p < 0.05) and Carungo (p < 0.05). No significant differences were found between the communities of Mucupia and Carungo (p > 0.05) (Figure 7).



An increase in FCI values was observed with fishing revenue (Figure 8). The linear relationship established between the RPUE and FCI was positive and statistically significant (α < 0.05) for all the communities (Carungo R2 = 0.59, p < 0.05, Inhangulue R2 = 0.68, p < 0.05, and Mucupia R2 = 0.74, p < 0.05), meaning that the increase in fishing revenue has an impact on improving the socioeconomic conditions of fishers’ families.



The correlations between the FCI with different household expenditure categories were statistically significant for basic services (BS), basic goods (BG), and mobility goods (MG) (Table 5). No statistical correlation was found between the FCI and other household expenditure categories, namely communication and information goods (CIG) and development goods and family evolution (DGFE).





4. Discussion


4.1. Fishers’ Sociodemographic Structure


Most mud crab fishers are youth aged between 16 and 27 years. These results reveal the socioeconomic importance of crab fishing for local communities as alternative employment for the youngest generations in later years since formal jobs are very scarce in the country. The crab fishers’ age group is within the working age in Mozambique, which is 15 to 65 years old [8], as well as close to the Quelimane population demography, whose majority age structure (44%) is 20 to 30 years old [25,45]. The high levels of unemployment within this age group in the country force the youth population to select activities such as fishing to satisfy their needs [45]. This demographic age structure of crab fishers does not match with the other estuarine and coastal fisheries of Mozambique as well as other countries such as Tanzania [46] and Kenya [47], where the age structure of fishers is usually higher because they use, for example, beach seine net, a gillnet that requires huge manpower and strength to handle.



The presence of children (10 to 15 years old) shows that the recruitment process of crab fishers at the community level takes place among this age group, where the knowledge is transferred from the oldest and expert fishers to the youngest. The reduced number of adults (40 and more than 40 years old) observed in crab fishing activity is related to decreases regarding physical conditions with age, making fishing activity difficult to carry out due to manpower limitations [48]. It was found that most young fishers have only five years of fishing experience. This matches with the establishment of Chinese companies in the region that are dedicated to the purchase and export of this species to the Asian market. The results also showed that crab fishery is an attractive activity for youth in different fishing villages rather than higher age groups, also denoting the increasing socioeconomic importance in local communities in recent years potentially due to the lack of employment alternatives and higher incomes. Considering the number of years in fishery, it was observed that most fishers started their activity between 2013 and 2019. International demand is therefore the most likely driving force to explain the increased recruitment into crab fishery in recent years. Based on field interviews, the interest in crabs some years ago was low, and this species was traditionally moderately consumed by local populations, with very little presence in local restaurants or for export.




4.2. Fishing Characterization


The gear used to fish crabs in the BSE is distinct from the gear used in other areas, which mostly includes traps and hoes in the south of the country [15,49]. In the BSE, the species can be harvested by hand during low tide, but this method is not used commonly due to difficulties in harvesting in mud and mangrove bottoms. This leads Quelimane fishers to use fishing lines and remain during long periods to survey the gear for collecting crabs.



Mud crab fishing has distinct characteristics compared to other types of fishing activities. There is no involvement of women in the entire production chain, as usually recorded in other fisheries, where women participate in fishing/shellfish, processing, commercialization, and fish marketing [50,51,52,53]. The absence of women can also be associated with the working conditions since fishing takes place either in the estuary bed, using a rowing boat, or in the mangrove with soft muddy substrate using the excavation technique, which is much more difficult than extracting mangrove bivalves/gastropods. Some authors [53] found that the working conditions during crab fishing, namely physical effort required and job insecurity, are the main aspects that constrained the effective participation of women in this fishing activity. The commercial value chain assessment showed that crabs are sold by men also because most catches are preliminarily sold under pre-agreements established between fishers and traders.



The crab commercial chain involves foreign Chinese companies established in the region that are engaged in the purchase and export of crabs to the Asian market. These actors, fishers/gatherers, traders, suppliers, and exporting companies, play an important role in the overall commercialization circuit. While in other countries these companies have a much-diversified crab market structure destined for Malaysia, Hong Kong, Korea, Taiwan, Singapore, Canada, and Switzerland [17,18], in Mozambique, the marketing started in 2010 and is destined for China. Therefore, it is unlikely that crabs from Quelimane are redistributed to other different Asian markets. According to Begum et al. [18], it is mature and ovate females that are commercialized at a higher prize on the market, while immature females are kept in a fattening system where they are fed until they become mature and with eggs to be placed on the market. The issue related to Asiatic crab development stage/gender preferences is something that the local fishers along the BSE are not aware of, as realized by the field interviews. In Mozambique, crab fattening is still not developed but can be viable in some estuarine areas where old aquaculture/salt flats facilities can be used, including along the BSE [23]. This procedure can be regarded as a potentially valuable investment to be implemented at the community level. In each community, fishing associations can collaborate to establish a co-management system. This system would enhance the value of seafood by facilitating competitive and fairer initial auction selling prices. This would also increase the probability to increase crab families’ economic revenue. Considering the average sale price in 2018 of EUR 2/kg, the crabs are sold in the Asiatic market (EUR 18) at 9 times the pay in Mozambique [17]. The introduction of measures that can promote fair/competitive prices would also valorize the overall crab commercial chain by increasing the number of actors in the crab commercialization process.



The high abundance of the species in the region [20,49,54], associated with the lack of studies and specific regulations and control regarding mud crab fishing [22], as well as the low prices practiced in relation to Asian markets [17], are determining factors that attracted foreign investments in the region. Consequently, this makes mud crab fishing a priority and important activity for many families since it translates into a benefit regarding the socioeconomic empowerment of families, which usually have low revenue and few job alternatives. It should be noted that the estimated mean fishing revenue from a crab fishery corresponds to more than two minimum wage salaries. This fact can explain why many fishers dedicate themselves solely to this activity for their livelihood.



In many countries, like Bangladesh, the price of crab is evaluated according to size categories (e.g., XL to SM) for males and females [17]. In Mozambique, unfortunately, these criteria do not yet exist, and it is not noticed by local fishers that determine the sale price solely based on the number of individuals and weight (kg). However, higher gains can be expected for local fishers and family livelihoods with crab’s valorization due to market-specific preferences/demands.




4.3. Catches per Unit of Effort, Fishing Effort, and Fishing Revenue


Small-scale crab fishing requires fishing almost every day. This aspect may be associated with the type of artisanal/line fishing gear used and low fishing daily yields [55]. Moreover, crabs do not bring self-protein/direct food security benefits to families. Thus, fishers are required to fish daily to enhance their monthly fishing revenues. Daily fishery, despite being demanding, seems quite attractive and compensates for all the effort undertaken, namely if contextualized within the minimum national wage. The results showed a positive and significant relationship between fishing effort (FE) and catch rates (CPUE), as well as catch rates (CPUE) and fishing revenue (RPUE), which means that the increase in fishing effort has a direct impact on the increase in catch rates, just as the increase in catch rates also has a direct impact on fishing revenue.



Unlike other types of fish that are sold dead, crabs are sold alive as only live specimens have commercial value, with dead crabs being discarded due to toxin concerns. The lack of conditions onboard for conserving living specimens enhances fishers’ economic losses. One alternative after fishers immobilizes crabs onboard, by holding the claws with a rope, can consist of storing the crabs in a mesh diamond bag and hang bag on the boat edge under water to avoid desiccation (reducing indirect mortality). The field interviews also indicated potential fishing revenue losses related to landed crabs that die while awaiting sale. Usually, the daily catches are stored/stocked in small straw cages with some mangrove leaves inside to preserve humidity and protect against desiccation, during consecutive days, until fishers reach a satisfactory amount to be sold. Due to the bad preservation conditions on land, some crabs die, also affecting household revenue.




4.4. Fishing Revenue and Household Expenditure


Assuming that families represent the main motivation for fishing activity, we would expect higher economic revenues to be converted into more household expenditures through the main indicators of this category, namely basic services (BS), basic goods (BG), communication and information goods (CIG), development goods and family evolution (DGFE), and mobility goods (MG). However, such a trend was not observed. This clearly shows that the life of the fishing communities is very peculiar, with large difficulties, especially in applying fishing revenue in the best possible way to benefit each family’s well-being. This aspect may be associated with the fact that the BSE communities are located in rural areas, isolated in the form of islands in relation to urban centers and with a specific culture, where using small canoes and small engine boats is often the only transport method. Under these conditions, without any access to basic services such as roads and bridges, electricity to produce ice, and piped drinking water, among other services/goods, it becomes difficult to make any type of investment due to these imposed sociodemographic barriers [56,57]. Such barriers strongly necessitate developing public policies that aim to guarantee the expansion of basic services that will enable the increase in capacity and self-development of small fishing communities based on the local marine resources available.




4.5. Sociodemographic Community Pattern


According to the results obtained, all the communities display a similar socioeconomic profile in relation to most of the categories/dimensions studied. Statistical differences were only observed for the household expenditure category, which means that most families of these three communities share the same sociodemographic characteristics [56]. This aspect may be associated, on the one hand, with the fact that they are suburban communities based along the BSE that depend mainly on fishing for their livelihoods. According [58], differences between fishing communities occur when fishing patterns are different. That includes variability regarding fishing gear and the type of target species exploited by the community, which was not relevant in the present study. On the other hand, as indicated by the results, mud crab fishing is not a very expensive activity in terms of costs to fishers, including equipment acquisition and maintenance (see also Halare [15] and Cebola [20]). Therefore, crab fishing becomes a very accessible activity for fishers as it requires few families’ investment. The probable reasons for the observed differences in the household expenditure category may be associated with the socioeconomic dynamics of each community and the priorities each family defines. These priorities can be influenced by several factors, such as the location of the community, the environmental conditions of the region, the complementary activities in addition to fishing, and the level of family expenses. In the case of Mucupia, the differences evaluated in relation to the other two communities are probably associated with the absence of two types of investments: development goods and family evolution (DGFE) and mobility goods (Figure A3, Appendix C).



Most fishers have no fishing license and do not declare catches, and the demand has been increasing regarding the BSE in recent years. This should increase local concerns as unregulated fisheries can influence variations in the socioeconomic dynamics of the communities themselves. Early planned mitigation of socioeconomic instability increases due to the lack of regulation should be conducted at the local level. Enhanced capacity building at the community level would enable establishing a fishing collective workforce and, throughout fishing organizations, assist in settling/discussing minimum sales prices, evaluating crabs’ value according to size/gender [59], developing fattening systems, and also evolution regarding alternative activities strongly related to fisheries that cover various facets of community life [60].




4.6. Fishery Contribution Index


The FCI was estimated considering the local particularities (socioeconomic dimensions) of the fishing communities. The overall FCI estimated was low (0.41), standing at the alert level, that is, below the acceptable level, which shows that, although crab fishing is considered an important socioeconomic activity, the revenue is still not enough to cover the basic needs of fishers’ families.



The results showed significant differences between the communities regarding FCI. The community of Inhangulue recorded the highest FCI, very close to the upper limit of the alert level, that is, close to the transition zone to the lower limit of the acceptable level. The observed differences are explained by the variation in fishing patterns and the levels of household expenditure between communities, resources’ availability, and fishing experience. The community of Inhangulue comprises fishers with more experience (years of fishing) and higher monthly fishing effort, as well as the highest catch per unit effort (CPUE) and fishing revenue (RPUE) (see Figure 4). Moreover, it is one of the communities where more investments were observed regarding all the household expenditure category indicators (Figure A3, Appendix C).



The FCI was related positively to the fishing revenue (RPUE) in all the communities, denoting that crab fishing has an impact on enhancing the socioeconomic conditions of the fishers’ families in the communities along the BSE, meaning that the socioeconomic aspects of many fishers’ families are intrinsically dependent on fishing activity (FA). However, the correlation analysis between the FCI and the main indicators of the household expenditure category showed that the fishers are still far from fully satisfying the needs of their families. There was no correlation between other complementary activities (OTA) and the main indicators of household expenditure. This result shows that crab fishing is considered to be the main fishing activity regarding livelihood and income generation for many families. Food and crockery are the only investments that are fully covered by fishing revenue within the basic services and goods indicators (Figure A4, Appendix C). In addition to basic services and goods, the results show that basic transport, such as a bicycle, has also received special attention from fishers, which can cause them to save a portion of their money to purchase one. These aspects facilitate mobility and crab transportation to the urban markets where the selling prices are more attractive (Figure A4, Appendix C). This aspect adds opportunity costs to fishers and their families as fishers must decide to save money to satisfy another need, such as purchasing transport, in addition to addressing, for example, basic needs, such as basic services and basic goods, that must also be satisfied [29,61].



Regardless of the investment decisions made by fishers, the results indicated a weak relationship between fishing revenue and the main indicators of the household expenditure category. This aspect reveals that fishing revenue is still too low to meet most families’ needs and, consequently, the possibility of achieving increased quality of life. As previously discussed, rural communities face important limitations (Section 4.4.) that place them in unfavorable conditions, such as the lack of basic services such as electricity, drinking water, and access roads, which can favor the self-development of small fishing villages. This also limits the investment capabilities and initiatives of fishers since, in these conditions, the challenges become even greater [35,53]. Therefore, implementing public policies that aim to promote the self-development of small fishing communities is a crucial factor as it would enable the standard of social dignity to be raised as well as reduce the existing inequalities [35,53].





5. Conclusions


The study highlighted the socioeconomic importance of artisanal mud crab fishing for BSE fishing villages. Many families along the BSE depend on this activity for their livelihood and generating income. With an increase in commercial value and market expansion, crab fishing has attracted mostly young people as an alternative to formal employment. Despite the growing importance of mud crab fishing and the market in the region, it was still unknown to what extent the activity contributes to the well-being and improvement of the living conditions of fishers’ families. The results of this study showed good prospects in terms of exploration capacity and poor prospects in terms of fishing revenue as most fishers’ monthly revenue is below the minimum wage for the public services of Mozambique. However, the fishing revenue is not translated into household expenditures due to a lack of basic social infrastructures, which makes the fishery contribution index of families low with little potential to increase. In this context, the intervention of public policies in order to offer basic services to these communities is undoubtedly necessary, and substantial progress is still required to be made.



The results of this work can be used to regulate mud crab marketing procedures and promote the socioeconomic development of fisheries. Important issues to consider are the following: (i) improving the training of communities in developing techniques to reduce post-harvest mortality. This would maximize the fishing revenue. (ii) Supporting the valorization of crabs through the introduction of sales criteria is another concern, where prices vary according to the size and gender of the crab. This would allow communities to increase their fishing revenue. (iii) Supporting the self-organization of fishing communities is another issue; the fishers need to go through a training process, including becoming familiar with the co-management approach, in order to balance crab exploitation in fishing villages with increasing demand from international/foreign companies/markets. (iv) A further aspect is to encourage crab fattening to increase sales prices and promote the development of secondary activities around crab fishing and consequently (v) improve the QoL of fishers’ families. This information is important because it can support decision makers in the development of public policies capable of promoting the self-development of confined fishing villages along the BSE.
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Figure A1. Description of sociodemographic structure of fishing communities: age structure (A) and the mean age of fishers by community (B); the number of household (C) and the mean number of households by community (D); fishing experience (E) and the mean time of fishing experience by community (F); the number of children (G) and the mean number of children by community (H). 
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Figure A2. Linear regression with 95% confidence interval between (A) fishing effort (FE) and catch rates (CPUE) and (B) catch rates (CPUE) and fishing revenue (RPUE). 
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Figure A3. Typology of household expenditure and percentage distribution of the main indicator groups per community all communities (A), Mucupia (B), Inhangulue (C) and Carungo (D). BG—basic goods; BS—basic services; CIG—communication and information goods; DGFE—development goods and family evolution; MG—mobility goods. 
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Figure A4. Percentage of the satisfaction level distribution of the set of needs within each indicator. (A)—Basic services; (B)—Basic goods; (C)—Communication and information goods; (D)—development goods and family evolution; (E)—Mobility goods. 
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Figure 1. Location of the fishing communities surveyed along the Bons Sinais Estuary (BSE). 






Figure 1. Location of the fishing communities surveyed along the Bons Sinais Estuary (BSE).



[image: Sustainability 16 01874 g001]







[image: Sustainability 16 01874 g002] 





Figure 2. Type of fishing gear (A) and type of boat used during fishing (B). 
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Figure 3. Artisanal fishery production chain of mud crab along the BS estuary. 






Figure 3. Artisanal fishery production chain of mud crab along the BS estuary.



[image: Sustainability 16 01874 g003]







[image: Sustainability 16 01874 g004] 





Figure 4. Categories of fishing revenue and the respective percentages of fishers. Dashed line represents the average revenue among fishers. 
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Figure 5. Mean monthly values of fishing effort (A), catch rates (B), fishing expenses (C), and fishing revenue (D) between communities. The dotted line represents the average mean for all communities. The (a) and (b) letters identify differences between community pairs. 
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Figure 6. MDS analysis shows similarity patterns among fishing communities for (A) family structure category, (B) household expenditure category, (C) fishing activity category, and (D) other activities category. The ellipses represent the 95% confidence interval. P and F refer to p-value and F-statistical value of the PERMANOVA test. 
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Figure 7. Fishery contribution index (FCI) by community. 
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Figure 8. Relationship between fishers’ fishing revenue (RPUE) and fishery contribution index (FCI) for the communities of Carungo, Inhagulue, and Mocupia. 
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Table 1. Socioeconomic categories, variables, and indicators (italicized).
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Categories

	
Variables

	
Abbreviations

	
Definition (Indicators)






	
Fishing activity (FA)

	
Fishing experience (years)

	
FEX

	
It is the number of years that a fisher has been involved in fishing activity.




	
Fishing effort (month)

	
FE

	
Refers to the number of days per month that the fisher spends fishing.




	
Expenses for fishing

	
EF

	
Refers to investment in fishing inputs (line, hook, bait, and other).




	
Monthly catches

	
CPUE

	
Refers to crab total catch per month per fisher (kg/month).




	
Fishing Revenue/income

	
RPUE

	
Refers to the monthly revenue by fisher (EUR/month).




	
Family structure (FS)

	
Age structure

	
AS

	
Age of fishers.




	
household

	
HSD

	
Household size in number.




	
Number of dependants

	
ND

	
Number of dependants/children




	
Typology of investment/household expenditure (HE)

	
Basic goods

	
BG

	
Refers to the types of goods that satisfy the first needs of any family (Table, Chair, Tableware, Bed, Blanket, and Clothes).




	
Basic services

	
BS

	
Refers to the application of revenue to ensure basic family services (Food, Health, the education of children, Fund own school, Fund school for brothers, etc.).




	
Communication and information goods

	
CIG

	
Refers to the technological devices that facilitate interconnectivity between people, communities, regions, and information flow (Radio, Television, and Mobile phone).




	
Development goods and family evolution

	
DGFE

	
Refers to goods that demonstrate evolution and improvement in living conditions (Land acquisition, Conventional house investment, Acquisition of building material, and Solar panel or electricity).




	
Mobility goods

	
MG

	
Refers to transport that facilitates the movement of people and goods (bicycle, motorbike, and car).




	
Other activities (OTA)

	
Complementary activities

	
OTA

	
Refers to complementary revenue activities in addition to fishing (Selling agricultural crops, burning charcoal, bicycle/taxi, and electricity).











 





Table 2. Scale of comparison criteria.
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Comparison Scale




	
1/9

	
1/7

	
1/5

	
1/3

	
1

	
3

	
5

	
7

	
9






	
No importance

	
Very little importance

	
Less important

	
Moderately less important

	
Equal

importance

	
Moderately important

	
Very important

	
Very great importance

	
Absolute importance











 





Table 3. The index rating scale.
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Rating Scale




	
Critical

	
Alert

	
Acceptable

	
Ideal






	
0–0.25

	
0.26–0.50

	
0.51–0.75

	
0.76–1











 





Table 4. Correlations between fishing revenue (RPUE) and household expenditure indicators.
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Household Expenditure Indicators

	
Code

	
Correlation with Fishing Revenue (RPUE)




	

	
r

	
p-Value






	
Basic services

	
BS

	
−0.04

	
p (0.74) > 0.05




	
Basic goods

	
BG

	
0.09

	
p (0.47) > 0.05




	
Communication and information goods

	
CIG

	
0.04

	
p (0.71) > 0.05




	
Development goods and family evolution

	
DGFE

	
0.18

	
p (0.13) > 0.05




	
Mobility goods

	
MG

	
0.15

	
p (0.22) > 0.05











 





Table 5. Correlations between fishery contribution index (FCI) and the main predefined indicators of household expenditure.
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Household Expenditure Indicators

	
Code

	
Correlation with FCI




	

	
r

	
p-Value






	
Basic services

	
BS

	
0.16

	
p (0.05) = 0.05




	
Basic goods

	
BG

	
0.23

	
p (0.05) = 0.05




	
Communication and information goods

	
CIG

	
0.12

	
p (0.14) > 0.05




	
Development goods and family evolution

	
DGFE

	
0.20

	
p (0.31) > 0.05




	
Mobility goods

	
MG

	
0.34

	
p (0.004) < 0.05
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