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ABSTRACT 34 

 35 

Resource managers are increasingly concerned regarding the sustainability of the 36 

small-scale fishery of the venus clam Anomalocardia flexuosa, a key livelihood resource 37 

extracted by Brazilian traditional coastal communities in the intertidal or shallow subtidal 38 

of mangrove estuaries. To inform the co-management process in an Extractive Reserve 39 

in North Eastern Brazil, a twelve month participant observation was conducted, and a 40 

semi-structured questionnaire issued (2015, n = 63 shellfisher interviewees from the Acaú 41 

community; Extractive Reserve Acaú-Goiana, Paraíba state). The shellfishers provided 42 

information on their gender, age, the number of shellfish (i.e. venus clams)  collection 43 

days per week,  the biomass collected, the preferred tide for collection (neap versus 44 

spring, ebb versus flood), the clam collection technique used and the different steps 45 

involved in the harvesting process. A total of 85.7 % of the interviewees were females 46 

and 73.01 % of all interviewees younger than 51 years. The number of days worked per 47 

week varied according to wind, rainfall, type of tide and local demand. The shellfish 48 

collection process comprised six steps: collection (per hand, handle rake, or with a 49 

dipnet), relocation, sorting/grading, loading, shelling and the final step of discarding shell 50 

waste, meat packaging and commercialization. Women (and the elderly) preferred the 51 

manual or handle rake collection technique, whilst men used the more efficient dipnet, 52 

which requires significant physical force but provides higher yields and thus financial 53 

return. Hand collection is the only method  avoiding bycatch since the catch is scanned 54 

with fingers whilst ‘fishing’, allowing to identify and discard unwanted species and 55 

under-sized specimens on-site. In 2015, the community of Acaú alone collected an 56 

estimated 5,430 tons of A. flexuosa, 80% more than that extracted by all six communities 57 

of the Acaú-Goiana Extractive Reserve in 2005. Our research revealed and is informing 58 
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the Governing Council of the Extractive Reserve, about the fundamental role of women 59 

in the production chain, not only for the collection of the clams, but also for their 60 

processing (shelling, meat extraction, packaging of the meat) and commercialization. 61 

Consideration of gender-specific roles, techniques, capacities and needs, as well as a stock 62 

assessment will be key to ensure ecologically, economically and socially meaningful 63 

strategies for sustainable venus clam fisheries co-management, in line with the United 64 

Nation’s Sustainable Development Goals.  65 

 66 

Keywords: Gender, Mangroves, Shellfish, Small-scale fishery. 67 

 68 

1. INTRODUCTION  69 

Mangrove ecosystems are sustaining marginalized local livelihoods globally. 70 

Effective management of mangrove-associated small-scale fisheries supports reaching 71 

the United Nations’ Sustainable Development Goals such as gender equality (Goal 5), 72 

poverty and hunger eradication (Goal 1&2), decent work and economic growth (Goal 8), 73 

reduced inequalities (Goal 10), and improved life below water (Goal 14) (UNDP, 2021). 74 

Brazil is among the five countries with highest numbers of mangrove-associated fishers 75 

(zu Ermgassen et al., 2020) and currently has 95 so called Extractive Reserves (ERs), 76 

covering a total area of 156,217 km² (Brasil, 2020). ERs prioritize anthropic presence, 77 

considering humans as “actors and conservation managers”, rather than as unnatural 78 

beings (Rueda, 1995; Ferry, 2009). The aim of ERs is to “protect the livelihoods of the 79 

community and to ensure the use and conservation of the renewable natural resources 80 

traditionally used by the population in a given area” (Brasil, 2007). They fall under 81 

category VI of the IUCN Protected Areas categorization scheme: “Protected area with 82 

sustainable use of natural resources”. 83 
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One of the many species heavily sought after by traditional fishing communities 84 

in Brazil for subsistence and as their main income source (Rodrigues et al., 2013; Ferreira- 85 

Jr. et al., 2015; Rocha and Pinkerton, 2015; Gomes et al., 2019) is the Venus clam 86 

Anomalocardia flexuosa Gmelin, (1791), a bivalve mollusk of the family Veneridae. 87 

Distributed from the Caribbean to Uruguay it occurs along the entire Brazilian coast 88 

(Rios, 1994). The species inhabits intertidal and shallow infralittoral areas protected from 89 

the action of waves and currents, dwelling in sandy and/or sandy-muddy substrates at a 90 

depth of 0.5 to 1.5 m (Narchi, 1972; Mouëza et al., 1999; Boehs and Magalhães, 2004). 91 

The species is collected and its meat extracted throughout the year, in an artisanal manner, 92 

by hand or with the aid of instruments, mostly by women (Nishida et al., 2006; 2008; 93 

Macnaughton et al., 2010). The clams are collected from intertidal mud and sand banks 94 

during low tide periods.  95 

Shell length and abundance of A. flexuosa have decreased over time in several 96 

locations in Brazil (Rocha et al., 2008; Oliveira et al., 2014; Silva-Cavalcanti and Costa, 97 

2011; Pezzuto and Souza, 2015), often linked to high exploitation levels. In the north-east 98 

Brazilian Goiana River estuary, in the late 90s, following land use changes and increased 99 

fishing pressure, local stakeholders demanded the creation of an ER to protect their rights 100 

and futures, including the shellfishers of the Acaú community who formulated and 101 

submitted a petition. Consequently, in 2007 the ER Acaú Goiana was created, located 102 

inside the Goiana River estuary (Fadigas, 2009). Several social-ecological studies have 103 

been performed in the area since (e.g. Fadigas and Garcia, 2010; 2012, Moura, 2005; 104 

Quinamo, 2012; Guedes, 2013; Mourão et al., 2020). Data provided in Mourão et al., 105 

2020 and in the present paper (both of which formed part of an unpublished MSc thesis, 106 

Baracho, 2016) contributed to the elaboration of the 2017 Fisheries Agreement for the 107 

ER Acaú-Goiana. As is the case for all ERs (Rueda, 1995), the ER Acaú-Goiana is a co-108 
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management area where users have a say in the formal decision-making process. ER 109 

agreements such as the one approved for Acaú-Goiana in 2017 are made involving 110 

representatives from all stakeholder groups. Therefore, compliance is often better than in 111 

protected areas with a top-down management approach. Each ER has local ER managers 112 

working closely with the local community who also carry out inspections of compliance 113 

for the agreements made. 114 

To reach/maintain sustainable fisheries it is important to understand the different 115 

steps involved in the harvesting and commercialization process, since efficient resource 116 

management requires knowledge of the behavior of the people performing the extractive  117 

activities (Bené and Tewfik, 2001; Begossi, 2008). A. flexuosa are collected using a 118 

variety of different techniques and equipment, which vary among coastal communities 119 

and along the Brazilian coast. Local practices must be understood to inform best on-site 120 

management practices. Knowledge of the landed yields is also crucial, but scarce for A. 121 

flexuosa (Dias et al., 2007; Barletta and Costa, 2009; Rocha, 2013). The lack of stock 122 

assessment and landing data is one of the greatest problems for designing management 123 

actions for fisheries resources (Berkes et al., 2001).  124 

The overall aim of this research was to generate baseline data to inform decision 125 

makers involved in the optimization of strategies for sustainable and socially inclusive A. 126 

flexuosa fisheries management. The objectives were to identify age and gender of the 127 

shellfishers working in the northeastern Brazilian ER Acaú-Goiana, to describe the steps 128 

involved in A. flexuosa collection  process in the region and to collect quantitative landing 129 

data.  130 

 131 

 132 

 133 

 134 
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2. METHODS 135 

2.1 Study area 136 

The study area is an estuarine mangrove ecosystem with tributary rivers 137 

(camboas,) muddy sand banks (croas) and saltmarshes (apicuns). The study was 138 

performed in 2015 in the coastal community of Acaú. The community forms  part of the 139 

ER Acaú-Goiana, located in the Goiana Estuary complex in Northeast Brazil (Figure 140 

1;7°32'36.77"S, 34°49'30.96"W), approximately 68 km south of the city of João Pessoa. 141 

The reserve encompasses an area of 6,678 hectares.  142 

The Acaú community comprises 300 shellfishers registered in the Association of 143 

Shellfish Harvesters of Acaú. They depend on artisanal fisheries as their main income 144 

source. It is one of seven communities that are beneficiaries of the ER Acaú-Goiana; that 145 

is, its inhabitants are allowed to sustainably use the natural resources of the region 146 

(Fadigas and Garcia, 2012; Quinamo, 2012). The research was approved by the 147 

Committee on Ethics in Research of the Federal University of Paraíba (protocol 0578/14) 148 

and by prior authorization and information on biodiversity (System of Authorization and 149 

Information in Biodiversity (SAIBIO, nº 46322-1). 150 

 151 

2.2 Data collection and analysis 152 

Data was collected from January to October 2015, through participant observation 153 

and the issuance of a semi-structured questionnaire. The participant observation 154 

technique (Malinowski, 1978) was applied during this period to help establish a 155 

relationship of trust with local actors, this relationship is called ‘Rapport’, a term created 156 

by Triviños (1987). The questionnaire (supplement S1) was filled in by 63 shellfishers, 157 

corresponding to 21% of the total fisher population, selected using the snowball technique 158 

(Bailey, 1982). To qualify for interview, shellfishers were expected to meet the following 159 
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requisites: to be collecting shellfish and depending on artisanal fisheries for their survival. 160 

Questions regarding their gender, fishing experience (number of years), how shellfishing 161 

was learned and the primary reason for harvesting shellfish, collections sites, collection 162 

method used, and means of commercialization were asked. To collect quantitative data 163 

on the collection of A. flexuosa, 63 shellfishers (women and men) were asked how many 164 

days per week they collected clams, (frequency) (F) and how many kg(visceral mass – 165 

the only weight being measured by the shellfishers) taking into account the variation of 166 

days collected between the rainy and dry season.  167 

In order to define the total weight (visceral mass + shell) of harvested clams (Pt), 168 

the meat-shell ratio of 1:16 proposed by Dias et al. (2007) was used, with Pt = Pc + (Pc . 169 

16), where Pc is the weight of the collected meat (kg/day/person). This ratio is based on 170 

the fact that producing 1 kg of meat generally requires 16 kg of clams with shells (Dias, 171 

et. al. 2007).  172 

 Finally, to estimate the biomass of A. flexuosa collected in 2015, the following 173 

equation was used: 𝑃𝑃2015 = 𝐹𝐹�  .  𝑆𝑆 .𝑃𝑃𝑡𝑡�   .  𝑛𝑛, where F is the mean collection frequency of 174 

the clams collected per week by the interviewees; S is the number of weeks of the year 175 

(52 weeks); Pt is total weight (visceral mass and shell) of the yield; and n is the number 176 

of shellfishers registered in the Associação das Marisqueiras de Acaú (Association of 177 

Shellfish Harvesters of Acaú). The calculated value is an estimate due to the lack of 178 

precise information on the number of shellfishers actively working in the community. 179 

Hence the total number of members of the Shellfishing Association was used as a 180 

reference. 181 

 182 

 183 

 184 
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3. RESULTS 185 

Of the 63 interviewees, 54 were females and 9 males. The youngest and oldest 186 

shellfisher were 18 and 66 years old. Seventeen were 51 years or older (‘older year-187 

classes’) and the remaining 46 fishers younger than 50 years (‘younger year-classes’) (see 188 

Table 1) and Mourão et al. (2020). 189 

3.1 Steps involved in the collection, processing and commercialization of A. flexuosa 190 

All interviewees stated that the A. flexuosa collecting process is composed of six 191 

steps from relocating to the collection site(s) to the final sale of the processed product 192 

(see below, Figure 2). The execution of these steps is performed by individuals or by 193 

groups of relatives and/or friends and lasts one or two days, depending on the number of 194 

clams collected and the number of people involved. The frequency with which 195 

shellfishers performed their activities varied throughout the year, depending on a set of 196 

factors, among them wind, rainfall, type of tide and demand of local commerce. All 197 

interviewees stated that shellfishing is avoided during periods of intense wind since it 198 

increases the probability of the boat capsizing on the way to the collection sites. They 199 

also reported a lower frequency of visits of the collection sites during the rainy season 200 

when the water is colder and more turbid, complicating the clam collection. The 201 

interviewees reported that a total of 50% (n = 31) of their collection sites had a substrate 202 

consisting of muddy sand, 28% (n = 18) a predominantly sandy and 22% (n = 14) a 203 

predominantly muddy substrate.  204 

Step 1: Collection  205 

Collection per hand – This technique is performed in places that are totally or at 206 

least partially (maximum water depth 1m) exposed at low tide. The shellfishers settle in 207 

a chosen place and adopt one of three types of postures: kneeling, sitting, or with back 208 

bent leaning forward and knees slightly bent (Figure 3C). They then begin the process of 209 
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collecting, using their hands as a “rake” to locate the shellfish in the substrate. Once 210 

enough specimens have been collected this way, the yield is shaken to separate the 211 

shellfish from the substrate prior to sorting for size (see step 3). 212 

Handle rake (gadanho) collection – According to 80% of the respondees, this 213 

technique was first implemented in the community two decades ago (beginning in 2000). 214 

The same postures are adopted in its execution as when collecting by hand, but the 215 

extraction is carried out with the aid of a rake (Figure 4). This tool is built by joining two 216 

Polyvinylchloride (PVC) pipes to a “T” –shape, with one of the axes being equipped with 217 

nails (Figure 4A-C). It is currently made from custom iron. The part of the rake equipped 218 

with nails is pressed against the substrate and pulled towards the shellfisher, into a dipnet 219 

held between the legs (Figure 4D-E). The dipnet is composed of an arc surrounded by a 220 

seine, with a small cable at one of its ends (Figure 4F-G). Due to its permeability, the 221 

dipnet functions to both wash and pre-screen the collected shellfish. When filling the 222 

dipnet, the shellfisher deposits the clams into a small bucket. When the net is full, it is 223 

emptied directly into the boat or into a larger bucket.  224 

Collection with a dipnet (jereré) – The dipnet technique is the most recently 225 

implemented technique in the Acaú community, first used in 2010. It is deployed in areas 226 

covered with water at depths ranging from a little below the knee to the proximity of the 227 

harvester’s neck. The dipnet consists of an arc steel rod surrounded by a screen, with a 228 

set of nails at one end and a wooden stick (about 2-m in length) at the other. For its 229 

execution, the shellfisher, in a standing position, presses the handle of the dipnet against 230 

the bottom of the sand (or mud) bank and drags it in any direction (Figure 5) (Figure 5A-231 

F). The collected shellfish, as well as bycatch (i.e. other benthic species such as snails 232 

(Cerithium atratum and Vitta virginea), the lined sole (Achirus lineatus) and red algae 233 

(Cryptonemia crenulate), which is discarded at the collection site, often in a damaged 234 
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condition, are shaken inside the dipnet for washing and pre-sorting. They are then 235 

transferred to a large bucket or directly into the boat (Figure 5G). This technique is 236 

generally practiced by men because of the greater physical strength required.  The 2017 237 

Agreement for the ER Acaú-Goiana specifies that the nets for dipnets must have a 238 

minimum mesh-size of 12 mm. 239 

The technique selected for collecting A. flexuosa varied according to the 240 

preference of each shellfisher, however, participant observation revealed some 241 

tendencies. All respondents from the older age classes were women and stated that they 242 

were preferring collecting by hand, while 80% of the younger age classes preferred to use 243 

a gadanho or handle rake. The dipnet method was exclusively used by men of the younger 244 

age classes, albeit only by 8%. Each type of collection technique is further described 245 

below (Figure 4).  246 

Step 2: Relocation - Travel of shellfish harvesters from their home to the collection site 247 

and later to the place of processing was carried out by foot (10% of the respondees) or, 248 

more frequently, by boat powered by paddling (Figure 3A-D, 90% of the respondees), 249 

depending on the distance and the depth of the water during the journey. Boats were 250 

owned by shellfish harvesters.  251 

Step 3: Sorting (grading)- The main objective of sorting is the selection of larger clams 252 

for further processing, whilst smaller animals are discarded, i.e. released at the collection 253 

site. The sorting method varied according to the collection technique used (manual, 254 

handle rake or dipnet). When harvesting by hand, sorting was carried out simultaneously 255 

on-site. The selected larger specimens were deposited into a hamper or plastic bucket (a 256 

container that is gradually replacing the use of a hamper); the smaller clams were returned 257 

to the site.The sorting process, when using the handle rake or dipnet, was carried out after 258 

the collection at one of three places: at the sand (mud) bank, in the entrance of the river 259 
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tributary, or in the yard of the shellfishers’ homes. This step is locally referred to as 260 

grading (Figure 5H-J) and consists of arranging the collected clams on a plastic crate, 261 

swinging the latter repeatedly, thereby removing all smaller individuals falling through 262 

the crate. Crates are screen-type monoblocs (normally used for packing and transporting 263 

fruits and vegetables) that serve as sieves for the selection of larger clam specimens. The 264 

size of the clams discarded in this process varied according to the size of the holes in the 265 

crate, for which there is no standardization within the community. The graded material is 266 

placed into the boats or else directly into nylon sacks.  267 

Step 4: Loading - For processing, the clams were transported to the shellfishers’ 268 

residences (78% of all respondees) or to a so called caiçara (22% of the respondees), a 269 

location where fishing/shellfishing gear is kept. Caiçaras are typically built with 270 

mangrove wood, and are located near the sea, river or tributary (Figure 6A). The clam 271 

yield is transported during several trips (depending on the quantity collected on a 272 

particular day) by boat or by foot, with the latter being done with the weight supported 273 

on the head/shoulder, or with the aid of a handcar. The distance travelled ranged from a 274 

few meters to some kilometers.  275 

Step 5: Shelling - The removal of the visceral mass (meat) from the shell requires the 276 

animals to be cooked first. A large five litre pot is filled with clams and placed over a 277 

wood-burning fire in the backyard of houses for about 10 to 20 minutes. The wood used 278 

is deadwood collected on the ground of nearby mangrove forests or it was donated by 279 

local industries as woody debris. The shells of dying clams open when they are boiling in 280 

water during the cooking process, thus facilitating shelling. Shelling was performed in 281 

two ways: by hand or with a sieve (Figure 6B-E). For shelling by hand, small portions of 282 

the cooked seafood were placed in a bowl and brought to a table that may or may not be 283 

covered by plastic. The shellfishers, then seated around the table, withdrew the visceral 284 
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mass of the clams using their fingers depositing the meat in a basin in the middle of the 285 

table whilst empty shells were placed into another container arranged between their legs. 286 

When using a sieve, fractions of the cooked seafood were poured into a sieve, i.e. a plastic 287 

basin whose bottom had been removed and replaced by a screen (Figure 6D-E). The 288 

shellfish in the sieve were rocked repeatedly until their visceral mass separated from the 289 

shells and fell into another container. The shelled meat was then placed on a table to begin 290 

segregating it from other waste (gravel) that may have passed through the sieve.  291 

Step 6: Discard of the shell waste, meat packaging and sales - The empty shells were 292 

discarded in a disorderly manner in the community, usually on the streets or in a backyard 293 

where they form deposits that can reach several meters in height (Figure 6F). Other forms 294 

of disposal, although less widely used, involve the use of shells as raw material for the 295 

manufacture of handicrafts and sales as animal feed and to construction companies. 296 

The extracted visceral mass was weighed and packed into plastic bags for 297 

commercialization. The bags were stored in freezers or in refrigerators. Shellfishers with 298 

freezer space accommodated the seafood of those who did not, at no cost. Finally, the 299 

product was sold, by the shellfishers themselves, in three different ways: at private homes, 300 

at local fairs, or by moving through the community, usually by bicycle, offering the 301 

product for sale. Figure 4 summarizes all steps involved in shellfish collecting, processing 302 

and commercialization, the different techniques employed and how they interact. 303 

 304 

3.2 The influence of tides on A. flexuosa collection 305 

Shellfishers reported that spring tides are the best tides for collecting shellfish 306 

because the sand banks are more exposed, with increased area available for harvesting A. 307 

flexuosa. In summer (September to February), there was a greater need for collecting 308 

clams due to higher demands from visiting tourists, which also influenced the value of 309 
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the product. In addition to these factors, other elements influenced decisions regarding 310 

the collection process, such as boat availability, competing domestic activities, physical 311 

limitations, financial needs and the quantity of the product in stock.   312 

The preferred time for shellfish collection within a given tidal period is defined 313 

by the collection technique used. For collection by hand or handle rake extraction, 314 

shellfishers began their activity at low tide and left with incoming tide (Figure 3), thus 315 

using the sandbank (croa) when the area was totally or partially uncovered by water (low 316 

tide). In contrast, for the dipnet technique collection began during high tide and ended at 317 

low tide. 318 

 319 

3.3 Landing data  320 

Of all shellfishers interviewed (n = 63), 46.0% collected clams three to five times 321 

a week, with a mean and standard deviation (SD) of 3.9 +/- 1.17 days. The mean quantity 322 

of shellfish meat (visceral mass) retrieved from the collected clams per day per person 323 

was 5.25 ± 3.88 (SD) kg/person/day (data pooled for the study site and observation 324 

period), corresponding to 84 kg/person/day of shell waste after meat extraction. 325 

Finally, the estimated total weight of A. flexuosa collected in the Acaú community 326 

in 2015 was 5,430 tons, corresponding to 319,410 kg of extracted meat and 5,110, tons 327 

of discarded shells following meat extraction.  328 

 329 

4.  DISCUSSION 330 

Shellfish such as the study species A. flexuosa are not very mobile and therefore 331 

predictable in space and time. These clams can easily be collected in accessible intertidal 332 

areas and harvesting does not require costly equipment. This fishery can therefore be 333 

conducted by women, children and the eldery and so provides an important livelihood 334 
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opportunity for members of society who might otherwise be marginalized (Bailey et al., 335 

2008; Erlandson et al., 2008; Barletta and Costa, 2009; Silva-Cavalcanti, 2011; Fadigas 336 

and Garcia, 2012; Mourão et al., 2020). Hence, by creating opportunities for subsistence 337 

and income for diverse people in the community rather than men only, the A. flexuosa 338 

fishery reduces (or alleviates) poverty (Goal 1) and inequalities (Goal 5&10), contributing 339 

importantly to the United Nations Sustainable Development Goals. 340 

4.1 The roles of women in the A. flexuosa production chain 341 

The role that women play in small-scale fisheries is often overlooked and lacking 342 

adequate recognition and valuation (e.g. Torre-Castro et al., 2017; Tilley et al., 2020). 343 

The present study revealed the predominance of women in the A. flexuosa fishery in the 344 

North-east Brazilian marine extractive reserve (ER) Acaú, and their preference and 345 

dependency on certain capture techniques. Hence, to assure women's equitable 346 

participation in small-scale fisheries and their legal rights, the inclusion of gender-347 

sensitive approaches in fisheries management is important, for the Acaú community as 348 

for other ERs in Brazil and beyond (Ciommo and Schiavetti, 2012; Harper et al, 2013; 349 

Kleiber et al., 2014; Torre-Castro et al., 2017; Harper et al., 2020).  350 

Globally, marine small-scale fisheries production activities comprise an estimated 351 

2.1 million women who mainly target invertebrates from intertidal and nearshore habitats 352 

(Harper et al., 2020 ) Yet, in most official fisheries statistics their activities are not 353 

explicitly noted, or even included, due to a lack of relevant data and economic assessment 354 

(Harper et al., 2020). Although women often collect marine invertebrates and produce 355 

fishing gear such as fishing nets and lines, they are rarely included in the development of 356 

strategies for sustainable fisheries or related decision-making processes. Moreover, they 357 

are rarely considered as ‘fishers’ (Chapman, 1987; Fröcklin et al., 2013) and therefore 358 

marginalized through the often inadequately used term ‘fishermen’ in fisheries 359 
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management. In Ecuador social dynamics and cultural norms were ignored when 360 

developing and implementing local aquaculture (shrimp farms), which exacerbated 361 

existing gender inequalities, further depriving already marginalized women (Trevino and 362 

Murillo-Sandoval, 2021). 363 

Our research in Acaú revealed the fundamental role of women in the production 364 

chain, not only in the collection of the clams, but in their processing (shelling, meat 365 

extraction, packaging of the meat) and the commercialization of the final product. 366 

Consideration of gender-specific roles, techniques, capacities and needs in natural 367 

resource management is therefore not only key to assure the sustainability of a mixed-368 

gender fishery and product availability on markets, but also for assuring social equality.  369 

Our gender-relevant research findings have been forwarded to the Governing 370 

Council of the Acaú Goiana ER to help assure that any regulatory measures taken in the 371 

future will account for the importance of women in this fishery and vice versa, as well as 372 

for the elderly, another often overlooked group in intertidal shellfish fishery. For example, 373 

we have encouraged ER managers and Acaú Governing Council to adequately consider 374 

that women and men are dependent on different collecting techniques, with different 375 

capture efficiencies, and capture locations (shallow versus deeper water) when 376 

formulating quota. It is important to regularly discuss with local communities and all ER 377 

stakeholders involved, to update and adapt fisheries agreements considering and 378 

responding to dynamic environmental, technical, social and socio-economic realities 379 

affecting the local fishery.  380 

While our research already informed the 2017 Fisheries Agreement resulting in 381 

the formal permission of the three locally used shellfish collecting techniques described 382 

by us, the agreement does not yet include strategies or quota in respect to collection 383 

technique or gender, something we strongly advocate for the future. 384 
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4.2 Harvesting process and collection techniques' 385 

Along the 7500 km of Brazilian mangrove-lined coast many different collection 386 

techniques are used in the fishery of A. flexuosa and other marine invertebrates, likely 387 

due to the diverse ethnic and cultural backgrounds of the t coastal communities. 388 

Furthermore, environmental conditions such as tidal regimes differ along the coast, 389 

requiring local adaptions in collection techniques (see Table 2).  390 

The coastal A. flexuosa fishing community in Acaú uses local ecological 391 

knowledge, for example regarding substrate type and the relationship between moon 392 

phase and tidal amplitude, and employs three techniques for shellfish collection, namely 393 

harvesting by hand, dipnetting and handle raking. As revealed by the current study, the 394 

choice of the collection technique in Acaú is age and gender specific. Harvesting by hand 395 

was exclusively conducted by women,  as elsewhere along the coast, and is performed 396 

with or without the aid of other tools such as a kitchen spoon, knife, rake, spade, machete 397 

and other tools  (e.g. Botelho et al., 2005; Martins and Souto, 2006; Nishida et al., 2006; 398 

Dias et al., 2007; Moura et al., 2008).  399 

The propensity of older (51-60 years of age) female shellfishers harvesting by 400 

hand is likely related to custom and tradition since they have been practicing this 401 

technique since early childhood. There is also no immediate need for using a more 402 

efficient technique since these women rarely rely exclusively on shellfish to survive 403 

(many are retired), and only collect for their own consumption or for financial 404 

supplement. In contrast, men prefer - and have invented - the more efficient dipnet 405 

technique, which requires considerable physical force. Gomes et al. (2019) found that the 406 

average yield of the latter was about two times greater than that of harvesting by hand. 407 

Hence, efficiency, key for men who need to generate income for themselves and their 408 



17 
 

families, has been the driving force behind the optimization and creation of new 409 

techniques such as the dipnet, to improving financial returns. 410 

The development of ‘technological innovations’ in small-scale fisheries can 411 

increase the number of people involved in a fishery, decrease the species and size-412 

selective character of the practice compared to traditional methods (Nascimento et al., 413 

2011) and drive overexploitation (Silva-Cavalcanti and Costa, 2009). Our study revealed 414 

that shellfishers of Acaú have implemented the relatively new collection technique – the 415 

dipnet - in the region for about a decade. Individual fishers used different mesh-sizes (12 416 

mm) for these nets, depending upon net availabilities. However, simultaneous to the 417 

implementation of the dipnet collection technique, they invented the new procedure of 418 

grading. This procedure was consciously employed in Acaú for two main reasons: 1) 419 

ecological, since capturing smaller clams with the new dipnets compared to manual 420 

capture is perceived as likely to decrease the abundance of the resource; and 2) economic, 421 

since smaller individuals have less visceral mass and thus yield less meat, with greater 422 

time demands for their shelling, thus negatively affecting the cost-benefit ratio.  423 

According to Arruda-Soares et al. (1982) and Araújo (2001) individuals of A. 424 

flexuosa that have a shell length of less than 20 mm should not be captured, because they 425 

have not yet sexually matured. Thus, a biologically correct opening mesh size of the 426 

dipnet (and/or grid of the grading basket used, see figs 5 H and 5 I) is important.  427 

Interestingly, since 2017, despite the implementation of a minimum mesh size for dipnets, 428 

fishers using the dipnet technique, including those adhering to the legislation, have 429 

nevertheless continued to use the grading baskets as  well, adhering to this former 430 

tradition. Given this and the fact that not everyone is using the legal mesh size for their 431 

dipnets, we suggest that future management strategies should also contain locally a 432 

meaningful minimum ‘grade’ size of the gradings baskets (for example by adding a 12mm 433 
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mesh into them to comply with current (2017) ER legislation), in addition to maintaining 434 

the minimum mesh size for dipnets.  435 

As well as adhering to a biological meaningful minimum capture size, it is also 436 

necessary to consider appropriate places in the environment to return the smaller 437 

individuals and bycatch sorted out in the collection process. A. flexuosa inhabits areas 438 

protected from the action of waves and currents (Boehs and Magalhães, 2004) and 439 

therefore the discarded animals should be returned to these zones to increase their 440 

survival. Hand collection is the only method which avoids bycatch in the first place, since 441 

the catch is scanned with the fingers whilst ‘fishing’, allowing to identify and discard 442 

unwanted species and under-sized specimens on-site. 443 

 444 

4.3 Landing data 445 

The daily per-person collection of A. flexuosa by shellfishers estimated here for 446 

Acaú in 2015 (5.25 kg /person/day) was higher than the average yield in other regions of 447 

the country (e.g. 3.2 kg/person/day in the northeast of Brazil (Dias et al., 2007) and the 448 

global average (2.4 kg/person/day,  Bose et al., 2013). During our study, the average clam 449 

biomass collected (including the shell) per household (441 kg per day; Baracho 2016) 450 

was also exceeding the maximum quota later established for the fishery of this species 451 

part of the 2017 ER agreement (300 kg clam meat per household per day; Portaria nº 851, 452 

ICMBio 2017). 453 

The 300kg quota clam meat per household per day was established without 454 

consideration of variations in catch in response to lunar/tidal phases, and without 455 

consideration of capture technique and gender. Quota for individual units, such as e.g. 456 

households, are a management measure already implemented for many species in 457 

different regions of the world (Sigler and Lunsford , 2001; Tveteras et al., 2011) and their 458 
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main objective is to enhance the economic benefits and promote sustainable fishing 459 

(Soliman, 2014). Based on the questionnaire responses and our on-site observations we 460 

estimate that shellfishers of Acaú collected about 5,430 tons of shellfish (meat and shells) 461 

in 2015. Data on the landing of A. flexuosa are rare (Rocha and Pinkerton, 2015); 462 

however, Barletta and Costa (2009) reported that in 2005, in the same study area, 463 

approximately 3,000 tons (clams and meat) / year were captured, thus, between 2005 and 464 

2015 landings have almost doubled.  465 

5. Final considerations 466 

Shellfishers in the Northeast Brazilian coastal community of Acaú used a six-step 467 

harvesting process, which is dynamic given that new techniques are being developed and 468 

implemented. The personal choice for a specific collection techniques is influenced by 469 

gendered preferences and harvesting efficiency. The practicalities, and ecological as well 470 

as economic benefits and risks of the three currently applied techniques differ. Hand- or 471 

handle rake collection require least force and equipment, but are less efficient compared 472 

to the dip net. The latter provides a higher financial return, however the fact that the 473 

number of clams collected is greater compared to the other two techniques, using the dip 474 

net increases the risk of overfishing. We advocate the need of future studies determine   475 

age/size of sexual maturity of the local A. flexuosa stock and the abundance of mature 476 

specimens to assess whether the current dipnet mesh (and grading size) is sustainable. 477 

Furthermore, rules should be included regarding the ecologically appropriate locations 478 

for return of undersized clams (i.e. intertidal or shallow infralittoral zones.) 479 

Given the 80% higher annual A. flexuosa weight of clams collected of the Acaú 480 

fishers in 2015 compared to 2005, we further suggest a comprehensive assessment of the 481 

dynamics of the in all fishing areas and, depending on the availability of such sites, in 482 

unfished control areas. To establish ecologically and socially adequate quota it will also 483 
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be necessary to determine collecting-technique specific yields locally. In summary, an 484 

update of the 2017 Fisheries Agreement will need to account for a range of ecological 485 

and economic trade-offs and of the shellfish collection technique employed in the area. 486 

Ecologically, economically and socially meaningful management strategies will help to 487 

achieve key Sustainable Development Goals, including an ‘Improvement of Life Under 488 

Water’ (Goal 14) through sustainable resource management. 489 

 490 
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Table 1. Shellfisher interviewees (n = 63) per gender/age group and preferred collection 709 
technique  710 

Are groups (years)   women %    men %  
18 – 20  1.59 (1)  1.59 (1) 
21 – 30  9.52 (6)  0 (0) 
31 – 40  22.22 (14)  1.59 (1) 
41 – 50  26.98 (17)  9.52 (6) 
51 – 60  19.05 (12)  1.59 (1) 
61 – 70   6.35 (4)  0 (0) 
Average   14.29  2.38 
Collection technique      
hand  6.35 (4)  0 (0) 
handle hake  79.37 (50)  0 (0) 
dipnet   0 (0)  14.29 (9) 
     

 711 
 712 
Table 2 – Description of the techniques used for collecting A.flexuosa. 713 
 714 
Collecting technique Description 

Manual This study (see description in results section) 

Handle rake This study (see description in results section) 

Hook or Hand Dredge “It is a handwork trawl dredge made up of a grated iron basket 
(currently stainless steel) and wooden handle. During trawling, the 
fisherman walks backwards and remains positioned facing the 
mouth of the equipment, monitoring the volume of material 
accumulated during the operation.” a 

Trolley (cart) An instrument consisting of a wooden frame with a sloping grid on 
one side to collect shellfish and another grid at the bottom to select 
the size of the collected individuals. This technique is operated in 
places covered by water and involves two people to drag the cart 
with the objective of collecting the sediment and disposing of it in 
the lower part for later sorting of the extracted material. b 

Arrasto de Galeia 
(Crates) 

“It is handwork  trawl usually practiced in submerged areas and 
consists of scraping the substrate with the ends of the ‘basket” ’ for 
a certain distance on the bank of the sediment aiming to capture the 
available shellfish”. c 

https://doi.org/10.1016/j.ecss.2020.106975
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Dipnet This study (see description in results section) 
a Pezzuto & Souza (2015, p. 173); b Nishida et al. (2006); c Souza (2011, p. 46) 715 

 716 


