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1  | INTRODUC TION

Increased fishing effort and the development of new technologies 
have resulted in population declines in fish resources and even ex-
tinctions of some marine animals (Hutchings & Reynolds, 2004). 
The perception that fishes were far more abundant in the past 
has proved to be true in several well-documented cases (Franklin, 
2011; Roberts, 2010). To assess human impacts on natural ecosys-
tems requires knowledge of their unexploited condition (Baum & 
Myers, 2004). This is not easy due to the loss of information among 
human generations on the composition, size and abundance of spe-
cies in ecosystems, a phenomenon known as the "Shifting Baselines 

Syndrome (SBS)" (Pauly, 1995). This syndrome is related to a psy-
chological tendency to assume that natural conditions are those 
observed at the beginning of the interaction with an ecosystem by 
contemporary users, researchers or managers. The lack of a baseline 
on the pristine condition of the fish resources can lead to imprecise 
identification of economic losses and targets for restoration (Tubino 
et al., 2014) or a mistaken definition of priority species and/or areas 
for protection (McClenachan, Ferretti, & Baum, 2012), and can neg-
atively influence management and conservation policies.

Small-scale fisheries are economically important for subsistence, 
and guarantee the food security of coastal and inland communities 
(Hellebrandt, Allison, & Delaporte, 2014). Scarcity of data on fish 
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catches and fishing effort is a common problem, and jeopardises 
assessment of the impact of fishing on the resources (Pomeroy 
& Andrew, 2011). In scenarios where there is a lack of catch data 
series, as is generally the case of small-scale fisheries, local eco-
logical knowledge (LEK) has been widely used as an alternative to 
evidence of decreasing trends in the abundance of fish resources 
and shifting baselines (Drew, 2005; Eddy, Gardner, & Pérez-Matus, 
2010; Hallwass, Lopes, Juras, & Silvano, 2013; Johannes, 1998; 
Saens-Arroyo, Roberts, Torre, Cariño-Olvera, & Enríquez-Andrade, 
2005). Older fishers are often the only source of information on 
historical changes in local fishery resources, since written records 
and long-term datasets are rarely available (Hallwass et al., 2013; 
Johannes, Freeman, & Hamilton, 2000; Tregidgo, Barlow, Pompeu, 
Almeida Rocha, & Parry, 2017). This makes LEK an important tool 
in assessing the impacts of fishing on resources and in setting pri-
ority species and areas for protection (Bender, Floeter, & Hanazaki, 
2013; Hallwass et al., 2013; Ramires, Molina, & Hanazaki, 2007; 
Saens-Arroyo et al., 2005). The data obtained from fishers, inter-
preted in the ecological context, can be used to estimate historical 
quantitative baselines on the abundance and sizes of exploited or 
extinct marine animals, and to provide a perspective on the state of 
resources and ecosystems in the past (McClenachan et al., 2012).

In Brazil, fisher's local ecological knowledge has been used to 
assess temporal changes in fishery resources. For example, Bender 
et al. (2013) reported that older fishers caught fish with larger body 
sizes and larger quantities of larger fish in the past than currently. 

This demonstrated that the abundance of the largest fishes declined 
in the Recife de Fora marine park in northeastern Brazil. Giglio, 
Luiz, and Gerhardinger (2015) provided evidence that artisanal fish-
ing drastically reduced the abundance of large coastal fishes in the 
Abrolhos archipelago, leading to local extinction. Tubino et al. (2014) 
revealed that the number of gill nets increased five times in the 
coastal region of Itaipu, Rio de Janeiro, since the 1970s, which was 
identified as the probable cause for the disappearance of schools of 
Mugil spp. from the region.

The Patos Lagoon estuary (PLE) has high biological productivity 
and is among the richest regions, in terms of fishery resources, of 
Brazil (Seeliger & Odebrecht, 2010). The PLE concentrates approxi-
mately 61% of all fishers of Rio Grande do Sul state who mainly use 
bottom-set gillnets for fish and fyke nets for shrimps in a small-scale 
commercial production system (Vasconcellos & Kalikoski, 2014). The 
small-scale fisheries in the PLE and the industrial-scale fisheries in the 
adjacent coastal region have led to overexploitation of many of the 
main fishing resources and to the collapse of some, such as the cat-
fish Genidens barbus (Lacépède) and black drum Pogonias cromis (L.) 
(Haimovici & Cardoso, 2016a). However, several other species such 
as whitemouth croaker Micropogonias furnieri (L.), mullet Mugil liza 
(Val.) and pink shrimp Penaeus paulensis (Pérez Farfante) are import-
ant resources for approximately 2,000 artisanal fishers in about 90 
fishing communities around the PLE (Vasconcellos & Kalikoski, 2014).

Landings from this region have been recorded in a continuous 
series for several periods since 1945 (FURG, 2016; MPA, 2012) and 

F I G U R E  1   Patos Lagoon estuary. (a) The numbers show the ten main communities grouped in four major localities where the interviews 
were made. (I) Rio Grande: (1) 4ª Secção da Barra, (2) Mangueira, (3) São Miguel and (4) Bosque; (II) Marinheiros island: (5) Bandeirinhas and 
(6) Marambaia; and (III) Torotama island: (7) Torotama; (IV) São José do Norte: (8) Bolo Doce, (9) Tamandaré and (10) 5ª Secção da Barra. (b) 
The zones cited by fishers with the highest CPUE



     |  3SANTOS THYKJAER ET Al.

showed a decreasing trend from 43,700 t in 1972 to an average of 
6,300 t since 2001 (Haimovici & Cardoso, 2016a). The aim of this 
paper is to better understand the historical trends in the abundance 
of the main fishery resources of the PLE and to evaluate the use 
of LEK to describe such trends. Temporal changes in the current 
perceptions of artisanal fishers with different levels of fishery ex-
perience were collected and analysed for: (a) the highest catches of 
each species; (b) the largest specimens caught of each species; (c) the 
fishing zones with abundant catches in the estuarine ecosystem; (d) 
the number of species considered frequent at the beginning of their 
careers; and (e) the current presence/availability of the resources.

2  | METHODS

2.1 | The study area

The Patos Lagoon covers approximately 10,227 km2 and extends 
in a NE-SW direction, between Lat. 30°30′S and 32°12′S, in the 
south of Brazil (Figure 1; Seeliger & Odebrecht, 2010). The Patos 
Lagoon estuary (PLE) is located at the southern end of the Lagoon, 
covering approximately 10% of its total area (Asmus, 1998; Figure 1), 
and is characterised by nursery grounds, feeding and reproduction 
areas of fish (Garcia & Vieira, 2001; Haimovici et al., 2006; Seeliger 
& Odebrecht, 2010) and crustacean stocks (Rodrigues, Ortega, & 
D’Incao, 2019; Ruas, Rodrigues, Dumont, & D'Incao, 2014). Artisanal 
fishing is mainly commercial, and uses gillnets, small bottom trawls 
and fyke nets for shrimps. Eight species are among the most im-
portant targets in the PLE: the whitemouth croaker Micropogonias 
furnieri, the black drum Pogonias cromis, the catfish Genidens barbus, 
the mullet Mugil liza, the pink shrimp Penaeus paulensis, the flatfish 
Paralichthys orbignyanus (Val.), the pejerrey fish Odontesthes bonar-
iensis (Val.) and the blue crab Callinectes sapidus (Rathbun).

2.2 | Data collection

Ten of 14 main communities were selected for interview. These were 
distributed in the two cities, Rio Grande and São José do Norte, 
which comprised 69% of the fishing communities around the estu-
ary and include the main fishing communities of the PLE (Figure 1; 
Vasconcellos & Kalikoski, 2014).

The interviews were conducted using a standardised, semi-struc-
tured questionnaire based on different studies on the same theme 
(Bender et al., 2013; Giglio et al., 2015; Saenz-Arroyo et al., 2005; 
Turvey et al., 2010), adapted to local conditions (see Supporting 
Information S1 for more information on the questionnaire). Before 
each interview, the fisher received a brief explanation of the ob-
jectives and methods of the work and was subsequently invited 
to collaborate. The interviews were carried out at the fisher's res-
idence (home) whenever possible, although many of them occurred 
in other public places. The voluntary nature of the participation and 
anonymity in the elaboration of any product was emphasised. The 

questionnaire was randomly applied to the first fisher contacted in 
each community, who was then asked to indicate other fishers who 
lived nearby to be interviewed, using snowball sampling (Bernard, 
2017). Noting the scarcity of interviewees among the less experi-
enced (also observed by Vasconcellos, Diegues, & Sales, 2007), the 
sampling began to prioritise such interviewees.

Interviews began by asking their age and the age at which they 
started fishing (how many years of fishing experience). The fishing 
effort used at the beginning of their careers and at present (in total 
gillnet metres or fyke nets set) was also established, as well as which 
species that they considered common at the beginning of their ca-
reers; the largest specimen ever captured (in kg); and the largest 
catch (in kg) they ever remembered landing, date and zone of these 
catches (by zone name or indicating in map available in Supporting 
Information S1). In addition, they were asked what causes they con-
sider to be responsible for the reduction in catches.

Eighty one fishers were interviewed (see Supporting Information 
S2 for the number of fishers per main major localities) between 
August 2017 and November 2018, classified in three categories 
of experience: Beginner/Intermediate (1–29 years of fishing expe-
rience, N = 21), Experienced (30–49, N = 38) and Veteran (50–65, 
N = 22). To understand fishers' perceptions of the fishery situation in 
the PLE, they were asked how they considered the current situation 
of the eight main fishery resources in the estuary between four pos-
sible responses: “Very Abundant,” “Abundant,” “Less Abundant” and 
“Scarce.” Because not all the interviewees understood the classifica-
tion, indirect answers were also considered. For example, “there are 
even too many”: Very Abundant; “there are still some”: Abundant; 
“there are almost none, they show up only once in a while”: Less 
Abundant; and “they disappeared”: Scarce. The percentages of each 
response were analysed by category of experience among the eight 
resources. They were also questioned about which species they 
considered common in the estuary when they started their careers, 
where the average number of species was compared between the 
categories of experience.

For the questions on the largest individual caught from each spe-
cies, most responses were given in kilograms. However, in some in-
terviews, mainly for the crustaceans pink shrimp (Penaeus paulensis) 
and blue crab (Callinectes sapidus), the maximum length/width was 
reported. For these resources, the fishers were asked to represent 
the size of the specimen on the nearest floor or wall, which were 
then measured with a millimetre ruler. Conversions to kilograms 
were done using total length (pink shrimp) or carapace width (crab 
blue) versus weight (in kg) according to Leite and Petrere (2006) and 
Rodrigues (2006), respectively. As none of the fishers reported the 
sex of the individuals, the mean weight of the resulting equations 
was used for males and females. For the pink shrimp, some fishers 
reported catches in individuals per kilogram (pieces/kg).

The fishing areas mapped by Schaefer and Reis (2008) were used 
to identify the zones cited by fishers in the interviews (Figure 1b). 
The zones with the highest catches for each species, informed with 
the names of inlets, channels and other reference points, were 
transformed into geographic coordinates using Google Earth Pro 
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software. Kernel maps of all the answers were generated in QGIS 
Development Team (2018) for three periods of approximately 
20 years: 1965–1980 (n = 69 citations), 1981–2000 (n = 121) and 
2001–2018 (n = 285). In each map, the CPUEs (kg/net metre) were 
classified as low = 12.5–24.9; moderate: 25.0–37.4; high: 37.5–49.9; 
and very high: ≥50.

2.3 | Data analysis

A Dunn test (Dunn, 1961, 1964) was used to compare the mean 
number of species considered abundant at the beginning of careers 
among the three categories of experience. The highest catch, in kilo-
gram, per unit of effort by gillnet metre was used as the abundance 
index (CPUE). The footage of the fisher's gillnets and fyke nets was 
reported in fathoms, where one fathom is equivalent to approxi-
mately 1.8 m, an estimate used in this study. For fishers who had 
their highest catch date up to 5 years after the start of their career, 
the initial effort was used to calculate CPUE. For fishers who had 
their largest catch in the last five years (2013–2018), the current ef-
fort was used. For fishers who had their highest catch between the 
initial and last periods, the average effort between the initial and 
current effort for each fisher was used. For those fishers who re-
ported their greatest catch but did not provide information about 
their initial or current effort, the average initial effort by experience 
category and the overall average of the current effort across all cat-
egories were used.

Heterogeneity of variance was observed in the relationship be-
tween the dependent variables CPUE/Heaviest individual and in-
dependent variables Year of Catch/Fishing Time Experience. This 
limitation led to the use of a model of quantile regressions (Cade 
& Noom, 2003), which can estimate multiple rates of change from 
minimum to maximum response, providing a more complete picture 
of the relationships between variables not so clear by other regres-
sion methods. The following values were estimated by quantile re-
gressions for each of the eight species: (a) Highest Estimated CPUE 
(HEC), or the estimate of the maximum catch in kg per linear metre 
of net; and (b) Heaviest Estimated Individual (HEI), or the estimate of 
the maximum weight of the largest specimen for each species. For 
each estimation (HEC and HEI), the corresponding Year of Highest 
Catch/Individual (YHC, YHI) and Experience of Highest Catch/
Individual (EHC, EHI) were calculated.

Quantile regression splines (Koenker, 2005; Koenker & 
Schorfheide, 1994) were constructed for the 95th percentile (the 
value below which 95% of the largest catches and largest individuals 
are expected to fall) using the methodology proposed by Anderson 

(2008). The models were adjusted with the rq() function (part of 
quantreg package, 2007) combined with the bs() function (part of 
splines package) in the R programming language (R Development 
Core Team, 2018). The bs() function is adjustable to a given degree 
of polynomial. The appropriate degree for the polynomial was deter-
mined using the corrected version for small samples of the Akaike 
information criteria (AICc) (see Hurvich & Tsai, 1989). The model 
with the lowest AICc value among the set of models with degree 
polynomials = 1, 2, 3, 4 or 5 was chosen. If any of the other mod-
els had an AICc value above or under of up to 2 units of difference 
compared with the model chosen by the previous criterion and had a 
better visual shape adjusted to the scatter plot of the data, this was 
chosen by preference. The values at which the Highest Estimated 
CPUE and Heaviest Estimated Individual model reached the maxi-
mum values were identified as the optimal values. 95% confidence 
intervals were obtained for the optimal estimate re-applying 10,000 
randomizations on the model (Miller, 2018). Although the interest is 
to show Highest Estimated CPUE and Heaviest Estimated Individual 
over time (years), both independent variables (not only Year of 
Catch, but also Fishing Time Experience) were chosen. The Fishing 
Time Experience variable is more accurate than the Year of Catch 
variable, since the first is generated by a direct result of the date 
of birth of fishers and the age fishing started, while the second de-
pends exclusively on the fisher's memory. Furthermore, the optimal 
HEC and HEI indicated by the quantile regressions with Fishing Time 
Experience are a form of validation of the quantile regressions using 
Year of Catch.

3  | RESULTS

From the 81 interviewees, an average of 514 ± 43 responses was 
obtained among the eight parameters for all species (see Supporting 
Information S2). Among the eight parameters, the number of re-
sponses per species varied from 51 to 73. These massive values pro-
vided robustness to the data analysis.

The highest catches reported by fishers declined for all species 
over time, excepting for mullet Mugil liza (Figures 2 and 3). Except 
for mullet and blue crab Callinectes sapidus, all the highest values 
of gross catches cited for each species were in years prior to 1990. 
The cited catches of 20 t of catfish Genidens barbus and 10 t of black 
drum Pogonias cromis in 1988 were highlighted. The highest cited 
catches for these two species decreased to 2 t of catfish in 2005 and 
500 kg of black drum in 2013.

The Highest Estimated CPUE of catfish (14.0 kg/net metre), black 
drum (9.0 kg/net metre) and the flatfish (1.9 kg/net metre) were prior 

F I G U R E  2   Highest catches per unit effort (kg/m; dots) of catfish (a,e), pejerrey (b,f), mullet (c,g) and whitemouth croaker (d,h) according 
to the Year of Catch and Fishing Time Experience reported by fishers. The highest estimated CPUE by quantile regression for each species 
can be observed at the point where the red line intercepts the dashed line. The dashed line represents an estimative of the optimal value 
of Year of Highest Catch (YHC) and Experience of Highest Catch (EHC) obtained through quantile regression models. The shaded area 
represents the confidence interval of 95% calculated for YHC and EHC, based on 10,000 randomizations. Colours available for the online 
version only
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F I G U R E  3   Highest catches per unit effort (kg/m; dots) of flatfish (a,e), black drum (b,f), pink shrimp (c,g) and blue crab (d,h) according to 
the Year of Catch and Fishing Time Experience reported by fishers. The highest estimated CPUE by quantile regression for each species can 
be observed at the point where the red line intercepts the dashed line. The dashed line represents an estimative of the optimal value of Year 
of Highest Catch (YHC) and Experience of Highest Catch (EHC) obtained through quantile regression models. The shaded area represents 
the confidence interval of 95% calculated for YHC and EHC, based on 10,000 randomizations. Colours available for the online version only
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to 1975 and fell to approximately 2.0, 1.0 and 0.1 kg/net metre, re-
spectively, in recent years. The highest CPUE of whitemouth croaker 
decreased from 11.7 kg/net metre in 1978 to approximately 2.0 kg/
net metre in 2018. Pejerrey, mullet and pink shrimp did not show a 
clear decline over time.

This same trend can be observed for the highest reported catches 
for all species when considering fishing experience (Figure 2). 
Highest Estimated CPUEs were prior to 1980 for all species except 
the blue crab in 1986 (Figures 2 and 3; Table 1), and were reported by 
fishers that started fishing before 1978 and had more than 40 years 
of experience (Figure 2; Table 1).

The fishers interviewed reported 475 fishing sites in which 
the highest catches of the all eight fished species were obtained 
(Figure 1b). The three kernel maps generated for low, moderate and 
very high CPUEs (yields) showed that in the first period (1965–1980), 
the very high CPUEs were concentrated mainly in the region be-
tween Torotama Island and Capivaras, north of Capivaras and in the 
channel near the opening to the sea. In the following period (1981–
2000), very high CPUEs were reported to be obtained between 
Torotama Island and Capivaras, north of Capivaras and in front of 
São Jose do Norte city. Finally, in the last period (2001–2018), very 
high CPUEs were obtained only in the region between Rio Grande 

and Marinheiros Island and sites, which were previously cited (1965-
2000) with just high and moderate CPUEs. Through time, a decrease 
in the number of regions with very high catches was observed, from 
four regions in the period 1965–1980 and three regions in 1981–
2000 to only one region in 2001–2018 (Figure 4). In addition, a dis-
placement of the areas of moderate and low CPUEs towards the 
upper estuary was observed (Figure 4).

Inconclusive, multimodal and/or poorly adjusted models made it 
impossible to observe a well-defined optimal point for the heaviest 
individual estimated per Year of Catch for Fishing Time Experience 
(Table 1; Figures 5 and 6). Despite this, it is possible to note that the 
weight of the largest caught catfishes decreased over time both in re-
lation to the year of catch and in relation to the fisher's experience. 
For pejerrey, the weight of the largest specimen declined relative to 
the fisher's experience (Figure 5). For mullet and whitemouth croaker, 
there was no obvious variation (Figure 5). Flatfish had a slighter reduc-
tion in the weight of the largest specimens in the last decade (Figure 6). 
There were also no reports of black drum with more than 10 kg after 
2010 (Figure 6). For shrimp, a small decrease in the weight of the largest 
specimens caught seems to have occurred, both in relation to the year 
of capture and in relation to the interviewee's experience (Figure 6). 
Blue crab seem to maintain their body weight over time (Figure 6). 

F I G U R E  4   Kernel maps of the zones where the highest CPUE (Dark blue < 12.5; Low: 12.5–24.9; Moderate: 25.0–37.4; High: 37.5–49.9; 
Very High: ≥50) occurred generated by fisher's highest CPUE from (a) 1965–1980, (b) 1981–2000 and (c) 2001–2018. The arrows indicate 
the displacement of highest catch areas towards the upper estuary. The crosses and double-crosses indicate Torotama-Capivaras and Rio 
Grande-Marinheiros region cited in main text. Colours available for the online version only

(a) (b) (c)

F I G U R E  5   Heaviest individuals (kg; dots) of catfish (a,e), pejerrey (b,f), mullet (c,g) and whitemouth croaker (d,h) according to the Year 
of Catch and Fishing Time Experience reported by fishers. The highest estimated weight by quantile regression for each species can be 
observed at the point where the red line intercepts the dashed line. The dashed line represents an estimative of the optimal value of Year 
of Heaviest Individual (YHI) and Experience of Heaviest Individual (EHI) obtained through quantile regression models. The shaded area 
represents the confidence interval of 95% calculated for YHI and EHI, based on 10,000 randomizations. Colours available for the online 
version only
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F I G U R E  6   Heaviest individuals (kg; dots) of flatfish (a,e), black drum (b,f), pink shrimp (c,g) and blue crab (d,h) according to the Year 
of Catch and Fishing Time Experience reported by fishers. The highest estimated weight by quantile regression for each species can be 
observed at the point where the red line intercepts the dashed line. The dashed line represents an estimative of the optimal value of Year 
of Heaviest Individual (YHI) and Experience of Heaviest Individual (EHI) obtained through quantile regression models. The shaded area 
represents the confidence interval of 95% calculated for YHI and EHI, based on 10,000 randomizations. Colours available for the online 
version only
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Moreover, among the heaviest specimens reported in the interviews 
it is noteworthy that a 30 kg catfish caught in 1988 contrasts with the 
average weight of 10.1 kg in the last two decades (Figure 5), and a black 
drum of 39 kg, captured in 1983, with the average weight of 9.2 kg in 
the last two decades (Figure 6).

The number of different species considered as common at the 
beginning of fisher's careers reduced when comparing Veteran and 
Beginner/Intermediate fisher's perceptions (Figure 7; Dunn test, 
χ2 = −2.66, p = 0.004). Beginner/Intermediate fishers cited at most 
five species as common, while Veteran fishers cited eight species. 
Catfish, pejerrey, flatfish and black drum were considered more 
common early in the career by a larger proportion of Veteran fish-
ers than Experienced and Beginner/Intermediate fishers (Table 2). 

Mullet was considered a common species among 93.8% Beginner/
Intermediate fishers, while Experienced and Veteran fishers con-
sider this species less common early in their careers.

In terms of the perception of the current state of the estuary's 
resources, five species—catfish, pejerrey, whitemouth croaker, 
flatfish and blue crab—were considered scarce by a higher pro-
portion of Veteran fishers compared with the Experienced and 
Beginner/Intermediate fishers. Catfish was considered abundant 
and even very abundant by Beginners/Intermediates; by contrast, 
it was considered scarce frequently by Veterans who never con-
sidered it as very abundant. It was noted that Veterans have a 
greater perception of scarcity for pejerrey, whitemouth croaker 
and flatfish, than the less experienced fishers who tend to per-
ceive them as less abundant or abundant. Black drum was con-
sidered scarce by more than 80% in all categories of experience 
(Figure 8). Fishers of the different experience categories did not 
notice clear changes in the abundance of pink shrimp, blue crab 
and mullet (Figure 8).

Fishers cited increasing fishing effort as the main reason 
(69.4%) for the decrease in catches in the PLE, which mainly in-
cludes an increase in the number of fishers and the use of more 
nets per fisher. The industrial fishery that catches some of the 
same resources in coastal waters was the second most cited rea-
son with 23.6%.

4  | DISCUSSION

Differences in the perceptions among fishers with different levels 
of experience of changes in the fishery resources of Patos Lagoon 
estuary in southern Brazil were found. In general, more experi-
enced fishers reported higher catches, heavier individual catches 
and a greater number of species as common at the beginning of 
their activities. A greater proportion of more experienced fishers 
perceived resources as scarce nowadays. Thus, it is evident that 
the baseline has changed in a few decades, even among people 
who are in daily contact with nature, evidencing the existence of 

F I G U R E  7   Boxplot and number of species cited as common at 
the beginning of fishing career for each of the three categories of 
experience of fishers in the Patos Lagoon estuary. Red dots indicate 
the average for each category, bold horizontal lines the medians 
and regular horizontal lines the 25th and 75th quantiles. Colours 
available for the online version only
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TA B L E  2   Frequency of citations (%) of species that fishers considered common at the beginning of their careers

Common name Scientific name

Fishing Time Experience

Beginner/Intermediate (n = 16) Experienced (n = 34)
Veteran 
(n = 19)

Catfish Genidens barbus 62.5†  70.6†  78.9† 

Pejerrey Odontesthes bonariensis 6.3†  20.6†  47.4† 

Mullet Mugil liza 93.8 58.8 63.2

Whitemouth croaker Micropogonias furnieri 68.8 100 84.2

Flatfish Paralichthys orbignyanus 6.3†  38.2†  68.4† 

Black drum Pogonias cromis 18.8†  29.4†  47.4† 

Pink shrimp Penaeus paulensis 81.3 76.5 84.2

Blue crab Callinectes sapidus 6.3 17.6 5.3

†Decline between categories. 
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a shifting baseline syndrome (Papworth, 2009; Pauly, 1995). Such 
rapid shifts in perceptions help to explain why human societies are 
so tolerant of the increasing loss of biodiversity (Saénz-Arroyo et. 
al, 2005). However, reconstruction of baselines by this exercise 
goes back to fishers who started their careers at most in the 1950s 
and it is known that commercial fishing for export purposes goes 
back at least to the second half of the 19th century (Odebrecht, 
2003). Therefore, the perception of the older fishers interviewed 
in this study probably still did not reflect the pristine conditions of 
the fishery resources in the Patos Lagoon estuary, and it is plausi-
ble to consider that the declines in the abundance can be greater 
than presented here.

These results corroborate the use of local ecological knowledge 
for the reconstruction of biological scenarios when no empirically 
obtained data are available. For the period covered by this study 
(1967–2018), the fisher's reports indicate that there was a reduction 
in the values of the highest CPUEs over the years for most species, 
excluding mullet. For all species, except for blue crab, the highest 
catches were reported for years prior to 1980 (Figures 2 and 3). This 
perception agrees with the reduction of artisanal landings registered 
in Rio Grande, which reached a maximum of 43,700 t in 1972 and de-
creased to an average of 6,300 t since 2001 (Haimovici & Cardoso, 

2016a). This shows a concordance between the fisher's perception 
and the falls in the abundance of most of the species exploited by 
artisanal fishing in the Patos Lagoon estuary. The same decline was 
observed when considering the years of experience in the fishery of 
the interviewees and indicates that the process of abundance reduc-
tion continues. Fishers with more than 40 years of experience re-
ported the highest CPUEs, which indicates some degree of accuracy 
in the memory of fishers. Several studies have been demonstrating 
the effectiveness of local ecological knowledge to assess the his-
tory of fishing resources. Johaness et al. (2000) showed that fishers 
can provide critical information on historical changes in local ma-
rine stocks. In Brazil, Bender et al. (2013) showed that local fisher's 
knowledge can recognise long-term declines of reef fish species in 
eastern Brazil while Lima, Begossi, Hallwass, and Silvano (2016) re-
ported short-term temporal changes in the amount and composition 
of fishing resources exploited by small-scale coastal fisheries on the 
southeastern Brazilian coast. Thus, this study is further evidence of 
the efficacy of local ecological knowledge in recognising temporal 
changes in local fishing resources.

When dealing with the distribution of fishing, the perception of a 
decrease in the number of sites with very high CPUE (yields) and the 
dispersion towards the inner estuary of the sites with high CPUEs 

F I G U R E  8   Fisher's perceptions 
about current situation of the main 
fishery resources in the estuary between 
the categories of experience. Beg/
Int = Beginner/Intermediate. Number of 
interviews for category of experience 
available in Table 2. Colours available for 
the online version only
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over time (Figure 4) indicate the active search for rentable fishing 
grounds despite the overall decrease in the abundance of fishing re-
sources in the PLE. However, sites previously with very high CPUEs, 
such as the Torotama-Capivaras, continued to be cited and are still an 
important concentration zone for fishes and consequently fisheries.

The increase in the number of fishers in recent decades (Reis 
& D’Incao, 2000) could be considered as one of the main factors 
for the reduction in catch and possibly has forced displacements 
to more distant and formerly less attractive fishing grounds of the 
higher estuary. It can also be assumed that the decline in catches has 
resulted in the search for other fishing sites (also observed by Pérez, 
2014; Silvano, Nora, Andreoli, Lopes, & Begossi, 2017) and a greater 
displacement towards the upper estuary region.

During the exploratory analysis of the data, linear regressions 
were performed using their conditional means to describe the rela-
tionship between the dependent and independent variables. Besides 
it, the heteroscedasticity found in the data quantile regressions were 
chosen to estimate the CPUE and heaviest individual. These kinds of 
models are known to be more robust to non-normal errors and out-
liers while ordinary least squares can be inefficient if the errors are 
highly non-normal (Baum, 2013). Quantile regression also provides a 
richer characterisation of the data, allowing the impact of a covariate 
on the entire distribution of y, not merely its conditional mean to be 
considered (Baum, 2013). Furthermore, these regressions allowed 
the highest CPUE and heaviest individual to be estimated, which 
were calculated from the higher values but also taking account of 
the lower ones, which avoided the risk of observing only the high-
est values cited by fishers (Anderson, 2008). The use of quantile re-
gressions in LEK involves some precautions: (a) quantile regressions 
(mainly near the 95th quantile) are very sensitive to outliers, so the 
users must be sure the values reported by fishers are possible in the 
study area; and (b) the sampling should cover uniformly all reported 
years and fishing experience, ensuring representability. The choice 
to model the 95th percentile was taken with some care after explor-
ing potential alternatives. Modelling the 95th percentile places spe-
cial emphasis on the Year of Catch/Fishing Time Experience having 
large CPUE/Heaviest individuals (Anderson, 2008). The use of other 
percentiles (i.e. 75th) could ignore fishers having very large CPUE/
Heaviest individuals, if there are relatively few of these available 
(Anderson, 2008).

Most fishers (69.4%) cited an increase in fishing effort both in 
the PLE and in the coastal marine waters as the main reason for 
catch reduction within the PLE. This could be because there was 
an increase in aid for credit and benefit policies for artisanal fish-
eries in the late 1990s (Abdallah & Sumaila, 2007; Haimovici et al., 
2006), favouring the acquisition of equipment, fishing boats and in-
frastructure for processing and storage of products. According to 
those interviewed, there was a considerable increase in the number 
of fishers and gillnets within the estuary after these government in-
centive programmes. The current situation of overfishing for several 
artisanal fishing resources in the PLE, as demonstrated by this study, 
and for industrial resources in the coastal region as demonstrated 
by Haimovici and Cardoso (2016a), requires the attention of fishery 

managers. However, there is a clear lack of proper management 
measures or enforcement in southern Brazil, as several threatened 
marine megafauna species are killed annually in high numbers and 
most of the fish resources are overexploited (Fogliarini, Bugoni, 
Haimovici, Secchi, & Cardoso, 2019; Haimovici & Cardoso, 2016b; 
Prado, Mattos, Silva, & Secchi, 2016, this study). From a governance 
context of lack of enforcement or ineffective management or con-
servation strategies, Dowling et al. (2016) suggested that the most 
effective measures would be spatial and temporal approaches, as 
for example, the establishment of no-fishing zones or seasonal clo-
sures. A recent rule prohibiting industrial bottom trawling all along 
the coast of the state of Rio Grande do Sul from the beach up to 12 
nautical miles to the west can be considered as hopeful. However, 
given the situation of the resources reported in this and other stud-
ies, greater efforts will be required from public authorities and users 
to recover populations and ensure their sustainable exploitation.

ACKNOWLEDG MENTS
The authors would like to thank the fishers who collaborated with 
this study; D. Duarte and D. Ferreira for facilitating contact with 
fishing communities; and the Boticário Group Foundation for Nature 
Protection and Coordenação de Aperfeiçoamento de Pessoal de 
Nível Superior—CAPES for financial support. The authors are also 
grateful to Long-term Ecological Research of the Patos Lagoon 
Estuary - PELD-ELPA for sampling suport, M. Freire and F. Souza 
for assistance on field interviews and M. Rydz for the elaboration 
of maps.

ORCID
Vinni Santos Thykjaer  https://orcid.org/0000-0003-3095-6807 
Lucas dos Santos Rodrigues  https://orcid.
org/0000-0003-2310-2619 
Luís Gustavo Cardoso  https://orcid.org/0000-0003-1026-0853 

R E FE R E N C E S
Abdallah, P. R., & Sumaila, U. R. (2007). An historical account of Brazilian 

public policy on fisheries subsidies. Marine Policy, 31(4), 444–450. 
https ://doi.org/10.1016/j.marpol.2007.01.002

Anderson, M. J. (2008). Animal-sediment relationships re-visited: 
Characterising species' distributions along an environmental gradi-
ent using canonical analysis and quantile regression splines. Journal 
of Experimental Marine Biology and Ecology, 366(1–2), 16–27. https ://
doi.org/10.1016/j.jembe.2008.07.006

Asmus, M. L. (1998). A Planície costeira e a Lagoa dos Patos. In: U. 
Seeliger, C. Odebretcht, & J. P. Castello (Eds.), Os ecossitemas costeiro 
e marinho do extremo sul do Brasil (pp. 9–12). Brazil: Ecoscientia.

Baum, C. F. (2013). Quantile Regression. EC 823: Applied Econometrics, 
Boston College, Spring 2013.

Baum, J. K., & Myers, R. A. (2004). Shifting baselines and the decline of 
pelagic sharks in the Gulf of Mexico. Ecology Letters, 7(2), 135–145. 
https ://doi.org/10.1111/j.1461-0248.2003.00564.x

Bender, M. G., Floeter, S. R., & Hanazaki, N. (2013). Do traditional fish-
ers recognise reef fish species declines? Shifting environmental 
baselines in Eastern Brazil. Fisheries Management and Ecology, 20(1), 
58–67. https ://doi.org/10.1111/fme.12006 

Bernard, H. R. (2017). Research methods in anthropology: Qualitative and 
quantitative approaches. Washington, DC: Rowman & Littlefield.

https://orcid.org/0000-0003-3095-6807
https://orcid.org/0000-0003-3095-6807
https://orcid.org/0000-0003-2310-2619
https://orcid.org/0000-0003-2310-2619
https://orcid.org/0000-0003-2310-2619
https://orcid.org/0000-0003-1026-0853
https://orcid.org/0000-0003-1026-0853
https://doi.org/10.1016/j.marpol.2007.01.002
https://doi.org/10.1016/j.jembe.2008.07.006
https://doi.org/10.1016/j.jembe.2008.07.006
https://doi.org/10.1111/j.1461-0248.2003.00564.x
https://doi.org/10.1111/fme.12006


14  |     SANTOS THYKJAER ET Al.

Cade, B. S., & Noon, B. R. (2003). A gentle introduction to quantile re-
gression for ecologists. Frontiers in Ecology and the Environment, 1(8), 
412–420.

Dowling, N. A., Wilson, J. R., Rudd, M. B., Babcock, E. A., Caillaux, M., 
Cope, J., Gutierrez, N. (2016). FishPath: A decision support system 
for assessing and managing data-and capacity-limited fisheries. In: 
Tools and strategies for assessment and management of data-limited fish 
stocks. 30th Lowell Wakefield Fisheries Symposium.

Drew, J. A. (2005). Use of traditional ecological knowledge in marine 
conservation. Conservation Biology, 19(4), 1286–1293. https ://doi.
org/10.1111/j.1523-1739.2005.00158.x

Dunn, O. J. (1961). Multiple comparisons among means. Journal of 
the American Statistical Association, 56(293), 52–64. https ://doi.
org/10.1080/01621 459.1961.10482090

Dunn, O. J. (1964). Multiple comparisons using rank sums. Technometrics, 
6(3), 241–252. https ://doi.org/10.1080/00401 706.1964.10490181

Eddy, T. D., Gardner, J. P., & Pérez-Matus, A. (2010). Applying fishers' 
ecological knowledge to construct past and future lobster stocks 
in the Juan Fernández Archipelago, Chile. PLoS ONE, 5(11), e13670. 
https ://doi.org/10.1371/journ al.pone.0013670

Fogliarini, C., Bugoni, L., Haimovici, M., Secchi, E. R., & Cardoso, L. G. 
(2019). High mortality of adult female Magellanic penguins by gillnet 
fisheries in southern Brazil. Aquatic Conservation: Marine and Freshwater 
Ecosystems, 29(10), 1657–1664. https ://doi.org/10.1002/aqc.3143

Franklin, H. B. (2011). The most important fish in the sea: Menhaden and 
America. Island Press.

FURG, (2016). Boletim Estatístico da Pesca Marinha e Estuarina do Sul do 
Rio Grande do Sul – 2016. Projeto Estatística Pesqueira. 69 p.

Garcia, A. M., & Vieira Sobrinho, J. P. (2001). O aumento da diversidade de 
peixes no estuário da Lagoa dos Patos durante o episódio El Niño 1997–
1998. Atlântica, Rio Grande, 23, 133–152.

Giglio, V. J., Luiz, O. J., & Gerhardinger, L. C. (2015). Depletion of marine 
megafauna and shifting baselines among artisanal fishers in eastern 
Brazil. Animal Conservation, 18(4), 348–358. https ://doi.org/10.1111/
acv.12178 

Haimovici, M., & Cardoso, L. G. (2016a). Long-term changes in the fish-
eries in the Patos Lagoon estuary and adjacent coastal waters in 
Southern Brazil. Marine Biology Research, 13(1), 135–150. https ://doi.
org/10.1080/17451 000.2016.1228978

Haimovici, M., & Cardoso, L. G. (2016b). Colapso do estoque de Umbrina 
canosai do Sul do Brasil devido à introdução do arrasto-de-meia-
água. Boletim do Instituto De Pesca, 42(1), 258–267. https ://doi.
org/10.20950/ 1678-2305.2016v 42n1p258

Haimovici, M., Vasconcellos, M. A. R. C. E. L. O., Kalikoski, D. C., Abdalah, 
P., Castello, J. P., & Hellebrandt, D. (2006). Diagnóstico da pesca no lito-
ral do estado do Rio Grande do Sul. A pesca marinha e estuarina do Brasil 
no início do século XXI: Recursos, tecnologias, aspectos sócio-econômicos 
e institucionais. Universidade Federal do Pará–UFPA, Belém, 157–180.

Hallwass, G., Lopes, P. F., Juras, A. A., Silvano, R. A. (2013). Fishers' 
knowledge identifies environmental changes and fish abundance 
trends in impounded tropical rivers. Ecological Applications, 23(2), 
392–407.

Hellebrandt, D., Allison, E. H., & Delaporte, A. (2014). Segurança alimen-
tar e pesca artesanal: análise crítica de iniciativas na América Latina. 
Desenvolvimento E Meio Ambiente, 32, 7–27. https ://doi.org/10.5380/
dma.v32i0.35548 

Hurvich, C. M., & Tsai, C. L. (1989). Regression and time series model 
selection in small samples. Biometrika, 76(2), 297–307. https ://doi.
org/10.1093/biome t/76.2.297

Hutchings, J. A., & Reynolds, J. D. (2004). Marine fish population collapses: 
Consequences for recovery and extinction risk. BioScience, 54(4), 
297–309. https ://doi.org/10.1641/0006-3568(2004)054[0297:MF-
PCC F]2.0.CO;2

Johannes, R. E. (1998). The case for data-less marine resource man-
agement: Examples from tropical nearshore finfisheries. Trends 

in Ecology & Evolution, 13(6), 243–246. https ://doi.org/10.1016/
S0169-5347(98)01384-6

Johannes, R. E., Freeman, M. M., & Hamilton, R. J. (2000). Ignore fishers’ 
knowledge and miss the boat. Fish and Fisheries, 1(3), 257–271. https 
://doi.org/10.1111/j.1467-2979.2000.00019.x

Koenker, R. (2005). Quantile Regression. New York, USA: Cambridge 
University Press.

Koenker, R., & Schorfheide, F. (1994). Quantile spline models for global 
temperature change. Climatic Change, 28(4), 395–404. https ://doi.
org/10.1007/BF011 04081 

Leite, N. O. Jr., & Petrere, M. Jr. (2006). Growth and mortalities of the 
pink-shrimp Farfantepenaeus brasiliensis Latreille, 1970 and F. pau-
lensis Pérez-Farfante 1967 in Southeast Brazil. Brazilian Journal of 
Biology, 66(2a), 523–536. https ://doi.org/10.1590/S1519-69842 
00600 0300019

Lima, E. G., Begossi, A., Hallwass, G., & Silvano, R. A. M. (2016). Fishers’ 
knowledge indicates short-term temporal changes in the amount and 
composition of catches in the southwestern Atlantic. Marine Policy, 
71, 111–120. https ://doi.org/10.1016/j.marpol.2016.05.008

McClenachan, L., Ferretti, F., & Baum, J. K. (2012). From archives to con-
servation: Why historical data are needed to set baselines for marine 
animals and ecosystems. Conservation Letters, 5(5), 349–359. https ://
doi.org/10.1111/j.1755-263X.2012.00253.x

Miller, W. J. R. (2018). Data scientist Miller. Retrieved from: https ://www.
mille rwjr.com/all-proje cts/2018/3/10/non-param etric-boots trap-
in-r-with-corre ction-for-bias-and-skew.

MPA (2012). Boletim estatístico da pesca artesanal e industrial no estuário 
da Lagoa dos Patos. Rio Grande, 43 p.

Odebrecht, C. (2003). A Lagoa dos Patos no século XIX na visão do natu-
ralista Hermann von Ihering (p. 100). Rio Grande: Editora Ecoscientia.

Papworth, S. K., Rist, J., Coad, L., & Milner-Gulland, E. J. (2009). Evidence 
for shifting baseline syndrome in conservation. Conservation Letters, 
2(2), 93–100. https ://doi.org/10.1111/j.1755-263X.2009.00049.x

Pauly, D. (1995). Anecdotes and the shifting baseline syndrome of 
fisheries. Trends in Ecology & Evolution, 10(10), 430. https ://doi.
org/10.1016/S0169-5347(00)89171-5

Pérez, A. R. (2014). Ecology and dynamics of the Atlantic seabob shrimp 
(Xiphopenaus kroyeri) in Suriname based on fisheries data and local eco-
logical knowledge (Master's thesis). Ghent Univerity.

Pomeroy, R. S., & Andrew, N. (Eds.). (2011). Small-scale fisheries manage-
ment: Frameworks and approaches for the developing world. California: 
Cabi.

Prado, J. H., Mattos, P. H., Silva, K. G., & Secchi, E. R. (2016). Long-term 
seasonal and interannual patterns of marine mammal strandings in 
subtropical western South Atlantic. PLoS ONE, 11(1), e0146339.

QGIS Development Team (2018). QGIS 2.18.10 Geographic Information 
System User Guide. Open Source Geospatial Foundation Project. 
Electronic document, http://qgis.org/pt_BR/docs/index.html

R Core Team. (2018). R: A language and environment for statistical comput-
ing. Vienna, Austria: R Core Team. Retrieved from: www.r-proje ct.org

Ramires, M., Molina, S. M. G., & Hanazaki, N. (2007). Etnoecologia 
caiçara: O conhecimento dos pescadores artesanais sobre aspec-
tos ecológicos da pesca. Biotemas, 20(1), 101–113. https ://doi.
org/10.5007/%25x

Reis, E. G., & D'Incao, F. (2000). The present status of artisanal fisher-
ies of extreme Southern Brazil: An effort towards community-based 
management. Ocean & Coastal Management, 43(7), 585–595. https ://
doi.org/10.1016/S0964-5691(00)00048-X

Roberts, C. (2010). The unnatural history of the sea. Chicago: Island Press.
Rodrigues, M. A. (2006). Crescimento e ciclo de mudas de Callinectes 

Sapius (Rathbun, 1896) no estuário da Lagoa dos Patos (Master's thesis), 
Universidade Federal do Rio Grande.

Rodrigues, M. A., Ortega, I., & D’Incao, F. (2019). The importance of 
shallow areas as nursery grounds for the recruitment of blue crab 
(Callinectes sapidus) juveniles in subtropical estuaries of Southern 

https://doi.org/10.1111/j.1523-1739.2005.00158.x
https://doi.org/10.1111/j.1523-1739.2005.00158.x
https://doi.org/10.1080/01621459.1961.10482090
https://doi.org/10.1080/01621459.1961.10482090
https://doi.org/10.1080/00401706.1964.10490181
https://doi.org/10.1371/journal.pone.0013670
https://doi.org/10.1002/aqc.3143
https://doi.org/10.1111/acv.12178
https://doi.org/10.1111/acv.12178
https://doi.org/10.1080/17451000.2016.1228978
https://doi.org/10.1080/17451000.2016.1228978
https://doi.org/10.20950/1678-2305.2016v42n1p258
https://doi.org/10.20950/1678-2305.2016v42n1p258
https://doi.org/10.5380/dma.v32i0.35548
https://doi.org/10.5380/dma.v32i0.35548
https://doi.org/10.1093/biomet/76.2.297
https://doi.org/10.1093/biomet/76.2.297
https://doi.org/10.1641/0006-3568(2004)054%5B0297:MFPCCF%5D2.0.CO;2
https://doi.org/10.1641/0006-3568(2004)054%5B0297:MFPCCF%5D2.0.CO;2
https://doi.org/10.1016/S0169-5347(98)01384-6
https://doi.org/10.1016/S0169-5347(98)01384-6
https://doi.org/10.1111/j.1467-2979.2000.00019.x
https://doi.org/10.1111/j.1467-2979.2000.00019.x
https://doi.org/10.1007/BF01104081
https://doi.org/10.1007/BF01104081
https://doi.org/10.1590/S1519-69842006000300019
https://doi.org/10.1590/S1519-69842006000300019
https://doi.org/10.1016/j.marpol.2016.05.008
https://doi.org/10.1111/j.1755-263X.2012.00253.x
https://doi.org/10.1111/j.1755-263X.2012.00253.x
https://www.millerwjr.com/all-projects/2018/3/10/non-parametric-bootstrap-in-r-with-correction-for-bias-and-skew
https://www.millerwjr.com/all-projects/2018/3/10/non-parametric-bootstrap-in-r-with-correction-for-bias-and-skew
https://www.millerwjr.com/all-projects/2018/3/10/non-parametric-bootstrap-in-r-with-correction-for-bias-and-skew
https://doi.org/10.1111/j.1755-263X.2009.00049.x
https://doi.org/10.1016/S0169-5347(00)89171-5
https://doi.org/10.1016/S0169-5347(00)89171-5
http://qgis.org/pt_BR/docs/index.html
http://www.r-project.org
https://doi.org/10.5007/%25x
https://doi.org/10.5007/%25x
https://doi.org/10.1016/S0964-5691(00)00048-X
https://doi.org/10.1016/S0964-5691(00)00048-X


     |  15SANTOS THYKJAER ET Al.

Brazil. Regional Studies in Marine Science, 25, 100492. https ://doi.
org/10.1016/j.rsma.2018.100492

Ruas, V. M., Rodrigues, M. A., Dumont, L. F. C., & D'Incao, F. (2014). 
Habitat selection of the pink shrimp Farfantepenaeus paulensis and 
the blue crab Callinectes sapidus in an estuary in southern Brazil: 
Influence of salinity and submerged seagrass meadows. Nauplius, 
22(2), 113–125. https ://doi.org/10.1590/S0104-64972 01400 
0200005

Sáenz-Arroyo, A., Roberts, C. M., Torre, J., Cariño-Olvera, M., & 
Enríquez-Andrade, R. R. (2005). Rapidly shifting environmental 
baselines among fishers of the Gulf of California. Proceedings of the 
Royal Society B: Biological Sciences, 272(1575), 1957–1962. https ://
doi.org/10.1098/rspb.2005.3175

Schafer, A. G., & Reis, E. G. (2008). Artisanal fishing areas and traditional 
ecological knowledge: The case study of the artisanal fisheries of the 
Patos Lagoon estuary (Brazil). Marine Policy, 32(3), 283–292. https ://
doi.org/10.1016/j.marpol.2007.06.001

Seeliger, U., Odebrecht, C., (Orgs.) (2010). O estuário da Lagoa dos Patos: 
Um século de transformações (p. 180). Rio Grande: Editora da Furg.

Silvano, R. A. M., Nora, V., Andreoli, T. B., Lopes, P. F. M., & Begossi, A. 
(2017). The ‘ghost of past fishing’: Small-scale fisheries and conser-
vation of threatened groupers in subtropical islands. Marine Policy, 
75, 125–132. https ://doi.org/10.1016/j.marpol.2016.10.002

Tregidgo, D. J., Barlow, J., Pompeu, P. S., de Almeida Rocha, M., & Parry, L. 
(2017). Rainforest metropolis casts 1,000-km defaunation shadow. 
Proceedings of the National Academy of Sciences, 114(32), 8655–8659. 
https ://doi.org/10.1073/pnas.16144 99114 

Tubino, R. A., Marques Junior, N. A., Silva, E. P., Lobão, R. J. S., Seara, T. 
F., & Monteiro-Neto, C. (2014). Mudanças históricas e perda de ref-
erenciais em uma pescaria artesanal na região metropolitana do Rio 
de Janeiro. In: M. Haimovici, J. M. Andriguetto-Filho, & P. S. Sunye 

(orgs.). A pesca marinha e estuarina no Brasil. Rio Grande, RS: Editora 
da Furg. Cap 10: 111–123.

Turvey, S. T., Barrett, L. A., Yujiang, H. A. O., Lei, Z., Xinqiao, Z., Xianyan, W., 
… Ding, W. (2010). Rapidly shifting baselines in Yangtze fishing com-
munities and local memory of extinct species. Conservation Biology, 
24(3), 778–787. https ://doi.org/10.1111/j.1523-1739.2009.01395.x

Vasconcellos, M., Diegues, A. C. S. A., & Sales, R. R. (2007). Limites e 
possibilidades da pesca artesanal costeira. In: A. L. Costa (Org.). Nas 
redes da pesca artesanal. Brasília: IBAMA, pp. 15–83.

Vasconcellos, M., & Kalikoski, D. C. (2014). Incertezas e desafios na quan-
tificação do número de pescadores artesanais: lições do censo da 
pesca artesanal no estuário da Lagoa dos Patos. In: M. Haimovici, J. 
M. Andriguetto-Filho, & P. S. Sunye (orgs.). A pesca marinha e estua-
rina no Brasil. Rio Grande, RS: Editora da Furg. Cap 4: 41–53.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.  

How to cite this article: Santos Thykjaer V, dos Santos 
Rodrigues L, Haimovici M, Cardoso LG. Long-term changes in 
fishery resources of an estuary in southwestern Atlantic 
according to local ecological knowledge. Fish Manag Ecol. 
2019;00:1–15. https ://doi.org/10.1111/fme.12398 

https://doi.org/10.1016/j.rsma.2018.100492
https://doi.org/10.1016/j.rsma.2018.100492
https://doi.org/10.1590/S0104-64972014000200005
https://doi.org/10.1590/S0104-64972014000200005
https://doi.org/10.1098/rspb.2005.3175
https://doi.org/10.1098/rspb.2005.3175
https://doi.org/10.1016/j.marpol.2007.06.001
https://doi.org/10.1016/j.marpol.2007.06.001
https://doi.org/10.1016/j.marpol.2016.10.002
https://doi.org/10.1073/pnas.1614499114
https://doi.org/10.1111/j.1523-1739.2009.01395.x
https://doi.org/10.1111/fme.12398

