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The scarcity of data on fish catches difficult management of small-scale fisheries in developing countries.
This study applies fishers’ knowledge to investigate temporal changes in the amount (biomass) and
composition (major ecological categories) of fishing resources exploited by small-scale coastal fisheries in
the southeastern Brazilian coast. Four hypotheses were investigated: (1) The amount of fish caught re-
ported by fishers would decrease over time. (2) Older fishers would report higher fish catches than
younger fishers. (3) Recent interviews would mention large-sized predators less often. (4) Recent in-
terviews would mention less high valued fishing resources. Interviews with 421 fishers in 36 commu-
nities in the southeastern Brazilian coast were analyzed, covering a time span of 14 years, from 1995 to
2009. The hypothesis 1 was confirmed, 3 was partially confirmed, while 2 and 4 were not confirmed.
Fishers’ age was unrelated to all variables. The results from fishers’ interviews indicated the temporal
trends of: (1) a decrease in the biomass of fish caught; (2) an increase in the occurrence of smaller fish
and invertebrates in the catch; (3) an increase of high value fishing resources; and (4) maintenance of
large predators. The first two indicators suggest excessive fishing, but the later indicators (3 and 4)
suggest that the socioecological system of the southeastern Brazilian coast had not yet undergone major
ecological shifts.

& 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Coastal fisheries worldwide have shown declining catches,
stock collapses and increasing fishing effort, which claim for sci-
entific assessments of trends in catches to support effective
management measures aiming to revert overexploitation [2,56].
Besides negative social and economic consequences, excessive
fishing pressure has caused ecological regime shifts in coastal
ecosystems, due to severe declines in populations of marine or-
ganisms that perform important ecological functions, such as large
predators, large herbivores and even small pelagic fish
[16,17,26,27,62]. Overfishing may cause a decline in the overall
trophic level of coastal ecosystems, thus simplifying food chains,
according to the concept of fishing down the food web [55]. This
pattern has been challenged by recent studies, according to which
overfishing would progressively reduce the abundance of those
species with the highest market value, thus shifting the economic
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revenues from fishing, irrespective of trophic level [63].
Small-scale tropical fisheries are socio-ecological systems, on

which healthy coastal ecosystems are required to guarantee food
security [13,19]. These small-scale fisheries are particularly chal-
lenging to manage in developing countries, due to their hetero-
geneity (multi-species and distinct fishing gears), widespread
landing sites and scarcity of data on fish catches and fishing effort
[7,23,47]. Furthermore, conventional top-down management ap-
proaches, such as gear restrictions or marine protected areas, have
not been always adequate to small-scale fisheries, generating
conflicts and lack of compliance by fishers [44,45,58]. These two
major problems of scarcity (or lack) of data on fish landings and
management strategies poorly designed to local fishing dynamics
could be circumvented by the data-less management approach
[38]. This approach consists in using any available information on
local fishing dynamics (fish catches, fish biology, management
options, fishing grounds), including fishers’ local ecological
knowledge [40,64], besides scattered data on fish ecology or fish
catch and effort [6,38] to propose management strategies. Recent
studies have successfully applied fishers’ knowledge to investigate
temporal trends in abundance of fishing resources and changes in
ecological conditions in a range of freshwater and coastal
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ecosystems [18,22,35,39,61]. Nevertheless, most of these studies
address particular fish species more susceptible to fishing pres-
sure, such as reef fish or sharks [31,59], while fewer studies in-
vestigate temporal changes in the amount and composition of fish
catches by comparing distinct data-bases, such as governmental
landing statistics and fishers’ knowledge [21]. Information on
temporal trends in fish catches are required to support manage-
ment interventions and policy measures better suited to the needs
and concerns of Brazilian small-scale coastal fishers [6,7]. In Brazil,
previous studies analyzed fishers’ knowledge to reconstruct tem-
poral changes in abundance of some target fish species in the
tropical northeastern coast [18,21,31], but fewer studies have ad-
dressed changes in fish abundances in the more populated and
potentially more heavily impacted southeastern coast [42].
Moreover, studies usually concentrate in particular fishing com-
munities and few studies analyze a large amount of interviews
with fishers from a broad geographic area [10].

This study aims to apply fishers’ knowledge to investigate
temporal changes in the amount (biomass) and composition
(major ecological categories) of fishing resources exploited by
small-scale coastal fisheries in a large geographical area in the
southeastern Brazilian coast. Data from interviews with fishers
were analyzed to address two main questions. Is the amount of
fish caught related with time of the interview or with the age of
interviewed fishers? Is the composition of fish caught (number of
species and frequency of citations) related with time of the in-
terview or age of interviewed fishers? The observed trend in the
abundance of catches reported by fishers was compared with fish
landings from official governmental statistics in the same region
and studied period. Based on available evidence on temporal
trends in coastal fisheries, four hypotheses were investigated: (1)
The amount of fish caught reported would decrease over time with
less fish caught reported by fishers in recent years. (2) Older
fishers would report higher fish catches than younger fishers. (3)
Composition of fish landings differ over time: recent interviews
would mention less large-sized predators compared with older
interviews. (4) Recent interviews would mention less high valued
fishing resources compared with older interviews.
2. Material and methods

2.1. Study site

This study was based on data from fishers’ interviews con-
ducted in 36 fishing communities in the southeastern Brazilian
coast, from the North of São Paulo state to the South of Rio de
Janeiro state (Fig. 1). These fishing communities are distributed in
Fig. 1. Location of the studied region in the southeastern Brazilian coast, indicating the
(4) São Paulo northern coast.
four major regions, from North to South (Fig. 1): (1) Angra dos Reis
and Ilha Grande Bays (n¼17 communities), (2) Paraty Bay (n¼11);
(3) Ilha Bela (n¼4); (4) São Paulo northern coast, including the
cities of Ubatuba and Bertioga (n¼4). These regions were arbi-
trarily defined according to the proximity among communities,
similar fishing dynamics (gear used, market orientation, tourism
influence) and habitat features, such as the presence of bays, es-
tuaries and islands [4,13,46].

2.2. Fishing communities

The studied coastal fishers living along the southeastern Bra-
zilian coast belong to the caiçara cultural group, who descend from
indigenous people and Portuguese and practice small-scale agri-
culture and fishing [3,7]. These artisanal fishers use small to
medium sized boats, paddled canoes and various kinds of fishing
gear, including gillnets, hand lines and trawling, to catch pelagic
and reef fishes, shrimp and squid [3–5,13,42]. More recently, some
caiçara fishers have increasingly dedicated to tourism related ac-
tivities to supplement their income [4,46]. The studied caiçara
fishing communities are located along some of the last remnants
of the threatened Atlantic Forest ecosystem in southern Brazil,
which had caused conflicts between resident fishers and govern-
mental authorities who establish conservation units that restrict
traditional agriculture and fishing activities [3–5]. Recently en-
forced marine protected areas (MPAs) and intense large scale
fishing in coastal areas have also raised conflicts with small-scale
fishers in the southeastern Brazilian coast [11,12,44,45].

2.3. Interviews with fishers

Data were gathered from standardized interviews with 421
caiçara fishers made during several independent research projects
along 14 years, from 1995 to 2009. These interviews are stored in
the archives of the non-governmental organization (NGO) Fish-
eries and Food Institute (FIFO, http://www.fisheriesandfood.org).
The fishing communities included in the studies and the inter-
viewed fishers were selected by following defined criteria, such as
dedication to fishing as the main economic activity, being older
than 18 years age, living in the community for at least 10 years.
The researchers interviewed fishers individually through a stan-
dardized and structured questionnaire. Although the content of
questionnaires differ among studies, these usually addressed is-
sues related to socioeconomic characteristics (age, scholar level,
jobs, income), fishing behavior (fishing grounds, gear used) and
fishing resources exploited (main species caught, amount of cat-
ches). More details on sampling procedures and topics addressed
in interviews can be found in the resulting publications of these
four regions: (1) Angra dos Reis and Ilha Grande Bays, (2) Paraty Bay, (3) Ilha Bela,
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research projects [3,4,11,12,13,42,44–46]. This approach has con-
straints in the sampling design, which mix distinct regions, com-
munities and time periods. Nevertheless, a previous study suc-
cessfully applied a similar approach of analyzing scattered in-
formation from more than 1000 interviews with Brazilian coastal
and freshwater fishers to investigate broad scale patterns on pre-
ferences and avoidances of fish [10].

2.4. Data analyses

For the purposes of this study, the following information from
each interview (fisher's citations) was selected and analyzed:
biomass of fishing resources caught during the last fishing trip
made by the interviewee, time when this last fishing trip occurred,
fishers’ age, fishing community and region where the interview
was made. The time reported by each interviewee for the last
fishing trip was converted in days passed January 1st 2010, which
was considered as a starting point, thus providing a quantitative
continuous variable for analysis. Nevertheless, because all inter-
viewees were active fishers at the time when interviews were
made, fishers interviewed in similar years (or in the same year)
reported similar periods of time passed since the last fishing trip,
generating clumped data around the years when research projects
were made (Fig. 2). The reported biomass of fish caught had many
small or zero catches (Fig. 2). Therefore, the continuous variables
of ‘days since reported fishing’ and biomass of fish caught did not
show normal distribution and could not be used in parametric
statistical tests.

Separate non-parametrical Spearman correlation analyses (rs)
were made between the dependent variable biomass of fish and
two independent variables: days since reported fishing and fishers’
age, to check the hypotheses 1 and 2.

Published data on fish catches of coastal fisheries in the São
Paulo state, which includes part of the studied region (Fig. 1) have
been collected and organized by a governmental fisheries institute
[37]. These official statistics are organized by month, so data were
analyzed only from the same period studied (1995–2009), con-
verted to days passed January 1st 2010 by assigning 30 days for
each month before 2010. The dependent variable biomass of fish
caught and the independent variable days passed 2010 were then
compared through a Spearman correlation analysis.
Fig. 2. Relationship between days since reported fishing (as from January 1st 2010,
showed as 0 in the x axis) and biomass of fish caught reported by 421 fishers in-
terviewed in 36 fishing communities in the southeastern Brazilian coast. Size of
symbols indicates the age of each interviewed fisher. The scale of the x axis was
reversed to better show the passage of time from older to more recent reported
fishing.
Fishers’ interview data were grouped at the level of fishing
communities (n¼36), to be able to use parametrical statistical
analyses and to check for general patterns beyond individual
variations in catches. These analyses also tested hypotheses 1 and
2, considering in this case the continuous variables of average
biomass of fish caught reported by the interviewed fishers of each
community (dependent) and average age (independent). Region
was added as an independent categorical variable in this analysis,
as some communities would be located closer to each other and
may share the same overall ecological characteristics, for example
by being situated in an island or in a bay. In these analyses that
grouped data by fishing communities, the continuous variable
‘days since reported fishing’ failed to show a normal distribution
even after data transformation. These data were then converted in
a categorical variable indicating time since reported fishing with
two levels: recent (o5 years ago from 2010) and old (45 years
ago). Although arbitrarily defined, these categories properly re-
flected the distribution of most reported fish landings before and
after 1800 days (5 years) since 2010 (Fig. 2). General Linear Models
(GLMs) were made considering the dependent variable as reported
average biomass of fish caught (log transformed) and combina-
tions of three independent variables: average fishers’ age, region
and time since reported fishing. Values of Akaike Information
Criteria (AICC) and weight for each model were calculated, to
check those models that better explained the variation in the re-
ported biomass (lower values of AICC). The parametric and non-
parametric analyses were made using the R software.

Not all the 421 interviewed fishers mentioned the composition
of fish catches and information on composition of catches was
usually elicited during the same interview, but through distinct
questions. A subset of 396 interviews with fishers who mentioned
information about the fishing resources exploited were selected to
analysis of catch composition. The interviewed fishers provided
information on catch composition when answering questions
about the last fishing trip (the same question analyzed for biomass
caught), fish regularly caught, preferred fish or most consumed
fish. Unfortunately, the amount (number of individuals or bio-
mass) caught for each mentioned fishing resource could not be
calculated. Two dependent variables were adopted to test the
hypotheses 3 and related with catch composition: presence/ab-
sence of each fishing resource reported in each interview and the
number of species (common names) of fishing resources reported.
The independent variables were days since reported fishing and
fishers’ age.

The 396 interviewed fishers reported 108 fishing resources
identified by distinct common names, of which 99 could be
identified at the levels of biological species or genus. Identifica-
tions followed publications about Brazilian coastal fishes used by
fishers [8,14,15,57,65] and the experience of some of the authors
(AB and RAMS). The few non-identified fishing resources (n¼8)
were excluded from analyses, as these were cited by only one
interviewee (0.3% of total) and are possible unusual catches, pe-
culiar names or mistakes. To test the hypothesis on ecological
changes in the catch (3), each fishing resource was assigned to one
of eight ecological categories (number of common names cited for
each): (1) invertebrates (small to medium size, n¼9), (2) Reef
herbivores (medium size, n¼1), (3) Demersal herbivores (medium
size, n¼4), (4) Reef generalists (omnivorous and invertebrate
feeders of small to medium size, n¼12), (5) Demersal generalists
(omnivorous and invertebrate feeders of small to medium size,
n¼16), (6) Pelagic generalists (omnivorous and invertebrate fee-
ders of small to medium size, n¼21), (7) Reef predators (pisci-
vorous with large sizes, n¼8), (8) Pelagic predators (piscivorous
with large sizes, n¼28). Medium size is considered as up to 30 cm
total length and large size above this value, for adult fish. Fishing
resources were also sorted in three economic categories,



Table 1.
The best six Generalized Linear Models considering fishing communities (n¼36) as
replicates and biomass of fish caught (log transformed) reported by fishers as de-
pendent variable, for interviews with fishers in the Brazilian southeastern coast. All
these models showed AICC values lower than the average AICC (111.5) for all the
possible 25 models considering all combinations of the three independent variables
(time passed since last fishing, fishers’ age and region). Significance of independent
variables: * 40.05; ** 40.01; *** 40.001.

Model Independent variables AICC Weight Adjusted r2

1 ageþtime X age ** 104.2 0.30 0.22
2 time ** 104.8 0.21 0.18
3 time **þage 105.5 0.15 0.20
4 timeþageþtime X age 106.0 0.12 0.22
5 timeþregion 108.8 0.03 0.20
6 timeþregionþregion X time 108.8 0.03 0.20
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considering their market value: (1) high (n¼23 common names),
(2) average (n¼49), (3) low (n¼27). These ecological and eco-
nomic categories were defined on the basis of authors’ knowledge
of coastal fish in the studied region. Logistic regression analyses
were made using as dependent variables the presence or absence
of each ecological category and each economic category of fishing
resource cited in interviews and as independent variables days
since reported fishing and fishers’ age. The relative frequency of
each of these ecological and economic categories between recent
(less than 5 years) and old (more than 5 years) interviews were
also visually compared.

The eight ecological categories were further grouped in four
broader categories (invertebrates, herbivores, generalists, pre-
dators) to analyze the number of common names (as an indicator
of number of species) cited in each of these categories. This was
necessary because some categories had few species (for example,
reef herbivores). Spearman correlation analyses were made com-
paring the number of species from each ecological category and
from the three economic categories (high, average, low) and days
since reported fishing and fishers’ age.
3. Results

3.1. Temporal changes in the biomass of fish caught

Considering data from individual interviews (n¼421), the
biomass of fish caught was positively correlated with time passed
since the last fishing (rs¼0.24, n¼421, po0.001). Although this
result confirmed the hypothesis 1 of decreased catches over time,
this correlation was weak (coefficient of 0.24 that explains only
24% of variation in biomass) with large variation among interviews
regarding the reported biomass (Fig. 2). Contrarily to the hypoth-
esis 2 a weak (low value of rs) and inverse relationship occurred
between fishers’ age and biomass of fish caught (rs¼�0.16,
n¼421, p o0.01): older fishers tend to report lower catches
(Fig. 2). Furthermore, the two independent variables were in-
versely related: fishers reporting recent catches were older than
fishers interviewed long time ago (rs¼�0.2; n¼421, po0.001,
Fig. 2).

Data grouped at community level (n¼36), showed an un-
avoidable interaction between time (more and less than 5 years
ago) and region, because some regions had only old interviews
(more than 5 years ago) (Fig. 3). Nevertheless, the best six models
Fig. 3. Biomass of fish caught reported by interviewed fishers before and after
5 years of reported fishing in four regions in the southeastern Brazilian coast
(symbols), considering data grouped for fishing communities (n¼36), indicating
also the average age of interviewed fishers (size of symbols). Angra (n¼17 com-
munities), Paraty Bay (n¼11), Ilha Bela (n¼4), North coast of São Paulo (n¼4).
(lower AICC values) out of 25 GLM models included time as a
significant explanatory variable (Table 1), indicating that time had
a higher relative influence than region on the average reported
biomass of fish caught, which was higher for those communities
studied more than 5 years ago (Fig. 3). The biomass of fish caught
differed also among regions (Table 1), being higher in Ilha Bela and
North coast of São Paulo (Fig. 3). There was also an influence of the
average age of the interviewees in the biomass of fish caught
(Table 1) with interaction between age and time: usually age was
higher (older fishers) in communities studied more recently (less
than 5 years, Fig. 3).

The average biomass of fish caught was positively related with
number of interviewed fishers for those communities interviewed
less than five years ago (r2¼0.18, df¼25, po0.05), while biomass
and number of interviewees were not significantly related for
communities interviewed longer than five years ago (r2¼0.38,
df¼7, p¼0.08). Nevertheless, the mean number of interviewed
fishers did not differ (t¼�0.5, df¼34, p¼0.6) between commu-
nities interviewed less than five years ago (n¼27, mean¼11.4, SD
74.4) and longer than five years ago (n¼9, mean¼12.4, SD
76.8). Therefore, differences in sample size should not influence
the aimed temporal comparison of biomass of fish caught.

According to the monthly official statistics of fish landings of
the São Paulo state coast [37] the total biomass of fish lands was
not related with time passed since 2010 (rs¼0.07, n¼156, p¼0.4)
and there was no trend of decreasing catches over time (Fig. 4).

3.2. Temporal changes in the composition of the catch

The hypothesis 3 regarding ecological changes in catches over
time was only partially confirmed. The logistic regressions in-
dicated that the probability occurrence of invertebrates, reef
generalists and reef predators increased in more recent catches,
while the others were unrelated with time measured as days since
reported fishing (Table 2). Fishers’ age was unrelated to the pre-
sence of any of the ecological categories (Table 2). The proportion
of interviewed fishers (n¼396) who mentioned the major ecolo-
gical categories of fish caught were similar between interviews
from before and after 5 years, except for invertebrates, reef gen-
eralists and reef predators that showed higher proportions in more
recent interviews (Fig. 5). Occasions when no fish were caught
(zero catches) were relatively rare, being mentioned by only 29
fishers (7.3% of total interviewed). The occurrence of zero catches
was not related to time neither to fishers’ age (Table 2).

The number of fish species (common names) of major ecolo-
gical categories (invertebrates, herbivores, generalists and pre-
dators) mentioned by fishers were all inversely related with time
since last fishing, but not to fishers’ age (Table 3). Overall, the
number of species of all ecological categories increased in inter-
views made in recent years (Fig. 6).



Fig. 4. Relationship between the days passed since January 1st 2010 and biomass of
fish landed reported in governmental fisheries statistics of the São Paulo state coast
[37], in southeastern Brazil. The scale of the x axis was reversed to better show the
passage of time from older to more recent reported fishing.
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Contrarily to the hypothesis 4, the time (days since reported
fishing) was unrelated to the occurrence of fish with average or
low economic value (Table 2). The occurrence of species with high
value was inversely related with time, which was unexpected
(Table 2). The proportions of interviewed fishers (n¼396) who
mentioned these economic categories were similar between in-
terviews from before and after 5 years, except for high value
Table 2.
Logistic regressions of interviews with fishers (n¼396) who mentioned names of fishing
from January 1st 2010) and fishers’ age and as dependent variables the ecological and eco
presence or absence data. For significant regressions (in bold) we provide the regression
interviews made 349 days ago (those most recent) and 4874 days ago (oldest), calculat

Independent (x) Dependent (y) p Model

Time (days) Invertebrates 0.001 Y¼0.57�(0
Reef herbivores 0.8
Reef generalists 0.001 Y¼�0.92�
Reef predators 0.026 Y¼�0.1368
Demersal herbivores 0.12
Demersal generalists 0.77
Pelagic generalists 0.81
Pelagic predators 0.26
High value 0.002 Y¼2�(0.00
Average value 0.67
Low value 0.18
Zero catches 0.28

Age (years) Invertebrates 0.57
Reef herbivores 0.75
Reef generalists 0.71
Reef predators 0.49
Demersal herbivores 0.22
Demersal generalists 0.27
Pelagic generalists 0.16
Pelagic predators 0.55
High value 0.27
Average value 0.38
Low value 0.58
Zero catches 0.68
fishing resources, which were mentioned by a higher proportion of
fishers in recent interviews (Fig. 7).

The number of fish species (common names) of the three
economic categories (high, average, low) mentioned by fishers
were not related to fishers’ age (Table 3). However, the number of
species of average and low economic categories were inversely
related to time passed since reported fishing (Table 3). Although
the observed increase in the number of species mentioned of these
less valued fish in more recent fisheries (Fig. 8) agreed with hy-
pothesis 4, the number of species with high value was unrelated
with time.
4. Discussion

4.1. Temporal trends in catch abundance and composition

The hypothesis 1 of decreasing catches over time was con-
firmed by the interview data: larger catches were reported, on
average, by those fishers interviewed more than 5 years ago and
time was the variable that influenced most the reported biomass
of fish caught according to the logistic regression models. This
agrees with previous studies indicating decreases in catches over
time and even local extinctions, according to fishers’ knowledge
[18,22,31,35,39,59,67]. Nevertheless, a recent study has not evi-
denced a decline in the biomass of fish caught in the northeastern
Brazilian coast during the last 10 years [21]. The observed decrease
in the biomass of fish caught also agree with concerns of coastal
fishers regarding intense fishing pressure by large scale fishers
[3,15,65]. A comparison of sampled fish catches between two time
periods (1992 and 2002) in a fishing community of the south-
eastern Brazilian coast also indicated decreased catches over time
[42]. Therefore, the decrease in fish catches inferred from fishers’
interviews seems to indicate a real trend of decreasing fishing
yields in the heavily populated Brazilian southeastern coast. Other
possibility would be that the fishing effort (amount of gear, time
resources, considering as independent variables time (days since reported fishing as
nomic categories of the catch, besides the occurrence of zero catches, in the form of
model and the probability of occurrence of the respective category of the catch in

ed from the regression equation.

Probability (%): 349 days Probability (%): 4874 days

.X) 60.5 20

(0.001 X) 21.4 0.2
�(0.X) 44 16.8

1 X) 86.3 39.6



Fig. 5. Proportion of interviewed fishers before (n¼309) and after (n¼87) 5 years since 2010 who mentioned each ecological category of fish landings in the southeastern
Brazilian coast. The sum of the percentages may be more than 100% because some fishers mentioned more than one category.

Table 3.
Correlations (non-parametric Spearman) between time (days since reported fishing
as from January 1st 2010) and fishers’ age and the ecological and economic cate-
gories of the catch, considering the number of species (common names) of fishing
resources mentioned by interviewed fishers (n¼396) in the southeastern Brazilian
coast. Significant correlations are in bold.

Variable 1 Variable 2 rs p

Time (days) Invertebrates �0.13 0.01
Herbivores 0.18 0.00
Generalists �0.11 0.03
Predators �0.18 0.00
All species �0.16 0.00
High value �0.06 0.24
Average value �0.14 0.01
Low value �0.14 0.01

Age (years) Invertebrates �0.03 0.55
Herbivores 0.08 0.13
Generalists 0.06 0.20
Predators 0.03 0.60
All species 0.08 0.12
High value 0.07 0.19
Average value 0.06 0.21
Low value 0.01 0.88

Fig. 6. Relationship between time (days since reported fishing as from January 1st
2010) and number of species of four major ecological categories of fishing resources
mentioned by interviewed fishers (n¼396) in the Brazilian southeastern coast. The
scale of the x axis was reversed to better show the passage of time from older to
more recent reported fishing.

Fig. 7. Proportion of interviewed fishers before (n¼309) and after (n¼87) 5 years
since 2010 who mentioned each economic category of fish landings in the south-
eastern Brazilian coast. The sum of the percentages may be more than 100% be-
cause some fishers mentioned more than one category.

Fig. 8. Relationship between time (days since reported fishing as from January 1st
2010) of last fishing and number of species of three economic categories of fishing
resources mentioned by interviewed fishers (n¼396) in the Brazilian southeastern
coast. The scale of the x axis was reversed to better show the passage of time from
older to more recent reported fishing.
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dedicated to fishing, or frequency of fishing) had declined along
the studied period, resulting in the observed reduced catches.
Unfortunately fishing effort was not available from fishers’ inter-
views, but this variable is largely absent for most statistics on fish
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landings, despite the relevance of effort data to evaluate the sus-
tainability of coastal fisheries [32]. Nevertheless, an overall re-
duction in fishing effort along the last 14 years would be very
unlikely in the southeastern Brazilian coast, as population and
tourism have increased, which increases the demand for fish.
Furthermore, a trend of increased fishing capacity through mod-
ernization and more efficient fishing gear have been observed
worldwide [2,56]. For example, in the south Brazil (1000 km south
of the studied region) coastal fishers increased their fishing effort
(size of gillnets) along a period of approximately 10 years [49].
Although there are evidences of a gradual transition from fishing
to tourism related activities among the small-scale fisheries in the
studied region [4,46], this is a more recent phenomenon and at
least part of these touristic activities consist of recreational fishing,
which may not totally alleviate fishing pressure. Considering that
fishing effort has increased in the studied region (more probable)
or at least has remained stable over the study period, results from
this study indicate a decrease in catches, which is possibly related
to a reduced availability of fishing resources. However, this may
have multiple, non-exclusive causes, such as increased fishing
pressure by small-scale fishers (who could buy larger boats and
more gillnets), increased market demand for fishing resources in a
touristic area [46], over-fishing by larger fishing boats that invade
the coast, coastal pollution and unpredictable climatic or en-
vironmental changes. Another possibility is that the observed
decrease in reported catches over time is related to an increase in
the total number of fishers, so that the total catch is spread (or
shared) among more fishers. This may cause a decrease in the
catch per fisher even if the availability of fishing resources re-
mained stable. Unfortunately, we lack data about temporal varia-
tion in the number of fishers, but the relatively short time scale
addressed in this study (14 years) should not be sufficient for a
noticeable increase in the number of fishers, as the average age of
fishers were 45 years. Furthermore, the inverse relationship ob-
served between time and fishers’ age indicated that most of the
recent interviews were made with older fishers. Therefore,
younger people may have been not engaging in fishing in those
communities studied more recently (closer to 2010), which also
suggests that the number of fishers might not have increased.
Furthermore, a study on population dynamics of fishers in the
southeastern Brazilian coast indicates that local populations have
not increased in fishing communities, but fishers may migrate
among communities [4].

The hypothesis 3 regarding temporal changes in the species
composition of catches was only partially confirmed: only three of
the eight ecological categories showed a change in occurrence
over time. As expected, the occurrence of invertebrates and of
generalist reef fishes that are omnivorous or invertebrate feeders
were more often mentioned in recent interviews. However, con-
trarily to this hypothesis, large piscivorous reef fish were more
often mentioned in recent interviews, while the occurrence of
pelagic and large piscivorous fishes was unrelated with time of
interview. Reef and demersal herbivores were less often men-
tioned than other ecological categories and their occurrence did
not vary with time of interview. The diversity (number of species
inferred from common names) of fishing resources mentioned by
fishers increased in more recent interviews for all ecological ca-
tegories, including the expected increase in the number of species
of invertebrates, herbivores and generalists and an unexpected
increase in the diversity of predators. Overfishing has severely
reduced the abundance of large marine fishes, such as predators
and herbivores, which perform important ecological functions in
tropical oceans worldwide [16,50,51]. Marked decreases in the
abundance of these large fish has caused major ecological shifts,
such as an increase in algal growth in tropical reefs or changes in
fish and invertebrate communities [17,25,27,34]. The results of the
present study did not fully conform to the processes of fishing
down the food web [55], trophic cascades [25,62], nor trophic
downgrading [27], as fishers did not indicate a decrease in the
number of species or occurrence of fish from higher trophic levels.
The increases in the presence of small to medium sized reef fish
(generalists) and invertebrates, besides the overall increase in the
number of species exploited in recent interviews, suggest that
ecological changes may be under way in the southeastern Brazilian
coast, but these changes had not reached the point of eliminating
larger species of higher trophic levels. By one hand, the increased
citation of generalist reef fish in recent interviews, most of which
have low commercial value in the studied region [14,65], may be
an alert that abundance of preferred large fish decreased over
time. On the other hand, the exploitation of these less valued fish
may be an opportunity to diversify fish catches and alleviate
fishing pressure on remnant populations of large and preferred
fish, which still occur in the studied region according to the in-
terviewed fishers. Nevertheless, at least some species, such as
groupers (Epinephelidae) and large pelagic fish, have been threa-
tened by intense fishing along the Brazilian coast, as most in-
dividuals have been caught before reaching sexual maturity and
few fishers have seen these fishes with mature gonads [9,15,66].
Large piscivorous reef fishes, such as groupers, are more suscep-
tible to intense fishing pressure, due to their large size, delayed
sexual maturity, sex change (females turn to males at larger sizes),
long life spans and the formation of spawning aggregations
[36,60]. Indeed, previous studies using qualitative and quantitative
data from fishers’ knowledge have revealed major declines in the
abundance of large pelagic and reef fish, including groupers and
sharks, in the Brazilian coast [18,30,31,65] and elsewhere [59].

The hypothesis 4 was not confirmed: fishing resources with
high value were more frequently mentioned in recent interviews,
contrarily to an expected decrease in high valued resources over
time [63]. Although there was an increase in the number of species
with low and average values in more recent interviews, the
number of species with high value did not change over time. De-
clines in fishing resources caused by overfishing could be more
related to the economic value of species exploited than to their
trophic level [63]. The expected pattern under this scenario would
be a decline in high valued species over time in heavily fished
regions, irrespective of trophic levels, as some of these high valued
fishing resources may be invertebrates, such as shrimps or lobsters
[63]. This decline in high valued species was not observed in the
southeastern Brazilian coast over the studied timeframe, which
further indicated that fishing pressure had not reached critical
levels. On the contrary, high valued species were more often
mentioned in recent interviews, possibly related to increased ex-
ploitation of shrimps and large reef predators, such as groupers
and snappers (Lutjanidae) [11,15,41,52]. Other possibility would be
that the relative value of these fishing resources increased over
time, so fishers interviewed more recently may be applying a more
intense fishing effort to catch these fishing resources. In such case,
an increased citation would reflects higher exploitation levels and
higher relative value instead of higher abundance or availability.
Unfortunately, we do not have detailed data on fishing effort to
check this possibility. Nevertheless, at least some of these high
valued fishing resources, such as groupers, shrimps or snook
(Centropomus spp.), have been mentioned by fishers from the
southeastern coast in interviews made in 1986–1990 [8], 2000 [65]
and 2011 [14]. Furthermore, a comparison of fish landings in one
fishing community in the southeastern Brazil show that the main
fish targeted and the fishing techniques did not change during 10
years (from 1993 to 2003) [42]. These data indicated that pre-
ference for these high valued fish probably did not change during
the timeframe of 14 years analyzed here. Future studies are nee-
ded to confirm if populations of high valued fishing resources are
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in sustainable levels or to evaluate temporal variations in fishing
effort to catch distinct species.

4.2. Fishers’ knowledge as indicator of temporal trends

Fishers’ knowledge has been regarded as an invaluable tool to
evaluate the magnitude of temporal ecological changes in the
abundance or composition of aquatic organisms, especially from
remote periods when research was unavailable or in places that
lack monitoring [39,48,61,67]. Therefore, fishers’ information may
help to deal with the problem of shifting baseline syndrome,
which is a change in perception of the severity of changes over
time [54]. Most of the previous studies that apply fishers’ knowl-
edge to evaluate the occurrence of shifting baseline syndrome
focus on particular species and address long time spans (decades).
These studies have conducted comparisons of perceptions be-
tween fishers of different ages (generations) or on recalls of pre-
vious resource abundance by experienced fishers e to analyze
temporal changes in the abundance of fishing resources
[18,21,30,31,35,59]. The present study in the southeastern Brazi-
lian coast differ from these previous studies, as perceptions of
interviewed fishers were compared among different times along
14 years, besides comparisons among answers from fishers of
distinct ages. Contrarily to patterns observed in previous studies
[31,59], none of the indicators of ecological changes in catches
(number of species and occurrence of ecological or economic ca-
tegories) were related to the age of interviewed fishers in this
study. The fishers’ age did not influence the reported biomass of
fish caught, except for the observed interaction between fishers’
age and time of interview (Table 1). Information from interviews
with resource users have been positively related to scientific
sampling of resource use for fish catches [21,35] and hunted
mammals [33], thus contributing to understand patterns of ex-
ploitation and consumption of natural resources. Notwithstanding
the recognized contributions of this approach, there is the possi-
bility of systematic bias on perceptions of people with different
ages, or a shifting baseline syndrome of perceptions [53]. Older
people could overestimate past resource abundance, while
younger people may fail to notice the decline of exploited re-
sources [53]. The ability of people to properly recall past events of
resource exploitation may be also influenced by the season when
interview occurs and people may provide better averaged esti-
mates over longer time periods (past year) than more punctual
estimates (past month) [33]. The data analyzed in this study have
the advantage of not being susceptible to shifting baselines in
perceptions, as time when the interview was performed had a
stronger influence on reported catches than the age of the inter-
viewed fisher. This was possibly because all fishers, including older
ones, were active at the time of interviews, so they mentioned past
fishing events that occurred recently and were thus linked to the
time when interview was conducted.

4.3. Policy and management implications

Although the temporal frame was limited to about 14 years
(from 1995 to 2009) and sampling was discontinuous in time and
could not be standardized (different communities and regions in
distinct years), this study provided one of the most comprehensive
and broad assessment of changes in coastal fish catches based on
interviews with local fishers. These data are scarce or absent for
most tropical small-scale fisheries [6,15,38] and can be a timely
and invaluable contribution to support fisheries management. It is
noteworthy that the temporal pattern of decrease in catches in-
dicated by interviews with small-scale fishers was not observed in
the official governmental statistics of fish landings during the
same period of time [37]. This may be because official statistics
group several kinds and scales of fisheries, including larger boats.
Therefore, an increase in fishing effort or in the area exploited
could maintain high catches in spite of reduced availability of
fishing resources. Fishing effort was not considered by these offi-
cial statistics, nor by our interview data, but we can expect that
effort would be more variable and more intense in large scale
mixed fisheries of official statistics compared to effort of fishing
communities. This illustrates that governmental landing data that
mix distinct fisheries over a wide region may not fully reflect
temporal trends in catches of small-scale coastal fishing commu-
nities. Although they may be not the most important providers of
fish to large markets, these smaller and scattered fishing com-
munities may support local fish markets and be important sources
of animal protein to guarantee regional food security [13]. There-
fore, the observed decline in catches of small-scale fisheries should
be duly considered by managers.

The results from this large-scale study based on fishers’ inter-
views indicate the temporal trends of: (1) a decrease in the bio-
mass of fish caught; (2) an increase in the occurrence of smaller
fish and invertebrates in the catch; (3) an increase of large reef fish
and high value fishing resources (mainly shrimp) in catches; and
(4) maintenance of large predators. The first two indicators sug-
gest excessive fishing, but the later indicators (3 and 4) suggest
that the socioecological system of the southeastern Brazilian coast
had not yet undergone major ecological shifts, as observed in other
tropical regions of the world subjected to intense fishing
[17,19,20]. Therefore, the scenario emerging from this study in-
dicates a strategic opportunity for management actions in the
Brazilian southeastern coast, aiming to reverse the trend of de-
clining catches and to rebuild or stop the decline of populations of
large fish before is too late. Considering the lack of monitoring for
small-scale coastal fisheries, our results could serve as a baseline
to assess future changes and could be discussed with fishers to
better investigate potential causes of fish declines (that may vary
for each region) and to propose feasible solutions or management
approaches. In this sense, the data here provided follow the pro-
posed approach of ‘data-less’ management of tropical small-scale
coastal fisheries [38], which include information that better reflect
the reality, the problems and the concerns of local fishing com-
munities. Previous management measures issued in a top-down
fashion by the Brazilian government, although grounded in sound
biological background [1,28,29], have generated conflicts with
fishers and have been less effective than expected. For example, a
MPA recently enforced in the Paraty Bay has excluded fishers from
fishing grounds and has not shown clear ecological nor socio-
economic benefits [44,45], while a recent law banned the catch of
some endangered fish and invertebrate species, generating strong
political opposition by fishers [24]. Besides being a cost-effective
way to track temporal changes in resource abundance in the ab-
sence of regular monitoring [22,35], data from fishers’ knowledge
can provide a common ground for dialogue between fishers,
biologists and managers [6], which can ultimately lead to co-
management initiatives [43]. These initiatives may include grant-
ing exclusive territorial rights to small-scale fishers [5,23], pay-
ments for ecosystem services or other compensation schemes to
establish closed fishing seasons or protected areas [12], or di-
versification of economic activities by allocating more time to
tourism [46].
Acknowledgements

This work was funded by International Development Research
Centre (IDRC, Canada, grant 104519-004) and to Fundação de
Amparo a Pesquisa do Estado de São Paulo (FAPESP, Brazil) (grants



E.G. Lima et al. / Marine Policy 71 (2016) 111–120 119
97/06167-0, 01/00718-1, 04/02301-9, 06/50435-0, 07/58700-7,
2009/11154-3, 2012/16722-2). The authors wish to thank all the
coastal fishers for their collaboration Pedro Harres for collabora-
tion; the Conselho Nacional de Pesquisa (CNPq, Brazil) for research
grants (productivity scholarships) to R.A.M.S. (309014/2013-1) and
A.B., to Coordenação de Aperfeiçoamento de Pessoal de Nível Su-
perior (CAPES) for research grant to E.G.L. and G.H. (43/2013); to
the NGO Fisheries and Food (FIFO) for permit to consult its data-
base on fisheries; to Daniela M. Nunes, Priscila F.M. Lopes, Sandra
Hartz and an anonymous reviewer for useful comments on a
previous version of this work.
References

[1] A.B. Anderson, R.M. Bonaldo, D.R. Barneche, C.W. Hackradt, F.C. Félix-Hackradt,
J.A. García-Charton, et al., Recovery of grouper assemblages indicates effec-
tiveness of a marine protected area in Southern Brazil, Mar. Ecol. Prog. Ser. 514
(2014) 207–215.

[2] J.A. Anticamara, R. Watson, A. Gelchu, D. Pauly, Global fishing effort (1950–
2010): trends, gaps, and implications, Fish. Res. 107 (2011) 131–136.

[3] A. Begossi, Property rights for fisheries at different scales: applications for
conservation in Brazil, Fish. Res. 34 (1998) 269–278.

[4] A. Begossi, The ethnoecology of Caiçara metapopulations (Atlantic Forest,
Brazil): ecological concepts and questions, J. Ethnobiol. Ethnomed. 2 (2006)
40.

[5] A. Begossi, Temporal stability in fishing spots: conservation and co-manage-
ment in Brazilian Artisanal Coastal Fisheries, Ecol. Soc. 11 (2006) 5.

[6] A. Begossi, Local knowledge and training towards management, Environ. Dev.
Sustain. 10 (2008) 591–603.

[7] A. Begossi, Ecological, cultural, and economic approaches to managing arti-
sanal fisheries, Environ. Dev. Sustain. 16 (2014) 5–34.

[8] A. Begossi, J.L. Figueiredo, Ethnoicthyology of southern coastal fishermen:
cases from Búzios Island and Sepetiba Bay (Brazil), Bull. Mar. Sci. 56 (1995)
682–689.

[9] A. Begossi, R.A.M. Silvano, Ecology and ethnoecology of dusky grouper gar-
oupa, Epinephelus marginatus (Lowe, 1834) along the coast of Brazil, J. Eth-
nobiol. Ethnomed. 4 (2008) 20.

[10] A. Begossi, N. Hanazaki, R. Ramos, Food chain and the reasons for food taboos
in the Amazon and on the Atlantic Forest coast, Ecol. Appl. 14 (2004)
1334–1343.

[11] A. Begossi, S.V. Salivonchyk, L.G. Araujo, T.B. Andreoli, M. Clauzet, C.
M. Martinelli, et al., Ethnobiology of snappers (Lutjanidae): target species and
suggestions for management, J. Ethnobiol. Ethnomed. 7 (2011) 11.

[12] A. Begossi, P.H. May, P.F. Lopes, L.E.C. Oliveira, V. da Vinha, R.A.M. Silvano,
Compensation for environmental services from artisanal fisheries in SE Brazil:
policy and technical strategies, Ecol. Econ. 71 (2011) 25–32.

[13] A. Begossi, S.V. Salivonchyk, V. Nora, P.F. Lopes, R.A.M. Silvano, The paraty
artisanal fishery (southeastern Brazilian coast): ethnoecology and manage-
ment of a social-ecological system (SES), J. Ethnobiol. Ethnomed. 8 (2012) 22.

[14] A. Begossi, S.V. Salivonchyk, N. Hanazaki, I.M. Martins, F. Bueloni, Fishers
(Paraty, RJ) and fish manipulation time: a variable associated to the choice for
consumption and sale, Braz. J. Biol. 72 (2012) 973–975.

[15] A. Begossi, P. Lopes, R.A.M. Silvano, Co-management of reef fisheries of the
snapper-grouper complex in a human ecological context in Brazil, in: G.
H. Kruse, H.I. Browman, K.L. Cochrane, D. Evans, G.S. Jamieson, P.A. Livingston,
et al., (Eds.), Global Progress in Ecosystem-Based Fisheries management 2012c,
Alaska Sea Grant, University of Alaska Fairbanks, 2012.

[16] D.R. Bellwood, A.S. Hoey, J.H. Choat, Limited functional redundancy in high
diversity systems: resilience and ecosystem function on coral reefs, Ecol. Lett.
6 (2003) 281–285.

[17] D.R. Bellwood, T.P. Hughes, C. Folke, M. Nystrom, Confronting the coral reef
crisis, Nature 429 (2004) 827–833.

[18] M.G. Bender, S.R. Floeter, N. Hanazaki, Do traditional fishers recognize reef fish
species declines? Shifting environmental baselines in Eastern Brazil, Fish.
Manag. Ecol. 20 (2013) 58–67.

[19] J.E. Cinner, T.R. McClanahan, T.M. Daw, N.A. Graham, J. Maina, S.K. Wilson,
et al., Linking social and ecological systems to sustain coral reef fisheries, Curr.
Biol. 19 (2009) 206–212.

[20] M. Condy, J.E. Cinner, T.R. Mcclanahan, D.R. Bellwood, Projections of the im-
pacts of gear-modification on the recovery of fish catches and ecosystem
function in an impoverished fishery, Aquat. Conserv. Mar. Freshw. Ecosyst. 25
(2015) 396–410.

[21] L.M.A. Damasio, P.F.M. Lopes, R.D. Guariento, A.R. Carvalho, Matching fishers’
knowledge and landing data to overcome data missing in small-scale fisheries,
PLoS One 10 (7) (2015) e0133122.

[22] T.M. Daw, J. Robinson, N.A.J. Graham, Perceptions of trends in Seychelles ar-
tisanal trap fisheries: comparing catch monitoring, underwater visual census
and fishers’ knowledge, Environ. Conserv. 38 (2011) 75–88.

[23] O. Defeo, J.C. Castilla, More than one bag for the world fishery crisis and keys
for co-management successes in selected artisanal Latin American
shellfisheries, Rev. Fish Biol. Fish. 15 (2005) 265–283.
[24] F. Di Dario, C.B. Alves, H. Boos, F.L. Frédou, R.P. Lessa, M.M. Mincarone, et al., A

better way forward for Brazil's fisheries, Science 347 (2015) 1079.
[25] N.K. Dulvy, R.P. Freckleton, N.V.C. Polunin, Coral reef cascades and the indirect

effects of predator removal by exploitation, Ecol. Lett. 7 (2004) 410–416.
[26] T.E. Essington, P.E. Moriarty, H.E. Froehlich, E.E. Hodgson, L.E. Koehn, K.L. Oken,

et al., Fishing amplifies forage fish population collapses, Proc. Natl. Acad. Sci.
USA 112 (2015) 6648–6652.

[27] J.A. Estes, J. Terborgh, J.S. Brashares, M.E. Power, J. Berger, W.J. Bond, et al.,
Trophic downgrading of Planet Earth, Science 333 (2011) 301–306.

[28] S.R. Floeter, B.S. Halpern, C.E.L. Ferreira, Effects of fishing and protection on
Brazilian reef fishes, Biol. Conserv. 128 (2006) 391–402.

[29] R.B. Francini-Filho, R.L. Moura, Evidence for spillover of reef fishes from a no-
take marine reserve: an evaluation using the before-after control-impact
(BACI) approach, Fish. Res. 93 (2008) 346–356.

[30] L.C. Gerhardinger, R.P.M. Hostim-Silva, J. Medeiros, A.A. Matarezi, Bertoncini,
M.O. Freitas, et al., Fishers’ resource mapping and goliath grouper Epinephelus
itajara (Serranidae) conservation in Brazil, Neotrop. Ichthyol. 7 (2009) 93–102.

[31] V.J. Giglio, O.J. Luiz, L.C. Gerhardinger, Depletion of marine megafauna and
shifting baselines among artisanal fishers in eastern Brazil, Anim. Conserv. 18
(2014) 348–358.

[32] M. Glaser, K. Diele, Asymmetric outcomes: assessing central aspects of the
biological, economic and social sustainability of a mangrove crab fishery,
Ucides cordatus (Ocypodidae), in North Brazil, Ecol. Econ. 49 (2004) 361–373.

[33] C.D. Golden, R.W. Wrangham, J.S. Brashares, Assessing the accuracy of inter-
viewed recall for rare, highly seasonal events: the case of wildlife consump-
tion in Madagascar, Anim. Conserv. 16 (2013) 597–603.

[34] N.A.J. Graham, R.D. Evans, G.R. Russ, The effects of marine reserve protection
on the trophic relationships of reef fishes on the Great Barrier Reef, Environ.
Conserv. 30 (2003) 200–208.

[35] G. Hallwass, P.F. Lopes, A.A. Juras, R.A.M. Silvano, Fishers knowledge identifies
environmental changes and fish abundance trends in impounded tropical
rivers, Ecol. Appl. 23 (2013) 392–407.

[36] R.J. Hamilton, T. Potuku, J.R. Montambault, Community-based conservation
results in the recovery of reef fish spawning aggregations in the Coral Triangle,
Biol. Conserv. 144 (2011) 1850–1858.

[37] Instituto de Pesca. Informe da Produção Pesqueira Marinha e Estuarina do
Estado de São Paulo – Dezembro 2011. Secretaria de Agricultura e Abasteci-
mento. Programa De Monitoramento da atividade Pesqueira. São Paulo. No. 17.
Fev/2012.

[38] R.E. Johannes, The case for data-less marine resource management: examples
from tropical nearshore finfisheries, Trends Ecol. Evol. 13 (1998) 243–246.

[39] M.N. Lavides, N.V.C. Polunin, S.M. Stead, D.G. Tabaranza, M.T. Comeros, J.
R. Dongallo, Finfish disappearances around Bohol, Philippines inferred from
traditional ecological knowledge, Environ. Conserv. 36 (2010) 235–244.

[40] J. Le Fur, A. Guilavogui, A. Teitelbaum, Contribution of local fishermen to im-
proving knowledge of the marine ecosystem and resources in the Republic of
Guinea, West Africa, Can. J. Fish. Aquat. Sci. 68 (2011) 1454–1469.

[41] P.F.L. Lopes, Extractive and farmed shrimp in Brazil: economic, environmental
and social consequences of exploitation, Environ. Dev. Sustain. 10 (2008)
639–655.

[42] P.F.M. Lopes, A. Begossi, Temporal changes in caiçara artisanal fishing and
alternatives for management: a case study on the southeastern Brazilian coast,
Biota Neotrop. 8 (2008) 55–64.

[43] P.F.M. Lopes, R.A.M. Silvano, A. Begossi, Extractive and Sustainable Develop-
ment Reserves in Brazil: resilient alternatives to fisheries? J. Environ. Plan.
Manag. 54 (2011) 421–443.

[44] P.F.M. Lopes, E.M. Rosa, S. Salyvonchyk, V. Nora, A. Begossi, Suggestions for
fixing top-down coastal fisheries management through participatory ap-
proaches, Mar. Policy 40 (2013) 100–110.

[45] P.F.M. Lopes, R.A.M. Silvano, V. Nora, A. Begossi, Transboundary socio-ecolo-
gical effects of a Marine Protected Area in the southwest Atlantic, Ambio 42
(2013) 963–974.

[46] P.F.M. Lopes, S. Pacheco, M. Clauzet, R.A.M. Silvano, A. Begossi, Fisheries,
tourism, and marine protected areas: conflicting or synergistic interactions,
Ecosyst. Serv. 16 (2015) 333–340.

[47] T.R. McClanahan, J.C. Castilla, A.T. White, O. Defeo, Healing small-scale fish-
eries by facilitating complex socio-ecological systems, Rev. Fish Biol. Fish. 19
(2009) 33–47.

[48] L. McClenachan, F. Ferretti, J.K. Baum, From archives to conservation: why
historical data are needed to set baselines for marine animals and ecosystems,
Conserv. Lett. 5 (2012) 349–359.

[49] I.B. Moreno, M. Tavares, D. Danilewicz, P.H. Ott, R. Machado, Descrição da
pesca costeira de média escala no litoral norte do Rio Grande do Sul: comu-
nidades pesqueiras de Imbé/Tramandaí e Passo de Torres/Torres, Bol. Inst. 35
(2009) 129–140.

[50] P.J. Mumby, A.R. Harborne, D.R. Brumbaugh, Grouper as a natural biocontrol of
invasive lionfish, PLoS One 6 (2011) e21510.

[51] R.A. Myers, B. Worm, Rapid worldwide depletion of predatory fish commu-
nities, Nature 423 (2003) 280–283.

[52] L.E.C. Oliveira, A. Begossi, Last trip return rate influence patch choice decisions
of small-scale shrimp trawlers: optimal foraging in São Francisco, coastal
Brazil, Hum. Ecol. 39 (2011) 323–332.

[53] S.K. Papworth, J. Rist, L. Coad, E.J. Milner-Gulland, Evidence for shifting
baseline syndrome in conservation, Conserv. Lett. 2 (2009) 93–100.

[54] D. Pauly, Anecdotes and the shifting base-line syndrome of fisheries, Trends

http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref1
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref1
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref1
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref1
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref1
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref2
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref2
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref2
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref3
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref3
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref3
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref4
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref4
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref4
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref5
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref5
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref6
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref6
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref6
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref7
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref7
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref7
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref8
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref8
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref8
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref8
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref9
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref9
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref9
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref10
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref10
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref10
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref10
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref11
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref11
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref11
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref12
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref12
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref12
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref12
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref13
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref13
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref13
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref14
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref14
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref14
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref14
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref15
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref15
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref15
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref15
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref15
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref16
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref16
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref16
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref16
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref17
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref17
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref17
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref18
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref18
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref18
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref18
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref19
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref19
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref19
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref19
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref20
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref20
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref20
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref20
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref20
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref21
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref21
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref21
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref22
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref22
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref22
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref22
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref23
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref23
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref23
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref23
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref24
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref24
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref25
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref25
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref25
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref26
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref26
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref26
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref26
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref27
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref27
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref27
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref28
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref28
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref28
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref29
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref29
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref29
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref29
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref30
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref30
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref30
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref30
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref31
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref31
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref31
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref31
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref32
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref32
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref32
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref32
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref33
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref33
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref33
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref33
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref34
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref34
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref34
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref34
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref35
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref35
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref35
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref35
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref36
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref36
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref36
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref36
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref37
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref37
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref37
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref38
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref38
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref38
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref38
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref39
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref39
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref39
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref39
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref40
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref40
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref40
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref40
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref41
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref41
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref41
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref41
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref42
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref42
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref42
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref42
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref43
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref43
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref43
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref43
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref44
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref44
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref44
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref44
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref45
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref45
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref45
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref45
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref46
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref46
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref46
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref46
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref47
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref47
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref47
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref47
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref48
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref48
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref48
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref48
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref48
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref49
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref49
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref50
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref50
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref50
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref51
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref51
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref51
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref51
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref52
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref52
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref52
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref53


E.G. Lima et al. / Marine Policy 71 (2016) 111–120120
Ecol. Evol. 10 (1995) 430.
[55] D. Pauly, V. Christensen, J. Dalsgaard, R. Froese, F. Torres, Fishing down marine

food webs, Science 279 (1998) 860–863.
[56] D. Pauly, V. Christensen, S. Guénette, T.J. Pitcher, U.R. Sumaila, C.J. Walters,

Watson, D. Zeller, Towards sustainability in world fisheries, Nature 418 (2002)
689–695.

[57] V. Paz, A. Begossi, Ethnoichthyology of Gamboa fishermen of Sepetiba Bay,
Brazil, J. Ethnobiol. 16 (1996) 157–168.

[58] K. Ruddle, F.R. Hickey, Accounting for the mismanagement of tropical near-
shore fisheries, Environ. Dev. Sustain. 10 (2008) 565–589.

[59] A. Saenz-Arroyo, C.M. Roberts, J. Torre, M. Cariño-Olvera, Using fishers’ an-
ecdotes, naturalists’ observations and grey literature to reassess marine spe-
cies at risk: the case of the Gulf grouper in the Gulf of California, Mexico, Fish
Fish. 6 (2005) 121–133.

[60] Y. Sadovy de Mitcheson, M.T. Craig, A.A. Bertoncini, K.E. Carpenter, W.W.
L. Cheung, J.H. Choat, et al., Fishing groupers towards extinction: a global
assessment of threats and extinction risks in a billion dollar fishery, Fish Fish.
14 (2013) 119–136.

[61] A.K. Salomon, N.M. Tanape, H.P. Huntington, Serial depletion of marine in-
vertebrates leads to the decline of a strongly interacting grazer, Ecol. Appl. 17
(2007) 1752–1770.
[62] M. Scheffer, S. Carpenter, B. de Young, Cascading effects of overfishing marine

systems, Trends Ecol. Evol. 20 (2005) 579–581.
[63] S.A. Sethi, A. Trevor, T.A. Branch, R. Watson, Global fishery development pat-

terns are driven by profit but not trophic level, Proc. Natl. Acad. Sci. USA 107
(2010) 12163–12167.

[64] R.A.M. Silvano, J. Valbo-Jorgensen, Beyond fishermen's tales: contributions of
fishers’ local ecological knowledge to fish ecology and fisheries management,
Environ. Dev. Sustain. 10 (2008) 657–675.

[65] R.A.M. Silvano, A. Begossi, Fishermen's local ecological knowledge on South-
eastern Brazilian coastal fishes: contributions to research, conservation, and
management, Neotrop. Ichthyol. 10 (2012) 133–147.

[66] R.A.M. Silvano, P.F.L. MacCord, R.V. Lima, A. Begossi, When does this fish
Spawn? Fishermen's local knowledge of migration and reproduction of Bra-
zilian coastal fishes, Environ. Biol. Fish. 76 (2006) 371–386.

[67] S.T. Turvey, L.A. Barrett, H. Yujiang, Z. Lei, Z. Xinqiao, W. Xianyan, H. Yadong,
Z. Kaiya, T. Hart, W. Ding, Rapidly shifting baselines in Yangtze fishing com-
munities and local memory of extinct species, Conserv. Biol. 24 (2010)
778–787.

http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref53
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref54
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref54
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref54
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref55
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref55
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref55
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref55
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref56
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref56
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref56
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref57
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref57
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref57
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref58
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref58
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref58
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref58
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref58
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref59
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref59
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref59
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref59
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref59
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref60
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref60
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref60
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref60
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref61
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref61
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref61
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref62
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref62
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref62
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref62
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref63
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref63
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref63
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref63
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref64
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref64
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref64
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref64
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref65
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref65
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref65
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref65
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref66
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref66
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref66
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref66
http://refhub.elsevier.com/S0308-597X(16)30286-X/sbref66

	Fishers’ knowledge indicates short-term temporal changes in the amount and composition of catches in the southwestern...
	Introduction
	Material and methods
	Study site
	Fishing communities
	Interviews with fishers
	Data analyses

	Results
	Temporal changes in the biomass of fish caught
	Temporal changes in the composition of the catch

	Discussion
	Temporal trends in catch abundance and composition
	Fishers’ knowledge as indicator of temporal trends
	Policy and management implications

	Acknowledgements
	References




