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a  b  s  t  r  a  c  t

Worldwide  overfishing  has  caused  the  collapse  of  populations  of  excessively  exploited  marine  fish.  The
coastal demersal  sciaenid  fish  “pescadinha”,  Macrodon  atricauda,  has  been  intensely  fished  since  the
1960s  along  the  southern  Brazilian  coast,  resulting  not  only  in decreasing  abundance  but  also  in  increas-
ing  growth  rates  and decreasing  age and  length  at first  maturity.  We  analyzed  the  time  series  of  several
population  indicators,  such as  catch  per  unit  effort  (CPUE),  age  composition  of  the  stock,  total  and  nat-
ural mortality  and  exploitation  rate  to investigate  the  long-term  impact  of  fishing  on  the  mortality,  age
structure  and biomass  of  M.  atricauda.  Furthermore,  we  modeled  the  time-trajectory  of  the  total  biomass
under  an assumption  of constant  recruitment  and  discuss  the limits  of resilience  and  the risk of  collapse
of  the  fishery.  The  CPUE  (kg/day  at sea)  has  decreased  almost  50%.  Total  mortality  increased  from  0.5  yr−1

in  the  almost  unexploited  stock  in  the  1950s  to  around  1.9 yr−1 in  the  2000s,  while  the  age  structure
changed  dramatically:  fishes  in  the  landings  were  not  older  than  9 years  old  in the  1960s,  7 years  old  in
the  1970s  and  no  fish  over  5  years  old  has  been  observed  since  the  1990s.  Taking  into  account  the  growth
changes,  a deterministic  model  estimated  a  reduction  of  67%  in  total  biomass  over five  decades.  In  the

−1
last  30  years,  the  stock  has withstood  high  exploitation  rates  (between  0.5  and 0.7  yr ) and  has  suffered
a  steady  decline  in biomass  but  has not  collapsed,  probably  due  to life-history  traits  that  favor  resilience:
early  maturation  and  rapid  individual  growth.  However,  the  stock  is  at risk  of collapse,  taking  into  con-
sideration  the  present  non-stabilized  level  of  high  mortality,  changed  age  structure  and  life  history,  low
biomass  and  high  exploitation  rates.  A precautionary  approach  suggests  the  need  to  reduce  fishing  effort.

©  2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Worldwide overfishing has caused the collapse of excessively
xploited marine fish populations (Hutchings, 2000; Worm et al.,
009). By imposing an additional mortality component, fisheries
ave truncated the age structure by removing old age classes, a fact
hat, in turn, has increased the relative abundance of the youngest
lasses (Berkeley et al., 2004; Hsieh et al., 2010). These changes are
ikely to reduce the capacity fish populations have to withstand

nvironmental variability, besides increasing the risk of commer-
ial extinction (Longhurst, 2002; Marteinsdottir and Thorarinsson,
998).

∗ Corresponding author. Tel.: +55 53 32336525.
E-mail addresses: cardosolg15@gmail.com (L.G. Cardoso), docmhm@furg.br

M.  Haimovici).

ttp://dx.doi.org/10.1016/j.fishres.2015.02.012
165-7836/© 2015 Elsevier B.V. All rights reserved.
The southern king weakfish Macrodon atricauda (Günther, 1880)
(local names are pescadinha, pescada-foguete, pescadinha-real) is
a sciaenid fish that inhabits shallow coastal waters in soft bottom
areas near estuaries from Espírito Santo state (Brazil) to northern
Argentina. This species was recently discriminated from Macrodon
ancylodon (Bloch and Schneider, 1801), which can be found from
northeastern Brazil to Venezuela (Cardoso et al., 2012; Carvalho-
Filho et al., 2010; Santos et al., 2006). Five population groups of M.
atricauda have been genetically identified (Rodrigues et al., 2014).
The largest one occurs between La Plata River (Lat. 36◦) estuary and
Santa Marta Grande Cape in southern Brazil (Lat. 28◦), where it has
been one of the major targets of the pair-bottom trawl fishery since
the late 1950s (Haimovici, 1998; Valentini et al., 1991; Yamaguti

and Moraes, 1965; Yesaki and Bager, 1975).

Prior studies of the long-term impact of the fishery on the
population dynamics showed a large increase in growth between
the 1970s and 2009 that was  interpreted as a density-dependent

dx.doi.org/10.1016/j.fishres.2015.02.012
http://www.sciencedirect.com/science/journal/01657836
http://www.elsevier.com/locate/fishres
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fishres.2015.02.012&domain=pdf
mailto:cardosolg15@gmail.com
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Table  1
Numbers of sampled fishing trips, length samples, measured individuals and aged specimens per decade.

Decade Number of landing records Number of length composition samples Measured specimens Aged specimens

1970 314 129 40,151 280
1980  674 297 86,182 308
1990  466 116 29,185 328
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the 1960s (Table 2). These catches were landed by pair trawlers
in Santos (southeastern Brazil). These pair trawlers fished mostly
along the coast of Rio Grande do Sul, as shown by Yamaguti (1968).
We reduced Yamaguti’s readings on whole otoliths by one year,

Table 2
Relative catch per effort by age according to Yamaguti (1968)* and relative catches
by  age of Macrodon atricauda in pair trawl landings in southern Brazil.

Year Age

2 3 4 5 6 7 8

1955* 0.85 0.09 0.04 4.00
1963* 0.68 0.22 0.10 0.01 0.01
1964* 0.49 0.46 0.05 0.01 0.01
1976 0.74 0.19 0.04 0.03 0.01
1977 0.72 0.19 0.05 0.03 0.00
1978 0.64 0.24 0.07 0.04 0.00
1979 0.72 0.20 0.05 0.03 0.01
1984 0.56 0.31 0.09 0.03 0.01
1985 0.60 0.29 0.09 0.02 0.01
1986 0.54 0.32 0.09 0.03 0.01
1987 0.54 0.32 0.10 0.03 0.01
1989 0.63 0.27 0.08 0.02 0.01
2000  133 35 

2010  43 17 

Total  1630 594 

hange in response to decreasing density (Cardoso and Haimovici,
011). Moreover, age and size at maturation have also decreased.
he most plausible explanation is that these changes occurred
ue to the selective pressure of fishing, and implies lower fit-
ess for individuals that mature at larger sizes. However, there is
ome evidence that the age at maturation has also been driven by
he decrease in population abundance, which mitigates density-
ependent effects responsible for delaying maturation (Cardoso
nd Haimovici, 2014).

We  analyze the time-series of several population indicators,
uch as catch per unit effort (CPUE), total and natural mortality,
xploitation rate and the age composition of the landings to investi-
ate the long-term impact of fishing on the mortality, age structure
nd biomass of M.  atricauda and to evaluate the risks of the collapse
f the fishery. We  calculated the yearly mean CPUE for pair-trawler
shing trips – whose main target was pescadinha – landing in Rio
rande. We also estimated the mean yearly instantaneous coeffi-
ient of total mortality (Z) based on available information on the
ength frequencies and age-length keys. We also estimated natural

ortalities and, then, used them to calculate yearly exploitation
ates. The landing records of marine fisheries in southern Brazil
ave gaps and biases over time. The lack of consistent landing statis-
ics for M.  atricauda prevents the analysis of the long-term impact of
shing on the biomass of the stock through the application of stock
ssessment models. However, the consistent estimates of the age
tructure of the catches enabled us to build a simple deterministic
odel which integrates total mortality and changes in growth to

how the evolution of the total biomass over the last five decades.
e discuss the limits of resilience and the risk of collapse of the

shery.

. Materials and methods

.1. Data source and analysis

Data for the assessment of M.  atricauda were obtained from a
ong-term sampling program of the coastal demersal fisheries on
he Southern Brazilian shelf (28◦40′–34◦S). It has been carried out
n Rio Grande by the Oceanography Institute of the University of
io Grande since 1976 (Haimovici, 1987, 1998). Data on several
eriods representing five different decades are available (Table 1).
verall, data have included the landing records of 1630 fishing

rips of pair-bottom trawlers and 594 length samples, totaling
69,000 measured individuals and 1685 aged specimens (Table 1).
aimovici (1987) described the length composition sampling strat-
gy and Cardoso and Haimovici (2011) reported age-length keys.

.2. Catch per unit effort (CPUE)

The quality of the commercial landing and of effort statistics in
io Grande has not been homogeneous over the last decades. In
ddition, long-term changes in the CPUE based on these data are

ot reliable estimators of changes in abundance. Therefore, we ana-

yzed data obtained by samplers in dockside interviews collected
etween 1977 and 2011. These data comprise the number of days
t sea, fishing depths, total and pescadinha catch information and
9171 769
4548

169,237 1685

the size and power of the boats from 710 pair-trawler fishing trips.
CPUE is expressed as kg/day at sea, because neither the size nor the
power-type of nets of the pair trawlers has changed substantially
since the 1970s (Haimovici et al., 1989; Vasconcellos et al., 2006).

Pescadinha represents less than 20% of the landings of the indus-
trial multispecific pair-trawl fishery off southern Brazil (Haimovici,
1998). To better associate catches with the effort that targets
pescadinha, only trips in which it represented 30% or more of the
catch (n = 413 and), or 40% or more (n = 297), were included in the
analysis of the changes in CPUE (Chikuni, 1975). In each category,
we calculated the mean CPUE values and 95% confidence inter-
vals per year. A linear model was  fitted to annual CPUEs and an
analysis of variance (Zar, 1984) were used to analyze the statistical
significance of the CPUE trend.

2.3. Age composition, mortality data and analysis

The smallest sizes of M.  atricauda are poorly selected by the
mesh and also discarded when caught, since specimens under
20 cm were usually landed in small numbers (Haimovici and
Maceira, 1981; Cardoso and Haimovici, 2014). Thus, ages 0 and
1 are under-represented in the landings. Therefore, we  calculated
the percentage of individuals aged two or older for each five-year
period between 1975 and 2010 to examine changes over time in
the age composition of the stock.

We used two  sources of data to estimate the long-term changes
in the instantaneous total mortality coefficients (Z yr−1). The age
composition of the landings in the 1950s and 1960s was obtained
by relative CPUE data at different ages: ages 6 to 8 born from 1953 to
1955, landed in 1961, represented the 1950s and ages 3 to 6 born
between 1958 and 1961, landed in 1963 and 1964, represented
1997 0.69 0.27 0.03 0.01
2006 0.73 0.22 0.05 0.00
2007 0.82 0.15 0.03 0.00
2009 0.83 0.15 0.02 0.00
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ince it was shown that this technique tends to overestimate ages
y one year (Cardoso and Haimovici, 2011).

For the following four decades, Z was estimated from catch-
y-age data calculated using catch length compositions for pair
rawlers landing in Rio Grande and age-length keys described by
ardoso and Haimovici (2011) (Table 2).

The instantaneous total mortality coefficient (Z) was calculated
or each year for which data were available (Ricker, 1975). To obtain
he posterior distribution for the slopes of the regressions (Z) and
heir credibility intervals, the catch curve of log (catch) (yi) against
ge (xi) when I = 2,.  . .,5, was defined by the following linear model:

i = ˇ0 + ˇ1xi + ωi

here ˇ0 is the intercept, ˇ1 is the slope of the linear model and ωi
s the model error. Non-informative Jeffreys’ priors were assumed
or the parameters (p (ˇ0, ˇ1, �2)  ̨ 1/�2) and the normal distribu-
ion (N (ˇ0 + ˇ1 xi, �)) for p (yi|ˇ0, ˇ1, �). The marginal posterior
istributions of the parameters are (Kinas and Andrade, 2010):
(

ˇ0|xi, yi

)
∼St

(
n − 2, b0, Sˇ0

)

(
ˇ1|xi, yi

)
∼St

(
n − 2, ˇ1, Sˇ1

)

(
�2|xi, yi

)
∼GInv

(
(n − 2) /2,

(
(n − 2) /2

)
S2

e

)

here b0 and b1 are the least-squares estimates for ˇ0 and ˇ1,
espectively, Se

2 is the residual variance and St (g,m,v) are non-
entral Student distributions with g degrees of freedom, mean m
nd scale v. The distribution of the variance �2 is inverse gamma.
o obtain the posterior distribution of Z, we sampled 5.000 values
rom the marginal posterior using the library MASS (Venables and
ipley, 2002).

The posterior distributions for the first (1955) and last (2009)
ears with estimated Zs were compared using a Bayesian alterna-
ive to the t-test available in the library BEST (R version 2.12.0)
Kruschke and Meredith, 2014).

We estimated the annual natural mortality (M)  in each decade
onsidering the long-term changes in growth (Cardoso and
aimovici, 2011) and using the formula compiled by Pauly (1980):

og M = −0.0066 − 0.279 log (L∞d) +  0.6543 log kd + 0.4634 log Td

here L∞d and kd are, respectively, the asymptotic length and
he growth rate in each decade (Cardoso and Haimovici, 2011),
nd Td is the mean sea-surface temperature (SST) in each decade
btained from the Southwest Fisheries Science Center of the US
ational Oceanic and Atmospheric Administration (SFSC-NOAA,
014). These means were reconstructed between 1960 and 1997
ith the “Improved Extended Reconstruction of SST” method
eveloped by Smith and Reynolds (2004) and have been obtained
rom satellite data from 1998 to the present. We  calculated simple
verages from three different locations within the fishing area of
. atricauda along the southern Brazilian coast to obtain the SST

alues for each decade (Cardoso and Haimovici, 2011).
We  calculated the yearly exploitation rates (E = ((Z − M)/Z) for

wo scenarios; one with a constant natural mortality equal to the
 value obtained from catch curves for the 1950s when the bottom
rawl fishery started in southern Brazil (Yesaki and Bager, 1975).
n the other scenario, we used the M estimates by decade. For the

950s and 1960s, we assumed an M value equal to that for the
970s. We  calculated the correlation between the annual total mor-
ality coefficients and CPUEs (Zar, 1984) to analyze the impact of
shing in the total mortality.
 Research 167 (2015) 174–179

2.4. Total relative biomass

We  modeled changes in the total relative biomass of M.  atri-
cauda over six decades, starting in 1950, considering the changes in
growth and total mortality and assuming constant recruitment. The
assumption of constant recruitment is the most optimistic scenario,
but it is necessary due to the lack of adequate landings data which
prevents the construction of an index of recruitment. Furthermore,
this assumption is based on the characteristics of a species that has
a broad spawning season, i.e., 6 months, from October to March
(Cardoso and Haimovici, 2014), and inhabits shallow coastal waters
(Menezes et al., 2003). Myers (2001) showed, in a meta-analysis,
that the variability of recruitment is inversely proportional to the
spawning duration and that it is less variable for species that occupy
the continental shelves due to their higher environmental stability
by comparison with offshore habitats.

We  considered the first decade (1950) to represent the pre-
fishing status of the stock and applied the posterior mean total
mortality coefficients per year to obtain the numbers of individuals
by age using the following formula:

Ni = Ni−1e−Zd

where Ni−1 is the number of individuals of the previous age and
the Zd are the yearly posterior mean total mortality coefficients.
We assumed that the N of age one (the recruits) was normally dis-
tributed with a standard deviation equal to 30%. The biomass by
age (Bi) was  calculated for each posterior Ni using the following
formula:

Bi = NiWi

where Wi is the mean individual weight by age calculated as

Wi = af

(
Linfp (1 − e−kp(i−top))

)bf

where af and bf are the weight–length relationship parameters
and Linfp , kp and t0p are the von Bertalanffy growth parameters for
each time period (Cardoso and Haimovici, 2011). Total biomass was
expressed relative to that in the 1950s.

3. Results

3.1. Catch per unit effort

Fig. 1 shows the mean annual CPUE (kg/day) and the 95% con-
fidence intervals by year between 1977 and 2011. The decrease in
the annual CPUEs was  less significant in those trips with 30% or
more, from nearly 2600 kg/day to nearly 1800 kg/day, represent-
ing a decrease of 28%. The CPUE decrease was  more significant for
those trips with catches of 40% or more pescadinha, from almost
3600 kg/day to about 1600 kg/day; a decrease of 54%. Linear models
show a significant decrease only in the slope for the trips with 40%
or more of pescadinha in the total catch (F = 9.97, p = 0.003).

3.2. Age composition, mortality and exploitation rate estimates

The age composition of the adult stock has also changed. Fishes
that were 7 years old disappeared in the mid-1980s, whereas there
were no fish older than 5 years in 2005. There was an increase in
the percentage of the younger age class (2 years) due to the loss of
the older fish (Fig. 2).

The mean instantaneous total mortality coefficient (Z) increased
over time from 0.55 yr−1 in the pristine state, in the 1950s, to

1.91 yr−1 in recent decades (Fig. 3a). Over the last five decades,
there have been three distinct periods: 1950–1960, when the mean
Z was low and remained between 0.55 and 0.65 yr−1; 1976 and
1986, when the mean Z was between 1.12 and 1.33 yr−1 and, then,
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The analysis of a long series of landing records and data on length
and age composition has enabled us to describe the long-term
trends in the exploitation status of the stock of M.  atricauda, despite
the lack of reliable landings data. The increase in total mortality was
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ig. 1. Mean catch per unit effort (kg/day) of Macrodon atricauda per year in southe
ver  40% of the total catches. Black lines are the fitted linear models. Vertical lines a

eached 1.4 yr−1 in 1997; and between 1.75 and 1.91 yr−1 in the
000s (Fig. 3a). The posterior distribution of estimated Z did not
verlap between the first and the last decade and the 95% cred-
ble interval of the difference between the first (1955) and last
2009) did not include zero (mean = −1.3822 yr−1; 2.5% = −1.3865;
7.5% = −1.3779) (Fig. 4), which indicates that the increase in Z over
ime is statistically significant.

The natural mortality values obtained by Paulys formula
ecreased between 1970s and 2000 (Fig. 3b). In the 1970s, the mean

 was 0.51 yr−1; it decreased gradually to 0.41, 0.35 and 0.33 yr−1 in
he subsequent three decades, respectively. The increasing pattern
f the exploitation rate (E) was the same as the Z pattern (Fig. 3c),
ecause the former is derived from the latter. The exploitation rate
eached values between 0.5 and 0.6 in the 1970s, the 1980s and
n 1997, then increased steadily until it reached about 0.7 in the
ast decade if a constant (M = 0.5 yr−1) equal to Z in the 1950s is
ssumed,. Considering the M values obtained by Paulys formula for
ach decade, the exploitation rate was about 0.08 in the 1950s and
hen gradually increased to between 0.19 and 0.22 in the 1960s and
.56 in the late 1970s. In the 1980s, E was about 0.6; it reached 0.75

n 1997, and between 0.81 and 0.83 in the 2000s (Fig. 3c).

.3. Biomass changes

The modeled total biomass has decreased since the start of the

shery in the 1950s (Fig. 5). In the 1960s, the biomass decreased
o between 85 and 83% of the pristine biomass. In the 1970s, it
ept decreasing, to between 50% and 43% of the 1950 biomass, and

ig. 2. Relative age composition in five-year periods at two  years old or older for
acrodon atricauda from southern Brazil in the landings of the pair trawlers in Rio
rande from 1975 to 2012.
zil. Left: fishing trips in which the species was over 30% of the total catches. Right:
% credibility intervals.

remained stable until the 1980s. In the 1990s, it dropped to 41%
and in the 2000s, to 35% to 33% of initial biomass. The overlap of the
linear trend of the CPUE shows a similar reduction of approximately
65% between the 1950s and the 2000s, assuming that the CPUE
of the 1950s was  100%. This agreement among the trends of the
biomass and of the CPUE may  show the predictive power of the
model.

4. Discussion
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Fig. 3. (a) Instantaneous coefficient of the total mortality by year for Macrodon atri-
cauda off southern Brazil (1955–2011). Vertical lines: 95% credible intervals. (b)
Natural mortality rates per decade. (c) Exploitation rates (E) per year calculated
with Ms  equal to Z estimated for the 1950s (black circles) and M by each decade
form Paulys formula (red circles). Vertical lines: 95% credible intervals. (For inter-
pretation of the references to color in this figure legend, the reader is referred to the
web version of this article.)
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ig. 4. Posterior distributions of the instantaneous coefficient of the total mortality
n  1955, 1963 and 1964 and in 2006, 2007 and 2009.

riven by an increase in fishing mortality, since the increase in Z is
egatively correlated with the decrease in the CPUE when M. atri-
auda represented 40% or more of the catch (Pearsons r = −0.51;

 = 0.019) and considering that natural mortality has decreased.
esides the estimates of M obtained from Paulys formula, a more
omprehensive analysis of the data suggests a scenario of increased
ood availability. Changes in total mortality occurred during a
eriod in which the yields of the overall continental shelf demersal
sh abundance decreased sharply in southern Brazil (Haimovici,
998; Vasconcellos et al., 2006). The decrease in the abundance
f M.  atricauda and its potential competitor Cynoscion guatucupa
Miranda and Haimovici, 2007) on shrimps, squids and small fishes
long the southern Brazil inner shelf (Martins, 2000), may  have
ncreased the food availability for pescadinhas, which is consis-
ent with the observed increase in weight by age (Cardoso and
aimovici, 2011).

An increase in mortality since the start of the industrial fishery,
nd the changes in the age composition of the stock have consisted
f three stages (Fig. 4). In the first stage, mortality increased steadily

p to 1976 and fish above seven years old disappeared from the

andings (Yamaguti, 1968). In the second stage, from 1976 to the
ate 1980s, the mortality remained stable with little variation but
he fishes above 5 years old were fewer (Fig. 2). In the third stage,
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from 1997 to the late 2000s, mortality increased sharply, and the
age composition stabilized with just five-year classes. The present
increasing mortality and changed age composition of the M.  atri-
cauda stock has been an indicator of potential collapse.

Modeled biomass decreased sharply between the 1950s and
the 1970s, stabilized in the two subsequent decades and kept
decreasing in the 2000s to about 35% of the pristine biomass
(Fig. 5). These changes need to be considered in the context of
the life-history theory (Hutchings, 2002; Roff, 2002). The appar-
ent stability from the 1970s to the 1990s might be the result
of a combination of life-history traits that favor resilience and
recovery (Reynolds, 2003; Reynolds et al., 2001), such as high fecun-
dity (Militelli and Macchi, 2004), low age at maturity (Cardoso
and Haimovici, 2014; Yamaguti, 1967), rapid individual growth
and a relatively short lifespan (Cardoso and Haimovici, 2011;
Haimovici, 1998; Yamaguti and Santos, 1966). However, resilience
has a limit, since there are genetically determined boundaries to
the plasticity of life-history traits (Dieckmann and Heino, 2007;
Houston and McNamara, 1992). For M. atricauda, some of them have
reached their limits by fishery exploitation: increasing growth rates
(Cardoso and Haimovici, 2011) and decreasing size and age at mat-
uration (Cardoso and Haimovici, 2014). Moreover, the depletion of
older fishes can also reduce resilience, as it has been associated with
periods of stock decline (Marteinsdottir and Thorarinsson, 1998;
Trippel et al., 1997). Therefore, the decrease in biomass between
the 1990s and the 2000s seems to indicate a decreased resilience.

In a global analysis of well-studied fish stocks, Worm et al.
(2009) associated increasing exploitation rates with decreases in
biomass and increases in the risk of collapse. They predicted that
the risk of collapse was  90%, with uncertainty intervals between
70 and 100% for stocks with the same exploitation rate, as M. atri-
cauda in southern Brazil is subject to (E between 0.7 and 0.8). The
stock has withstood high exploitation rates for about 20 years and
has experienced further decrease in abundance without collapsing
in the last decade. However, even with a life history that favors
resilience, the persistence of high exploitation might endanger the
long-term productivity of the population. It would not be an over-
statement to say that, at the present level of high mortality and
changed age structure life history, the M. atricauda stock in south-
ern Brazil is at risk of collapse and that a precautionary approach
suggests the need to reduce fishing effort.
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pesca de arrasto de fundo no Rio Grande do Sul. In: Anais do Segundo Congresso
Brasileiro de Engenharia de Pesca, Recife, pp. 401–411.

aimovici, M.,  Pereira, S., Vieira, P.C., 1989. La pesca demersal en el sur de Brasil en
el periodo 1975–1985. Frente Mar. 5A, 151–163.

ouston, A., McNamara, J., 1992. Phenotypic plasticity as a state-dependent life-
history decision. Evol. Ecol. 6 (3), 243–253.

sieh, C., Yamauchi, A., Nakazawa, T., Wang, W.,  2010. Fishing effects on age and spa-
tial structures undermine population stability of fishes. Aquat. Sci. 72, 165–178.

utchings, J.A., 2000. Collapse and recovery of marine fishes. Nature 406, 882–885.
utchings, J.A., 2002. Life histories of fish. In: Hart, P.J.B., Reynolds, J.D. (Eds.), Hand-

book of Fish and Fisheries. Blackwell, Oxford, UK, pp. 149–174.
inas, P.G., Andrade, H.A., 2010. Introduç ão à Análise Bayesiana (com R). Mais Que
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