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ABSTRACT

Census of fishing data about the landings carried
out along the Sdo Paulo coast during 2011 was
used to evaluate and compare the survey sampling
for fisheries monitoring, expecting reliable
results along with an important cost reduction.
Estimates of total catch for the Sdo Paulo State
as a whole and by municipality were relatively
accurate (high precision and low bias). Estimated
catch by month, by fish categories and both
(factors not considered in the sampling design)
demonstrated that, as the level of required
detail increased, the catch estimates became
more biased and less precise. However, when
comparing to the 2011 true catches, the order of
importance of fish categories based on estimated
catches changed slightly in some positions after
the fifth place. There was a minor cost reduction
due to the sampling in comparison with the census
methodology currently in use (15.4% at most).
The results demonstrated that fisheries monitoring
costs are directly proportional to the required level
of details and data quality.

Descriptors: Fishing activity, Fishing landings,
Sampling design, Inference, Monitoring costs.

Resumo

Informagdes sobre as descargas pesqueiras realizadas em
2011 ao longo da costa de Sao Paulo foram utilizadas com
o objetivo de avaliar e comparar os métodos de amos-
tragem em campanhas voltadas para o monitoramento
pesqueiro. Espera-se com isto um conjunto de dados con-
sistentes, além de uma importante reducio de custos. As
estimativas da captura total para o estado de Sdo Paulo e
por municipios foram relativamente acuradas (alta preci-
sdo e baixo viés). A captura estimada por més, por catego-
ria de pescado e por ambos (dominios ndo considerados
no desenho amostral) demonstraram que quanto maior ¢
o nivel de detalhamento menos precisas e mais enviesadas
tornam-se as estimativas de captura. Quando comparada
com as capturas reais para 2011, a ordem de importancia
das categorias de pescado baseada nas capturas estimadas
alterou-se ligeiramente em algumas posi¢des apds o quin-
to lugar. Houve uma pequena redugao de custos devido a
amostragem em comparagdo com a metodologia censita-
ria atualmente em uso no estado de Sdo Paulo (maxima de
15,4%). Os resultados demonstraram que os custos do mo-
nitoramento pesqueiro sdo diretamente proporcionais ao
nivel de detalhamento e a qualidade dos dados requeridos.

Descritores: Atividade pesqueira, Descargas
pesqueiras, Desenho amostral, Inferéncia, Cus-
tos de monitoramento.

#IBGE is exempt from any responsibility for the opinions, information, data and concepts presented in this report which are exclusive responsibility

of the authors.

http://dx.doi.org/10.1590/S1679-87592016132706404

BRAZILIAN JOURNAL OF OCEANOGRAPHY, 64(4):401-414;2016

401



402

Miranda et al.: Survey Sampling for Fisheries Monitoring in Brazil

INTRODUCTION

Catch and fishing effort are the most basic information
that can be obtained about any fishing activity. To
guarantee that at least these data are reliably collected
and maintained over time is crucial to formulate effective
fisheries policies and management plans (HILBORN;
WALTERS, 1992; CADIMA, 2003).

Monitoring and obtaining fishing information can be
performed in two forms: by sampling surveys (CADDY;
BAZIGOS, 1985; ARAGAO; MARTINS, 2006; LIMA-
GREEN; MOREIRA, 2012) or by census (FAO, 1999;
MENDONCA; MIRANDA, 2008; AVILA-DA-SILVA et
al., 2015). In general, a census is recommended when the
population is small, sampling errors are large, information
is cheap to obtain or the cost in making the wrong
decisions is high. Sampling techniques must be used when
the population is very large and/or the cost (concerning
money and time) to obtain information is high (CADDY;
BAZIGOS, 1985; BOLFARINE; BUSSAB, 2005).

When the available data constitute only a portion
of a population (collected by sampling), then there are
two ways of dealing with the inferences: (1) based on a
sampling plan specially designed by a finite population
with a controlled random selection procedure where all
probabilities involved can be known (design-based);
and (2) based on observational research (model-based),
where there is no control over the sampling plan and
the specification of a model plays a fundamental role
to connect the observed data to the parameters of the
population (COCHRAN, 1977, BUSSAB; MORETTIN,
2012). Basically, in a model-based approach, data are
assumed to have been generated from a random process
specified by a probability model so that conclusions
can be generalized to other situations where the same
process operates, while design-based inference cannot be
generalized to other populations which were not sampled
(LUMLEY, 2010).

The design-based approach is usually applied to
the analysis of complex survey samples and, up to now,
widely adopted by fisheries monitoring methodologies
(FAO, 1999). Estimates of total catch, their variance and
any other population quantities are obtained based on the
Horvitz-Thompson estimator (HORVITZ; THOMPSON,
1952). This is an unbiased estimator of population
total applicable to any sampling design with or without
replacement, from a finite population, when unequal but
known selection probabilities are used. The estimation
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procedure weighs each selected unit by the inverse of its
overall selection probability and known nonzero pairwise
probabilities are required for unbiased variance estimation
(LUMLEY, 2010).

Historically, fisheries monitoring in Brazil has
certainly been influenced by different political and
institutional arrangements made along the development
of national extractive fishery (DIAS-NETO, 2010, 2011;
LIMA-GREEN; MOREIRA, 2012). The adoption of
different methodologies for different fisheries or for the
same fishery in time has been common, with periods of
interruption in data collection in different regions along
the Brazilian coast.

In some States of Brazil, the EstatPesca (ARAGAO;
MARTINS, 2006) was the most adopted sampling
methodology for fisheries monitoring since the nineties
(LIMA-GREEN; MOREIRA, 2012). This methodology
was based on the follow-up of fixed samples of fishing
vessels, which required a permanently updated registry
of all vessels in operation. This proved impracticable,
mainly for small-scale fisheries, where sales and changes
in the names and in the characteristics of the vessels are
very frequent. It was also usual that vessel sampling was
intentionally motivated by logistics considerations and
not conducted as a probabilistic sampling survey and,
therefore, subjected to bias (ISAAC et al., 2008). In order
to reduce biased estimates, more samples should be taken,
increasing the costs of the sampling process. ISAAC et al.
(2008) observed a catch overestimation when EstatPesca
was applied to the fisheries monitoring of the Para State
(Northern Brazil) and concluded that at least 70% of the
fleet should be sampled to place the error of the estimates
at acceptable levels.

A new sampling methodology for fisheries monitoring
has been proposed by LIMA-GREEN and MOREIRA
(2012), technicians from the official Brazilian Institute
of Statistics, the “Instituto Brasileiro de Geografia e
Estatistica” (IBGE). This methodology aimed to avoid
the weakness detected in EstatPesca by defining fishing
landings as sample unitinstead of fishing vessels. Its use has
been gaining recognition in Brazil, since the government
has been supporting and encouraging its adoption for
new programs for fisheries monitoring. However, this is a
sampling design method that can present some limitations
for use in survey sampling of fishing activity, by its great
diversity, variable characteristics and different strategies.
The use of different combinations of more than one fishing

gear on a same trip, several fishing seasons and many



target species, besides fishing landings with small catches
spread over large extensions of the coast are some of the
characteristics described for small-scale fishing in Brazil
(ISAAC et al., 2000, 2008; MENDONCA; MIRANDA,
2008). Furthermore, when the IBGE methodology is
applied with a two stages sampling, the total numbers
of landings carried out in a fishing lading place must
be known. This information can be very difficult to be
obtained and, of course, it is not known in advance. Many
factors can influence the dynamics of fishing landings,
such as the size of the landing facility, the number of
fishing vessels and fishermen at this facility, the fishing
seasons, the type of fishing fleet and the fishing gears used
by this fleet.

Fisheries monitoring of the Sdo Paulo coast is,
however, an exception in Brazil and its first records of
fishing information dates back to 1944. Since its creation
in 1969, the Fisheries Institute of the Department of
Agriculture and Food Supply of Sdo Paulo State has been
the institution responsible for the collection, storage,
processing and disclosure of census data (FAO, 1999)
about the marine fisheries production landed along the Sao
Paulo coast (MENDONCA; MIRANDA, 2008; AVILA-
DA-SILVA et al., 2015).

Realistic and good quality data, where the true
total population is known, are required to evaluate and
compare survey sampling methods (LUMLEY, 2010). In
this paper, the complete fishing data of Sao Paulo State
collected during 2011 were used to simulate probability
samples following the sampling design described by
LIMA-GREEN and MOREIRA (2012) and to compare
the results of these simulations to the true total landed
catches. In addition to the quality of estimates, the costs to
perform fisheries monitoring on the Sdo Paulo coast were
also considered in order to evaluate losses and gains of
the sampling methodology when compared to census data
collection. The hypothesis of this study is that the survey
sampling method applied to fisheries monitoring of the
Sao Paulo coast will generate reliable results along with
an important cost reduction when compared to the census
data collection.

MATERIAL AND METHODS

OBTAINING FISHING INFORMATION

Fishing landings census data collected on the Sdo
Paulo coast during 2011 were used to apply the sampling
methodology for fisheries monitoring proposed by
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IBGE (LIMA-GREEN; MOREIRA, 2012). These data
were obtained through the Fishing Activity Monitoring
Program (PMAP), coordinated by fisheries scientists from
the Fisheries Institute of the Department of Agriculture
and Food Supply of Sdo Paulo State.

In March 2008, PMAP began to be used aiming to
evaluate the impact on fishing activity by oil and gas
exploration activities by Petrobras in the Santos Basin. The
PMAP applies the census methodology to collect fisheries
statistics (FAO, 1999; MENDONCA; MIRANDA, 2008;
AVILA-DA-SILVA et al., 2015), and currently monitors
196 fishing ports and landing places (just “ports” in the
remaining text) in 15 municipalities included in the area
of influence of the oil and gas exploration in Santos
Basin. The municipality of Santos has only one port and
was considered a single municipality together with the
neighboring city of Guaruja to preserve the confidentiality
of information. In order to obtain information on catch and
fishing effort, field agents perform structured interviews
with fishermen on the occasion of landing. This information
is complemented with retrieved fishermen’s records
about their daily fishing operations (self-registration), in
logbooks and with records provided by fishing enterprises.
The storage, processing, analysis and provision of fishery
statistics are carried out by the System Manager ProPesq®
(AVILA-DA-SILVA et al., 1999), currently operating in a
web platform, called ProPesqWEB (http://www.propesq.
pesca.sp.gov.br).

APPLYING SAMPLING METHODOLOGY TO FISHER-
IES MONITORING

The organization and structuring of fishing landings
census data of the State of Sdo Paulo and the sampling
design to extract fishing landings from it were defined
during a Workshop with technicians of IBGE, who are
the authors of the methodology being validated (LIMA-
GREEN; MOREIRA, 2012).

THE REGISTRY OF PORTS

Information about all reported fishing landings (just
“landings” in the remaining text) carried out on Sao Paulo
coast during 2011 was extracted from the database of the
Fisheries Institute, comprising 227 ports, although some
of them with very few landings or located too close to one
another. In order to define the population of interest and
conclude this register, the following criteria were adopted:

(1) Remove the ports with fewer than 40 landings per year
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(fewer than one weekly landing); (2) Reconsider all ports
with at least one landing greater than 500 t; (3) Gather in
a single port all places which, for logistics, have distinct
names in the database, but in practice could be part of only
one port; (4) Remove from the registry, the ports that were
deactivated in 2013. After accomplishing these steps, the
register was finalized with a total of 133 ports located
along the entire coast of Sao Paulo State (Figure 1).

1:1.431.764

100 Kilometers
)

a8 w 3 arw E} a8w 30 asw

Figure 1: Location of fishing ports and landing places monitored
in 2011 on the coast of Sdo Paulo, Brazil included in the register
(population of interest) for the analysis.

SAMPLING DESIGN BASED ON CATCH INFORMATION

The IBGE methodology is based on a complex
sampling design, composed of stratification of the ports
and conglomeration of landings within ports for the
calculation of total catch estimates and their associated
sampling errors or coefficients of variation. This study
assumed a single conglomerate sampling design, i.e., the
information of all landings carried out at sampled ports
was considered in the analysis.

According to LIMA-GREEN and MOREIRA (2012),
the ports should be previously divided into strata regarding
their importance. One stratum called census stratum was
composed of ports selected arbitrarily by their importance,
according to historical total landed catches. For all others,
called sampled strata, simple random samples (without
replacement) of ports were used.

Experts from the Fisheries Institute of Sao Paulo made
the stratification of ports for each municipality into strata.
The rules for stratification were: (1) to separate a maximum
of three ports into census stratum; (2) to subdivide the
remaining ports into as many strata as deemed necessary
to achieve approximate homogeneous landings (i.e. small,
medium or large); and (3) each sampled stratum should
be composed of at least three ports. The municipalities

BRAZILIAN JOURNAL OF OCEANOGRAPHY, 64(4):401-414;2016

of Itanhaém, Sdo Vicente and Bertioga have three or
fewer ports and therefore all of them comprised the
census stratum. Any port with unmatched specificity in
landings, when identified, was transferred to the census
stratum because it could cause distortions in later sample

expansion.

EXPANSION AND STATISTICAL INFERENCE

All estimates of this study were obtained through
software R (R CORE TEAM, 2015) using package
Sampling (TILLE; MATEI, 2015) for the port sampling
and package Survey (LUMLEY, 2014) for the estimate
calculations. The sample sizes were defined to be two
ports, randomly chosen, in strata with up to six ports and
three ports for all others. Therefore, a total of 77 ports
composed the sample, 36 in the census strata and 41 in the
sampled strata. Main equations used in this analysis are
specified in Table 1.

This study performed 100 simulations, each containing
the sample selection of ports and total catch estimation for
each one of the 14 municipalities of Sdo Paulo. For each
of the 100 simulations, the estimated total landed catch by
municipality (?ik) — Equation 10) and associated standard
error (SE’— Equation 3), the coefficient of variation
(cv{»— Equation 4), the square root of the mean squared
error (RMSE;"” — Equation 17), the percentage bias (%
B~ Equation 5) with respect to the true total landed
catch of 2011 (Y— Equation 7), and the design effect
(Deff”— Equation 18) were calculated. Furthermore, the
annual economic cost of fisheries monitoring, obtained
as a sum of costs for sampled ports, was also obtained
in each simulation. The R package Survey (LUMLEY,
2014) estimates standard errors (SE) as the square root
of the Horwitz-Thompson estimated variance of the total
population, and was implemented with the option ’ultimate
cluster’ method (Equation 13). The best sample allocation
of ports within each municipality was chosen from the 100
simulations under two criteria: Sampling Plan 1 (SP1) -
the sample with the lowest RMSE; Sampling Plan 2 (SP2)
- the sample with the lowest economic cost. It is important
to clarify that whenever referring to accuracy or to an
accurate estimate in the remaining text, the compromise
between the variance and the squared bias of the estimate
will be considered (low RMSE).

The final estimate of the total catch by municipality
(?f7 — Equation 19) was obtained by a simple average
of the 100 simulated estimates and the coefficient of
variation (CV;) was calculated from its standard error
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Table 1. Main equations used to obtain estimated total catch and its measures of variability and bias by municipalities and
total of Sdo Paulo State. A — Symbology; i — Municipality; p — Port; 4 — Stratum; /, — Total number of sampled strata in municipality
i; M, — Total number of ports in sampled stratum / and mﬁnicipa]ity i; m, — Total number of sampled ports in sampled stratum / and
municipality 7; k — Simulation; ¥ — True total landed catch; Y — Estimated total landed catch.

General equations

Description

Eq. 1 Z Xu where 7, =57
a=1
PE) - Tk K X

Eq.3 EE(TX) =4 ;&;(Tx)

Eq. 4 oV(T,) = % *100
Eq. 5 %B = (TT;T) 100

Horvitz-Thompson estimator T~ for the population total 7 " of the
variable X, based on a sample of size n, with 7, probability that a
particular unit is sampled.

Variance estimate of Horvitz-Thompson estimator 7'« where T,
is the probability that unit @ is sampled and 7, is the pairwise
sampling probability that both units, a and b, are sampled.

Standard Error

Coefficient of Variation

Bias expressed as percentage of true total landed catch.

Specific Equations

Description

True values of total landed catch

Min,
Eq. 6 Y = ZYihp
p=1
H;
Eq.7 Y= ZYih
h=1
14
Eq. 8 Yo = ZYz
p=1

True total landed catch in sampled stratum 4 and municipality i,

where Y, is the true total landed catch of each port for the stratum

and municipality.

True total landed catch for municipality i.

True total landed catch for Sdo Paulo State as a whole.

Specific Equations

Description

Estimates for each simulation (k)

Estimated values of total catch

Eq. 9

’\ (k) z Mm (k)

Eq. 10 Z Y (k)

14

- &) <>k

Eq. 11 Y ZE Y
i=1

Estimated total landed catch in sampled stratum / and municipality
i, where the sum is over the sampled ports within (i,4).

Estimated total landed catch for municipality i.

Estimated total landed catch for Sao Paulo State as a whole.

Estimated Variances

M 37 (k)
() Z Ya

Eq. 12 A
Yzh Mzh
Eq. 13 V(Yw) =
S/ Iy~
Eq. 14 vV(y:")=2Vv(Y.")
h=1

= ®\
Y,w Y )

Mean of estimated total landed catch in sampled stratum 4 and
municipality 7.

Simplified and conservative estimated variance of the estimates in

sampled stratum / and municipality 7 obtained through the Ultimate
cluster method.

Estimated variance of the estimates for municipality i.
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Eq. 15 V(Y s") Z V(YY)

Estimated variance of the estimates for Sdo Paulo State as a whole.

Other definitions

Bias of the estimates for municipality .

Squared root of the mean squared error of the estimates for muni-
cipality 7.

. . . = (W
Design Effect of the estimates for municipality 7, where Vs (Yi )
is the estimated variance of a simple random sample of landings of
the same size.

Eq. 16 B = (’\(k) Y)
Eq. 17 RMSE® = JV(V{")+(B"Y
V(’\(k))
Eq. 18 Deff¥ =
q ff m(Y Ic))
Estimates with all 100 simulations
100 ’\(k)
Eq. 19 Y = z
100
= 2 (PY-T)
Eq. 20 V( l) — klloT

Mean of estimated total landed catch obtained as a simple average
of 100 simulated estimates of the total catch for municipality i.

Variance of the mean of estimated total landed catch of 100
simulations for municipality i.

(SE, - Square root of V( ) Equation 20). The coverage
of the confidence interval (1-0=0.95) (CI95) was obtained
by counting the samples (simulations) for which the true
landed catch (Y;) was encompassed by the CI95.

OBTAINING FISHERIES MONITORING COSTS

Information gathered by the PMAP was used to
obtain: the cost for monitoring each port, the total cost for
each sample by adding over the costs of its set of ports and
also to select the best sample according to SP2.

In PMAP, distant ports are monitored through regular
field trips using institutional or private vehicles. Although
the combination of ports monitored per trip can vary for
different reasons, to simplify, the cost calculation assumed
individual trips to each port. The cost of fuel (in liters/
month) per port was obtained based on the distance
traveled (round trip), weekly frequency of monitoring
and fuel consumption (I/km) in accordance with the
type of vehicle (car, motorcycle or boat). Other costs
include wages, equipment, supply and maintenance, food
and lodging and services like database and computers
maintenance, printing and telephony and were all used to
obtain the cost of each employee.

Depending on the number and set of ports to be
monitored, the number of monitors (supervisors), field
agents and typists varies. Aiming at a lower cost, the
number of field agents in SP2, compared to SP1, was
reduced. The number of typists was based on the total
number of hours required to include all landings from

the set of sampled ports, which considered the number of
reported landings and the ability to include 20 landings
per hour into the database. Typing cost by port considered
the inclusion cost by landing into the database (total
cost with typists divided by the total number of landings
times the number of landing per port). The total cost of
each remaining employee was divided by the attended
ports under his/her responsibility. Expenses related to
the coordination and management of the PMAP, despite
being overhead costs, were also considered and equally
divided between ports that comprised each sampled set.
The calculations were based on the highest wage for each
position and did not include the administration fees.

RESULTS

The estimated total catch per municipality was
obtained together with the associated coefficient of
variation, percentage bias and CI95 coverage (Table 2).
For municipalities with few ports (Bertioga, Itanhaém
and Sdo Vicente), all ports were allocated in the census
stratum and the dispersion measures were therefore equal
to zero. Estimates of the total landed catch in all remaining
municipalities had low bias, but the maximum CV among
samples was obtained in Caraguatatuba (12.0%). The
coverage of the CI95 has not encompassed the true value
of catches in 95% of samples as it should, except for Ilha
Comprida where the coverage was complete (100%).

For each municipality, among the 100 sets of sampled
ports, the set resulting in the smallest RMSE (SP1)
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was chosen (Table 3). The estimates with the highest
variability (CV) were obtained in the municipalities of
Caraguatatuba, Iguape, Ilha Comprida, Mongagua, Praia
Grande and Sdo Sebastido, which also presented values
of design effect (Deff) greater than one, indicating that the
stratification made between ports for these municipalities
did not improve in comparison to simple random sampling.
Caraguatatuba had estimates with the highest values of
CV and bias. The best results were found for Ubatuba.

In Table 4, similar inference results are shown for the
selected set of ports for each municipality providing the
lowest monitoring cost (SP2). Catch estimates were less
accurate than those found for SP1, which is demonstrated
by the higher CV value and RMSE for virtually all
municipalities (except for Caraguatatuba and Ilha
Comprida that had equal values).

The results that will be presented from now on, and in
more detail, refer only to the set of ports by municipality
resulting in the smallest RMSE (SP1). After obtaining
the estimates of total catch per municipality, some other
domain estimations (month and fish categories) that were
not considered in the sampling design, were made.

Monthly catch estimates for Sdo Paulo State as a
whole and associated dispersion measures are displayed
in Table 5. Despite the relatively accurate estimates, the
worst results were observed in February (largest CV) and
November (largest bias).

Miranda et al.: Survey Sampling for Fisheries Monitoring in Brazil

Fish categories landed on the Sdo Paulo coast over
2011 (identified at minor taxonomic rank possible
during data collection) were also considered as domain
to compute the catch estimates (Table 6). The 20 most
important fish categories (in relation to landed catch) have
been listed. All remaining categories have been lumped
together in “Others”. Incidental landed catches have
also been included in the analysis. Considering CV and
bias, Crassostrea brasiliana and Opisthonema oglinum
were the species with the worst and the best estimates of
catch, respectively. In relation to the estimated number of
trips, C. brasiliana had the worst estimates again while
Menticirrhus spp had the best results. The CV of estimated
number of trips by fish category tended to be greater
than the CV of estimated catch. With this information,
the estimated LPUE (reported Landed catch Per Unit of
Effort, kg*trip') calculated for 2011 was compared to the
true LPUE and few differences were observed (Table 6).
When comparing estimated and actual catches for 2011, it
was found that the order of importance of fish categories
in landings of Sdo Paulo has remained the same for the
first four categories and showed a slight difference in some
of the remaining positions (Figure 2). Only Macrodon
atricauda, Octopus vulgaris, Mugil liza and Doryteuthis
spp were ranked worse than actual order by two or more
positions while C. brasiliana was the only category really
badly ranked, with eight positions higher than actual order.

Table 2. Results obtained by simple average between 100 estimates of the total catch (tons) by municipality for Sdo Paulo coast over

2011. ¥, — True total landed catch (tons); Y, — Estimates of total landed catch (tons); C V- Coefficient of variation between averages; %B,

— Bias expressed as percentage of catch 2011.

Municipality Y Y cy, %B, Coverage CI95
Bertioga 216.13 216.13 0.00 0.00

Cananéia 3289.96 3274.14 3.85 -0.48 81
Caraguatatuba 139.58 139.54 12.01 -0.03 68
Iguape 1078.18 1064.39 6.98 -1.28 77
Ilha Comprida 56.97 56.60 4.89 -0.65 100
Ilhabela 702.15 703.85 2.19 0.24 56
Itanhaém 45.47 45.47 0.00 0.00

Mongagua 53.94 53.88 4.96 -0.10 67
Peruibe 147.66 147.44 3.26 -0.15 66
Praia Grande 81.00 80.37 6.04 -0.78 86
Santos/Guaruja 11423.33 11500.55 5.43 0.68 90
Sdo Sebastido 556.93 554.27 9.20 -0.48 71
Sdo Vicente 105.93 105.93 0.00 0.00

Ubatuba 2064.56 2066.23 0.98 0.08 81
Sao Paulo State 19961.80 20008.79 3.22 0.24
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Table 3: Results of the Sampling Plan 1 (SP1) — the lowest square root of the mean squared error (RMSE) — by municipality
for Sao Paulo coast over 2011. ¥ — True total landed catch (tons); " — Estimates of total landed catch (tons); C V® - coefficient
of variation within each municipality; %B® — Bias expressed as percentage of catch 2011; Deff,® - design effect; Annual
cost in December 2015 — rounded and expressed in USD (R$ 3.70 in Brazilian currency).

(k)

Municipality Y® R crw %B Y RMSE® Deff¥ Annual Cost
Bertioga 216.13 216.13 0.00 0.00 0.00 0.00 31200.00
Cananéia 3289.96 3287.71 1.82 -0.07 59.88 0.33 120050.00
Caraguatatuba 139.58 156.52 11.14 12.13 2431 104.88 53675.00
Iguape 1078.18 1112.83 1.57 3.21 38.80 3.71 115820.00
Ilha Comprida 56.97 60.29 3.27 5.83 3.86 24.41 53195.00
Ilhabela 702.15 702.01 1.49 -0.02 10.44 0.31 43975.00
Itanhaém 45.47 45.47 0.00 0.00 0.00 0.00 35340.00
Mongagua 53.94 55.02 5.00 2.01 2.95 12.27 52215.00
Peruibe 147.66 150.49 0.91 1.92 3.14 0.26 70830.00
Praia Grande 81.00 80.96 4.21 -0.05 3.41 7.74 47340.00
Santos/Guaruja 11423.33 11186.90 3.60 -2.07 467.13 0.21 113570.00
Sdo Sebastido 556.93 535.32 5.23 -3.88 35.38 2.48 120920.00
Sao Vicente 105.93 105.93 0.00 0.00 0.00 0.00 37695.00
Ubatuba 2064.56 2057.11 0.10 -0.36 7.70 0.00 130010.00
Sdo Paulo State 19961.80 19752.69 2.07 -1.05 459.50 1025835.00

Table 4. Results of the Sampling Plan 2 (SP2) — the lowest economic cost — by municipality for Sao Paulo coast over 2011.
Y — True total landed catch (tons); Y." — Estimates of total landed catch (tons); CV® - coefficient of variation within each
municipality; %B,* — Bias expressed as percentage of catch 2011; Deff{¥ - design effect; Annual cost in December 2015 —
rounded and expressed in USD (R$ 3.70 in Brazilian currency).

—_=®

Municipality Yw ; cvw %B " RMSE® Deff® Annual Cost
Bertioga 216.13 216.13 0.00 0.00 0.00 0.00 31335.00
Cananéia 3289.96 3274.10 6.45 -0.48 211.64 291 116720.00
Caraguatatuba 139.58 116.02 5.13 -16.89 2431 23.77 49575.00
Iguape 1078.18 1013.83 7.34 -5.97 98.39 48.88 103820.00
Ilha Comprida 56.97 60.29 3.27 5.83 3.86 24.41 46940.00
Ilhabela 702.15 712.45 3.22 1.47 25.16 2.18 56750.00
Itanhaém 45.47 45.47 0.00 0.00 0.00 0.00 35425.00
Mongaguéa 53.94 51.00 2.40 -5.44 3.18 2.07 52205.00
Peruibe 147.66 142.92 4.01 -3.22 7.44 6.96 71275.00
Praia Grande 81.00 71.93 3.19 -11.19 9.35 2.55 47235.00
Santos/Guaruja 11423.33 10953.47 4.06 -4.11 646.91 0.14 97090.00
Sao Sebastido 556.93 489.36 2.97 -12.13 69.11 0.49 109510.00
Sao Vicente 105.93 105.93 0.00 0.00 0.00 0.00 38000.00
Ubatuba 2064.56 2043.50 0.51 -1.02 23.51 0.01 121240.00
Sao Paulo State 19961.80 19296.40 2.58 -3.33 831.55 977120.00

To the extent that the level of detail increased, more  With two domains being considered at the same time for
biased and less precise the estimates have become. This  catch estimates (month and fish categories), CV of some
can be seen in Table 7 where monthly estimated catches by ~ of these combinations were much greater than when only

fish categories over 2011 and the associated CV are shown.  one of these domains was considered (Tables 5 and 6) as,
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Table 5. Results of the Sampling Plan 1 (SP1) — the lowest square root of the mean squared error (RMSE) — by month
for Sao Paulo coast over 2011. Catches are expressed in tons; CV - coefficient of variation within each month; % B — Bias

expressed as percentage of catch 2011.

Month Catch 2011 Estimated catch cr % B
January 1216.95 1170.96 2.99 -3.78
February 1332.73 1355.35 5.69 1.70
March 1208.75 1279.73 291 5.87
April 1299.85 1390.45 2.53 6.97
May 1217.87 1265.60 425 3.92
June 1547.84 1498.77 1.88 -3.17
July 1300.29 1286.30 3.86 -1.08
August 2233.64 2194.97 2.18 -1.73
September 1830.74 1810.24 1.88 -1.12
October 3414.64 3379.20 1.74 -1.04
November 1700.62 1579.03 5.00 -7.15
December 1657.89 1542.09 3.43 -6.98
Total 19961.80 19752.69 2.07 -1.05

for example, observed for estimated catch of Cynoscion
jamaicensis in May (Table 7). In Figure 3, monthly
estimated catches for four of the 20 main fish categories
landed in Sdo Paulo State are presented, each displaying
a different situation: estimates with some variability and
bias (Micropogonias furnieri), estimates with relatively
large bias (M. atricauda), accurate estimates (O. oglinum),
and estimates with very large variability and bias (C.
brasiliana).

In order to collect data from all 83137 landings
carried out in 133 ports on the S&o Paulo coast over 2011
(census) 32 field agents, five monitors and four typists
would be required. The scenarios SP1 (lowest RMSE)
and SP2 (lowest fisheries monitoring cost) were compared
to the census methodology and, in both, 77 ports were
sampled, reducing the number of monitored ports by 42.1%
compared to the census methodology. With this reduction,
the same five monitors and three typists would be required.
Considering only SP1, 27 field agents would be required
since a 35.4% reduction in number of monitored landings
were observed, decreasing the fisheries monitoring costs by
11.2%. To monitor the ports of SP2, 24 field agents would
be required with a 41.5% reduction in number of monitored
landings and a 15.4% decrease in fisheries monitoring costs.

DISCUSSION

The fishing activity, especially the small-scale fishery,
represents a seasonal, diversified and dynamic activity
(CADIMA et al., 2005; ISAAC et al., 2008; MENDONCA;

MIRANDA, 2008). These characteristics along with
the need for accurate information lead to the adoption of
complex survey plans for fisheries monitoring, such as the
sampling methodology for fisheries monitoring proposed
by IBGE (LIMA-GREEN; MOREIRA, 2012).

The accuracy of the total landed catch estimated
through this methodology could only be judged because the
true (population) values of landed catch in all municipalities
of the Sdo Paulo State are known. Therefore, a sampling
distribution could be obtained by applying the same
sampling procedure repeatedly (COCHRAN, 1977). The
results demonstrated that the mean landed catch is a good
estimator of the total landed catch for most municipalities
since it was unbiased and had high precision. The low
coverage of CI95 was attributed to the non-conformity
of the Gaussian distribution used to build these intervals.
The small number of possible sets of sampled ports
(conglomerates) compromises the use of IC95 to evaluate
the precision and the reliability of the estimates (BUSSAB,;
MORETTIN, 2012).

Comparing the results of each of the 100 simulated
samples, it was clear that the set of sampled ports that
provides the lowest RMSE is different from the set that
provides the lowest monitoring cost. Hence, neither of the
criteria for allocation of ports (SP1 and SP2) is optimum
in the sense of COCHRAN (1977) sees it, in which the
optimum allocation is achieved when, for a given sample
size, the sample provides the most precision of the
estimates at the lowest cost. Larger samples would increase
costs while further reduction would leave some strata out
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Table 6. Results of the Sampling Plan 1 (SP1) — the lowest square root of the mean squared error (RMSE) — by fish category
for Sao Paulo coast over 2011. Catches are expressed in tons; CV - coefficient of variation within each fish category; % B —
Bias expressed as percentage of catch 2011. Landed catch per unit of effort (LPUE) expressed in ton*trip™.

. Number  Estimated .
Minor taxonomic rank g((l)tlcjl ESZ'Zied crv % B 0_2 ;}r]l[;s nur:}lf;: of CV % B LZIZ)IIJIE E_Zt;r)ngtEed
Sardinella brasilienses 4105.09 415042  3.38 1.10 205 211 7.52 293  20.025 19.670
Xiphopenaeus kroyeri 2759.11  2399.59 531 -13.03 17618 14608 18.25 -17.08  0.157 0.164
Micropogonias furnieri 2102.17 218393  6.12 3.89 11311 10184 517 -996  0.186 0.214
Cynoscion jamaicensis 1036.34  1060.41  7.62 232 1003 1015 4.26 1.20 1.033 1.045
Macrodon atricauda 705.18 63420  2.15 -10.07 8277 6136 774  -25.87  0.085 0.103
Menticirrhus spp 646.99 67474 698 4.29 3357 3342 323 -045  0.193 0.202
Anchoviella lepidentostole  612.01 669.00  6.29 9.31 11630 11709 1352 0.68 0.053 0.057
Selene spp 480.40 48236 244 0.41 849 759 19.24 -10.60  0.566 0.636
Ariidae 454.35 475.63 16.44 4.68 10835 10083 1449  -6.94  0.042 0.047
Octopus vulgaris 355.26 316.69  3.66  -10.85 722 668 422 748 0492 0.474
Prionotus spp 352.43 37529  10.78 6.49 600 644 8.08 7.33 0.587 0.583
Opisthonema oglinum 343.43 34278 040 -0.19 888 753 931 -1520 0.387 0.455
Mugil liza 319.68 23795 1489  -25.57 7053 6432 1236 -8.80  0.045 0.037
Oligoplites spp 290.77 285.05 3.16 -1.97 3110 2802 570 -9.90  0.093 0.102
Doryteuthis spp 256.73 208.11 434  -18.94 2546 2422 346  -487  0.101 0.086
Trichiurus lepturus 255.64 271.10  9.03 6.05 3865 4144 6.01 7.22 0.066 0.065
Farfantepenaeus spp 249.70 22730 1489  -8.97 872 848 459 275 0.286 0.268
Urophycis spp 193.85 217.03  13.63 11.96 259 267 6.62 3.09 0.748 0.813
Crassostrea brasiliana 173.82 355.81 3424  104.70 5354 10591 4382 97.81  0.032 0.034
Caranx crysos 170.84 158.05 5.39 -7.48 744 787 2476 578 0.230 0.201
Landed incidental catch * 882.45 834.60  6.88 -5.42 10661 8733 2.10  -18.08  0.083 0.096
Others 321556 3192.65 4.63 -0.71 39721 37467 9.06 -5.67  0.081 0.085
Total 19961.80 19752.69 2.07 -1.05 83137 80202 721  -353 0240 0.246

* Fish of small size and/or low or no commercial value, however landed and marketed, composing the category called “Mistura” in fisheries

statistics of the Sdo Paulo State.
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Figure 2. Order of importance in terms of catches of the 20 main
species landed over 2011 on the Sdo Paulo coast. Abscissa with true
order for 2011 and ordinate with estimated order; matches between
is a point on grey line.
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of the sample. Thus, since there is no marked difference in
costs between SP1 and SP2, SP1 was chosen as the most
appropriate allocation.

The common features of municipalities with the worst
result (total landed catch estimates with low precision,
large bias or high values of Deff) include few clustered
ports within sampled strata with heterogeneous ports, as
observed in Caraguatatuba and Ilha Comprida. To improve
the precision of the estimated catch, the larger ports and
possible outliers may be relocated from the sampled strata
to census strata and/or larger samples must be taken,
but both measures imply an increase in the monitoring
costs. Applying this solution for Caraguatatuba and Ilha
Comprida means having all their ports monitored, resulting

in a lower reduction in the total fisheries monitoring cost
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Table 7. Results of the Sampling Plan 1 (SP1) — the lowest square root of the mean squared error (RMSE) — by month and
fish category for Sdo Paulo coast over 2011. Catches are expressed in tons; CV - coefficient of variation within each month

and fish category.

Minor taxonomic rank January February March April May June

Est. cv Est. cv Est. cv Est. cv Est. cv Est. cv

Catch Catch Catch Catch Catch Catch

Sardinella brasilienses 0.00  109.54 3691 0.61 38729 579 349.84 17.50 249.82 0.00 108.28  0.00
Xiphopenaeus kroyeri 265.09 696 20253 540 6.50 0.00 0.00 0.00 027 2292 40281 7.35
Micropogonias furnieri 5544  13.80 76.62 1022 12551  9.08 223.67 3.15 238.83 13.35 229.86 0.53
Cynoscion jamaicensis 54.61 1456 8258 14.88  83.55 570 11558 749 5298 3352  89.59 3.87
Menticirrhus spp 62.30 6.71 5596 1449  43.59 9.14 60.07 895 3255 2220 33.97 0.54
Anchoviella lepidentostole  78.68 926 150.63 1543 10.05 2142 198 37.04 0.77 5512  0.83 53.43
Macrodon atricauda 52.08 1041  60.54 1.06  30.68 0.65 4423 031 5630 029 5lel 4.82
Selene spp 6.65 7.14 3.95 34.19 109.37  0.18 5446 30.08 15.03 8.59  27.18 0.07
Ariidae 11.80 2.90 1697 1299 1033 17.08 2327 1380 21.44 19.12 2396 25.05
Prionotus spp 13.15 4.81 1345 2576 1097 1856  16.69 2594 9.07 2336 36.07 6.55
Crassostrea brasiliana 0.81 6.20 6.95 36.34 3555 27.12  37.09 3517 40.09 34.16 3391 4736
Opisthonema oglinum 0.03 4.53 0.02 0.00 0.03 10.14 6142 0.05 19515 0.01 26.70 0.00
Octopus vulgaris 10.58 2.58 2479 052 3249 0.19 2386 0.01 2091 0.00  27.07 8.96
Oligoplites spp 54.71 2.57 28.11 1.09 11.54 8.38 1970 3.18 1448 11.06 13.03 11.52
Trichiurus lepturus 3491 6.17 2989 2479 1751 1433 3422 557 2317 17.60 1833 5.04
Mugil liza 1227 20.62 5.43 19.59  6.06 16.77 7.98 17.94 1251 1532 4395 1935
Farfantepenaeus spp 4.05 2.35 8.80 12.21 2.36 0.00 0.00 0.00 0.00 0.00 2535 8.47
Urophycis spp 1858 1648 2584 11.85 29.03  30.73 1.62 0.00 0.83 5874  4.10 17.94
Doryteuthis spp 4459 1594 2467 295 30.12 1.65 4426  3.93 18.99  3.81 6.90 10.20
Caranx crysos 11.08 1.85 111.94  6.62 16.75 18.68 389 1991  2.66 3.77 2.63 23.33
Landed incidental catch * 55.64 5.46 68.11 8.49  50.79 7.09 56.88  6.82  51.09 3.09  96.29 3.27
Others 32391  5.88  320.68 840 229.68 8.24 0.00 542 208.66 6.50 19636 3.88
Total 117096 299 135535 569 1279.73 291 139045 253 126560 425 1498.77  1.88
Minor taxonomic rank July August September October November December

Est. crv Est. crv Est. crv Est. cv Est. cv Est. cv

Catch Catch Catch Catch Catch Catch

Sardinella brasilienses 0.00 0.00 895.04 547 46943  0.00 152379 370 129.09 0.03 0.93 92.58
Xiphopenaeus kroyeri 27547  7.21 186.48 530 266.11 6.78 28582 6.50 273.84 8.09 23466 9.63
Micropogonias furnieri 179.24  2.05 26833 1597 262.83 1.78  267.38 1535 13022 5.89 12599 1.87
Cynoscion jamaicensis 51.15 1.86 9459 14.65 9142 1345 141.65 3.67 82.67 11.79 120.02 3.25
Menticirrhus spp 39.50 8.84 39.74  6.54 54.11 347 10630 6.89 79.79 435 66.88 5.82
Anchoviella lepidentostole 0.63 48.14 0.71 66.99  9.00 3051 137.08 9.58 169.89 9.40 108.75 15.63
Macrodon atricauda 56.44 3.50 5454 279 31.00 12.17 8191 278 50.06 3.67 64.83 4.59
Selene spp 29.53 0.65 3.39 10.40  81.28 0.11 14451  1.20 456 23091 2.47 1.31
Ariidae 17.84 1487 28.18 3441 21.12 20.75 5893 1535 118.10 2557 123.70 29.89
Prionotus spp 58.58  17.88  51.71 2776 41.48 438 5438 13.54 3951  22.01 30.23 9.26
Crassostrea brasiliana 39.72 3743 4416 36.62 37.05 3577 4140 3224 29.72 3959 937 76.70
Opisthonema oglinum 29.95 0.18 21.44 322 2.01 15.58 430 2239 092 0.35 0.82 1.48
Octopus vulgaris 18.21 4.46 27.13 0.16 4822 7.64 30.85 1040 21.52 1024  31.06 6.73
Oligoplites spp 13.96 1447 10.17 1275 5.15 19.62 5.23 18.89 19.84  9.85 89.15 1.27
Trichiurus lepturus 16.78 7.78 16.71 13.56  11.94 1025 28.17 2525 17.60 1349 21.87 3.28
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Mugil liza 58.11 1033 2247 15.66 44.02  31.75 1337  23.07 7.67 2429 4.1 9.97
Farfantepenaeus spp 44.73 2822 2423 11.62  22.68 14.17 4336 18.14 2856 2145 2320 12.72
Urophycis spp 14.74  27.13  35.30 1.72 14.24 0.00 9.78 4397 2468 1883 3829  26.22
Doryteuthis spp 2.75 43.82 0.80 0.00 0.95 3.63 2.82 7375 1064 14.06 20.61 14.57
Caranx crysos 0.59 12.06 0.61 28.57  0.70 26.02 0.50 39.86 295 31.93 3.76 13.57
Landed incidental catch * 73.71 18.75  73.42 850 6590 12.80 10594 1240 39.16 420 97.68 8.50
Others 264.66 9.40 29584 3.06 229.62 458 291.73 647 298.05 9.69 323.69 7.01
Total 128630 3.86 219497 218 181024 188 337920 174 1579.03 500 154209 343

* Fish of small size and/or low or no commercial value, however landed and marketed, composing the category called “Mistura” in fisheries statistics of
the Sdo Paulo State.
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Figure 3. True total landed catches of 2011 (open circle), estimated
total landed catches (line), both in tons, and confidence interval of
95% (shaded area) by month to four of the 20 main species landed
over 2011 on the Sao Paulo coast.

of the S@o Paulo coast with sampling design compared to
the census (10.9% in SP1 and 13.8% in SP2).

The more detail is needed and the more variables
are involved, the less accurate the estimates become.
According to BOLFARINE and BUSSAB (2005), accurate
estimates result from considering them explicitly when
developing the sampling design, as it is the case herein
for the estimated total catch by municipality. Although the
variable month has not been considered in the sampling
design, estimated monthly total catch for Sao Paulo State
was also a good result since there was sufficient information
by month in the sample. In contrast, after breaking down
these data by fish category, a much lower accuracy was
obtained, particularly for some fish categories such as C.
brasiliana, M. Lisa, Farfantepenaeus spp and Doryteuthis
spp, all of them economically important for the Sdo Paulo
State. Detailing data even further, by fishing gear or fleet
type, would only make matters worse.

However, the landed catch per landing (LPUE) turned
out to be a robust estimate, for most but a very few fish
categories. This was facilitated because all landings of
the sampled ports were considered. Furthermore, when
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both the catch and the number of trips are simultaneously
under- or overestimated, this bias tends to be canceled
out. However, since this estimated LPUE was based on
a sampling plan designed specifically for the Sdo Paulo
State, its performance with the consolidated fishery data
from other States with different sample designs must be
further investigated. The assessment and interpretation of
a temporal series of the estimated LPUE may also be a
problem, mainly for species with little information in the
sample or with less precise estimates, when sample errors
are greater than the variations of the LPUE itself.

The results obtained for four fish categories have been
selected to illustrate distinct situations that can also occur
in other survey samplings for fisheries monitoring. First
of them is the Opisthonema oglinum, which had very
precise and unbiased estimates since the vast majority
of the landings and of the landed catch occurred in ports
that had been allocated into the census strata. The second
situation is described by the estimated monthly catch of
M. furnieri, which was unbiased but less precise. Many
landings covering a wide range of landed catches of this
species occurred in most of the sampled ports, which truly
represents the situation in the ports of Sao Paulo. The
third situation is described by M. atricauda, for which the
sampled ports recorded fewer landings and lower catches
in comparison to what really happens in all ports. Thus,
moderately imprecise and underestimated landed catches
were obtained. Finally, C. brasiliana represents the worst
that can happen during a sampling process and shows the
importance of having good knowledge about the ports
before the stratification is defined. An enormous variation
in landed catch of this species was recorded based on
sampled ports while a very specific port, which almost
exclusively has landings of this resource, was also part of
the sample. This port had been wrongly allocated into a
sampled stratum rather than into the census stratum as it
should, causing distortion and overestimation of the landed
catch after being expanded over the sampled stratum.



In general, information gathered from well-designed
survey samples may have some advantages compared
to a complete data collection (census). According to
COCHRAN (1977), accurate and reliable estimates can be
produced at a much lower cost and data can be obtained
and consolidated more quickly applying sampling
methods. In addition, survey samplings may have more
scope and suppleness regarding the type and amount of
information that can be obtained, since only a part of the
population is being considered (FAO, 1999). However,
these announced advantages were not clearly observed
by the sampling design that was applied to monitor the
fisheries on the Sao Paulo coast.

Some issues that may cause concern will be mentioned
next. The high-diversified fishing activity affected the
accuracy in the estimated catch by fish category. The
cost reduction obtained with the sampling was minor
and may not compensate the loss of quality of the fishing
information compared to the census data. Fishing vessels
and fishermen who are not included in the sample cannot
be supplied with a proof of activity and of fisheries
production, documents required to obtain benefits such
as bank loans and fishing licenses. The true fishing area
covered by the fleet in operation might be underestimated,
since vessels distribution is underrepresented. Finally,
the lack of fishing effort measurements that are more
appropriate for each fishing fleet makes the fish stock
assessment difficult.

The choice of a fishing data collection methodology
depends very much on the goals of fisheries monitoring
(FAO, 1999). In this study, it was clear that a survey
sampling for fisheries monitoring is very useful when
financial resources are limited and there is the interest
only in a broad picture, without details about the catches.
It is understood that it is possible to have more detailed
and reliable fishing data increasing the complexity of the
sampling design and the costs of the fishing monitoring
as well. Or even, to begin with a simple sampling
design and, as far as it is feasible, gradually expand to
a census methodology (FAO, 1999). In this case, low
cost strategies, such as self-registration and mobile field
agents, may be adopted. Both strategies have been adopted
since the beginning of the Fishing Activity Monitoring
Program (PMAP) of the Sdo Paulo coast. However,
regardless of the methodology and whatever the cost of
a fisheries monitoring program might be, one thing is for

sure, it will always be lower than the economic, social and

Miranda et al.: Survey Sampling for Fisheries Monitoring in Brazil

environmental costs of not having quality data to perform
evidence based fisheries management.
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