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ABSTRACT

productive sector.

Brazil

Bottom shrimp trawling on the Brazilian Amazon shelf is historically recognized by the environmental impacts
and with the advent of technologies for detecting and locating shoals, the effects of using bottom trawls are even
more intense. Thus, and considering the relationship of shrimp catches with climatic and oceanographic events,
increasingly the nets operating along the coast of the Brazilian Amazon account for a greater number of dead
organisms at sea. Our results show that direct or indirect, small, and medium scale events, such as sea surface
temperature, the duration and intensity of the Amazon River hydrological cycle and the field of trade winds, as well
as large scale events, like ENSO and heat flux in the Atlantic Ocean, interact with the shrimp fishery dynamics in
the study area. The need for ways to control the impacts generated by fishing nets is evident, and the efforts of the
Brazilian government are still little or almost never efficient in face of the political-economic mobilizations of the

Keywords: Shrimp marine fishery; Environment variability; Climate-fishery interaction; Fishery model; Amazon;

INTRODUCTION

Marine shrimp fisheries are an important component of the world
fisheries landing, and in Brazil. Shrimp fisheries in tropical and
subtropical regions are highly productive [1]. The life cycle and
the spatial and temporal distribution patterns of the penaeids are
influenced by several environmental factors, such as: temperature,
salinity, substrate type, water depth, tides, and food availability,
which together determine recruitment patterns and the health
of stocks [2-7]. The Southern brown shrimp, Farfantepenaeus
subtilis (Pérez Farfante), together with Farfantepenaeus brasiliensis,
contribute 95% of the total landing of marine shrimp fisheries
on the continental shelf of northern Brazil [8]. This fishery uses a
bottom trawling system the double rig system, which consists of two
trawls with two otter boards, coupled to two warps controlled by
motorized winches [8,9]. The industrial trawling fleet that targets
Southern brown shrimp in northern Brazil uses boats of 20 m-28
m in length, with autonomy of approximately 37 days. All these

vessels are equipped with a Global Position System (GPS), echo
sounder, radar and sonar, and freezer compartments [9,10]. Despite
the economic importance of industrial shrimp fisheries on the
northern coast of Brazil, few studies have evaluated the variability
in the productivity of this resource, and there are few data on the
relationship between Southern brown shrimp fishery productivity
and marine climate variability for nay region. This hampers the
development of effective fishery management strategies. The
present study provides the first systematic analysis of the influence
of climate on shrimp fishery productivity in the region of the
continental shelf of northern Brazil, relating the variability in
productivity to the cycle of the marine climate.

MATERIALS AND METHODS

Study area

The study area is located on the Amazon shelf (latitudes 0°40’S and
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4°33'N and longitudes 51°15"W and 47 °25’was shown in Figure
1. The climate is tropical humid influenced by the hydrological
cycle of the Amazon River, which includes a flooding season, from
December to May, and a dry season, from July to November. These
periods typically coincide with the intensity of local rainfalls. The
mean Sea Surface Temperature (SST) varies from 27°C in the dry
season, to 24°C in the rainy season. The Southeast Trade Wind
is the dominant wind and is more intense at the dry season onset

(11].
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Figure 1: Study area (dashed rectangle) located on the continental
shelf of northern Brazil.

Data

Monthly oceanographical and meteorological data for the
continental shelf of northern Brazil are from the National Center
for Environmental Prediction/National Center for Atmospheric
Research, and the Reanalysis Project, N/N Reanalysis and Reanalysis
2 [12,13]. The monthly means were distributed in a Gaussian
grid with a spatial resolution of 1.8758° x 1.9058° and included
data anomalies of the zonal (u) and meridional (v) surface wind,
rainfall (RAIN), and Sea Surface Temperatures (SST). Monthly
data on the flow of the Amazon River (ARD, m’es!) were also
read from Brazilian National Water Agency. Two temporal series
of climatological indices, the Oceanic Nino Index (ONI) and the
Gradient Inter-hemispheric SST in the Atlantic Index (GITA) were
also included here. We read the ONI time series. We calculated
the GITA index by the difference between the SST anomalies
in the North and South Atlantic Ocean [14]. We estimated the
normalized anomalies of all the environmental parameters for the
study period (January 2010 to December 2016) to make the non-
dimensional data mutually comparable. The climatology data are
available in the Climate Data Assimilation System.

Catch Per Unit of Effort (CPUE)

The monthly shrimp landings were estimated from the total
landings (in t) from AMASA (Amazonia Industria de Alimentos
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Sociedade Anonima) the largest shrimp fishery company in Belem.
It accounts for nearly 80% of the total shrimp processing in the
state of Para. The fishing CPUE was calculated by the catch per
fishing days (ton) at sea. Shorter trips take place at the beginning of
the fishing season and the longer ones at the end of the production
year discounting the fishing ban [9,10]. AMASA landing time series
ranges from January 2010 to December 2016.

The fisheries

The industrial shrimp fishing is carried out by the double-drag
system, with otter twin trawls and two control otter boards in each
net coupled to two lateral mechanical arms, called "tangones",
controlled by motorized winches with cables and net tractions
fixed at the end [9,10]. The main dimensions gears in this region
are: 17 m in length and 22 mm between knots in the bagger net.
The “mixer”, a steel chain connected to the front end of the door
base, 20 m defines the net opening. The doors were rectangular in
shape, made of wood and iron, 2.5 m long and 1.15 m wide and
approximately 150 kg in weight.

The fishing ban

From 2010-2016, the Southern brown shrimp fishing ban period
in the Brazilian north coast, was regulated through the Normative
Instructions of the Ministry of the Environment of Brazil (MMA)
and in the then Ministry of Fisheries and Aquaculture (MPA). In
the 2010 fishing season, the ban period was from October 15 to
February 15, determined by MMA Normative Instruction N°09,
from September 14, 2004. In the following year, the Interministerial
Normative Instruction No. 14, from October 31, 2011, determined
the fishing ban between December 15 and February 15. In
2012 and 2013 the ban period continued albeit governed by the
MPA-MMA Interministerial Normative Instruction No. 15, of
November 28, 2012. From 2014 to 2016, the ban was defined
again by MMA Normative Instruction No. 09, of September 14,
2014, which determined it from October 15 to February 15. After
2010, an exceptional fishing concession for the Southern brown
shrimp fleet, allowed it not being idle during the ban (Normative
Instruction No. 2 of January 15, 2010).

AMASA has a Federal Inspection Seal (SIF) allowing it to market
its products with several countries. It has its own shrimp fleet and
buys the production from others. During the legal shrimp fishing
season this company also processes fish in its production line,
mainly King weakfish (Macrodon ancylodon).

Statistical analyses

When some of our variables are highly correlated we can choose
to disregard one or some of them in order not to repeat our
interpretations. We use here a robust statistical method [15],
Pearson's correlation and scatterplot, to test the collinearity
between all the variables studied here, in order to avoid possible
distortions in our results inferences as well as weak conclusions.
When some of our variables are highly correlated we can choose to
neglect one or some of them. The results of Pearson's correlation
analysis are seen in Table 1 and Figure 2. The analysis indicates
that rainfall (RAIN) is correlated with ENSO events or ONI index
(cc=0.52). After collinearity tests, the environmental variables used
here were reduced to: Amazon River Flow Anomaly (ARD); Zonal
(u) and meridional (v) wind components; Sea Surface Temperature

(SST); ONI and GITA climate indices.
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Table 1: Pearson correlation coefficients.

OPEN aACCESS Freely available online

Landing(t) Effort ARD SST U A% RAIN GITA ONI

Landing(t) 1.00 0.91 0.19 -0.08 0.10 0.36 0.00 -0.29 -0.03
Effort 0.91 1.00 0.08 0.06 0.19 0.26 0.01 0.27 -0.02
ARD 0.19 0.08 1.00 0.54 0.34 0.25 0.12 -0.23 0.26
SST -0.08 0.06 -0.54 1.00 0.29 0.29 0.00 0.27 0.09

U 0.10 0.19 -0.34 0.29 1.00 0.31 0.46 -0.06 -0.49

\Y 0.36 0.26 0.25 0.29 0.31 1.00 0.07 0.39 0.18
RAIN 0.00 -0.01 0.12 0.00 0.46 0.07 1.00 0.21 0.51
GITA 0.29 0.27 -0.23 0.27 -0.06 0.39 0.21 1.00 0.11
ONI 0.03 -0.02 0.26 0.09 -0.49 -0.18 0.51 0.11 1.00

Note: ARD: Amazon River Discharge; SST: Sea Surface Temperature; u: Zonal components of the wind; v: Meridional components of the wind; RAIN:
rainfall; GITA: Inter-Hemispheric SST Gradient of the Atlantic Index; ONI: Oceanic Nino Index.

Landing

Figure 2: Dispersion diagram and correlations among the environmental variables. ARD:
Amazon River Discharge; SST: Sea Surface Temperature; u: Zonal components of the wind;
v: Meridional components of the wind; RAIN: Rainfall; GITA: InterHemispheric SST
Gradient of the Atlantic Index; ONI: Oceanic Nino Index.

We calculated a multiple regression analyses where the response
variate (Y) is the monthly fishing landings and effort. The
independent continuous variates are:

1. Zonal wind (1, m/s);
2. Meridional wind (v, m/s);
3. Sea surface temperature (SST, °C);

4. Ocean El Nino Index (ONI);

5. Gradient Interhemispheric Sea Surface Temperature in the

Atlantic Ocean index (GITA) and

6. River discharge (ARD, m’/s). Residual analyses were performed
in order to validate the model. The calculations were performed
using the R program (R Core Team) [16].

Poult Fish Wildl Sci, Vol.10 Iss.3 No:1000214

Multiple Linear Regression (MLR) is a technic which assumes
that the response variable (landings or effort, separately) is directly
related to a linear combination of the explanatory variables
(meteorological and oceanographic). We adopted a twofold choice:
(i) with and without a stepwise procedure when considering the
shrimp landings as dependent variate; (ii) performing just a stepwise
procedure when the fishing effort as dependent variate.

Cross wavelet analysis compares wavelet spectra of the two series.
This allows similarities detection between two local fluctuations in
time series and the phase estimation between these fluctuations. In
order to detect significant results, we located the red noise inside the
cone of influence with the same coefficients of the first order auto
regression [17]. The cone of influence on the scalograms indicates
the region not influenced by the edge effects. While analyzing
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wavelet cross-power spectrum emphasizes the commonness of
the two series, the wavelet coherence emphasizes the correlations
between these series, i.e. the coherence fluctuations. The technical
details may be found in Grinsted et al. and Torrence and Compo
[17,18]. This analysis seeks to find out the local correlation of
the significant oscillations observed between the fishery and
environmental variables.

The Redundancy Analysis (RDA) is a multivariate statistical
method used to estimate the linear relationships between blocks
of variables [19,20]. In the present study, the explained matrices
are the monthly shrimp landing. The explanatory matrices are
the seven variates above. The statistical significance (p < 0.05) of
these tests was calculated by a Monte Carlo analysis with 9999
permutations using the Canoco for Windows 4.54® [20].

RESULTS

Southern brown shrimp fishery production variability

During the studied period largest landings were recorded in May
2011, 2013, 2014, and 2015, albeit the landings from July 2013 and
June 2015 were also relatively high. Landings (Y) increased with the
effort (f), with exception in 2016. In 2014 and 2016, however, there
was a 1-2 months lag between these variables as shown in Table 2,
although the peak in those two years still occurred during the rainy
season. There was a 2 to 3 months lag between the peak of the
shrimp landings in relation to the negative peak of the GITA. The
peak was also related to the southward heat flow in the Atlantic
Ocean, i.e. the negative phase of the GITA as shown in Table 3.

Analyzes linking the shrimp fishery production and
climate variability

Table 4 shows the MRL without stepwise procedure results,
considering the landings as the dependent variate and YEAR as a

OPEN aACCESS Freely available online

factor. Tables 5 and 6 show the MRL stepwise results, considering
the landings (Y) and the fishing effort (f) as dependent variates and
independent variates respectively.

Landing model without stepwise procedure

Heuristically we chose a three variables model (meridional wind
component (v), YEAR and fishing effort (f)) expressed by Equation
1:

LANDING=-14.733+0.233xf -10.913x0+YEAR

The Table 4 shows the year 2016 and fishing effort with significant
statistical results (p<0.01) on linear multiple regression for the
monthly shrimp fisheries landings. The Figure 3 (a, b and c) shows
that fishing landings are positively related to fishing effort (f) and
negatively related to the meridional wind component (v), normal
distribution of residues, based on the Shapiro-Wilk test (w=0.988,
pvalue=0.855, n=56).

Landing model with stepwise procedure

The final model expressed by Equation 2, three explanatory
variables (sea surface temperature (SST),
component (v) and fishing effort (f)):

LANDING=2.7461-9.0269%SST-8.8483x v + 0.2299xf
Where R2=0.8612, N=56.

The Table 5 shows that only effort had significant result (p<0.01)
when tested by stepwise multiple regression for the monthly
shrimp fisheries landings. The Figure 4 shows observed data of
Southern brown shrimp fisheries landings and adjusted data from
the proposed MRL model. It should be noted that, although some
adjustments are not satisfactory, especially the peak landing values,

meridional wind

the trend of the observed and adjusted values is similar.

Table 2: Months in which the Southern brown shrimp landings and Amazon River discharge between 2010-2016.

Period of greatest shrimp

Year Peak landing Peak ARD production Period of higher ARD
2010 April May AprilJune May-June

2011 May May March-May May-July

2012 April Mar AprilJune February-April
2013 May May May-July April-June

2014 May August May-August May-Aug

2015 May October May-June August-September
2016 June April April-June April-June

Table 3: Southern brown shrimp production and GITA, that is, northward (positive) and southward (negative) flow between 2010-2016.

Year Peak landing Peak GITA (+) Peak GITA (-) Period of greatest shrimp production Period of higher GITA
2010 April September March April-June May-June

2011 May September March-April March-May May-July

2012 April September-October March-April April-June February-April
2013 May September-October March-April May-July April-June

2014 May September-October March-April May-August May-August

2015 May September-October March-April May-June August-September
2016 June September-October March-April April-June April-June

Poult Fish Wildl Sci, Vol.10 Iss.3 No:1000214
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Table 4: Linear multiple regression results for the monthly shrimp fisheries landings (Y).

Coefficients
Estimate std t value Pr(>|t])

(Intercept) -14.733 -1.097 0.278
Year 2011 21.851 1.360 0.180
Year 2012 11.941 0.714 0.479
Year 2013 0.557 -0.032 0.975
Year 2014 14.758 0.832 0.409
Year 2015 5.555 0.343 0.733
Year 2016 -41.554 -2.455 0.018*

f 0.234 18.057 <2e-16 ***

v -10.913 -2.00 0.051

Note: Shapiro-Wilk normality test data: w=0.988, p-value=0.855; Residual standard error: 30.31 with 47 df, Adjusted R2=0.8776, F-statistic: 50.3 (8, 47
df), pvalue<0.000. where 0 “***” 0.001 “**’ ,0.01 ** 0.05 " 0.1 ‘" 1.

Table 5: Stepwise multiple regression results for the monthly shrimp fisheries landings (Y).

Effect Coefficient Std error t p-value
Constant 2.75 108.10 0.25 0.80
SST 9.03 47.66 -18.94 0.06
v -8.85 50.09 -17.66 0.08
f 0.23 0.01 165.29 0.00

Table 6: Stepwise multiple regression results for the monthly shrimp fisheries landings (Y).

Coefficients Estimate Std Error t value Pr(>|t])
(Intercept) 613.32 52.80 11.616 3.46e-16 ***
v -50.74 45.14 -1.109 0.272
GITA -56.03 21.32 -2.628 0.011*

Note: Residual standard error: 311.7 on 53 degrees of freedom. Multiple R-squared: 0.176, Adjusted R-squared: 0.145, F-statistic: 5.65 on 2 and 53 DF,
p-value: 0.005964 where 0 “**** 0.001 “**’ 0.01 ** 0.05 " 0.1 " 1.
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Landing
N=56; R2 = 0.8612; s2yx = 1101.3990; F3,52 = 107.5852
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Figure 4: Fishing landing data observed (continuous line) and adjusted (dashed line) for the MRL stepwise model with three explanatory variables
(sea surface temperature, southern wind component and fishing effort) from March 2010 to September 2016. (R2 =0.8612, s2xy =1101.39990, F2,53

=104.5852) Note: (

) represents Lading, (— —) represents RLM Landing.

Effort model with stepwise procedure

The final model chose two explanatory variables, the southern
component of the wind () and the heat flow in the Atlantic Ocean
(GITA), expressed in Equation 3:

EFFORT = 613.32 - 50.74xv - 56.03xGITA + ¢

The Table 6 shows that GITA was the only variable that had
significant statistical result (p<0.01) of effort variability. Fishing
effort is negatively related to the meridional wind component (v)
(Figure 5a). The Figure 5b showed normal distribution of residues,
based on the Shapiro-Wilk test (w=0.978, pvalue=0.386, n=56).
The Figure 6 shows the observed and adjusted fishing effort. The
model fits satisfactorily over the period considered from 2010 to

2016.
Cross-wavelet analysis

The crosswavelet analysis of the mutual variability between the
Southern brown shrimp landing and the SST indicated one peak
of energy in 8 months advanced with the phase at 135°, i.e. the
Southern brown shrimp landing responds in approximately 3
months (3/8 of the peak energy period) to the shifts in the SST
(Figure 7). Analyzing the cross-wavelet between the effort and the
SST showed the peaks of energy similar of the effort and u analysis,
i.e. an annual peak and another centered in 1.5 years. The annual
peak is in phase, while the second peak is lagged with the phase at
270°e, i.e. the effort responds in approximately 4 months to the

SST variability (Figure 8). While the cross-wavelet analysis between
the effort and GITA events indicate an annual peak in energy in
the opposite phase (Figure 9). The coherence spectrum has the
same phases as those observed in the cross-wavelet.

The relationship between the southern brown shrimp
landings and climatic variability

The Redundancy Analysis (RDA) was used to model the
relationships between Southern brown shrimp production, as
described by the CPUEs and shrimp landings, and the climatic
variability on the continental shelf of northern Brazil, as defined
by the environmental variables. In the plot (Figure 10), the
angle between the black and red arrows represents the degree of
correlation, with angles close to 0° representing a correlation close
to 1, and angles closer to 180°, a correlation close to -1. The length
of the arrows is also proportional to the intensity of the correlation.
The RDA shows that the CPUE was correlated positively with the
Amazon River discharge (ARD) and Sea Surface Temperatures
(SST). The shrimp landing was also correlated positively with the
zonal wind component (1), while the CPUE and landings were
correlated negatively with the Inter-Hemispheric SST Gradient
of the Atlantic (GITA). The RDA model explained 69.7% of the
variance in the landing and effort, considering four exploratory
factors explained in the third canonical axis. Overall, then, four
variables contributed significantly to the explanation of the model:

ARD, SST, u, and GITA.
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Figure 5: Linear correlation between (a) fishing effort and meridional wind component (v), and (b) the histogram show the normal distribution of
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FISHERY EFFORT
Multiple R2: 0.1867 , Adjusted R?: 0.1398
F-statistic: 3.98 , p-value: 0.01257
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Figure 6: Observed fishing effort data (f, continuous line) and adjusted (dashed line) for the MRL model with three explanatory variables (sea
surface temperature, zonal wind component and GITA) from march 2010 to september 2016. (Multiple R2 =0.1867, Adjusted R2 =0.1398, F-statistic
=3.98, p-value=0.0257) Note: (—) represents Effort, (— —) represents RLM Effort.
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Cross wavelet EFFORT - ASST
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variables, including: Amazon River discharge (ARD), the zonal components of the wind (U10), Sea Surface Temperatures (SST), and the Inter-
Hemispheric SST Gradient of the Atlantic Index (GITA). Note: (—= ) species, (—= ) env. Variables, (@) 1st quarter, (A ) 2nd quarter, (?<) 3rd

quarter, (O ) 4th quarter.
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Figure 11: Logical schematic diagram illustrating the dependence relations between the shrimp landing, the environmental variables studied here.

Note: (#) fishery effort (f), ( ) trade wind (u,v), (E2) Sea Surface Temperature(SST), (E&)Inter-hemispheric SST Gradient of the Atlantic (
£58) fishery landing.
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DISCUSSION

Anthropogenic global warming has had profound impacts on
physical and biological processes on both global and regional scales.
Although the fishery production of Brazil represents only 0.5% of
the world total, fisheries are an extremely important activity on
both national and regional scales [21]. Fishery production may be
affected by many factors in addition to fishing effort, such as climate
and ocean variability, such as sea surface temperature, salinity,
wind, turbulence, oxygen, hydrodynamics, air-sea interactions and
climate events in meso and large scale.

As usual in industrial shrimp fisheries, the average proportion of
shrimp tail in relation to the bycatch is 1:5 in weight. Species such
as King Weakfish (Macrodon ancylodon) and Rake stardrum (Stellifer
rastrifer), are predominant in the bycatch [22,23]. Industrial fishing
for Southern brown shrimp occurs mainly between 40 m to 60 m
depth. In other regions of the Earth there are great fluctuations in
the landing of Southern brown shrimp [2]. The life cycle of shrimp
is complex and shortlived.

The shrimp variability in the Alabama, Mississippi, Louisiana and
Texas continental shelves show that the annual number and weight
of the brown shrimp per trawl is positively correlated with annual
Sea Surface Temperature (SST) averaged over the continental
shelves [24]. Shrimp are more numerous in the summer and the
correlation of April and May SST anomaly is much higher for the
number and weight per trawl in the summer than in the fall.

Southern brown shrimps are subject to strong fluctuations in
recruitment, which is governed by highly variable environmental
conditions and thus influences the abundance of adult stocks
[25]. The life cycle of Southern brown shrimp on the Amazon
shelf indicates that it is extremely related to the dynamics of
the hydrological cycle of the Amazon River. The Amazon River
discharge is characterized by two seasons, the dry season between
October and November and the full season between May and June
[26,27]. Between the months of December and January, the flow
of the river increases (flood) with a peak between May and June
(full). Then, between the months of June and July, the flow will
decrease (ebb) with its lowest level between October and November
(dry). This discharge is responsible for maintaining the extensive
substrate of mud and sand in this region. The river plume can go
300 km from the coast in the full season and 50 km in the dry
season [28].

ENSO events (El Nino/Southern Oscillation) are considered by
several authors as one of the main reasons for environmental
variability in the tropics. In the Amazon region, phenomena of El
Nino and La Nina contribute to the regulation of the hydrological
cycle of the Amazon River. El Nino periods are warmer and drier,
while La Nina periods are rainier and colder [26,29].

Individuals and populations are influenced by the variability of
the local climate, by factors such as temperature, salinity, winds,
currents and rain. Ocean-atmosphere interaction creates dynamic
systems with complex patterns that can influence ecological
processes in several ways. Southern brown shrimp, being a benthic
species, should also be influenced by shallow water oceanographic
processes in the Amazon shelf, barotropic and baroclinic processes,
circulation and thermohaline gradient and sea and geostrophic
currents, for example.

In this region the marine currents vary from 1.5 to 85 km.h-l,
according to the tide, requiring great knowledge from the master
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of the fishing vessel and the vessel's capacity to have a continuous
control of the current, drag direction, substrate type and undersea
relief [9]. The success of the lateral migration of juvenile shrimp
from the nursery area to the open sea and subsequent recruitment
to fishing, depends on a set of environmental conditions, such as;
decreased discharge from the Amazon River; mild winds; increase in
salinity, decrease in turbulence in the water column of the internal
continental shelf in northern Brazil. Favorable environmental
conditions for some year can lead to periods of high recruitment,
contributing to the increase in landings for some months.

When Patos Lagoon (South of Brazil) discharge is below average,
currents forced by SW winds can enhance larval transport into the
estuarine area, leading to an increase in Southern brown shrimp
captures [30]. Also, shrimp catches variability is related to ENSO
events. They show wind can also impact production through its
effect on the displacement of larvae from the spawning area.

Another factor that regulates the performance of shrimp fishing is
the amount of diesel oil used by the industrial fishing vessel. This
will define the fishing time allowed to remain at sea. This data is
very important to have a better explanation of the variability of the
Southern brown shrimp fishing effort.

The harvesting of the principal fishery resources in the Amazon
region is related to the heat flow in the Atlantic Ocean, as indicated
by the GITA [26,31]. These relationships are extremely complex
and, are influenced by several other factors. For example, it was
reported opposite results in relation to El Nino for blue shrimp
fishing in California Bay [32].

The fishery variability is not easy to understand. It has an intrinsic
net between the knowledge about the dynamic of each variable
and a robust fishery dataset. The use different models with high
significance statistic, like RLM, can allow for the conciliation
of divergent conclusions and provide the necessary insight to
simulation of predictions.

The fishing fleet vessels are among those with the greatest
fishing power in the country, length around 20 meters and a sole
engine with 425 HP [33]. As known trawling requires high fuel
consumption, due to travelling longer distances and to the vessel's
refrigeration system. Therefore, the fuel determines fishing trip
duration, and the amount of fuel that must be available for the trip
depends directly upon the availability of the ship-owners financial
resources, since the diesel, represents around 60% total coasts [34].

In Figure 11, we present a logical schematic diagram to illustrate and
summarize the results of this research regarding the relationships
between Southern brown shrimp production, the environmental
variables studied here and climatic variability. This diagram shows
the variables and their direct or inverse relations indicated by the
up or down direction, respectively, of the arrows.

CONCLUSION

Our results show that small and mesoscale events, such as sea surface
temperature, the duration and intensity of the hydrological cycle
and the field of winds, as well as large scale events, like ENSO and
heat flux in the Atlantic Ocean, interact with the shrimp fishery
dynamics in the study area. This is a new and especially relevant
step to understand the spatial-temporal variability in landing of the
Southern brown shrimp resource in the Amazon shelf.

However, the absence of more robust biological and fishing data
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shows that the mechanisms underlying this relationship are
unclear. There is a growing need for the compilation of more
extensive and reliable productivity and effort data, to ensure the
development of more effective policies for the management go
fishery resources. A long-term time series will be required to ensure
the best interpretation of patterns, and the development predictive
population models that integrate environmental parameters
systematically.
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