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Abstract The Patos Lagoon estuary is an important
environment for the life cycle of many species, including
the pink shrimp Farfantepenaeus paulensis. This area acts
as a nursery ground for the shrimp larvae, which are
spawned in a coastal area and transported into the lagoon
during spring and early summer (September to December).
Harvesting of shrimp occurs from January to May, and
yields have varied from around 1,000 to 8,000 tons year−1.
This study is based on analysis of river discharge, pink
shrimp catches, and wind velocity time series from 1964 to
2004. Negative correlation between pink shrimp catches
and river runoff reflects the influence of discharge on the
lagoon circulation and, consequently, on the intrusion of
salt water and larvae. When river discharge is below
average, landward currents forced by SW winds can
enhance larval transport into the estuarine area, leading to
an increase in pink shrimp captures. Above average river

input would force a seaward flow that works as a barrier to
ingress of larvae. This is unusual when compared to many
other estuarine systems, and the main factor that accounts
for this behavior is the morphology (choking) of Patos
Lagoon. Interannual variability related to El Niño/Southern
Oscillation events also influence pink shrimp production in
this area. Low/high shrimp catches are related to El Niño
(flood)/La Niña (drought) events. Wind can also impact
production through its effect on the southward displacement
of larvae from the spawning area. Long-term trends indicate
an increase in river discharge around 20 m3 s−1year−1 and a
decrease in shrimp catches on the order of 57 tons year−1.

Keywords Coastal lagoon . River effect .Morphological
role .Wind action . Shrimp production .

Interannual variability

Introduction

The Patos Lagoon (PL) estuary (Fig. 1) is an important
environment for the life cycle of many fish, mollusk, and
crustacean species, notably because of its role as a shelter
area that allows their development from early larval stages
(Castello 1985; Vieira and Castello 1996; Muelbert and
Weiss 1991). The pink shrimp Farfantepenaeus paulensis
is an estuarine-dependent organism which uses the estuary
as a nursery ground and constitutes the most important
resource for artisanal fishing in the region. The exploitation
of this species is intensified during summer and autumn
(Jan/Feb to May). The primary gear used by artisanal
fishermen is a fixed stownet equipped with lights to attract
shrimp at night and placed in shallow waters. This efficient
gear allows for only a few shrimp to escape capture
(Kalikoski et al. 2002). The PL stock is not subject to
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industrial fishing in both the estuarine and adjacent oceanic
areas (D'Incao et al. 2002).

Absence of pink shrimp adults on shelf waters between
32° and 29° S (Zenker and Agnes 1977) suggests that pink
shrimp standing stock in the PL is part of a metapopulation,
the source of which is believed to be located between 27°
and 29° S in the coastal area of Santa Catarina State
(D'Incao 1991; Delevedove 1996). Therefore, fishery
activities in the PL are not considered to exert any impact
upon the source population, as concluded by D'Incao et al.
(2002).

The pink shrimp larvae are passively transported into the
estuary by currents during spring and early summer, with a
peak in November–December (Castello and Möller 1978;
D'Incao 1991). From October to April, megalopa larvae of
pink shrimp are present in the channel waters close to the
estuary entrance (Calazans, personal communication). They
reach shallow small inlets or embayments, where dense
seagrass vegetation provides favorable conditions for larvae

to finish their metamorphosis. By autumn (April/May), the
maturity gonadal process has already started in most
females, triggering their reproductive migration back to
the ocean (D'Incao 1991; Valentini et al. 1991).

Artisanal fishing pressure remained approximately con-
stant along time (Haimovici et al. 2006); therefore, the
pronounced oscillations in the capture series should relate
to environmental factors. Local physical processes are
known to exert influence on the life cycle and survival of
many estuarine species of the PL. For instance, Castello and
Möller (1978) found a strong negative correlation between
precipitation in the hydrographic basin of PL and pink
shrimp catches from 1967 to 1976. High freshwater
discharges act as a physical barrier not allowing salt water
intrusion into the estuary (Castello and Möller 1978; Abreu
and Castello 1997; Möller and Castaing 1999). The fast
decrease in salinity during heavy freshwater runoff may be
a lethal factor for shrimp larvae since, according to
Marchiori (1983), they do not tolerate salinity lower than

Fig. 1 a Inset showing the
study area denoted by the ellip-
sis with respect to the Brazilian
coastline. b An overview of the
study area including the hydro-
graphical basin of Patos Lagoon.
SGC is the São Gonçalo Chan-
nel and SLS indicates the city of
São Lourenço do Sul. c A
schematic detail of the estuarine
area denoting the reduction in
the cross-sectional area towards
the entrance and the two 4 km
long jetties built in the early
twentieth century
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3. Freshwater input in the PL can affect recruitment,
immigration and emigration patterns of estuarine species
(Garcia et al. 2001), and meteorological events alter
temporal and spatial distributions of several icthyoplankton
species in the area (Muelbert and Weiss 1991).

The aim of this paper is to amplify Castello and Möller
(1978) research through the analysis of river discharge and
pink shrimp catches series that cover 40 years (1964–2005),
a period remarkably longer than the 9 years used in the
previous work. River runoff was preferable to precipitation
because it is a better proxy of estuarine residual circulation.
The main questions to be answered in the present work are
(a) if shrimp catches vary accordingly to changes in river
discharge, (b) if interannual climatological events, such as
El Niño and La Niña, exert any influence on the PL shrimp
production, and (c) if winds present any effect on the
southward transport of larvae from the spawning areas to
their nursery grounds in PL.

Study Area

Placed in southern Brazil between 30° and 32° S, the Patos
Lagoon (Fig. 1) occupies an area of approximately
10,000 km2 and is the largest choked coastal lagoon in
the world (Kjerfe 1986). It is 250 km long and 40 km wide
in average, but it is connected to the Atlantic Ocean
through a long (20 km) and very narrow channel (~1 km
wide) that is dredged to attain a depth of 14 m.

The lagoon and the adjacent coastal area are one of the
most important fishery sites of southern Brazil (Garcia et al.
2001), where 3,500 artisanal and industrial fishermen are
permanently or temporarily involved in fisheries activities
(Haimovici et al. 1996; Reis and D'Incao 2000). More than
20 years ago, the secondary production reached an average
of 182.8 kg ha−1year−1 (Castello 1985). Although there are
no recent figures of secondary production, fisheries
production has shown a decline for the last 20 years
(Haimovici et al. 2006).

Like most choked coastal lagoons, the PL circulation is
mainly driven by winds and freshwater runoff, since tides
are of secondary importance for this type of estuarine
system (Kjerfe 1986; Möller et al. 2001; Möller et al.
2007). In the study area, northeasterly winds are predom-
inant throughout the year, although during autumn and
winter, southwesterly winds are more frequent (Möller et al.
2001).

The main tributary rivers of the PL, Jacuí, Taquarí,
Camaquã, and São Gonçalo channel (see Fig. 1 for
reference) follow a typical pattern of temperate areas
presenting high discharge values in late winter and early
spring and low to moderate runoff during summer and
autumn. The mean river discharge is around 2,400 m3 s−1

(Vaz et al. 2006). Large interannual variations ranging from
500 m3 s−1 up to 12,000 m3 s−1 are observed and can be
associated with El Niño/Southern Oscillation (ENSO)
events (Vaz et al. 2006). Studies carried out by Kousky
and Cavalcanti (1984), Ropelewski and Halpert (1987),
Moron et al. (1995), and Grimm et al. (1998; 2000) found a
strong correlation between positive/negative precipitation
anomalies in southern Brazil and El Niño/La Niña events.
The same trend was observed for the streamflow of the
Uruguay River (Mechoso and Pérez-Iribarren 1992) and for
PL tributaries (Vaz et al. 2006).

Studies carried out by Möller (1996) and Möller et al.
(2001) demonstrated that PL is a river-dominated system.
In periods when river discharge (Q) ranges from low to
moderate (Q<2,400 m3 s−1), the wind plays the main role
in the dynamics of this lagoon at synoptical timescales. In
this case, the exchanges between PL and the adjacent ocean are
mainly driven by barotropic pressure gradients forced by the
combined effects of local and remote winds (Möller et al.
2001). Seaward and landward flows are the result of NE and
SW winds, respectively. Reversals in the wind field occur due
to the passage of meteorological fronts in time intervals
ranging from 3 to 15 days (Möller et al. 2001). However,
during the seasonal flood period, only very strong winds can
reverse the seaward flow, and the water in the lagoon can
remain fresh for several months (Möller and Castaing 1999).

Data and Methods

Time series used in this paper are presented in Fig. 2.
Discharge data for Jacuí, Taquarí, and Camaquã rivers
(Fig. 2a) were obtained at the Brazilian National Agency of
Waters (Agência Nacional de Águas 2007, hidroweb.ana.
gov.br), covering the period between 1964 and 2004. Total
river discharge is given by summing runnof values of these
three rivers and represents about 70% of the hydrological
basin contribution into the PL. It will be used as a proxy in
this study because there is no data available for the São
Gonçalo channel that connects the Patos and Mirim lagoons
(see Fig. 1 for reference).

ENSO events are represented by the Southern Oscilla-
tion Index (SOI, dotted gray line in Fig. 2a), which
indicates its intensity and phase. It is defined as a difference
between deviations from normal atmospheric pressure in
two stations located in the Tropical Pacific East and West
(Kousky and Cavalcanti 1984). Negative or positive values
of this index are indicators of El Niño or La Niña,
respectively. SOI series from 1964 to 2004 were obtained
from the Australian Bureau of Meteorology website (2007;
www.bom.gov.au/climate/current/soihtm1.shtml).

The wind stress (not shown) used in this paper is the
same data set used by Piola et al. (2005) to study processes
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affecting the meridional displacement of the Plata River
Plume. This series was expanded to match the time limit of
river and pink shrimp catch data. It consists of global
reanalysis from National Centers for Environmental Pre-
diction (Kistler et al. 2001) and the European Centre for
Medium-Range Weather Forecasts (Trenberth et al. 1989)
and was validated with wind measurements from Chui
(34° S). The wind stress was decomposed in cross-shore
and along-shore components. Considering the dynamics
of the region and objectives of this study, just the along-
shore component will be considered.

Pink shrimp catch data, from 1965 to 2005 (Fig. 2b),
was provided by the Rio Grande unit of the National
Institute of Environmental Protection (IBAMA). According
to Brazilian law, local fishermen must report their captures
to IBAMA. Type and number of gear used is not officially
recorded. However, field observation indicates that stownet
is the most common gear used to fish shrimp in the region
(Kalikoski et al 2002). Thus, our series correspond to the
landings of shrimp mainly fished with a passive fishing
gear in the area between the mouth of PL and the city of
São Lourenço do Sul (see Fig. 1, SLS). Since the shrimp
fishing effort in PL have not been determined, it is
impossible to calculate the catch per unit of effort or the
catch/effort (C/f) rate which should be a better indicator of
shrimp abundance.

In order to establish the period of the year when
continental runoff has the closer relationship with pink
shrimp captures, a variable named mean river discharge
(MRD) was calculated for different month intervals. The
initial month of this interval varied from August to

November and the ending month from December to May
(of the subsequent year). The first MRD series was
calculated as the mean river discharge from August to
December. The next MRD was increased with the inclusion
of the following month (Jan), and the process would
continue until the month of May. In the second round,
river discharge data started in September and so on. This
procedure resulted in 30 MRD series that were correlated at
a 95% level with the total shrimp catches (TSC), which
represents the sum of declared landings from January to
May. For correlation purposes, both MRD and TSC series
had their time trends removed.

The MRD values corresponding to the period that
presented highest correlation with TSC were then divided
into three classes according to their magnitude: low
(MRD<1,000 m3 s−1), regular (1,000 m3 s−1<MRD<
2,000 m3 s−1), and high (MRD>2,000 m3 s−1). Based on
the classification used by Grimm et al. (1998; 2000) and
Berlato and Fontana (2003), the period when the best
correlation between MRD and TSC was found was then
classified according to the type of ENSO event: El Niño, La
Niña, or Neutral (weak events of El Niño or La Niña).
Using this criterion, a bifactorial analysis of variance
(ANOVA) was performed to verify a possible interaction
between these variables. Pink shrimp catches were then
categorized by the magnitude of river discharge and phase
of ENSO event. This type of analysis also indicated the
standard deviation and the standard error.

In order to evaluate the possible effect of the wind, a
variable named mean wind index (MWI) was defined as the
longitudinal wind stress mean calculated for the same
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period where the highest correlation between MRD and
TSC was found.

Spectral analyses were carried out in order to detect the
dominant periods in all the obtained time series. The method
followed Emery and Thomson (1997), and the density of the
spectral energy (f.Syy) was calculated as a function of
the f logarithm to preserve variance. To reduce the inherent
error of the Fast Fourier Transform, the time series were
divided in three segments, which were smoothed with a
Hamming window that overlaps 50% over the length of the
time series. This procedure increased the degrees of
freedom of the analysis (Ramp et al 1997).

Results

River and Wind Effects

Monthly mean river discharges calculated from the sum of
Jacuí, Taquarí, and Camaquã river flows (Fig. 2a) show
large fluctuations, from 200 to 6,000 m3 s−1. During
specific years, such as 1965/1966, 1972/1973, 1977,
1982/1983, 1997/1998, and 2001/2002, river discharge is
three to four times greater than annual mean average
(1,588 m3 s−1, Table 1). These situations are related to
negative SOI values (El Niño). Low river discharge periods
are usually associated with positive SOI (La Niña), with
few exceptions (1967 and 1984; Fig. 2a).

The general pattern in the along-shore wind component
time series (not shown) are positive (northeastward) mean
values during winter and negative (southwestward) mean
values during summer.

Pink shrimp monthly catches (Fig. 2b) present a peak in
the first semester of the year. The highest values are usually
observed for March and April, and large variations among
consecutive years can also be noticed. Monthly landings of
pink shrimp vary from few tons to 3,000 tons, as observed
in 1972, 1979, 1985, and 2000. In average, 2,760 tons of
shrimp are caught per year (Table 1).

When these series were transformed to MRD, TSC, and
SOI, the bifactorial ANOVA test indicated that there is no
interaction between the class of river discharge and the type
of ENSO event when analyzing TSC (p=0.17). Then it is

possible to perform independent analysis concerning the
effects of MRD and ENSO events on shrimp catches.

The correlation analysis performed between the
detrended time series of MRD and TSC resulted in
coefficients ranging from −0.57 to −0.67. The highest
correlation (p<0.01) corresponds to the MRD from Sep-
tember to December. This inverse relationship denotes the
importance of river discharge as one of the controlling
factors for shrimp landings, with high/low discharge values
leading to low/high catches. This is evident through the
analysis of Fig. 3, which displays time series of MRD from
September to December and TSC from January to May of
the following year. Low catches of shrimp generally
coincides with high discharge events, which usually occurs
during El Niño years. On the other hand, high values are
observed when river discharge is well below average.
However, for some of the observations, low/high shrimp
catches do not correspond to the opposite river discharge
intensity. This is the case for the periods from 1975 to
1976, 1980 to 1982, and 1988–1989, all of which
correspond to La Niña. It was also observed from 1991 to
1995, a period of El Niño. In order to discriminate the
effect of river discharge, box-plots of TSC categorized by
MRD were used. Figure 4 shows that the mean of TSC
decreases from low (MRD<1,000 m3 s−1) to high (MRD>
2,000 m3 s−1) river discharge and that it also presents lower
standard deviation with respect to low and regular. Regular
river discharge (1,000 m3 s−1<MRD<2,000 m3 s−1)
presents the larger standard deviation. From the ANOVA
results, we can infer that the mean of TSC for low and high
discharges are significantly different (p<0.01).

To test the likelihood of winds to impact pink shrimp
catches, a correlation analysis between MWI and TSC
data was carried out. Figure 5 shows the temporal plots
of MWI and TSC where the negative significant relation-
ship (r=−0.27; p<0.05) between the variables is clearly
observed. Catches above and below average are related to
occurrence of NE and SW winds, respectively. Through a
comparative analysis of the results in Figs. 3 and 5, it can
be observed that extremely high values of TSC are usually
associated with a combination of small MRD and negative
MWI (NE winds). Then, as depicted from the data, the
occurrence of favorable river discharge conditions by
itself cannot guarantee a high TSC in PL. The TSC values
registered are low when MRD is below average but the
MWI is positive, a situation that occurred from 1975 to
1976, 1980 to 1982, 1988–1989, and 1991 to 1994. These
years were characterized by the predomination of positive
MWI (SW winds). A stepwise regression performed
between TSC and MRD increased from −0.67 to −0.72
(p<0.05) when MWI was included. It highlights the
importance of the wind effect on the successful larval
transport to the PL entrance area.

Table 1 Mean and standard deviation values for: the annual river
discharge, the mean river discharge from Sept. to Dec. (MRD), and
the total catches of pink shrimp (TSC)

Variable Mean Standard
deviation

Annual mean river discharge (m3 s−1) 1,588 695

Mean river discharge—Sep–Dec (MRD, m3 s−1) 1,684 853

Pink shrimp catches (TSC, ton) 2,760 2,182

Estuaries and Coasts (2009) 32:787–796 791



Interannual and Longer-Term Variability

Figure 6 shows TSC classified accordingly to the type of
ENSO event. An ANOVA test indicated that the TSC mean
presents significant differences (p<0.01) for El Niño and
La Niña type of events. These results make possible to
associate lower/higher TSCs to El Niño/La Niña years. The
sharp trend existent between heavier river flow associated
with El Niño years and lower catches is also confirmed by
the lower standard deviation. During La Niña, even though
the trend of decreased river flow associated with increased
TSC is clear, the standard deviations are large. One more
time, it is possible to associate this decrease in TSC under

favorable river discharge conditions to the occurrence of
SW winds. This is a distinguished characteristic of La Niña
years and is caused by the passage of successive meteoro-
logical cold fronts over the area. It disturbs the seasonal
patterns of the wind field, of the coastal currents, and also
of the southward larval transport.

Spectral analysis of the original time series of monthly
averaged river discharge and pink shrimp catch data
(Fig. 7a, b) indicated that the most energetic band was
centered in the annual signal (12 months) followed by
interannual variations having periods of 33 to 40 months
and 84 months.
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When looking at the general trends of river discharge
(MRD) and pink shrimp catches (TSC; Fig. 8a, b) it is
possible to conclude that river discharge is increasing at a
rate of 20 m3 s−1 year−1, while pink shrimp catches are
decreasing at a rate of 57 annual tons per year.

Discussion and Conclusions

River and Wind Effects

This study confirms that the river flow plays a decisive role
in the conditions that will determine the entrance of pink
shrimp larvae into PL. When the mean discharge of Jacuí,
Taquarí, and Camaquã rivers for the period ranging from
September to December is higher than 2,000 m3 s−1, it can
by itself generate a seaward flow strong enough to block
the entrance of larvae and salt water. It will cause a drop in

pink shrimp production during the following year. For
river discharge lower than 1,000 m3 s−1, the possibilities
of above-average catches increase because in this situation
even light SW (>5 m s−1) winds associated with the
passage of meteorological fronts can force landward
currents. On the other hand, the large standard deviation
observed in Fig. 4 for the regular discharge class
(1,000 m3 s−1<MRD<2,000 m3 s−1), indicates that the
success of larvae entry in the period under normal flow
conditions will depend on the favorable combination of
river flow and wind conditions. If this period is dominated
by NE winds, which also means a reduced number of
meteorological front passages, a seaward flow will still be
sustained affecting the entrance of larvae. This is a usual
situation during spring.

The inverse response that pink shrimp catches present
with respect to freshwater input in the PL is opposite to
what has been observed in other estuaries. Anomalous
higher shrimp catches registered in Lake Bourgne and
Mississippi Sound during a high runoff period were caused
by the nutrient enrichment associated with high river
discharge (Kutkuhn 1966). Erhardt and Legault (1999) also
found a positive relationship between precipitation rates
and pink shrimp (Farfantepenaeus duorarum) recruitment.
Moreover, they observed a reduction in pink shrimp
recruitment during an intense drought period. The same
trend was observed for benthic meio and macrofauna
populations of Guadalupe and Nuece estuaries (Montagna
and Kalke 1992). Another example is given by the decline
in white shrimp in Louisiana and Texas estuaries during a
drought, which was explained by the lethality of high
salinity waters to juvenile shrimps (Kutkuhn 1966).
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The main factor that can account for the observed
differences between the PL and the already cited ecosys-
tems is the morphology of this lagoon. While in most
estuaries the cross-sectional area increases seaward, the PL
is a choked coastal system placed in a temperate climatic
area. Its cross-sectional area decreases from 200,000 m2 in
the inner parts to less than 10,000 m2 near the entrance
(Möller and Castaing 1999). The choking of the PL was
enhanced in the beginning of the last century when two
convergent 4 km long jetties (waterbreakers) were built at
the entrance to keep it clear for navigation (Motta 1969). In
the area along the jetties, the width of the channel is
reduced from 2 km to 0.7 km. During strong flood periods,
the circulation of this lagoon is entirely driven by river
discharge, and a residual seaward flow is the dominant
feature. The great reduction in the cross-sectional area near
the lagoon mouth intensifies this circulation pattern.
Therefore, under strong river runoff conditions, even SW
wind events cannot reverse the outgoing flow, which avoids
the entrance of salt water and larvae. In this scenario, all the
richness that otherwise river water would bring to the
estuary is transferred to the coastal zone, enhancing its
productivity (Ciotti et al. 1995). When the seaward flow is
momentarily reversed by very strong SW winds, those
larvae that succeed to enter into the estuary are flushed out
or die due to the fast decrease in salinity. According to
Marchiori (1983), they cannot stand salinity lower than 3.

During low to moderate runoff periods, the wind-driven
circulation can play its role. Under such conditions, SW
winds produce a landward flow, which will introduce the
available shrimp larvae into the lagoon. The mixing of salt
and freshwater forms an estuarine area that can reach up to
70 km from the entrance (Möller and Castaing 1999) or
even farther in very dry years, such as the 1988 La Niña
(Möller and Castaing 1999; Odebrecht et al. 2005). This
provides a more stable environment, where the megalopa
larvae can grow and complete their development.

Another possible effect of the wind on the catches is
related to its action along the continental shelf that might
interfere in the larval transport from the spawning area to
their nursery grounds. The spawning area is located on the
shelf region about 600 km north of the PL entrance,
therefore the larvae must be transported by southward
coastal currents. The importance of winds driving circula-
tion and water mass distribution along southern Brazil and
Uruguay continental shelves have been discussed in several
recent studies (Zavialov et al. 2002, Piola et al. 2005,
Möller et al. 2008 and Palma et al. 2008). These researches
have demonstrated that currents in the inner and mid shelf
areas are wind dominated and are likely to present seasonal
and interannual variability. In spring and summer, but also
during El Niño years (Piola et al. 2005), dominant NE
winds force the southward coastal current system. Howev-

er, in some exceptional periods, mainly La Niña years, the
passage of frontal systems over the area is increased, and
SW winds are dominant (Barros et al. 2002; Piola et al.
2005). Under these conditions, a northward residual flow
will be induced over the continental shelf, and it will act
against the larval transport towards the entrance of the PL
and to Uruguayan coastal lagoons (Fabiano and Santana
2006). As a result, a low stock of recruits will be available
to local fishermen.

The wind-driven circulation over the shelf off Chesa-
peake Bay was accounted as an important mechanism for
the dispersion and recruitment of crab larvae (Roman and
Boicourt 1999). However, for the southern Brazilian shelf,
further studies focusing on understanding the larval
dispersal pathways and rates of penetration into the PL
estuary are needed.

Interannual Variability and Longer-Term Trends

Apart from producing significant impact on fish assemblage
of the PL (Garcia et al. 2001; 2003), ENSO anomalies can
have different impacts on shrimp catches in this area. It is
well documented (Grimm et al. 1998; 2000) that southern
Brazil presents a strong and consistent precipitation
anomaly tied to these events. In Uruguay and Rio Grande
do Sul, wet/dry anomalies are observed in late spring–early
summer with a positive/negative peak in November during
El Niño/La Niña years (Diaz et al. 1998, Grimm et al.
1998). Following it, the effect of El Niño is mainly tied
with the large increase of river discharge, and its prolonged
effect is coincident with the critical period for larvae entry.
On the other hand, maximum values of TSC are observed
during La Niña years. However, the large standard devia-
tions presented by the pink shrimp catches are an indicator
that river discharge is unlikely to be the only factor
controlling it. An additional factor can be the strength of
the ENSO event, which determines the intensity of its
results (Dracup and Kahya 1994). Another mechanism can
be related to wind anomalies associated with ENSO events,
since SW winds dominate interannual variability during La
Niña (Barros et al. 2002; Piola et al. 2005). It enhances the
ingress of salt water into the PL; however, it opposes the
southward larval transport.

Spectral analysis of river flow and shrimp production
indicate that peaks center at 33 to 40 months and at
83 months, which are related to the periodicity of ENSO
events. These interannual signals were also observed in
analysis of the Uruguay River discharge data (Robertson
and Mechoso 1998; Krepper et al. 2003). This hydro-
graphical basin is adjacent to the PL basin and subject to
the same climatic conditions.

The long-term trend indicated in Fig. 8 shows an
increase in river discharge of the order of 20 m3 s−1 year−1.
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The same trend was observed for the Uruguay River after
the mid-1960s by Genta et al. (1998) and Krepper et al.
(2003). The streamflow increasing rate can be one of the
factors that can contribute to the observed decrease in pink
shrimp catches at a rate of 57 tons per year. Overfishing
(D'Incao et al. 2002) and higher levels of fish predation on
the source population may also be among the causes of
such behavior.
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