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Early stages of anchovy: abundance, variability and larval condition at the
fixed coastal station EPEA between 2000-2017
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ABSTRACT. Densities of eggs and larvae of Engraulis anchoita and the nutritional condition of
larvae were analyzed in the fixed sampling station (EPEA) in the period 2000-2017. These variables
were analyzed seasonally and trends over time were determined. Ichthyoplankton samples were col-
lected by oblique trawls using Bongo nets with 300 um of pore mesh and fixed with formaldehyde
5% in seawater. Six morphometric variables were measured to estimate the nutritional condition of
larvae. The developmental stage of each specimen was also determined. The highest mean value of
egg density was detected in the October-December period, with a secondary mode in August, fol-
lowed by one in March. Larval density presented a mode in October. Autumn and spring were the
most favorable seasons for larval condition while winter proved to be the least favorable one. An
increase in food availability during autumn and spring due to primary and secondary production
peaks could explain the high nutritional condition and growth values observed in these seasons at
the EPEA. No changes in trends of variables over time were detected. The integrated study of den-
sity and nutritional condition of . anchoita larvae allows the determination of favorable breeding
periods for the species, while the continuation of the long term study will allow evaluating possible
effects of climate change in the early life stages of this species.

Key words: Engraulis anchoita, ichthyoplankton, nutritional condition, seasonality, time series.

Etapas tempranas de la anchoita: abundancia, variabilidad y condiciéon larval en la estacién
fija EPEA entre 2000-2017

RESUMEN. Se analizaron las densidades de huevos y larvas de Engraulis anchoita y el estado
nutricional de las larvas en la estacion de muestreo fija (EPEA) en el periodo 2000-2017. Estas
variables se analizaron estacionalmente y se determinaron las tendencias en el tiempo. Las muestras
de ictioplancton se recolectaron mediante arrastres oblicuos utilizando redes Bongo con 300 pm de
poro de malla y se fijaron con formaldehido al 5% en agua de mar. Se midieron seis variables mor-
fométricas para estimar el estado nutricional de las larvas. También se determin6 la etapa de desa-
rrollo de cada espécimen. El mayor valor medio de densidad de huevos se detectd en el periodo
octubre-diciembre, con una moda secundaria en agosto, seguida de otra en marzo. La densidad lar-
varia presentd una moda en octubre. El otofio y la primavera fueron las estaciones mas favorables
para la condicion larvaria, mientras que el invierno resulto ser la menos favorable. Un aumento en
la disponibilidad de alimentos durante el otofio y la primavera debido a los picos de produccion pri-
maria y secundaria podria explicar el alto estado nutricional y los valores de crecimiento observados
en estas temporadas en la EPEA. No se detectaron cambios en las tendencias de las variables a lo
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largo del tiempo. El estudio integrado de densidad y condicion nutricional de larvas de E. anchoita permite determinar periodos de cria
favorables para la especie, mientras que la continuacion del estudio a largo plazo permitira evaluar posibles efectos del cambio climatico

en las primeras etapas de vida de esta especie.

Palabras clave: Engraulis anchoita, ictioplancton, condicion nutricional, estacionalidad, series de tiempo.

INTRODUCTION

Ichthyoplankton is the key component that
links primary, secondary and tertiary levels of the
trophic web in the sea. Fish generally spawn in
relation to the primary and secondary production
cycles and consequently, ichthyoplankton densi-
ties fluctuate throughout the year (Govoni 2005).
Pajaro et al. (2009) estimated the adult Engraulis
anchoita biomass from 1996 to 2004 in the
Argentine sea based on the analysis of ichthy-
oplankton samples obtained in 10 surveys. These
authors demonstrated the importance of ichthy-
oplankton analyzes in the understanding of
recruitment and management research, in this
case using a daily egg production method.
Ichthyoplankton sampling can also be used for
the prospection of new resources, establishing
the timing and location of spawning areas and
their variations, or estimating the relative abun-
dance of different stocks and monitoring their
abundance trends over time (Rodriguez et al.
2017). Furthermore, the nutritional condition of
fish larvae is a reflection of environmental condi-
tions to which they were exposed and is a useful
tool to evaluate the physiological state of organ-
isms. Monitoring the larval status over time
allows the detection of areas and seasons favor-
able for the survival and growth of individuals.
This information provides tools for the sustain-
able management of a population subject to fish-
ing exploitation since it allows establishing
appropriate fishing closure periods. One
approach to studying the nutritional condition of
larvae is the use of morphometric techniques.
These methodologies are based on the fact that

larvae in a deficient condition are typically thin-
ner, have a lower weight for a given size and have
an irregular body shape with respect to healthier
individuals. Unhealthy larvae may experience
higher mortality due to predation or due to the
transportation to unfavorable areas (Theilacker
1978; Ferron and Leggett 1994; Suthers 1998).
Therefore, the study of fish eggs and larvae is of
extreme importance in any type of biological
assessment of fisheries.

The Argentine anchovy E. anchoita is the most
abundant fish species in the southwestern Atlantic
Ocean, with a broad latitudinal distribution from
23° S to 47° S (Bakun 2006). There are two
known stocks of this species in the Argentine Sea:
the northern stock (also called Bonaerensis stock
for being in the region of the Buenos Aires
province) and the southern stock (or Patagonian
stock, associated with the Patagonian region).
The first one occurs between 34° S and 41° S, and
constitutes the most important group of pelagic
fish of the region due to its biomass (Ciechomski
and Sanchez 1988) and its trophic role as the
main prey of other species of fish, mammals and
seabirds (Angelescu 1982). During its reproduc-
tive peak in spring E. anchoita adults inhabit
coastal waters, and anchovy eggs and larvae are
found in temperatures between 9 and 23 °C, with
salinities greater than 23 (Reid 1966). Conditions
of this area are suitable for the species reproduc-
tion during spring due to the water column stabil-
ity and its trophic enrichment, both in nutrients
and larval prey (Sanchez and Ciechomski 1995).
Anchovy eggs and larvae are observed in the
Buenos Aires region throughout the year, howev-
er there is a peak of abundance in spring and a
secondary peak in autumn (Ciechomski and
Sanchez 1984).
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The Estacion Permanente de Estudios Ambien-
tales (EPEA) is located at 38° 28’ S and 57° 41’ W,
approximately 27 nautical miles from Mar del
Plata city, Buenos Aires Province (Figure 1). The
EPEA is a fixed sampling station where plankton
and environmental variables (physical and chemi-
cal) are studied over time since 2000. Several
authors previously described in this location the
existence of a seasonal cycle in temperature, con-
centration of chlorophyll-a and abundance of zoo-
plankton (Temperoni et al. 2011; Vidas et al.
2013). There are as well previous studies of
anchovy larvae life traits and their relationship to
the seasonality in that fixed sampling station.
Leonarduzzi et al. (2010) analyzed the growths of
anchovy larvae through their otolith microstruc-
ture and observed that the highest growth rate was
recorded during spring in comparison to the
remaining seasons. Sato et al. (2011) observed
that the highest feeding incidence of anchovy lar-
vae occurred during that same season. Do Souto et

al. (2019), analyzing a shorter time period, detect-
ed lower growth rates and lower nutritional condi-
tion values through RNA/DNA indexes of
anchovy larvae during winter. The use of morpho-
metrical techniques allowed us to evaluate larval
nutritional condition throughout a longer time
series and this technique proved to be sensitive
and complementary to other biochemical method-
ologies (Diaz et al. 2010). In addition to seasonal-
ity, fixed stations such as the EPEA allow the
analysis of time series of physical and biological
factors over long periods of time. This kind of
analysis allows detecting patterns related to large
temporal phenomena, such as the consequences of
climate change.

The objective of this work was to estimate the
density of eggs and larvae of E. anchoita and
evaluate the nutritional condition of larvae using
morphometric techniques in the search for sea-
sonal patterns and trends over time within the
period 2000-2017 at the EPEA.

Mar del Plata

F35°

r36°

r37°

r38°

r39°

- 40°

Study
., ~area

W 61° 59°

T T
57° 55¢ 53¢

\ 42°

Figure 1. Estacion Permanente de Estudios Ambientales (EPEA), 38° 28" S-57° 41" W.
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MATERIALS AND METHODS

Sample collection

Samples were collected in 87 research surveys
at the EPEA corresponding to the Marine Plank-
ton Dynamics and Climate Change (DiPlaMCC)
project of INIDEP, between February 2000 and
November 2017 aboard different research ves-
sels: BIP ‘Capitan Cénepa’, BIP ‘Capitan Oca
Balda’, BIP ‘Doctor Eduardo E. Holmberg’, ARA
‘Puerto Deseado’ and oceanographic motor sailer
‘Dr. Bernardo Houssay’. Eighty-seven plankton
samples were collected by oblique trawls with a
Bongo net, from 40 m depth (4 m above bottom)
to the surface. The net was equipped with a mesh
of 300 um and a flowmeter to estimate the vol-
ume of filtered water during the drag. Most of the
samples were taken around noon. Immediately
after the end of each tow, plankton samples were
preserved in a 5% solution of formaldehyde in
seawater.

Sample processing and seasonal data analysis

Eggs and larvae densities

Eggs and larvae of anchovy from each sample
were identified in the laboratory according to the
description given by Ciechomski (1967a) and
counted under a binocular-dissecting microscope.
Eggs (egg m?) and larvae (ind. m~) densities
were estimated from the filtered volume of each

sample. A mean density value was estimated for
each month and season for the 2000 to 2017 peri-
od. Densities obtained for different seasons for
the 2000 to 2017 period were compared using a
Kruskall Wallis K nonparametric test, since data
did not adjust to a normal distribution. Subse-
quently, a post hoc comparison test was per-
formed to compare the densities of anchovy eggs
and larvae for the four seasons using the Dunn’s
nonparametric test from the package PMCMR-
plus (Pohlert 2018). Densities of egg and larvae
were graphed in relation to salinity and tempera-
ture values at 5 m depth. These physical data
were obtained from the use of a SeaBird 19 CTD
(conductivity-temperature-depth profiler) from
surface to bottom in each survey. The R software
version 3.3.2 (R Core Team 2016) was used for
all the statistical analysis.

Morphometry

According to Diaz et al. (2009) variables
recorded were: standard length (SL), head length
(HL), head depth at the cleithrum level (HD),
body depth posterior to the head (BD), body
depth at the anus (BDA) and diameter of the eye
(ED) (Figure 2). When the eye had an oval shape,
ED was considered as the average between the
maximum and minimum diameters recorded.
Morphometric variables were recorded to the
nearest micrometer with a Carl Zeiss stereoscope
glass using Axio Vision software. No shrinkage
corrections were made.

The BDA/SL ratio was determined for each
specimen. Mean values per season were com-

Figure 2. Engraulis anchoita larvae of 12 mm standard length. SL: standard length, HL: head length, HD: head depth at the clei-
thrum level, BD: body depth posterior to the head, BDA: body depth at the anus, ED: diameter of the eye.
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pared by ANOVA, followed by the Tukey test
when significant differences were found. In order
to determine if there were morphological differ-
ences among individuals from different seasons
and among years, a Principal Component Analy-
sis (PCA) was conducted to evaluate the relation-
ship of all morphometric variables. Multivariate
analysis represents one of the best techniques for
studying nutritional condition since it allows the
use of multiple variables registered on the same
individual simultaneously. PCA is the only
methodology that satisfies the requirements of an
index of morphometric condition: independence
of size, biological significance and orthogonality
(McGurk 1985). Another advantage of this tech-
nique is that it allows the study of larvae captured
in situ when their nutritional condition or stage of
development is unknown (Cunha et al. 2003).
Prior to PCA, variables were normalized by larval
size according to equation 1 (Lleonart et al. 2000;
Diaz 2010). This standardization method is based
on the standardization of all morphometric vari-
ables obtained to a hypothetical reference size
(SLy), taking into account allometric relationships
between these variables and the standard length
of the larvae, using a potential equation (equation
2). Thus, a particular observed data (SL; MV))
becomes a theoretical value (SLy; MV — N). This
new normalized variable (M} — N) is independent
of the size of the individuals, so variations
observed are due to their physical condition and
not to their size.

Equation 1: normalized morphometric variable
(MV = Np):

b
MV — N; = MV; SLo (1)
SL;

where MV;: value of a certain morphometric vari-
able of the individual i with a standard length SL;;
SLg: reference standard length (we defined 6 mm
as reference size, since this was the mean stan-
dard length of the larvae); b: allometric coeffi-
cient.

Equation 2: potential equation for the relation-
ship between standard length (SL) and morpho-
metric variables of specimens (MV):

MV; = aSL? (2)
Trends over time

The method of analysis of time-series used in
this work was developed according to the SCOR
Global Comparisons of Zooplankton Time-series
working group (WGI125), the ICES Working
Group on Zooplankton Ecology (WGZE), and the
ICES Working Group on Phytoplankton and
Microbial Ecology (WGPME). To avoid prob-
lems such as a strong seasonal cycle, calculation
of a simple annual average from low frequency or
irregular sampling (e.g. once per season, once per
year) or missing months or gaps between sam-
pling years, we used the technique of Mackas et
al. (2001), in which the annual anomaly value
(e.g. densities of anchovy eggs and larvae or
BDA/SL ratio) was calculated as the average of
individual monthly anomalies within each given
year. To accomplish this, the difference between
each monthly value and the mean value for that
year was first considered for each of the parame-
ters (e.g. BDA/SL pygust2000 — mean BDA/SL ).
Secondly, its anomaly value was calculated for
each year as the mean value of all its monthly
anomalies. As this effectively removes the sea-
sonal signal from the annual calculations, this
method reduces many of the issues caused by
using low-frequency and/or irregular monthly
sampling to calculate annual means and anom-
alies (O’Brien et al. 2012). In the case of eggs and
larvae densities, the log transformation was used
to make highly skewed distributions less skewed.
The Seasonal Kendall (SK) test, a non parametric
test for seasonal data with serial dependence and
missing data, was used to analyze the potential
existence of a temporal trend in eggs and larvae
densities and the ratio BDA/SL. The SK is an
extension of the Mann-Kendall (MK) test pre-
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sented in Hirsch and Slack (1984). Although there
are a variety of programs and libraries, such as
trend (a library developed in R language where
the Mann-Kendall test is implemented), they do
not contemplate those cases in which there is
missing data. For this statistical analysis, we used
the csmk program developed in Fortram language
(Hernandez and Mendiolar 2018).

RESULTS

Densities of eggs and larvae

Monthly analysis of density of anchovy eggs
for the considered period (2000-2017) showed
that maximum average values occurred during
the period October-December. These values var-

ied between 17 and 24 egg m. Lowest monthly
values were observed in January and in the April-
June period. A secondary mode stood out in
March with 9 egg m™, in which a rarely high den-
sity of individuals was registered in a survey in
2005, causing the average density of that month
increase to 40 egg m (Figure 3 A).

As for the larvae, the main peak of average den-
sity was recorded in October (6 ind. m™), observ-
ing a secondary peak in May (4 ind. m3). The
highest density values of larvae were detected in
October 2003 and 2006, with 23 and 16 ind. m™,
respectively. As observed with the eggs, larvae
were detected throughout the year with the lowest
density values in January and in the two-month
period June-July (Figure 3 C).

Eggs and larvae densities from each survey
were ordered according to the day of the year
(DOY) they were sampled and (Figure 3 B and

500 A 1201 B
[ Summer Autumn Winter Spring
£ 401 100+
E 801 O °o
& 30-
~ —C 60
2 20 \
£ 40+
[
2 10 20
0 T T T T T T T T T \"\ 1 0’ { \
1 2 3 4 5 6 7 8 9 10 11 12 0 100 200 300
20+
C 300 D
. Summer Autumn Winter Spring
<15 254
= (0]
E 20 o
:%: 10’ 157 O
&
] 5
0 T T T T T T T T T T T 1 0 . O S «
1 2 3 4 5 6 7 8 9 10 11 12 0 100 200 300

Month

DOY

Figure 3. Average monthly densities (A and C) and densities according to the day of the year they were sampled (DOY) of
Engraulis anchoita eggs (egg m3) and larvae (ind. m~) (B and D) detected in the Estaciéon Permanente de Estudios
Ambientales (EPEA). Vertical bars correspond to the standard deviation.



LEONARDUZZI ET AL.: EARLY ANCHOVY STAGES AT EPEA

129

D). The greatest abundance of eggs and larvae
was recorded during spring, while there was a
second minor peak of larval abundance during
autumn. It was also observed that seasons with
highest densities of eggs and larvae were also the
seasons with greatest dispersion values. Seasonal
analysis allowed us to observe statistical differ-
ences between the density of eggs (K = 23.69, df
=3, p<0.01) and larvae (K = 10.71; df =3; p =
0.01) among the four seasons (Table 1). For
instance, eggs density was higher in spring than
in summer (Dunn test, p < 0.015) and in autumn
(Dunn test, p < 0.015) (Table 1). A higher density

of larvae was observed in spring than in winter
(Dunn test, p < 0.012) (Table 1).

There was no clear trend between the density
of egg and temperature and salinity (Figure 4).
Physical parameters that determine the absence of
eggs were not detected with clarity, however, the
lowest densities of anchovy eggs were recorded
at temperatures between 10 °C and 21 °C. High-
est densities (> 50 egg m?) were observed in
waters with salinities between 33.55 and 33.76
and 11.61 °C and 20.29 °C of temperature. Simi-
larly, larval abundance did not show a clear asso-
ciation with physical variables (Figure 5). How-

Table 1. A) Mean, standard deviation (SD) and median values of Engraulis anchoita eggs and larvae densities for each season
during 2000-2017. B) Statistical comparison of pairs between the densities of E. anchoita eggs and larvae estimated at
the EPEA for four seasons using the non-parametric Dunn’s test. n.s.: non-significant differences, *: significant differ-

ences.

A
Eggs Larvae
Mean SD Median Mean SD Median
Summer 3.64 9.55 0.21 1.34 1.88 0.82
Autumn 1.17 2.07 0.24 2.02 2.95 0.40
Winter 6.02 9.63 1.81 1.45 2.48 0.32
Spring 19.34 18.53 14.95 4.42 7.77 2.60
B
Eggs Larvae
Dunn’s test p-value Dunn’s test p-value
Summer-Autumn 2.30 > 0.05 n.s. 0.21 > 0.05 n.s.
Summer-Winter 13.03 > 0.05 n.s. 3.58 > 0.05 n.s.
Summer-Spring -30.61 < 0.001* -17.80 > 0.05 n.s.
Autumn-Winter -15.33 > 0.05 n.s. 3.37 > 0.05 n.s.
Autumn-Spring -32.92 < 0.001* -18.01 > 0.05 n.s.
Winter-Spring -17.58 > 0.05 n.s. -21.38 < 0.05%
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Figure 4. Density of Engraulis anchoita eggs at the Estacion Permanente de Estudios Ambientales (EPEA). Crosses represent
stations with no eggs. Larger circles indicate 50-100 egg m. Numbers 1 to 4 represent the type of water mass (Martos

et al. 2005). 1: coastal waters of low salinity, 2: medium shelf waters, 3: coastal waters with high salinity, 4: waters of
maximum salinity.
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Figure 5. Engraulis anchoita larval density at the Estacion Permanente de Estudios Ambientales (EPEA). Crosses represent sta-
tions with no larvae. Larger circles indicate 10-50 ind. m™. Numbers 1 to 4 represent the type of water mass (Martos et

al. 2005). 1: coastal waters of low salinity, 2: medium shelf waters, 3: coastal waters with high salinity, 4: waters of max-
imum salinity.
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ever, highest larval densities (between 8.24 and
22.8 ind. m™) were detected between salinities of
33.56 and 33.95, a range similar to that observed
for highest eggs densities. Regarding tempera-
ture, highest densities were registered between
10.19 and 16.23 °C, presenting a narrower ther-
mal range than eggs.

Morphometry

Larvae with larger size range were found in
autumn (ANOVA: F = 72.27; n = 1,367; p <
0.001) (Figure 6). The SL of larvae collected dur-
ing autumn varied between 2.56 and 23.55 mm,
with a mean value of 7.55 + 3.19 mm (n = 438).
Sizes recorded during spring varied between 2.75
and 14.01 mm SL, with an average of 5.30 £ 2.10
mm SL (n = 441). In winter, SL of larvae ranged
between 2.59 and 15.67 mm and averaged 5.65 £
2.36 mm (n = 276). Finally, in summer larvae had
a range of sizes between 2.56 and 12.36 mm and
an average of 5.27 £ 2.03 mm (n = 212).

Main values of BDA/SL ratio presented signif-
icant differences among seasons (ANOVA: F =
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73.67;n=1,367; p<0.001; Table 2 A). The aver-
age value obtained for larvae captured during
autumn was significantly higher than those corre-
sponding to other seasons. On the other hand, this
mean value ratio was the lowest in the larvae cap-
tured in winter (Tukey test p < 0.05, Table 2 A).
An upward trend in the BSA/SL ratio was
observed in autumn and spring and a downward
trend in winter with respect to the advance of the
seasons (Figure 7).

The body condition of anchovy larvae was ana-
lyzed through a PCA along the period studied
(Figure 8). Morphometric variables were stan-
dardized to a reference size of 6 mm before PCA.
The first two main components of the analysis
explained 90% of the variability observed (Table
2 B). Variables that positively characterized PC1
were body widths (BD and BDA), head length
and diameter of the eye. Body widths are the vari-
ables most related to the condition and those that
explained most of the variability observed for
the first principal component. The PC2 was
explained positively by the height of the body at
the anus level, head depth and the diameter of the
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Figure 6. Distribution of larval sizes of Engraulis anchoita per day of the year (DOY) during 2003-2017 at the Estacion
Permanente de Estudios Ambientales (EPEA). Seasons are indicated.
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Table 2. A) Analysis of variance to compare seasonal mean values of the BDA/SL ratio for Engraulis anchoita larvae and Tukey
post hoc test. B) Eigenvalues and eigenvectors obtained in the Principal Component Analysis using normalized morpho-
metric variables recorded in E. anchoita larvae. Mean BDA/SL per season + standard error, and number of samples
between brackets; capital letters indicate significant differences in the Tukey test. Data corresponded to 2003-2017 at the
Estacion Permanente de Estudios Ambientales (EPEA). HL: head length, HD: head depth at the cleithrum level, BD:
body depth posterior to the head, BDA: body depth at the anus, ED: diameter of the eye. -N: indicates that morphometric

variables were normalized.

SS df MS p-value Mean BDA/SL per season
Model 0.01 3 3.6E-03 60.66 <0.0001 Winter 0.0511 + 4.9E-04 (246)A
Season 0.01 3 3.6E-03 60.66 < 0.0001 Spring 0.0536 + 3.8E-04 (412)B
Error 0.07 1,203 5.9E-05 Summer 0.0562 + 5.3E-04 (212)B
Autumn 0.0585 £ 4.2E-04 (337)€
Total 0.08 1,206
Eigenvalues Eigenvectors
Lambda Value Proportion Cumulative proportion Variables PCl1 PC2 PC3
1 3.46 0.69 0.69 HD-N -0.38 0.58 0.56
2 1.02 0.20 0.90 BD-N 0.48 -0.28 0.49
3 0.52 0.10 1.00 BDA-N 0.47 0.37 0.41
4 0.00 0.00 1.00 HL-N 0.53 -0.09 -0.07
5 0.00 0.00 1.00 ED-N 0.35 0.66 -0.52

eye, and negatively by body widths and head
length. The PCA revealed that the larvae collect-
ed in autumn and summer were characterized by
larger body widths.

On the other hand, PC3 explained 10% of the
variability observed (Figure 9). In all biplot
graphs larvae collected in winter were character-
ized by the lowest magnitudes in all variables. In
this way, it could be considered that in this season
they would be in a poorer nutritional condition
compared to larvae collected in other seasons of
the year.

Trends over time

Anchovy eggs and larvae did not show a sig-
nificant temporal trend in their anomalies of
abundance within the studied period (Figure 10 A
and B, SK test p = 0.26 and p = 0.35 to eggs and
larvae, respectively). Finally, anomalies of the
BDA/SL ratio obtained for anchovy larvae did
not show a significant temporal trend within the
studied period (Figure 10 C, SK test p = 0.56).
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Figure 7. Variation of BDA/SL ratio per day of the year (DOY) of Engraulis anchoita larvae. A) Data is shown per individual.
B) Mean value per day of the year with corresponding standard deviations. Data obtained during 2003-2017 at the
Estacion Permanente de Estudios Ambientales (EPEA). Seasons are indicated.

DISCUSSION

Densities of eggs and larvae

In the present study, characteristics of the
early life history of E. anchoita were evaluated
during almost two decades of data, considering
possible variations related to seasonality and the
existence of a trend over time. Eggs and larvae
density values of this species recorded in the

present study were consistent with those report-
ed in previous works (Ciechomski 1969;
Ciechomski et al. 1981; Ciechomski and
Booman 1983; Sanchez 1995). Sanchez (1995)
carried out a detailed monthly analysis of the
spawning activity of this species and detected an
extraordinary expansion of the reproductive
activity in October covering the entire shelf of
Buenos Aires Province, and reaching the maxi-
mum peak of eggs and larvae densities in the
period October-November. A maximum spawn-
ing activity was detected during spring (October-
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able. Data were grouped by season (blue circles). Data were obtained during 2003-2017 at the Estacién Permanente
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Figure 9. Biplot graph of principal components (PC) 1 and 3 obtained from the Principal Component Analysis of morphometric
variables of Engraulis anchoita larvae. Vectors indicate the direction and rate of change of each variable. Data were
grouped by season (blue circles). Data were obtained during 2003-2017 at the Estacion Permanente de Estudios
Ambientales (EPEA). HL: head length, HD: head depth at the cleithrum level, BD: body depth posterior to the head,
BDA: body depth at the anus, ED: diameter of the eye, -N: indicates that the morphometric variables were normalized.
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December) at the EPEA, and a secondary one in
late summer-early autumn period, which seems
to be related to the secondary anchovy peak
observed in autumn-winter. Although restricted
to October, the density of anchovy larvae also
had a maximum peak during spring and a sec-
ondary mode in March-May, somewhat shifted
in time with respect to the secondary mode of
eggs density. Results obtained at the EPEA are
similar to those indicated by Sanchez (1995),
except for the great abundance of eggs and lar-
vae found during winter in this present work.
This difference could be due to the high densities
registered in August 2004 and August 2010, typ-
ical of spring time.

South of 37° S, the distribution of anchovy
eggs and larvae has been related to the position of
a surface thermal front (Pajaro et al. 2008). This
front separates homogeneous coastal waters from
stratified waters of the middle shelf regime in the
vicinity of the 40-50 m isobaths, where the EPEA
is located. During years in which the position of
the front moves towards deep waters or is absent,
lower densities of eggs and larvae have been
observed. On the contrary, in years when the
frontal system was strong, densities of anchovy
eggs and larvae were higher (Pajaro et al. 2008).
Therefore, differences in the formation and posi-
tion of the front could be the cause of changes in
the abundance of eggs and larvae at the EPEA.

The inter-annual variation of eggs was very
high in seasons with the most intense spawning.
This may be related to the fact that the distribu-
tion of anchovy eggs and larvae is highly conta-
gious (Sanchez 1986). Therefore, this variation
could be due to a methodological problem, since
in some cases the sampling could have been done
in the center of the patch of organisms, and some-
times it could have carried out in its periphery.
However, to maximize the catchability of eggs
and larvae, samples were collected from near the
bottom (40 m) to the surface, since the relatively
close-to-surface distribution observed for E.
anchoita larvae seems typical of Clupeiforms

(Matsuura et al. 1992; Matsuura and Kitahara
1995; Castro et al. 2000; Spinelli et al. 2013;
Torquato and Muelbert 2014).

The lowest abundance of anchovy eggs was
detected in autumn, with statistical differences
between that season and spring. However, when
analyzing the larvae, no differences were found
between autumn and winter-spring, and the aver-
age autumn densities were even higher than those
of summer and winter. This could indicate that
the survival of larvae born in autumn would be
higher than that of larvae hatched in other seasons
of the year. However, to understand the cause of
this phenomenon other studies will be necessary,
including the abundance of food zooplankton
throughout the year and the presence of predators.
Several studies correlated egg and larval abun-
dance to zooplankton biomass (Vifias et al. 2002;
Twatwa et al. 2005; Somarakis and Nikolioudakis
2007; Zarrad et al. 2012; Malavolti et al. 2018).
For example, a significant relationship was found
between the abundance of small copepods and the
abundance of anchovy eggs during the spring in
the coastal area of Buenos Aires Province (Vifas
et al. 2002). This relationship could have trophic
implications as these small copepod species pro-
duce eggs and nauplii in the optimum size range
of prey for first-feeding anchovy larvae (Vinas
and Ramirez 1996). Future integrative analyses
have to be performed to understand whether
spawning of E. anchoita in the EPEA area, with
high zooplankton concentrations, provides better
conditions to larval survival.

In this study we observed a wide range of tem-
peratures and salinities in which anchovy eggs
and larvae occurred, as previously indicated by
Ciechomski (1967b), Brewer (1976), Matsuura
and Kitahara (1995) and Torcuato and Muelbert
(2014). We did not find a clear pattern of egg and
larvae densities in relation to temperature or salin-
ity suggesting that thermal tolerance enables lar-
vae to exploit different habitats or seasons (Mat-
suura et al. 1992; Torcuato and Muelbert 2014).
On the Buenos Aires shelf (south of 37° S), there
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is a middle shelf front near the 50 m isobath,
which separates vertically homogeneous coastal
waters from stratified waters of the middle shelf
(Lucas et al. 2005; Martos et al. 2005). Condi-
tions of most of the surveyed water masses corre-
sponded to coastal waters of high salinity, and to
a lesser extent to those of the medium shelf. Asso-
ciated with these two water masses, the highest
densities of anchovy eggs and larvae were detect-
ed. Auad and Martos (2012), through in situ data
analysis and numerical modeling for the period
1993-2008, determined that the intensity of the
front, the flow along the coast, and the abun-
dances of anchovy larvae would be connected and
forced by the effort of the wind along the coast.

These results are particularly interesting espe-
cially when considering inter-annual variations,
and they might explain the abrupt changes in
recruitment observed from one year to another. In
the past, biomass fluctuations from one to six mil-
lion tons have been detected to the northern stock
of the species (Hansen 2004). For this reason, it is
emphasized the importance of time series to
detect how anchovy responds to possible environ-
mental variations resulting from climate change.
In general, surface layers of the oceans have pro-
gressively increased their temperature in recent
decades, with an important effect on the distribu-
tion and reproduction of marine species (Edwards
and Richardson 2004; Richardson and Schoeman
2004). To detect these effects, it is essential to
have time series of data that reflect these changes.
On the other hand, variations in the average tem-
perature of seawater can result in movements of
peaks of secondary production, resulting in a
decoupling with the peak of larval production and
therefore affecting the survival of the first stages
of development of fish.

Morphometry
Morphometric techniques represent a simple

methodology that does not require sophisticated
or expensive equipment, and has a great potential

for studying the nutritional condition of fish lar-
vae (Diaz et al. 2009). This methodology is based
on the fact that thin larvae with an irregularly
shaped body are regarded to be in poor condition
(Ferron and Leggett 1994). Moreover, body
height includes, among other structures, the
height of the digestive tract and the liver, tissues
that have been shown to be highly sensitive to the
larval condition (Theilacker 1978). One of the
main limitations of morphometric techniques is
the dependence on the size of the larvae, which
provides a source of additional variability that
overlaps with the effects of starvation on the stud-
ied variables. Removal of the size effect can be
accomplished by applying mathematical transfor-
mations or limiting the size range (Suthers 1998).
To solve this problem, morphometrical variables
were normalized in this study following Leonart
et al. (2000) and Diaz (2010). This method rela-
tivizes recorded variables of all individuals to the
same size and thus morphological differences are
due solely to the condition of the specimens
regardless of their size.

PCA results indicated that larvae obtained in
winter were characterized by lower values of
body widths (BD and BDA), variables directly
related to the nutritional condition (Diaz et al.
2009). Additionally, the average winter BDA/SL
ratio was significantly lower than those in other
seasons. Even though a great individual variabil-
ity among larvae was observed, it can be assumed
that larvae collected in winter are in a poorer
nutritional condition with respect to those
obtained in other seasons. In contrast, mean
BDA/SL obtained for larvae collected during
autumn was the highest recorded among seasons.
Furthermore, it was observed that the BDA/SL
ratio obtained for larvae collected in spring was
more variable than that corresponding to the lar-
vae collected in autumn. Studying larvae of the
same species in ‘El Rincon’ area (an estuarine
environment close to our study area), Diaz et al.
(2009) found a reduction in the nutritional condi-
tion of individuals when larval densities were
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extremely high. Similarly, density-dependent fac-
tors could be acting at the EPEA during spring
that would lead to a somewhat poorer nutritional
condition when a temporal coincidence of high
larval densities and moderate or low concentra-
tions of larval prey is observed. Using the
RNA/DNA condition index, Do Souto et al.
(2019) also observed that the larval condition of
E. anchoita was significantly lower during the
winter period 2009-2017. In accordance with the
results herein presented, these same authors estab-
lished that autumn and spring would be the most
favorable seasons for the growth and condition of
anchovy larvae at the EPEA. Do Souto et al.
(2019) coincidentally observed that RNA/DNA
index presented less variability during autumn in
comparison to spring. On the contrary, low larval
growth rates, as well as poor nutritional condition,
would indicate that winter represents an unfavor-
able period for the anchovy larvae.

Trends over time

We did not observe significant trends over time
in densities of early developmental stages of
anchovy or in the nutritional condition of larvae
within the studied period. This may be because
the number of samples analyzed was too small to
show long-term patterns. These results reinforce
the need to maintain this time series and analyze
a longer period of time in the future. Long-term
study of anchovy abundances and nutritional con-
dition will allow evaluating the possible effect of
climate change on the early ontogeny of this
species.

The importance of this type of studies lies in
the fact that it allows determining the existence of
favorable areas for the growth and survival of lar-
vae, providing tools for the comprehensive man-
agement of a population subjected to fishing
exploitation. Although E. anchoita represents at
present an underexploited resource, it has great
fishing potential for the future (Madureira et al.
2009). Interdisciplinary studies are needed in

order to deepen the knowledge about this pelagic
species particularly vulnerable to environmental
variations resulting from climate change. The
only way to assess the impact of climate change
on natural planktonic communities is by making
continuous long-term observations. At the
moment few observations are maintained fre-
quently enough to respond to possible changes in
these communities over time attributable to cli-
mate change. The synchrony in the growth cycle
of phytoplankton-zooplankton-larval hatching
(strongly affected by the environment) is critical
in the life of fish (Hjort 1914; Cushing 1969,
1990; Sinclair and Tremblay 1984). Therefore,
modification of plankton communities and their
interactions, strongly affected by the climate
change, could have dramatic socioeconomic
impacts through the effects on species of com-
mercial interest, exacerbating the impact of over-
fishing (Beaugrand et al. 2003).
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RESUMEN. El 4rea de “El Rincon” (39° S-41° 30" S) es un sistema de alta complejidad ocea-
nografica, de relevancia como area reproductiva y cria de numerosas especies, sujeta a diversas
medidas de manejo pesquero. El objetivo del trabajo fue evaluar la evolucion temporal del ensamble
de peces costeros en el area. Se analizaron 591 lances de pesca y estaciones oceanograficas durante
el periodo 1994-2012 en funcion de la densidad de peces, la diversidad y la estructura del ensamble,
evaluando diferencias interanuales y su relacion con variables oceanograficas. Se registraron 70
especies de peces costeros, once de ellas responsables de las diferencias en los ensambles entre afios.
Los resultados mas destacables fueron la tendencia decreciente de la densidad de peces, asi como la
relacion positiva entre la densidad y la temperatura de fondo. El presente trabajo reviste importancia
como linea de base de la evolucion del ensamble de peces costeros, junto a una exhaustiva caracte-
rizacion de la dinamica biologica y fisica de la region en un periodo de casi dos décadas. Los resul-
tados obtenidos son de importancia para la gestion de recursos costeros, futuros estudios enmarca-
dos en el contexto del cambio climatico global y evaluacion del impacto antropico en este ecosiste-
ma costero del Atlantico Sudoccidental que brinda numerosos servicios ecosistémicos.

Palabras clave: Plataforma continental argentina, zona costera, biodiversidad, densidad.

Temporal evolution of diversity, abundance and structure of the coastal fish assemblage in ‘El
Rincon’ area (39° S-41° 30’ S), Argentina

ABSTRACT. ‘El Rincén’ area (39° S-41° 30" S) is a highly complex system, of relevance as a
reproductive and nursery area for numerous species subject to various fisheries management
measures. The objective of this study was to evaluate the temporal evolution of the coastal fish
assemblage in the area. We analyzed 591 fishing hauls and oceanographic stations during 1994-
2012 based on fish density, diversity and assemblage structure, evaluating interannual differences
and their relationship with oceanographic variables. Seventy species of coastal fish were recorded,
eleven of them responsible for the differences in assemblages between years. Most notable results
were the decreasing trend in fish density, as well as the positive relationship between density and
bottom temperature. This work is relevant as a baseline of the evolution of the coastal fish assem-
blage, together with an exhaustive characterization of the biological and physical dynamics of the
region over a period of almost two decades. Results obtained are of importance for the management
of coastal resources, future studies framed in the global climate change paradigm and evaluation of
the anthropic impact on this coastal ecosystem of the Southwest Atlantic that provides numerous
ecosystem services.
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INTRODUCCION

Los ecosistemas naturales estan afectados por
procesos ecologicos y ambientales que los hacen
inherentemente complejos a diversas escalas tanto
espaciales como temporales (Hillman et al. 2018).
En particular, el ambiente marino presenta nume-
rosos desafios dada su naturaleza tridimensional y
alta conectividad entre sistemas. Tanto a nivel
local (ecosistema) como a nivel global, cambios
en la biodiversidad marina son impulsados por la
interaccion de las actividades humanas con los
ecosistemas, asi como también por cambios
ambientales de origen natural (Shannon y Coll
2017). Gran parte de la variabilidad en la mortali-
dad natural de los peces ocurre durante las prime-
ras etapas de la vida y esta relacionada con facto-
res ambientales (Bakun 2010). Las actividades
humanas que impulsan el cambio climatico repre-
sentan una amenaza global creciente y generaliza-
da para los ecosistemas, afectando a las especies
individuales y a la forma en que interactiian con
otros organismos y sus habitats, lo que altera la
estructura y funcion de los ecosistemas y los bien-
es y servicios que los sistemas naturales brindan a
la sociedad (Diaz et al. 2019). En particular, la
biodiversidad marina se ve afectada indirectamen-
te a través del cambio climatico global y directa-
mente por la contaminacion, la destruccion del
habitat y la explotacion pesquera (Worm et al.
2005; Lotze et al. 2006). En tal sentido, la sobre-
explotacion pesquera es la mayor amenaza para la
biodiversidad marina en todas las regiones (Coste-
llo et al. 2010), generando cambios en la estructu-
ra y composicion de las comunidades. La remo-
cion de los predadores de niveles troficos superio-
res, de especies clave o de presas importantes
cambia la biodiversidad y, en particular, el funcio-
namiento del ecosistema (Bolger 2001; Essington

et al. 2006). Sin embargo, los cambios en biodi-
versidad son dificiles de estimar dada su comple-
jidad y multidimensionalidad, atin mas en siste-
mas marinos, donde los datos de referencia son
escasos (Shumway et al. 2018).

Uno de los mayores desafios de la ecologia es
comprender la distribucion de las especies y su
relacion con el ambiente. Actualmente, se recono-
ce que los procesos biologicos estan altamente
relacionados e influenciados por factores fisicos
(Martino y Able 2003; Mann y Lazier 2006), los
cuales determinarian la vida en el mar (Odum y
Barrett 2005). A escala global, existiria una rela-
cion positiva entre la diversidad de especies y la
productividad (Ricklefs y Schluter 1993), aunque
algunos estudios muestran que al aumentar los
nutrientes la riqueza de especies disminuye en
funcién de un aumento en la dominancia de algu-
na de ellas (Angel 1997). En términos generales,
la biodiversidad marina ha sido correlacionada
positivamente con sistemas de alta productividad
como los frentes (Worm et al. 2005; Rosa et al.
2008), asi como también con la produccion pri-
maria (Boyce et al. 2010) y con la temperatura
superficial del mar (Worm et al. 2005; Boyce et
al. 2008).

La plataforma continental del Atlantico Sudoc-
cidental (32° S-55° S) es una de las areas mas
dinamicas y productivas del mundo (Acha et al.
2004; Marrari et al. 2013). Esta influenciada por
aguas de origen subantartico modificadas por sig-
nificantes aportes de agua dulce y por la mezcla
generada por vientos y mareas. La principal
caracteristica de su circulacion es la Corriente de
Malvinas que fluye hacia el norte a lo largo del
talud continental transportando aguas frias y ricas
en nutrientes que pueden ser advectadas sobre la
plataforma (Guerrero y Piola 1997; Piola et al.
2010). Aproximadamente a los 38° S se encuentra
con la Corriente de Brasil que fluye hacia al sur y
ambas se dirigen hacia el este conformando la
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Confluencia Brasil-Malvinas. Otra caracteristica
sobresaliente es la descarga de aguas del Rio de la
Plata (entre 35° S y 37° S) sobre la plataforma
con un flujo anual medio de 22.000 m? s™!, apor-
tando nutrientes y material disuelto y particulado
a la region (Piola et al. 2004). En particular, en la
plataforma continental argentina algunos estudios
han relacionado sistemas frontales con la diversi-
dad de comunidades planctonicas (Berasategui et
al. 2006; Sabatini et al. 2012), de comunidades
epibentdnicas (Mauna et al. 2011) y de peces
(Alemany et al. 2009; Lucifora et al. 2012). Si
bien numerosos trabajos resaltan la importancia
de los frentes para diversos organismos marinos
(Hansen et al. 2001; Acha et al. 2004; Bogazzi et
al. 2005; Martos et al. 2005; Marrari et al. 2013;
Temperoni et al. 2014), en nuestra region los
estudios sobre diversidad de peces son escasos
pero revisten gran importancia dado que diferen-
cias locales en las condiciones oceanograficas de
un area podrian generar cambios en la produccion
del sistema y por consiguiente en la distribucion
de las especies.

En este sentido, y en relacion con la estructura
de los ensambles, los mayores cambios faunisti-
cos en las asociaciones de peces en plataformas
continentales ocurren en gradientes de temperatu-
ra, salinidad y/o profundidad (Menni y Lopez
1984; Mahon et al. 1998). Como los ecosistemas
son asociaciones entre factores biodticos y su
ambiente fisico, a menudo resulta complicado
distinguir los mecanismos de control. En particu-
lar, la fauna ictica de la plataforma continental
argentina esta vinculada a distintas masas de agua
de distinto origen y propiedades fisicas (Cousse-
au et al. 2004). La plataforma continental argenti-
na incluye al Ecosistema Costero Bonaerense
(ECB), el cual se extiende desde Chuy, Uruguay
(34° S) hasta el limite sur de la Provincia de Bue-
nos Aires (41° 30" S), y desde la costa hasta la iso-
bata de 50 m. En este ecosistema, la temperatura,
la profundidad y la salinidad son las variables que
influencian la estructura espacial de las poblacio-
nes de peces (Jaureguizar et al. 2006); en el sector

norte (bajo la influencia del Rio de la Plata) pre-
domina el efecto de la salinidad de fondo (Rico
2000; Jaureguizar et al. 2004), mientras que en el
sector sur (area de “El Rincon”) predomina el
efecto de la temperatura de fondo (Menni y
Lopez 1984). Al igual que en la tierra, en los ulti-
mos afios las investigaciones en el mar se han
enfocado hacia los ecosistemas (o habitats) como
sistemas integrales de estudio (Groves et al.
2002). Sin embargo, gran parte de las investiga-
ciones marinas en la Argentina se han dirigido a
especies de interés comercial y con objetivos de
manejo monoespecificos.

El area sur del ECB, conocida como “El Rin-
con” (ER) (39° S-41° 30’ S), es un sistema de alta
complejidad y variabilidad. Dicha zona presenta
profundidades menores a 50 m y se caracteriza
por condiciones oceanograficas particulares,
determinadas principalmente por un frente estua-
rino paralelo a la costa (Martos et al. 2005; Auad
y Martos 2012). Durante la época estival la zona
de ER es de gran relevancia como area de cria de
un gran numero de especies de peces de interés
comercial y concentracion de juveniles, como asi
también es una zona de desove multiespecifico
(Macchi y Acha 1998; Sardifia y Lopez Cazorla
2005; Ruarte et al. 2009; Militelli et al. 2013;
Rodrigues et al. 2013). En esta region se desarro-
lla ademas una pesqueria dirigida al ensamble
demersal costero que incluye el desembarque de
unas 30 especies de peces 0seos y cartilaginosos
capturadas por pesca dirigida o incidental y deno-
minado comercialmente Variado Costero (Caroz-
za et al. 2001). A partir de la década de los noven-
ta, la actividad pesquera en la zona de ER ha
aumentado significativamente (Carozza et al.
2001), y se ha reportado una disminucion en la
biomasa y la longitud media de muchas especies
capturadas en la pesqueria multiespecifica costera
(Carozza y Fernandez Araoz 2009; Ruarte et al.
2009). Es por ello que a partir de 2004 se imple-
mentaron diversas medidas de manejo, como el
establecimiento de un area de veda reproductiva
estacional y restriccion a la pesca de arrastre
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(Lasta et al. 1998; Carozza et al. 2004). Las mis-
mas se intensificaron en el afio 2009, provocando
que los desembarques disminuyeran significati-
vamente (Lagos et al. 2017). Posteriormente, en
2010, el area de veda de ER quedd establecida de
octubre a marzo de cada afio abarcando aproxi-
madamente 31.500 km? con profundidades meno-
res a los 50 m (Figura 1).

Desde la perspectiva de las poblaciones de
peces, las areas de cria y épocas de desove son
cruciales en su historia de vida y también las mas
vulnerables a los impactos externos negativos
(Olsen et al. 2010). Es asi que las principales razo-
nes para implementar una veda estacional se cen-
tran en proteger a las especies en reproduccion
durante la temporada mas intensa de desove, redu-
ciendo el esfuerzo y el arrastre de pesca excesivo
(Hall 2009). Sin embargo, las areas de veda resul-
tan de una mayor efectividad si son acompaiadas
por otras medidas complementarias que se ejecu-
ten en forma conjunta (Hall 2009; Clark et al.
2015). En tal sentido, en el area norte del ECB se
establece anualmente una Captura Total Permisi-
ble (CTP) para algunas especies prioritarias del
Variado Costero, lo que limita uno de los efectos
negativos observados en este tipo de medidas,
como lo es la redistribucion del esfuerzo hacia
areas adyacentes (Lagos et al. 2017). Dada la rele-
vancia del area de ER como area de cria, repro-
duccion y concentracion de numerosas especies y
por la pesqueria que alli se desarrolla (Ruarte et al.
2017), resulta de gran importancia estudiar posi-
bles cambios temporales en el ensamble de peces
costeros en un area con distintos tipos de manejo
durante el periodo 1994-2012. Los multiples pro-
cesos que influyen en la distribucion de los peces
y la estructura de patrones espaciales y tempora-
les, requieren su estudio de manera integral aten-
diendo tanto la variabilidad natural del ecosistema
como la generada por actividades humanas
(Bakun et al. 2010).

Historicamente, los estudios en la region han
puesto énfasis en evaluar distintos aspectos de las
especies de peces de interés comercial en forma

individual. Sin embargo, en los ultimos afios sur-
gi6 la necesidad de incorporar investigaciones
basadas en los ecosistemas, integrando cada uno
de sus componentes. En tal sentido, este trabajo
se enmarca en el paradigma del enfoque ecosisté-
mico de la pesca, incorporando en los diferentes
analisis a todo el conjunto de especies de peces
costeros del ensamble en la zona de ER y su rela-
cion con el ambiente. Es por ello que el objetivo
del presente estudio es evaluar la evolucion tem-
poral del ensamble de peces del area de ER en
relacion con su diversidad, densidad y estructura
del ensamble. Se investigara, ademas, la relacion
de la riqueza y densidad del ensamble de peces
con la profundidad y diferentes condiciones oce-
anograficas de salinidad, temperatura y estratifi-
cacion de la columna de agua.

MATERIALES Y METODOS

Area de estudio

Laregion de estudio abarca el area sur del ECB,
denominada “El Rincon” (ER) (Figura 1). Esta
zona se localiza entre los 39° S y los 41° 30" Sy
se extiende desde la costa hasta los 50 m de pro-
fundidad. Debido a las contribuciones de agua
dulce del Rio Colorado y fundamentalmente del
Rio Negro, que representa casi el 90% de agua
dulce en la region (Guerrero y Piola 1997; Guerre-
ro 1998), se establece un sistema estuarino (Figura
1). Se genera asi un frente costero en sentido meri-
dional que separa las aguas diluidas, con salinida-
des de 30,0-33,3 de un area con un maximo de
salinidad (33,7-34,1; Guerrero 1998; Lucas et al.
2005; Martos et al. 2005). Este maximo de salini-
dad se origina en el Golfo de San Matias (al sur de
nuestra area de estudio), debido al predominio de
la evaporacion sobre la precipitacion en el balance
de agua dulce de este golfo (Lucas et al. 2005). La
distribucion vertical y horizontal de las propieda-
des fisicas permite identificar una zona costera
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homogénea, mezclada por mareas y vientos, hasta
los 40-50 m de profundidad (Lucas et al. 2005;
Auad y Martos 2012; Marrari et al. 2013). Hacia
el este del area y cercano a la isobata de 50 m se
observa durante primavera-verano un frente deno-
minado de plataforma media, que separa las aguas
costeras verticalmente homogéneas de las aguas
estratificadas estacionalmente y que se asocia a un
maximo de clorofila satelital (Marrari et al. 2013
y referencias en ¢€l). Por su parte, Luz Clara et al.
(2019) muestran que el area de ER y el area del
frente de plataforma media estarian conectadas
por el ciclo estacional de temperatura superficial
en la region.

Argentina

El area de ER se caracteriza por corrientes débi-
les (Palma et al. 2008) y su dinamica se ha asocia-
do a la existencia de mecanismos de retencion
para etapas tempranas del ciclo de vida de algunas
especies (Bakun y Parrish 1991; Pajaro et al.
2008; Acha et al. 2012). Mediante simulaciones
numéricas se ha observado un giro anticiclénico
en toda la columna de agua, ubicado al este del
sistema estuarino (Palma et al. 2008; Auad y Mar-
tos 2012), mas intenso durante el invierno. Este
proceso de recirculacion estaria controlado por los
vientos locales, los flujos de aguas circundantes
de plataforma y condicionado por la batimetria y
la geometria de la costa (Auad y Martos 2012).

v Veda 2005
Veda 2010

41°

w 62° 61° 60° 590

Figura 1. A) Ubicacién del area de estudio. B) Area de “El Rincén”, mostrando la batimetria de alta resolucion proveniente de
datos hidroacusticos del INIDEP. C) Distribucion espacial de los 591 lances de pesca (puntos negros) correspondientes
a las 10 campafias demersales costeras del periodo 1994-2012. Se indican la veda vigente en 2005 (Consejo Federal
Pesquero —CFP, Acta N° 53/2004) y la veda establecida a partir de 2010 (CFP Resolucién N° 2/2010).

Figure 1. A) Location of the study area. B) ‘El Rincon’ area, showing the high resolution bathymetry from INIDEP hydroacoustic
data. C) Spatial distribution of the 591 fishing hauls (black points) corresponding to the 10 coastal demersal campaigns
for the period 1994-2012. The fishing closed area in force in 2005 (Consejo Federal Pesquero —CFP, Act no 53/2004)
and the fishing closed area established as of 2010 (CFP Resolution no 2/2010) are indicated.
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Estos autores observan en esta region el estableci-
miento de un gradiente de velocidades, producido
entre el flujo de las aguas de plataforma y el flujo
menos energético en la zona costera, el cual podria
inducir condiciones de surgencia que contribuirian
a la provision de nutrientes en la region.

Fuentes de informacion

Se analizaron diez campafias de investigacion
del Programa “Pesqueria de Peces Demersales
Costeros” del Instituto Nacional de Investigacion
y Desarrollo Pesquero (INIDEP) en el area de ER
durante el periodo 1994-2012. Dichas campanas
fueron realizadas en primavera por los buques de
investigacion pesquera “Doctor Eduardo L.
Holmberg” (9 anos) y “Capitan Oca Balda” (1
afno; Tabla 1) del INIDEP (Figura 1). El area de
estudio esta dividida en estratos (EST) los cuales
se utilizan para el calculo de las densidades de las
especies comerciales. En las primeras ocho cam-
pafias, la ubicacion de los lances de pesca respon-
di6 a un disenio de muestreo estratificado al azar
(Ruarte 1999), mientras que en las ultimas dos

(2011 y 2012) consistié en un muestreo sistemati-
co por transectas perpendiculares a la costa (Cepe-
da et al. 2013). En cada lance, el arte de pesca uti-
lizado fue una red de arrastre de fondo tipo Engel
(472/160) de 40,3 m de relinga inferior y una aber-
tura vertical de aproximadamente 4 m.

En cada lance de pesca se registrd la captura
total (kg) y por especie. A partir del calculo del
area barrida se estimo la densidad especifica del
ensamble por lance, expresada en toneladas por
milla ndutica cuadrada (t mn?).

Mediante un perfilador CTD Sea-Bird Modelo
Seabird 19 se registraron los valores de conducti-
vidad, temperatura y presion en toda la columna
de agua asociados a cada lance de pesca. Se toma-
ron muestras de agua de fondo para la calibracion
de salinidad del CTD medidas posteriormente en
laboratorio mediante un salinometro Guildline
Autosal. Se procesaron las estaciones con el
paquete de rutinas SBE Data Processing (Sea-Bird
Electronics) obteniéndose datos filtrados y prome-
diados cada 1 m de profundidad. Los mismos fue-
ron almacenados en la “Base regional de Datos
Oceanograficos” (BaRDO)-INIDEP siguiendo los

Tabla 1. Detalle de las diez campaiias de investigacion del Programa “Pesqueria de Peces Demersales Costeros” del INIDEP en
el area de “El Rincon” (39° S-41° 30’ S) durante el periodo 1994-2012. Se detalla el nimero de lances de pesca anali-

zados para cada afio. m: meses.

Table 1. Details of the 10 research surveys of INIDEP ‘Coastal Demersal Fish Fishery’ Program in ‘El Rincon’ area (39° S-41°
30" S) during the period 1994-2012. The number of fishing hauls analyzed for each year is detailed. m: months.

Codigo de campaia Ao Mes Manejo (veda) Numero de lances
EH-94/2013 1994 11 No 77
EH-95/2008 1995 11 No 46
EH-98/2010 1998 11 No 47
EH-99/2009 1999 11-12 No 48
EH-00/2008 2000 11-12 No 44
EH-03/2006 2003 12 No 63
EH-05/2008 2005 12 2005 (4 m) 78
EH-08/2003 2008 11 2006 (4 m) 74
EH-05/2011 2011 11 2010 (6 m) 58
OB-03/2012 2012 12 2010 (6 m) 56
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controles de calidad segun Baldoni et al. (2008).
Para cuantificar la estratificacion de la columna de
agua y analizar zonas homogéneas y estratifica-
das, se calculd el parametro de estabilidad ® de
Simpson (1981) para cada perfil CTD.

Analisis de los datos

A fin de poder comparar los lances de pesca de
las diferentes campafias, se analizaron las areas
barridas y se descartaron dos lances de la camparnia
de 1994 y uno del afio 2000 por presentar estima-
ciones de area barrida atipicas. En los analisis fue-
ron incluidos 591 lances. Todas las especies de
peces, identificadas a bordo hasta el nivel taxono-
mico mas bajo (Tabla 2), fueron incluidas en los
analisis del ensamble de peces costeros. Las espe-
cies de lenguados (Paralichthys isoceles, P. orbig-
yanus 'y P. patagonicus) se agruparon en el género
(Paralichthys spp.), dado que las mismas no estu-
vieron discriminadas en todas las campanas.

Diversidad y densidad

Para evaluar la diversidad del area de estudio y
su evolucion temporal se calcularon los indices
mas usuales por lance: la riqueza (S, numero de
especies), el indice de Shannon (H’, Shannon y
Weaver 1949) y el indice de equitatividad de Pie-
lou (J, Pielou 1966). El indice de diversidad de
Shannon refleja la heterogeneidad de una comu-
nidad, contemplando la cantidad de especies pre-
sentes en el area de estudio (riqueza de especies),
y la cantidad relativa de cada una de esas especies
(abundancia). Valores mayores de H’ indican que
la abundancia estd equitativamente distribuida
entre las especies, es decir, menor dominancia de
alguna de ellas. Por su parte, el indice de equita-
tividad de Pielou mide la igualdad de abundan-
cias en una comunidad, es decir, el grado en el
cual las abundancias se dividen equitativamente
entre las especies presentes (Clarke y Warwick
2001). En todos los casos, se calcul6 la media de
cada indice para cada ano. Las posibles diferen-
cias de los indices de diversidad entre afios se

evaluaron mediante ANOVAs de una via (factor:
ANO). En el caso de la abundancia de peces, se
calculd un indice de densidad expresado como
captura total por lance ponderada por el area
barrida del mismo, y se expresd en t mn.

Los cambios temporales en la densidad total
del ensamble y de las especies discriminantes de
los mismos se evaluaron mediante analisis de
varianza de una via (ANOVA, factor: ANO). Pre-
viamente, se evalud la presencia de puntos atipi-
cos o outliers (observacion numéricamente dis-
tante del resto de los datos; Test de Grubbs) y el
cumplimiento de los supuestos de normalidad y
homogeneidad de varianza. En los casos en que
los mismos no fueron cumplidos, la variable fue
transformada a logaritmo de la densidad.

En aquellos casos en que se detectaron diferen-
cias en los ANOVAs, se aplicaron pruebas post-
hoc para tamano desigual de muestras (Zar 2010).

Estructura del ensamble

Para investigar los cambios temporales en la
estructura del ensamble de peces costeros para el
periodo de estudio, se aplicaron analisis multiva-
riados (MDS, SIMPER, PERMANOVA). Estas
rutinas permiten analizar datos multivariados o
univariados procedentes de disefios complejos y
desbalanceados (Anderson et al. 2008). Se cons-
truy6 una matriz de similitud con las abundancias
por especie de cada lance, categorizados a su vez
por afio. Las abundancias fueron transformadas
con raiz cuarta a fin de reducir la influencia de las
especies mas abundantes (Clarke y Warwick
2001). Las diferencias en la estructura de los
ensambles entre afios se testearon con PERMA-
NOVA (analisis multivariado de varianza por per-
mutacion) empleando el sofiware PRIMER V6
(Clark y Gorley 2006). Las matrices de similitud
se utilizaron también para explorar la estructura
del ensamble de peces con métodos de ordena-
cién no-métrico de escalamiento multidimensio-
nal (MDS), donde un valor de estrés por debajo
de 0,20 representa una ordenacion adecuada del
MDS en dos dimensiones (Clarke y Warwick
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2001). Las especies responsables de la similitud
dentro de cada afio y las disimilitudes entre afios
fueron analizadas mediante analisis de porcenta-
jes de similitud (SIMPER) sobre los datos de
abundancia. Este método compara las abundan-
cias promedio y examina la contribucion de cada
especie a las similitudes dentro de un determina-
do grupo o diferencias entre los grupos (Clarke y
Warwick 2001). En base al SIMPER, se identifi-
caron las especies mas importantes en la discrimi-
nacion entre aflos y se evaluaron individualmente
en términos de densidad por afios.

Todas las pruebas se basaron en 4.999 permuta-
ciones de los residuos bajo un modelo reducido
para obtener los valores de probabilidad (p). Este
método de permutacion es el mas apropiado en
nuestro caso, ya que proporciona el mejor poder
estadistico y el error de Tipo I mas preciso (Ander-
son et al. 2008). Cuando los test fueron significa-
tivos (oo = 0,05), se realizaron comparaciones a
posteriori de a pares, basadas en 4.999 permuta-
ciones aleatorias para obtener los valores de p.

Relacion de la densidad (DENS) y riqueza (S) de
peces costeros con variables oceanograficas
Dado que el ensamble de peces costeros esta
representado casi en un 90% por peces de habitos
demersales y que el arte de pesca utilizado en las
campanas (red tipo Engel para arrastre de fondo)
no es la indicada para pescar especies pelagicas,
lo que produce una subestimacion de su abundan-
cia, se decidio6 eliminar de la matriz de datos bio-
logicos a las especies de peces de habitos pelagi-
cos (9 especies de 70 totales) para minimizar la
variabilidad al momento de modelar la densidad
y riqueza de peces costeros. La matriz de datos
oceanograficos se construyo con datos de tempe-
ratura y salinidad de fondo, profundidad y estabi-
lidad de la columna de agua correspondiente a
perfiles CTD relacionados a cada lance. En total
se analizaron 533 lances para el periodo 1994-
2012. Los lances correspondientes a la campana
del afio 2000 no se incluyeron en este analisis por
no contar con datos oceanograficos validados. En

aquellos lances en que no se contd con perfiles
CTD se interpold el valor correspondiente en
base a un grillado realizado a partir de la distribu-
cion total de estaciones en el area mediante el
software Surfer (Surfer 8.0, Golden Software).
Por medio de este mismo software fueron grafi-
cados los campos de temperatura y salinidad de
fondo para cada campafia utilizada en el analisis.

Se estudio la relacion entre la riqueza (S) y la
densidad (DENS) de peces demersales costeros
con las variables oceanograficas empleando
modelos lineales generales durante el periodo
1994-2012. Se consideraron las siguientes varia-
bles oceanograficas: Temperatura de fondo
(TMP), Salinidad de fondo (SAL), Profundidad
(PRF), y parametro de estabilidad (PHI), Latitud
(LAT) y Longitud (LON) (variables continuas) y
variables categdricas: Numero de estrato (EST) y
Afio (ANO).

Se calcul6 inicialmente una estadistica basica
(media, desvio estandar, coeficiente de variacion,
maximo y minimo), para cada variable bajo ana-
lisis. Se efectud un analisis exploratorio prelimi-
nar para cuantificar el grado de colinealidad de
las variables oceanograficas. El mismo consistio
en la realizacion de diagramas de dispersion y el
calculo de los factores de Inflacion de la Varianza
(VIF) (Zuur et al. 2009). En el calculo de los VIF
se utilizo el procedimiento “paso a paso” que
consiste en la eliminaciéon de la variable con
mayor VIF (> 3) en cada paso, repitiendo el pro-
cedimiento hasta obtener todos los valores de VIF
por debajo del valor de corte (< 3). Posteriormen-
te se eliminaron aquellas variables colineales y
los valores anémalos observados.

Para determinar las relaciones entre la densi-
dad y riqueza de peces demersales costeros con
las variables oceanograficas se desarrolld en cada
caso un Modelo Lineal General (GLM, McCu-
llagh y Nelder 1989), considerando los factores
categoricos ANO y EST. Se emple6 la transfor-
macion Box-Cox a los efectos de normalizar las
variables respuesta. La seleccion de modelos y
variables se realizdo mediante el criterio de infor-
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macion de Akaike (AIC; Burnham y Anderson
2002). Ademas de los valores de AIC se calcula-
ron los pesos de Akaike (w) y los porcentajes de
varianza explicada por cada modelo (R?). Una
vez seleccionado el modelo se calculo la tabla
ANOVA para evaluar la significacion estadistica
de los factores y covariables incluidos en el
modelo seleccionado. Se consider6 como conjun-
to de referencia de modelos en competencia al
conjunto de todos los modelos posibles. Los
resultados fueron considerados estadisticamente
significativos cuando el valor p < 0,05. Para eva-
luar el desempefio de cada modelo seleccionado
se construyeron los graficos de probabilidad nor-
mal de residuos estandarizados y residuos estan-
darizados versus valores tedricos. A partir de un
primer diagnostico, mediante el analisis de resi-
duales de los modelos seleccionados, se evaluo la
presencia de puntos influyentes y outliers. Los
mismos fueron eliminados de la base de datos y
se efectud una segunda corrida definitiva de cada
modelo seleccionado. Para evaluar puntos influ-
yentes y atipicos se tuvieron en cuenta los valores
absolutos de los residuos estudentizados elimina-
dos, considerando un umbral de corte igual a 3.

La seleccion de modelos, los ajustes y la esti-
macion de parametros de los modelos, se realiza-
ron mediante el programa estadistico R (R Deve-
lopment Core Team V. 3.5.2 2018) y se emplea-
ron las librerias stat, MuMIn y relaimpo.

RESULTADOS

Para el periodo de estudio (1994-2012) se
registraron en el area de ER 70 especies de peces
costeros, 48 correspondientes a peces 0seos
(69%) y 22 a peces cartilaginosos (31%); 61 tie-
nen habitos demersales (87%) y 9 pelagicos
(13%); 27 especies son de interés comercial para
la pesca y 43 especies representan fauna acompa-
fiante, las cuales no son de interés comercial
(Tabla 2). Del total de las especies de peces regis-

tradas, 11 especies fueron las responsables de las
disimilitudes en la estructura de ensamble de
peces costeros entre afios (identificadas por el
SIMPER). Ellas son el pez gallo (Callorhinchus
callorhynchus), la pescadilla de red (Cynoscion
guatucupa), el cazon (Galeorhinus galeus), el
gatuzo (Mustelus schmitti), los chuchos (Mylio-
batis spp.), la castafieta (Nemadactylus bergi), los
lenguados (Paralichthys spp.), la palometa
(Parona signata), el pez palo (Percophis brasi-
liensis), el pampanito (Stromateus brasiliensis) y
el surel (Trachurus lathami).

Diversidad del ensamble de peces costeros

Se observo una alta variabilidad en cuanto a la
riqueza de especies del ensamble completo a tra-
vés de los afios (Figura 2 A). Si bien existen dife-
rencias entre afios (Fgy sg9=36,1; p<0,001), no se
identifico un patrén definido. El mayor niimero
de especies se registrd en 1998 (S = 17) mientras
que la menor riqueza media de especies se obser-
v6 en 2008 (S = 8).

En cuanto a la diversidad especifica o indice de
Shannon (H’), al igual que con la riqueza, se
registraron algunas diferencias entre afios (Fy_sgo
= 8,5; p < 0,001; Figura 2 B) pero no se observo
un patron. En 1998 se registraron los valores mas
altos de H’, indicando que las abundancias estu-
vieron mas equitativamente distribuidas entre las
especies, mientras que en 2008 se registro el valor
mas bajo de H’, indicando una mayor dominancia
de alguna de las especies.

Si bien el indice de equitatividad de Pielou
tuvo variacion a lo largo de los afios (Fg sg0 = 3,1;
p=0,001; Figura 2 C), al igual que la riqueza y el
indice de Shannon, no se observo un patron.

Densidad de peces costeros (t mn2)

Ensamble completo

En términos de densidad del ensamble existie-
ron diferencias entre afios (Fy s45 = 13,6;
p < 0,001; Figura 2 D) observandose un patrén
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Figura 2. Box-plot de riqueza (A), diversidad de Shannon (B), equitatividad de Pielou (C) y densidad (D) del ensamble de peces
costeros a lo largo de los afios para el periodo 1994-2012. Las letras minusculas sobre los box-plot indican diferencias
estadisticas entre afios a partir de los resultados de los ANOVAs.

Figure 2. Box-plot of richness (4), Shannon diversity (B), Pielou equitability (C) and density (D) of the coastal fish assemblage
over the years for the period 1994-2012. Lowercase letters on the box-plots indicate statistical differences between years

from the results of the ANOVAs.

decreciente en el periodo de estudio, siendo la
densidad promedio en 1994 (32,1 t mn?), 2,5
veces mayor que en 2012 (12,6 t mn?2).

Especies de interés comercial y no comercial

Se identificaron 27 especies de peces de interés
comercial y 43 especies de peces no comerciales
(Tabla 2) y se evalu6 la evolucion temporal de la
densidad de ambos grupos. En cuanto a las espe-
cies comerciales, la densidad promedio difirid
entre afios (Fg s = 29,9; p < 0,001; Figura 3 A),
decreciendo a partir de 1999. Los afios 2008 y
2012 difirieron de todo el resto, siendo sus densi-

dades las menores del periodo; 2,4 veces menor
que en 1994 y 1995. La densidad de peces no
comerciales también difirid entre afos (Fgsg; =
8,3; p < 0,001; Figura 3 A). Al igual que con las
comerciales, 2008 y 2012 difirieron del resto
siendo sus densidades las menores del periodo.
En comparacion con 1994 y 1995, en 2008 y
2012 se registr6 una densidad promedio 60%
menor. Si bien en los dos grupos de peces se
observo un patron decreciente de las densidades a
lo largo de los afios, el mismo es mas pronuncia-
do en las especies comerciales que en las no
comerciales.
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Figura 3. A. Densidad media del grupo de peces de interés comercial y del grupo de peces no comerciales por afio para el periodo
1994-2012. Las barras de error indican intervalos de confianza del 95%. Las letras minusculas indican diferencias entre
aflos. B. Porcentaje de representatividad de los dos grupos de peces, comerciales y no comerciales respecto a la densidad
total de peces del ensamble costero.

Figure 3. A) Average density of the group of fish of commercial interest and of the group of non-commercial fish per year for the
period 1994-2012. Error bars indicate 95% confidence intervals. Lower case letters indicate differences between years.
B) Percentage of representativeness of the two groups of fish, commercial and non-commercial, with respect to the total
density of fish in the coastal assemblage.

En relacion al porcentaje de representatividad 43% (Figura 3 B). Se observa que, a partir de
de ambos grupos en los lances a lo largo del tiem- 1999, ambos grupos presentaron un porcentaje
po, se observo que al comienzo del periodo las similar (50%), y que en 2012 el porcentaje de las
especies comerciales representaban el 57% de la especies no comerciales fue ligeramente superior

densidad total mientras que las no comerciales el a las comerciales.
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Especies de peces discriminantes

Del analisis multivariado (SIMPER) surgio
que 11 especies de peces fueron las responsables
de las diferencias registradas en el ensamble de
peces costeros entre afios. Previo a los andlisis,
las densidades de dichas especies fueron transfor-
madas con logaritmo a fin de cumplir con los
supuestos del ANOVA.

Se registraron diferencias en la densidad de la
pescadilla de red C. guatucupa (Fg,0; = 4,6;
p < 0,001), del gatuzo M. schmitti (Fg 457 = 8,8;
p = 0,001) y del pampanito S. brasiliensis
(Fg.417=11,6; p<0,001), evidenciandose en todas
ellas una tendencia decreciente de la densidad
hacia el final del periodo de estudio (Figura 4).

En referencia a la palometa P. signata su den-
sidad difiri6 entre afios (Fg,95 = 8,5; p < 0,001;
Figura 4), registrandose valores mayores en 1995
y 2008; sin embargo, la tendencia de la densidad
hacia finales del periodo fue decreciente.

En cuanto al pez palo P. brasiliensis, la densi-
dad difiri6 entre afos (Fgs0, = 7,6; p < 0,001;
Figura 4), registrandose valores mayores en los
primeros tres afios de estudio con un maximo de
densidad en 1995. A partir de 1998 la tendencia
en la densidad también fue decreciente.

La densidad de los lenguados del Género
Paralichthys mostrd un pico de maxima densidad
en 1995 y luego decrecio a través del tiempo. Las
densidades registradas en 1994, 1995 y 1998 fue-
ron mayores y difirieron del resto de los afios
(Fg 413 = 58,4; p < 0,001; Figura 4).

Para el cazén G. galeus la densidad registro
diferencias entre afios, con una tendencia decre-
ciente (Fg 35 =4,7; p < 0,001; Figura 4), siendo el
valor mas bajo del periodo el registrado en 2011.

En el caso del pez gallo C. callorhynchus, de los
peces chuchos del Género Myliobatis, y de la cas-
tafieta N. bergi si bien mostraron densidades varia-
bles en el periodo de estudio, no se registraron
diferencias significativas entre afios (Figura 4).

Finalmente, la densidad del surel 7. lathami
difiri6 entre afios (Fg,590 = 3,1; p = 0,001). En
1999, 2000 y 2003 se registraron los mayores

valores de densidad en comparacion con el resto
de los anos estudiados (Figura 4).

Analisis multivariado del ensamble de peces

La variabilidad intra-anual en la estructura del
ensamble fue alta, con valores de similitud que no
superaron el 25% para ninguno de los afios anali-
zados. Es decir, la estructura del ensamble de los
lances para un mismo afio fue muy heterogénea.
Se identificaron las tres especies mas relevantes
para cada afio, basadas en el porcentaje de contri-
bucion de las mismas a la similitud dentro del afo
(Tabla 3). El ensamble de 2008 fue el que mostro
el valor mas bajo de similitud.

Todos los afios difirieron en la estructura de sus
ensambles (P perm < 0,001), excepto 2005 de
2012 (Figura 5). El afio que mas se diferencio del
resto fue 2008. En todos los casos donde se regis-
traron diferencias, los valores de disimilitud
superaron el 75% (material suplementario, Tabla
S1). En esta oportunidad también se identificaron
las especies responsables de la disimilitud entre
afnos que fueron once. Si, por ejemplo, compara-
mos los afios mas extremos del periodo, el ensam-
ble de 1994 difiri6 en un 84% del de 2012, con
siete especies contribuyendo a esta disimilitud.
Seis de ellas, gatuzo, pampanito, palometa, pez
palo, castafieta, y pescadilla de red fueron mas
abundantes en 1994 que en 2012.

Relacion de la densidad (DENS) y riqueza (S)
de peces costeros demersales con variables
oceanograficas

Durante los afios analizados se registraron dife-
rencias interanuales tanto en la temperatura de
fondo como en la salinidad de fondo (Figura 6).
La gran variabilidad observada en cada afio indica
la existencia de importantes gradientes horizonta-
les de temperatura y salinidad debido a la presen-
cia de regiones frontales tipicas en el area (Figuras
7-9). La temperatura de fondo muestra para toda
el area tres periodos definidos, uno con los valores
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Figura 4. Evolucion temporal de la densidad de cada una de las 11 especies de peces identificadas como las responsables de las
diferencias en el ensamble de peces costeros a través de los afios. Notar que las escalas del eje Y son diferentes para cada
especie.

Figure 4. Temporal evolution of the density of each of the 11 species of fish identified as responsible for the differences in the
assemblage of coastal fish through the years. Note that Y-axis scales are different for each species.
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Figure 4. Continued.
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Tabla 3. Porcentaje de similitud del ensamble de peces costeros para cada afio y las tres especies mas importantes que lo definen.
Table 3. Percentage of similarity of the coastal fish assemblage per year and the three most important species that define it.

Afo % similitud Especies
1994 24,2 Gatuzo, pampanito, pez palo
1995 24.8 Pez palo, pampanito, lenguados
1998 23,8 Gatuzo, pez palo, pez angel
1999 19,4 Gatuzo, pez palo, surel
2000 22,9 Gatuzo, pez palo, surel
2003 22,8 Gatuzo, pez palo, surel
2005 18,8 Gatuzo, surel, pez palo
2008 12,2 Pampanito, palometa, pez palo
2011 21,2 Pez palo, gatuzo, surel
2012 17,8 Gatuzo, pez palo, surel

*k

1994
1995
1998
1999
2000
2003
2005
2008
2011

2012

4PD¥X+oond)»

Figura 5. Ordenacion MDS (escalamiento métrico multidimensional) de la estructura del ensamble de peces costeros por lance.
Cada simbolo y color corresponde a un afio del periodo 1994-2012.

Figure 5. MDS (multidimensional metric scaling) arrangement of the coastal fish assemblage structure per haul. Each symbol
and color corresponds to a year in the period 1994-2012.
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Figura 6. Evolucion temporal de la temperatura de fondo y la salinidad de fondo en la region de estudio para el periodo 1994-

2012.

Figure 6. Temporal evolution of botton temperature and salinity in the study region for the period 1994-2012.

mas bajos (media de 12,9 °C) correspondientes a
1994 y 1995, un segundo periodo con los valores
mas altos (media de 16,3 °C) comprendido entre
1998 a 2005, y un tercer periodo con temperatu-
ras intermedias (media 14,7 °C) entre 2008 a
2012. Respecto a la salinidad, también se obser-
varon en la totalidad del area variaciones inter-
anuales y durante el periodo de estudio la misma
oscilo entre 32,4 y 35,5, con un valor medio de
33,6, a excepcion de 1999, 2008 y 2011, que pre-
sentaron un valor medio mayor de 33,97. Durante
1994 y 2005 se observaron las menores salinida-
des en el sector costero (Figuras 7-9). Los valores
del parametro de estabilidad PHI durante el pe-
riodo de estudio se mantuvieron en el rango entre
0 a 40 J m?, indicativos de una columna de agua
homogénea o levemente estratificada.

Del analisis preliminar exploratorio (material
suplementario, Figura S1) y de acuerdo con el
célculo de los VIF, las variables LAT, LON y
PRF quedaron fuera del modelo (GLM) por pre-
sentar un alto grado de colinealidad. A los efec-
tos de normalizar las variables DENS, S y el

parametro PHI se trabajé con la transformacion
Box-Cox (material suplementario, Tabla S2). De
acuerdo con los valores de AIC obtenidos, los
modelos seleccionados tanto para DENS como
para S, contuvieron a los factores categoricos
ANO y EST en todos los casos (Tabla 4).

En cuanto a la densidad de peces demersales
costeros (DENS), el modelo seleccionado expli-
c6 el 53% de la variabilidad e incluy6 las cova-
riables TMP, SAL y el parametro PHI, todas con
un efecto significativo sobre la densidad (mate-
rial suplementario, Tabla S3). Tanto la tempera-
tura como el parametro PHI reflejaron una rela-
cion positiva, esto significa que en términos
medios la densidad aumentd con el incremento
de la temperatura de fondo y analogamente con
el parametro PHI, aunque los valores de esta ulti-
ma variable se encontraron en los rangos corres-
pondientes a homogeneidad vertical de la colum-
na de agua. La relacion entre la densidad y la
TMP difiri6 entre afios, ya que la interaccion
ANO x TMP result6 significativa (p = 0,0009).
En cuanto a la salinidad de fondo, la misma se
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Figura 7. Densidad de peces demersales costeros superpuesta a la distribucion horizontal de la temperatura de fondo (paneles de
la izquierda) y de la salinidad de fondo (paneles de la derecha) para 1994, 1995 y 1998, en el area de “El Rincon”.

Figure 7. Density of coastal demersal fish superimposed on the horizontal distribution of bottom temperature (left panels) and
bottom salinity (right panels) for 1994, 1995 and 1998 in ‘El Rincon’ area.
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Figura 8. Densidad de peces demersales costeros superpuesta a la distribucion horizontal de la temperatura de fondo (paneles de
la izquierda) y de la salinidad de fondo (paneles de la derecha) para 1999, 2003 y 2005, en el area de “El Rincon”.

Figure 8. Density of coastal demersal fish (in t mn™, purple circle) superimposed on the horizontal distribution of bottom tem-
perature (left panels) and bottom salinity (right panels) for 1999, 2003 and 2005 in ‘El Rincon’ area.
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Figura 9. Densidad de peces demersales costeros superpuesta a la distribucion horizontal de la temperatura de fondo (paneles de
la izquierda) y de la salinidad de fondo (paneles de la derecha) para 2008, 2011 y 2012 en el area de “El Rincon”.

Figure 9. Density of coastal demersal fish superimposed on the horizontal distribution of bottom temperature (left panels) and
bottom salinity (right panels) for 2008, 2011 and 2012 in ‘El Rincén’ area.
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Tabla 4. Valores de AIC, delta de Akaike (A), pesos de Akaike () y R? para los tres primeros modelos seleccionados por el cri-
terio de Akaike. En negrita se resaltan los modelos finalmente seleccionados. Factores: EST (estrato), TMP (temperatura
de fondo), SAL (salinidad de fondo), BCPHI (transformacion Box-Cox del parametro PHI).

Table 4. Values of AIC, Akaike delta (A), Akaike weights (o) and R? for the first three models selected by the Akaike criterion.
Selected models are highlighted in bold. Factors: EST (strata), TMP (bottom temperature), SAL (bottom salinity),

BCPHI (Box-Cox transformation of PHI parameter).

Modelo AIC A ) R2
Densidad
i+ ANO + EST + TMP + SAL + BCPHI + ANO x TMP + 1.636,6 0 0,742 0,53

ANO x BCPHI + ¢

u + ANO + EST + TMP + BCPHI + ANO x TMP + ANO x BCPHI + ¢

1.639,1 2,54 0,208 0,53

1+ ANO + EST + TMP + SAL + BCPHI + ANO x TMP + ¢ 1.642 5,38 0,05 0,51

Riqueza

i+ ANO + EST + TMP + SAL + ANO x TMP + ANO x SAL + ¢
1+ ANO + EST + TMP + SAL + BCPHI + ANO x TMP + ANO x SAL + ¢

1 + ANO + EST + TMP + BCPHI + ANO x TMP + ¢

2.087,7 0 0,589 0,49
2.088,5 0,83 0,389 0,49
2.0943 6,63 0,021 0,46

*Se utiliz6 la notacion BCPHI para indicar la transformacion Box-Cox sobre la variable PHI.

relacion6 negativamente con la densidad de
peces costeros, es decir que la densidad fue
mayor en areas de menor salinidad, las cuales se
ubican cercanas a la costa. Mediante el indice de
importancia relativa (IR; Lindeman et al. 1980)
se observo que la TMP contribuyo con 5,3%, la
SAL 5,2% y el parametro PHI 2,5% al modelo
seleccionado (material suplementario, Tabla S3).
Los resultados del modelo se corroboran al rela-
cionar la densidad de peces demersales costeros
con la temperatura de fondo y la salinidad de
fondo, y se desprende que para 1995, 1998,
1999, 2003, 2005 y 2008 las densidades mas ele-
vadas se registraron en las dreas con mayores
temperaturas y menores salinidades, correspon-
dientes a zonas cercanas a la costa y asociadas a
los maximos gradientes del frente estuarino
(Figuras 7-9). Durante 1994, 2011 y 2012, no se
observo la relacion de la densidad de peces con
la temperatura y/o salinidad identificada en el
modelo (Figuras 7 y 9).

Con respecto a la riqueza (S) de peces costeros
demersales y segiin el criterio de AIC, el modelo

seleccionado explicd el 49% de la variabilidad e
incluyo las covariables TMP y SAL, de las cuales
solo la temperatura resulto significativa (p = 0,0009;
material suplementario, Tabla S3) y contribuy¢ al
modelo en un 5,4% (IR, material suplementario,
Tabla S3). En términos medios, con el aumento
de la temperatura aumento la riqueza de peces
costeros. Este comportamiento varié entre afios,
ya que la interaccion ANO x TMP resulto signifi-
cativa (p = 0,0003). Del analisis espacial y mapas
de superposicion, se observé que la relacion entre
la riqueza de peces costeros demersales con las
variables oceanograficas presentd gran variabili-
dad entre anos (Figuras 10-12).

DISCUSION

Son conocidas las dificultades que existen para
comprender los procesos que pueden influenciar
la distribucion de los peces y, por lo tanto, afectar
la estructura de patrones espaciales y temporales


https://ojs.inidep.edu.ar/index.php/mafis/article/view/165
https://ojs.inidep.edu.ar/index.php/mafis/article/view/165
https://ojs.inidep.edu.ar/index.php/mafis/article/view/165

ALEMANY ET AL.: ENSAMBLE DE PECES COSTEROS EN “EL RINCON”, ARGENTINA 165

39°

40°

39°

40°

39°

40°

Riqueza de peces demersales

o 17 O 8-15 O 1622 23-27

Figura 10. Riqueza de especies de peces demersales costeros superpuesta a la distribucion horizontal de la temperatura de fondo
(paneles de la izquierda) y de la salinidad de fondo (paneles de la derecha) para 1994, 1995 y 1998, en el area de “El
Rincon”.

Figure 10. Coastal demersal fish species richness (orange circle) superimposed on the horizontal distribution of bottom temper-
ature (left panels) and bottom salinity (right panels) for 1994, 1995 and 1998 in ‘El Rincon area’.
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Figura 11. Riqueza de especies de peces demersales costeros superpuesta a la distribucion horizontal de la temperatura de fondo
(paneles de la izquierda) y de la salinidad de fondo (paneles de la derecha) para 1999, 2003 y 2005, en el area de “El
Rincon’.

Figure 11. Coastal demersal fish species richness superimposed on horizontal distribution of bottom temperature (left panels)
and bottom salinity (right panels) for 1999, 2003 and 2005 in ‘El Rincon’ area.
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Figura 12. Riqueza de especies de peces demersales costeros superpuesta a la distribucion horizontal de la temperatura de fondo
(paneles de la izquierda) y de la salinidad de fondo (paneles de la derecha) para los afios 2008, 2011 y 2012, en el area
de “El Rincon”.

Figure 12. Coastal demersal fish species richness superimposed on the horizontal distribution of bottom temperature (left pan-
els) and bottom salinity (vight panels) for 2008, 2011 and 2012 in ‘El Rincon’ area.
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en un sistema con alta complejidad y variabilidad
como ER. En esta region se conjuga el ensamble
de peces Variado Costero, objeto de una pesque-
ria multiespecifica, con la presencia de caracteris-
ticas oceanograficas particulares, como la presen-
cia de un sistema frontal paralelo a la costa, la
conjunciéon de masas de agua con diferentes
caracteristicas, aguas diluidas provenientes de los
rios, aguas de alta salinidad provenientes del
Golfo San Matias y aguas de plataforma. Adicio-
nalmente, durante la época estival es un area de
desove de numerosas especies de peces de interés
comercial y concentracion de juveniles asociados
al sistema frontal, por lo cual en la region de ER
se ha establecido un area de veda reproductiva
estacional y restriccion a la pesca de arrastre. Los
ecosistemas costeros, como ER, son areas de gran
relevancia por los servicios ecosistémicos que
brindan como los de aprovisionamiento (pesca),
de regulacion (climatica, morfo-sedimentaria o
control de la erosion, hidrica), de soporte (provi-
sion de habitat) y culturales (actividades recreati-
vas y turismo, identidad cultural), entre otros
(Barbier 2017).

En el presente trabajo se identificaron 70 taxo-
nes de peces en el area de ER, lo que indica una
zona de alta diversidad. Ello coincide con Saporiti
et al. (2015) que senalan a la region costera entre
los 31° Sy 41° S como una zona estuarina templa-
da, de grandes cambios estacionales de temperatu-
ra superficial del mar y una alta riqueza de espe-
cies marinas. Particularmente en los ecosistemas
marinos, la variacion en los factores bidticos y
abioticos afecta la distribucion y la riqueza de las
especies tanto espacial como temporalmente
(Willis et al. 2007). En concordancia con un estu-
dio global reportado por Tittensor et al. (2010),
nuestros resultados mostraron que la principal
variable ambiental correlacionada positivamente
con la diversidad de peces fue la temperatura. Sin
embargo, los cambios en biodiversidad son difici-
les de estimar dada su complejidad y multidimen-
sionalidad, ain mas en sistemas marinos, donde la
informacion de referencia es escasa (Shumway et

al. 2018). En el presente estudio, el analisis de la
biodiversidad present6 una gran variabilidad y no
pudo identificarse un patron persistente en el pe-
riodo 1994-2012. Diversos estudios también
reportan un patrén inconsistente de variacion de la
diversidad a lo largo del tiempo, lo cual se atribu-
ye a la variabilidad de las condiciones bidticas
(ejemplo, reclutamiento) y fisicas (ejemplo, tem-
peratura) entre otras (Stefansdottir et al. 2010;
Toole et al. 2011; Piacenza et al. 2015).

La biodiversidad varia temporalmente dado
que es alterada por efectos antropogénicos (ejem-
plo, alteracion del habitat, sobreexplotacion,
introduccion de especies exodticas y cambio cli-
matico) los cuales a su vez fluctian tanto en ocu-
rrencia como en intensidad a lo largo del tiempo
(Pereira et al. 2012). En particular, la sobreexplo-
tacion pesquera es la mayor amenaza para la bio-
diversidad marina en todas las regiones (Costello
et al. 2010), generando cambios en la estructura y
composicion de las poblaciones. La remocion de
los predadores de niveles troficos superiores, de
especies clave o de presas importantes cambia la
biodiversidad y, en particular, el funcionamiento
del ecosistema (Bolger 2001; Essington et al.
2006). La actividad pesquera puede conllevar
cambios en las poblaciones de peces marinos (por
captura directa, captura incidental o destruccion
del habitat) todo lo cual afecta la variabilidad de
la biodiversidad marina (Santora et al. 2017 y
referencias en él) complejizando el entendimiento
de su dinamica temporal (Hutchings y Baum
2005; Keller et al. 2014). Es por todo ello que,
dado que en el area de ER se desarrolla una
importante pesqueria multiespecifica, y en la cual
la distribucion de los peces es espacial y tempo-
ralmente variable, el estudio de la biodiversidad
resulta muy complejo. Las medidas de manejo
pesquero, como las implementadas en el area de
ER, pueden beneficiar la biodiversidad de un eco-
sistema en términos de mantener la estructura de
tamano de la comunidad de peces, pero la estruc-
tura y funcion de la trama tréfica pueden alterarse
por la modificacion de la abundancia de los dife-
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rentes gremios de alimentacion (Lynam y Mac-
kinson 2015). Cabe destacar que la pesca no es la
unica actividad que puede afectar la biodiversi-
dad, sino que es parte de un variado conjunto de
usos interactivos y a menudo conflictivos, como
desarrollo urbano (incluidos los puertos), diver-
sas formas de contaminacion, destruccion del
habitat, acuicultura, recreacion, propiedad territo-
rial y derechos de uso, incluso uso militar (Blaber
et al. 2000). Todo lo mencionado debe conjugarse
con una perspectiva de gestion y ordenacion de la
zona costera, dada la multiplicidad de actividades
e industrias en competencia. Es por ello que el
estudio de la diversidad de especies en zonas alta-
mente productivas, como el area de ER, tiene
implicancias para el manejo pesquero; mas aun,
en concordancia con Worm et al. (2005), estudiar
la distribucion de la diversidad, complementado
con informacidn de sitios de puesta, areas de cria,
migraciones reproductivas y mortalidad por
pesca, pueden ser muy utiles a la hora de definir
areas prioritarias para la conservacion marina.

En el presente trabajo, la densidad del ensam-
ble de peces costeros presentd un patron decre-
ciente en el periodo de estudio, siendo la densidad
promedio en 1994 (32,1 t mn?), 2,5 veces mayor
que en 2012 (12,6 t mn2). Igual tendencia decre-
ciente se observo al categorizar las especies en
comerciales y no comerciales, pero la disminu-
cion registrada fue mas pronunciada en las prime-
ras. Un estudio previo sobre peces 6seos de inte-
rés comercial en la region, también registré una
tendencia decreciente en los indices de abundan-
cia estimados (Ruarte et al. 2017), que refleja la
historia de la pesqueria en la zona en la década de
los noventa como consecuencia de un aumento de
los desembarques y el nimero de barcos que ope-
raron sobre ellos (Carozza et al. 2001). Ruarte et
al. (2017) mostraron que el resultado de las medi-
das restrictivas de la pesca implementadas en
2010 se vio reflejado en la recuperacion de la bio-
masa del pez palo, el mero, el besugo y el lengua-
do, aunque sin llegar a los niveles observados a
comienzos de la década de los noventa. Conside-

rando que en ER se desarrolla una pesqueria mul-
tiespecifica que opera con red de arrastre de
fondo, que es un arte no selectivo, y que no se
cuenta con datos del descarte provistos por obser-
vadores cientificos a bordo, faltarian herramien-
tas para determinar si el efecto de la pesca en el
area podria explicar la disminucién mas pronun-
ciada en la densidad de peces comerciales que en
la de los no comerciales. En términos generales,
la ausencia de observadores a bordo de la flota
dirigida al Variado Costero conlleva a una infor-
macion incompleta de esta pesqueria, incluido el
bycatch o captura incidental. El bycatch puede ser
una amenaza para la diversidad de especies y
bienestar del ecosistema ya que parte de esta cap-
tura usualmente no estd reglamentada (Eayrs
2007). En los ultimos afios y a escala global, han
aumentado los requerimientos para reducir el
bycatch de especies de bajo valor comercial al
minimo posible y asi reducir el impacto de la
pesca en el medioambiente (FAO 2011). En este
sentido, la Argentina, refuerza esta tematica en el
marco del Proyecto internacional “Proteger la
biodiversidad marina: enfoque ecosistémico de la
pesca y areas protegidas” de la FAO.

La estructura del ensamble de peces fue muy
heterogénea dentro de cada afo, evidenciado por
estimaciones de similitud entre lances que no
superaron el 25%, y particularmente bajo en 2008
(12%), lo que indica una alta variabilidad en los
ensambles de peces dentro de cada afio de estu-
dio. En concordancia con lo que se conoce en
ambientes estuarinos como ER, los ensambles de
peces que alli habitan son una combinacion de
especies de agua de baja salinidad y marinas que
incluyen numerosos juveniles (Claridge et al.
1986). Por lo tanto, estos ensambles se caracteri-
zan por una diversidad relativamente baja pero
con una gran abundancia de algunas especies, las
cuales exhiben una amplia tolerancia a las fluc-
tuaciones ambientales tipicas de estos sistemas
(Whitfield 1999). Nuestros resultados indicaron
que la composicion de especies en el ensamble de
peces costeros difirid entre afios, coincidiendo



170

MARINE AND FISHERY SCIENCES 34 (2): 143-180 (2021)

con lo encontrado por Jaureguizar et al. (2006). Si
bien estos autores focalizan su estudio en la iden-
tificacion de areas en la zona de ER y Rio de la
Plata en base a los ensambles de peces, cuando
comparan cada area a través del tiempo (seis
campafias en 1981, 1983, 1994, 1995, 1998 y
1999) encuentran que la composicion de especies
vari6 entre afios. En nuestro trabajo, se analizaron
10 campaiias de investigacion, correspondientes a
un periodo de casi dos décadas, y las especies res-
ponsables de la disimilitud entre afios fueron: pez
gallo, pescadilla de red, cazén, lenguados, casta-
fieta, pez palo, gatuzo, palometa, pampanito, chu-
chos y surel. Tal heterogeneidad del ensamble de
peces queda claramente reflejada al comparar,
por ejemplo, los extremos del periodo de estudio:
la estructura del ensamble de peces en 1994 difi-
ri6 en un 84% de la de 2012, con siete especies
contribuyendo a esta disimilitud. Seis de ellas,
pescadilla de red, gatuzo, palometa, pez palo, len-
guados y pampanito fueron mas abundantes en
1994 que en 2012.

De las once especies de peces responsables de
las diferencias registradas en el ensamble de peces
costeros entre afios, siete de ellas (pescadilla de
red, gatuzo, palometa, pez palo, lenguados, pam-
panito y cazén) mostraron una tendencia decre-
ciente en sus densidades y diferencias significati-
vas entre afos para el periodo 1994-2012. En rela-
cion con la pescadilla de red, y a partir de otros
indicadores de abundancia, tanto el trabajo de
Aubone et al. (2006) para el periodo 1995-2006,
como el de Ruarte et al. (2017) para el periodo
1994-2012, refieren también tendencias declinan-
tes. Para el caso del gatuzo, nuestros resultados
concuerdan con el estudio de Cortés et al. (2015),
quienes reportaron que la densidad media de esta
especie tuvo una marcada disminucion entre 1994
y 1998, decrecio levemente hasta 2003, para luego
mantenerse estable hasta 2012, aunque con densi-
dades mucho menores que al inicio del periodo.
En cuanto a la palometa, nuestros resultados estan
en linea con lo reportado por Carpenter et al.
(2019) quienes resaltan que la captura de la espe-

cie ha disminuido un 76% durante la ultima déca-
da. Para el pez palo, lenguados, pampanito y pez
gallo no existen trabajos de evolucion temporal de
la abundancia en el area de ER, es por ello que
para el caso de estas cuatro especies comparare-
mos nuestros resultados con los datos obtenidos
en la campafa de evaluacion de especies costeras
en el area de ER durante octubre de 2018 (Ruarte
et al. 2019). En el caso del pez palo, registramos
un patron decreciente en la densidad, el cual
siguié acentuandose en 2018 con una estimacion
puntual de densidad media con valores muy bajos
(1,1 t mn2), en comparacién a la densidad media
del periodo 1994-1998 (4,8 t mn?) o la densidad
media para el periodo completo del presente traba-
jo 1994-2012 (2,2 t mn?). En el caso de los len-
guados Paralichthys spp., nuestros resultados
también mostraron una tendencia decreciente en
la densidad con valores de 1,7 t mn™ para el pe-
riodo 1994-1998, 0,18 t mn para el periodo
1999-2012 y una densidad media de 0,11 t mn en
2018. En relacion al pampanito, el patron es simi-
lar al descripto para pez palo y lenguados; se
registrd una densidad decreciente, con una dismi-
nucion pronunciada de 6,5 t mn2 en 1994-1995 a
1,8 t mn? en el periodo 1998-2012, y un valor ain
més bajo de densidad de 0,7 t mn2en 2018. El pez
gallo present6 una gran variabilidad en la densi-
dad, pero no se registraron diferencias significati-
vas entre afios y el valor medio para el periodo
1994-2012 fue de 0,5 t mn, muy por debajo de
las 4,5 t mn™ reportadas para el area en 2018. En
cuanto a la densidad del cazdn, la misma difirid
entre afos observandose una leve tendencia decre-
ciente, con los valores mas bajos registrados en
2011. En este mismo sentido, Elias et al. (2005)
reportaron para Galeorhinus galeus una disminu-
cion del stock en los golfos patagénicos entre
1995 y 2000. Por su parte, Irigoyen y Trobbiani
(2016) a partir del estudio de la percepcion de los
pescadores y Walker et al. (2006) basados en
informacion de CPUE, concluyeron que la abun-
dancia del cazon presentaba una fuerte declina-
cion, cercana al 80%. Las estimaciones de densi-
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dad de chuchos Myliobatis spp. fueron muy varia-
bles a través del tiempo y no se identifico un
patron consistente dado que se registraron maxi-
mos entre 1998 y 2005 y densidades menores en
los periodos anterior y posterior. En el caso de la
castafieta, identificada como una especie discrimi-
nante, su densidad no difiri6 entre afios, excepto
en 1995 para el cual se registraron densidades
muy altas. Esta especie no forma parte habitual
del ensamble costero, dado que se distribuye en el
limite o ecotono entre la fauna costera y de altura,
junto con la merluza comun (Merluccius hubbsi)
que es la especie dominante (Prenski y Sanchez
1988; Lasta et al. 1999). Es probable que en 1995
y 2003 haya habido un leve corrimiento de la dis-
tribucion de la castafieta hacia aguas menos pro-
fundas. Finalmente, nuestros resultados respecto a
la densidad del surel concuerdan con los reporta-
dos por Orlando et al. (2018) quienes registraron
en el area un aumento significativo en el indice de
biomasa de esta especie entre 1998 y 2005.

El analisis de la relacion entre la densidad de
peces demersales y las variables oceanograficas,
realizado a partir de modelos lineales generales,
explico un 53% de la variabilidad total e identifi-
c6 a la temperatura y la salinidad como las varia-
bles responsables. A su vez, el estudio de la rela-
cion entre la riqueza especifica con las variables
oceanograficas indicd que el mejor modelo expli-
c6 un 49% de la variabilidad total con la tempera-
tura como principal variable explicativa. Espa-
cialmente, las densidades mas elevadas se locali-
zan cercanas a la costa y asociadas a altos gra-
dientes horizontales, indicativos de la posicion del
frente estuarino, donde se registraron las mayores
temperaturas y menores salinidades de fondo.
Similar patrén mostr6 la riqueza de peces coste-
ros, con mayores valores al aumentar la tempera-
tura de fondo. En particular, la densidad aumento
con el parametro PHI, el cual se mantuvo dentro
de los rangos indicativos de homogeneidad verti-
cal, e inversamente se relacion6 con la salinidad
de fondo. En concordancia, Jaureguizar et al.
(2006) indicaron que la temperatura de fondo y la

profundidad, y en menor medida la salinidad de
fondo, fueron las variables que influenciaron la
estructura espacial de los ensambles de peces en
esta area. Analogamente, Ruarte et al. (2017),
encontraron que la temperatura de fondo explico
parte de la variabilidad de la densidad de la pesca-
dilla de red, pez palo y pampanito, asi como la
profundidad en mero, pez palo y lenguado
(Xystreurys rasile), aunque la salinidad no fue
significativa para la distribucion de densidades de
especies Oseas costeras. Para el caso de una espe-
cie pelagica como el surel, no incluida en nuestro
modelo de especies demersales, Orlando et al.
(2018) encontraron para 1998, 1999, 2003 y 2005
un patrén opuesto dado que la distribucion espa-
cial y la abundancia de la especie se relacionaron
inversamente con la temperatura, es decir, a
mayores temperaturas menor abundancia de surel.

En general, las condiciones oceanograficas
registradas en el periodo de estudio (1994-2012)
concuerdan con la condicion media observada
para primavera en el area de ER (Guerrero 1998;
Lucas et al. 2005). Es decir, los mayores valores
de temperatura de fondo se registraron cercanos a
la costa, mientras que los cambios mas abruptos
en la salinidad de fondo ocurrieron frente a la
descarga de los rios del area. En cuanto a las
variables biologicas analizadas en el trabajo,
2008 se comportd de forma diferente al resto de
los afios del periodo, presentando el minimo valor
en riqueza, asi como también un minimo en la
densidad de peces y menor similitud del ensam-
ble para todo el periodo. Los bajos valores de
diversidad y densidad de peces estan relacionados
con los bajos valores de temperatura de fondo que
en 2008 se registraron en la zona costera, y como
predijo el modelo para la densidad de peces la
misma disminuye a temperaturas bajas. Para el
area del frente de Plataforma Media (FPM), en
estrecha relacion con nuestra area de estudio,
Marrari et al. (2013) registraron en la primavera
de 2008 menor concentracion de clorofila y
mayores valores de temperatura superficial del
mar que la condicion media. Ademas, segun estos
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mismos autores, la dinamica del fitoplancton en
el FPM puede controlar la produccién de zoo-
plancton en el area y el reclutamiento de peces, y
justamente durante 2008 se registraron bajas
abundancias de copépodos. Toda esta variabilidad
ambiental podria estar influyendo en los ensam-
bles de peces costeros de ER, en coincidencia con
los valores mas bajos de densidad y riqueza regis-
trados particularmente en 2008, dado que tanto el
fitoplancton como el zooplancton constituyen la
base de la trama trofica del ensamble de peces
costeros, en toda su ontogenia.

Las medidas de manejo espacio-temporales
tienden a evitar la pesca en etapas particulares del
ciclo de vida de las especies que son especialmen-
te vulnerables a la captura o son criticas para la
produccion general (Hall 2009). En el area de ER,
varias especies de peces se agregan durante la pri-
mavera-verano para desovar y se espera que la
veda estacional implementada, que evita la pesca
de organismos en periodo de puesta, tenga un
efecto positivo sobre los parametros reproducti-
vos. Trabajos previos han estudiado el impacto del
area de veda en un periodo de tiempo similar al
presente trabajo, Cortés et al. (2015) y Ruarte et
al. (2017) a partir de campafias de investigacion,
mientras que Lagos et al. (2017) basado en la esta-
distica de pesca nacional. En los dos primeros se
estimaron disminuciones de la abundancia relativa
de la mayoria de las especies integrantes del
Variado Costero, con indicios de recuperacion de
biomasa de algunas especies 6seas en 2011 y 2012
(Ruarte et al. 2017). Por su parte, Lagos et al.
(2017) indicaron que las medidas de manejo fue-
ron mas eficientes cuando se intensificaron en
2009, puesto que se registraron disminuciones sig-
nificativas en los desembarques de buques comer-
ciales que operaron en el area a partir de 2010.

Dado que el area de veda en ER se establecio a
fin de proteger especies en reproduccion, su efec-
to deberia ser evaluado a partir del estudio de la
fraccidon desovante, huevos y larvas. Es por ello
que las variables estudiadas en este trabajo, den-
sidad y diversidad del ensamble de peces coste-

ros, si bien aportan valiosa informacion, no son
las mas adecuadas para evaluar la eficiencia del
area de veda. Si bien podriamos esperar que la
veda reproductiva estacional afectara positiva-
mente la densidad de peces, debido a la reduccion
de la actividad pesquera durante seis meses del
afio, los resultados del presente trabajo mostraron
una tendencia decreciente de la densidad del
ensamble de peces costeros entre 1994 y 2012.
No obstante, algunas especies del ensamble pue-
den presentar largos periodos de recuperacion
debido a que se trata de especies longevas y en el
caso de los condrictios de baja productividad bio-
logica, por lo cual el efecto de la veda se veria
reflejado en un periodo de tiempo mas prolonga-
do. De todas maneras, es importante reconocer
que el impacto de la pesca no siempre es el prin-
cipal impulsor de cambios en un ecosistema,
incluso en sistemas explotados, cambios ambien-
tales pueden tener efectos significativos en las
poblaciones (Link et al. 2010). Ademas, las regio-
nes costeras también sustentan una gama extre-
madamente diversa de actividades humanas que
tendrian una amplia variedad de impactos en los
peces (Blaber et al. 2000; ICES 2000) como la
variabilidad en la abundancia y en la estructura
del ensamble registradas en nuestro estudio.

Los componentes biologicos de los sistemas
naturales se encuentran en permanente movi-
miento, alterando la abundancia local y la distri-
bucion geografica de las especies en respuesta al
cambio climatico (Pecl et al. 2017). Una forma en
que los organismos se enfrentan a los cambios en
su ambiente es alterando su comportamiento o
morfologia. Las respuestas de comportamiento
incluyen la busqueda de refugio, la alteracion de
los tiempos de alimentacion y el cambio en el uso
del habitat, entre otros (Weiskopf et al. 2020). En
este sentido, variaciones en la temperatura debi-
das al cambio climatico pueden conllevar modifi-
caciones en la distribucion de los organismos o
disminuciéon de sus poblaciones (Beever et al.
2017). La variabilidad ambiental afecta a las ya
de por si vulnerables comunidades costeras, alte-
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rando el ciclo de vida, la abundancia y la estacio-
nalidad de las especies marinas (Poloczanska et
al. 2016; Pecl et al. 2017). Al respecto, el Océano
Atlantico Sudoccidental presenta una de las
mayores areas de calentamiento (%ot spot) en el
mundo, proyectandose mayores aumentos de
temperatura superficial en las proximas décadas
(Franco et al. 2020 y referencias en ¢l). A su vez,
durante los ultimos afios, la Corriente de Brasil se
ha intensificado y desplazado hacia el sur provo-
cando un intenso calentamiento del océano a lo
largo de su trayectoria, sur de Brasil y el Rio de la
Plata. Risaro (2015) y Risaro et al. (2018) eviden-
cian en el periodo 1982-2017 un calentamiento
intenso y de gran dominio espacial entre la plata-
forma continental argentina y la region de la Con-
fluencia Brasil-Malvinas, alcanzando valores de
0,4 °C década! y extendiéndose desde 33° S-43°
S, incluso este calentamiento es observado en
gran parte del ECB. Estos cambios ambientales
serian responsables, por ejemplo, del desplaza-
miento hacia los polos de la distribucion de espe-
cies pelagicas de importancia comercial en la
region (Franco et al. 2020). Si bien el comporta-
miento de las especies representa un componente
importante de su capacidad de adaptacion frente
al cambio climatico, y la flexibilidad del compor-
tamiento permite a los organismos hacer frente
rapidamente a las condiciones ambientales cam-
biantes (Beever et al. 2017), estos aspectos son
muy complicados de observar en el corto plazo.

Finalmente, concluimos que el estudio del
ensamble de peces del area de ER esta sujeto a
una muy alta variabilidad oceanografica y com-
plejidad ambiental que dificulta la identificacion
de patrones espacio temporales. Dado que las
especies de peces costeros de la region exhiben
una amplia tolerancia a cambios en temperatura y
salinidad, las mismas tienen una gran plasticidad
y posibilidad de adaptacion a cambios en el
ambiente. Los resultados mas destacables del pre-
sente trabajo son la tendencia decreciente de la
densidad del ensamble de peces y en particular de
siete especies discriminantes registradas entre

1994 y 2012, asi como la relacion positiva entre
la densidad y la temperatura de fondo. En este
sentido, la relevancia del presente trabajo radica
en su importancia como linea de base de la evo-
lucion temporal del ensamble de peces costeros,
junto a una exhaustiva caracterizacion de la dina-
mica bioldgica y fisica de la region, basada en 10
campanas de investigacion que abarcaron un pe-
riodo de dos décadas. En conjunto, nuestros
resultados serviran de insumo para la gestion de
recursos costeros, como también para futuros
estudios enmarcados en el contexto del cambio
climatico global y la evaluacion del impacto de
actividades humanas en este ecosistema costero
del Atlantico Sudoccidental que brinda numero-
S0s servicios ecosistémicos.
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ABSTRACT. This study aimed to determine the diet composition and feeding strategies of the
hairy conger eel Bassanago albescens in the Southwest Atlantic (35° S-45° S), from stomach con-
tents analysis of 222 specimens. The diet consisted mainly of cephalopods, followed by isopods,
amphipods, ophiuroids, brachyurous and polychaetes. Results showed significant differences in the
composition of the diet between sexes, regions and size classes that were reflected in the changes
in the foraging strategy. The consumption of squid //lex argentinus progressively increased with a
growing predator size, where the largest individuals showed specialization in the consumption of
this particular prey. We propose these dietary changes would be related to morphological limita-
tions and abilities associated with the body size of B. albescens, with larger individuals having
access to larger prey. Our results help to understand the biology of a species that has a sympatric
distribution with two key species in the Argentine fisheries: hake Merluccius hubbsi and 1. argenti-
nus, with evidence of a strong trophic interaction between them. This new information on the
resources involved would allow an optimization of the fisheries management under an ecosystem-
based criterion.

Key words: Anguilliformes, ecosystem-based fishery management, feeding habits, ontogenetic
changes.

Ecologia tréfica del congrio de profundidad Bassanago albescens en el Atlantico Sudoccidental
y sus implicancias para el manejo ecosistémico de las pesquerias

RESUMEN. En el presente estudio se determina la composicion de la dieta y estrategia alimen-
taria del congrio de profundidad Bassanago albescens en el Atlantico Sudoccidental (35° S-45° S),
a partir del analisis del contenido estomacal de 222 individuos. La dieta consistié de cefalopodos,
seguidos por isépodos, anfipodos, ofiuroideos, braquiuros y poliquetos. Los resultados mostraron
diferencias significativas en la composicion de la dieta entre sexos, zonas y clases de tallas que se
vieron reflejadas en los cambios de la estrategia de forrajeo. Se registré un aumento progresivo en
el consumo de Illex argentinus con el aumento del tamafio de B. albescens, donde los individuos
mas grandes mostraron una especializacion en el consumo de esta presa. Estos cambios alimenta-
rios estarian relacionados a limitaciones morfologicas y habilidades asociadas al tamafio corporal
de B. albescens, teniendo los individuos mas grandes acceso a presas de mayor tamafio. Nuestros
resultados ayudan a comprender la biologia de una especie que tiene una distribucion simpatrica
con dos especies clave en las pesquerias de la Argentina: Merluccius hubbsi e I. argentinus, con
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evidencias de una fuerte interaccion trofica entre ellas. Esta nueva informacion sobre los recursos involucrados permitiria una optimi-

zacion del manejo pesquero bajo un criterio ecosistémico.

Palabras clave: Anguilliformes, manejo ecosistémico de las pesquerias, habitos alimentarios, cambios ontogenéticos.

INTRODUCTION

The hairy conger eel Bassanago albescens
(Barnard, 1923) is an endemic species of the
Southern Hemisphere (Figueroa 1992; Anderson
2005; Buratti et al. 2020). It lives between 81 and
600 m deep (Reyes 2007) and presents a sym-
patric distribution with two key species in Argen-
tine fisheries, the Argentine hake (Merluccius
hubbsi) and Argentine squid (/llex argentinus)
(Haimovici et al. 1998; Arkhipkin et al. 2015). B.
albescens is an iteroparous species with a lepto-
cephalus larva (Figueroa and Ehrlich 2000),
marked sexual dimorphism (Blasina et al. 2018),
and benthic trophic habits (Figueroa 1999). In the
Argentine shelf, a large biomass has been record-
ed (Garcia et al. 2010) as part of the bycatch of
the Patagonian scallop (Zygochlamys patagoni-
ca) fishery (Bremec et al. 2003) and commercial
catches of M. hubbsi (Renzi and Castrucci 1998).

Aquatic ecosystems are suffering alterations
due to the development of the fishing industry,
and these have been the focus of copious investi-
gations (Craing et al. 2009; FAO 2018). The
propagation of such impacts on ecosystems dif-
fers according to whether the food web is con-
trolled by apex predators (top-down control), by
lower levels (bottom-up control) or by dominant
species in medium trophic level (wasp-waist con-
trol) (Hill et al. 2020). Therefore, in recent
decades, a consensus has been reached on the
need to implement ecosystem-based fisheries
management (Pikitch et al. 2004; FAO 2018). In
this context, the complex interactions occurring
in an ecosystem must be considered to evaluate
the effects of fishing activities in an integrated
way (Branch et al. 2010). Such interactions are

key factors in the functioning, structure, compo-
sition and abundance of the species involved, and
in ecological processes such as predation and
competition for resources (Lercari et al. 2014).
Therefore, trophic ecology studies are essential to
understand the interrelationships and community
dynamics within an ecosystem (Amundsen and
Sanchez-Hernandez 2019).

To understand the role that a species plays in a
biotope, it is necessary to describe the trophic
behaviour of the constituent species that compose
it, even those that have not been investigated due
to their lack of commercial importance (Stephens
et al. 2007; Brown et al. 2012). In this sense,
stomach content analysis is essential (Amundsen
and Sanchez-Hernandez 2019). Few studies have
been conducted on the diet of B. albescens to
date, noting that its prey is represented mostly by
benthic invertebrates (Meyer and Smale 1991;
Figueroa 1999; Anderson 2005). The breadth of a
consumer’s trophic niche is determined by a vari-
ety of biological and environmental characteris-
tics (Hayden et al. 2019). Hayden et al. (2019)
have shown a latitudinal variation in the mean
trophic niche breadth of fish species, evidencing
that near the Equator they present a broader
trophic niche than those of the Arctic or Antarctic
seas. However, diet is also determined by a preda-
tor’s morphology, especially size, mobility, and
dentition that will determine what types of prey it
can capture (Stuart-Smith et al. 2013). Many
species show ontogenetic changes in habitat,
which are related to the type of prey and its size
(Griffiths 2020). Understanding these changes in
resource use is particularly important from an
ecological perspective because they can help
illustrate the integral functioning of the ecosys-
tem (Hooper et al. 2005; Brose et al. 2019). The
present work aims to: (1) quantify the composi-
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tion of the diet of B. albescens, (2) determine the
feeding strategy through stomach content analy-
sis, and (3) investigate possible ontogenetic
changes in diet.

MATERIALS AND METHODS

The study area covered part of the Argentine
shelf between 36° S and 46° S and between 100
and 170 m deep. B. albescens specimens were

caught in two research surveys (EH-02/2009 and
EH-04/2009) carried out by the fisheries research
vessel ‘Dr. Eduardo L. Holmberg’ from the Insti-
tuto Nacional de Investigacion y Desarrollo Pes-
quero (INIDEP), Argentina (Figure 1). In both
surveys, a bottom trawl gear was used for sam-
pling, and individuals were kept at -20 °C for pos-
terior analysis. Samples were thawed in the labo-
ratory at room temperature, and total length (L),
weight without stomach (W) and sex were record-
ed in each specimen. Prey found inside stomachs
were separated and identified to the lowest possi-
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Figure 1. Map of the study area showing fishing trawls where specimens of Bassanago albescens were caught. Black circles
indicate positive trawls for B. albescens from which diet samples were obtained. Grey triangles and crosses correspond
to the northern and southern region trawls.
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ble taxonomic level using taxonomic keys and
field guides (Bastida and Torti 1973; Boschi et al.
1992). The number, length (mm) and wet weight
(£ 0.01 g) of each prey were also recorded.

To determine the most important prey in the
diet of B. albescens, the Prey-Specific Index of
Relative Importance (%PSIRI, Brown et al. 2012)
was estimated as follows:

PSIRI = 0.5 x %FO x (%N; + %M;)

where %FO is the percent frequency of occur-
rence of a particular prey (i.e. the number of
times a given prey is found in the total number of
stomachs with content, expressed as a percent-
age), %N; is the specific numerical abundance of
each prey (i.e. the percent numerical abundance
of a given prey found among the stomach sam-
ples), and %M,; is the abundance of the specific
wet weight of the prey calculated for each prey.
PSIRI values were relativized to 100% (%PSIRI).
Cumulative prey curves were used to determine
whether an adequate number of stomachs had
been examined to describe the diet accurately.
The order in which stomachs were analysed was
randomized 100 times to minimize bias resulting
from the order of sampling. The asymptote of the
curve indicated the minimum sample size
required to adequately describe the diet (Ferry
and Cailliet 1996). To construct these curves, six
prey groups were considered: ophiuroids,
amphipods, isopods, polychaetes, cephalopods
and brachyurous, which together represented
more than 95% of the %PSIRI.

The variation in diet composition between
sexes, size classes (SC 1: < = 540 mm Ly, SC 2:
540-650 mm L+, and SC 3: > = 650 mm L) and
regions (north: 36° S-41° S, and south: 44° S-
47° S, corresponding to campaigns EH-04/2009
and EH-02/2009, respectively) were analysed.
The interaction between SC and regions were also
analysed through a non-parametric multivariate
analysis of variance (NP-MANOVA, Anderson
2001), using the number of prey and the Bray Cur-

tis distance measure with 10.000 permutations
(Zuur et al. 2007). All statistical analyses were
performed using R Software version 3.6.0 (R Core
Team 2019), with a significance level of 0.05.

To evaluate the feeding strategy of B.
albescens (as a generalist or specialist) and the
importance of prey (dominant or rare), we used
the graphic method proposed by Amundsen et al.
(1996). The method consists of plotting the spe-
cific abundance of the prey (Pi) against its fre-
quency of occurrence (%FO). Pi is defined as the
percentage of the total number of prey i divided
by the number of all prey present in those individ-
uals that contained prey i. The analysis of the
feeding strategy was carried out considering the
main prey categories outlined above.

The relationship between the total length of B.
albescens and prey size was evaluated using the
width of the crabs’ shell, total length of
amphipods and isopods, disk width of echino-
derms, and standard length of teleosts. The
increase in the minimum, average and maximum
size of the prey consumed with the increase in the
total length of the predator was calculated, testing
the significance (P = 0.05) of the slope of the
quantile regressions of 5, 50 and 95%, respective-
ly (Griffiths 2020).

The trophic position of B. albescens was deter-
mined by its trophic level (TL) for each size class
and area, applying the method proposed by
Cortés (1999) expressed as:

TL=1+ (¥ Pjx TL)

where TL; is the trophic level of each prey item
(taken from Ebert and Bizarro 2007) and P; is the
proportion of each prey item in the diet of B.
albescens.

To evaluate whether differences in the diet
composition and TL between regions were
reflected in the L-W relationship of the individ-
uals, an estimation of it was carried out according
to the equation W = a L1 using linear regression
after a logarithmic transformation of the vari-
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ables: log W = log a + b log Lt (Froese 2006).
The degree of association between Lt and W was
determined using the coefficient of determination
(#%). The hypothetical isometry values (b = 3)
were tested by Student’s t-test with a 95% confi-
dence limit level (Zar 1999). An analysis of
covariance (ANCOVA, Zuur et al. 2007) was per-
formed to test for significant differences in
regression gradients between sexes (P = 0.05).

RESULTS

Of the 222 stomachs analysed, 186 (83.78%)
presented some type of content. The sample from
the southern region consisted of 131 females rang-

ing 543-772 mm Lt. No males were recorded. The
northern region was represented by 52 females
ranging 498-640 mm L1, and 39 males ranging
400-537 mm Ly, which represented 16% of the
total sample and were all grouped within the SC 1.
A total of 34 prey items were identified. %PSIRI
values indicated that the main prey category in the
diet of B. albescens was cephalopods, followed by
isopods, amphipods, ophiuroids, brachyurous and
polychaetes (Table 1). The rest of the prey items
presented less than 5% of the %PSIRI (Table 1).
The most frequently consumed prey was the
squid [. argentinus, followed by the isopod
Cirolana spp., and the ophiuroid Ophiuroglypha
lymani (Table 1). Cumulative curves of the num-
ber of prey as a function of the sample size
revealed that the number of stomachs considered

Table 1. Frequency of occurrence (%FO), prey-specific number abundance (%N;), prey-specific weight abundance (%M,;), Prey-
Specific Index of relative Importance (PSIRI), and percentage of PSIRI (%PSIRI) for the total sample of Bassanago

albescens.

Prey item %FO %N; %M; PSIRI %PSIRI
Teleostei 4.48
Patagonotothem sp. 2.19 30.77 37.52 74.78

Sebastes oculatus 0.54 33.33 20.48 14.53

1luocoetes fimbriatus 0.54 50.00 99.83 40.45

No identificados 7.65 32.65 21.39 206.70

Chondrichthyes 0.16
Psammobatis sp. 0.55 33.33 9.73 11.84

Polychaeta 6.95
Questidae 0.54 50.00 79.31 3491

Flabelligeridae 0.55 66.66 88.88 42.77

Eunicidae 1.09 45.45 79.68 68.20

Ophelidae 1.63 37.50 2.66 32.73

Lumbrineridae 3.28 3.28 6.63 16.25

Onuphidae 1.64 42.86 0.76 35.77

Capitellidae 0.55 20.00 6.85 7.38

Gliceridae 1.64 50.00 0.62 41.51

Not identified 12.02 31.82 8.48 242.20
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Table 1. Continued

Prey item %FO %N; %M; PSIRI %PSIRI
Mollusca

Cephalopoda 37.74
1llex argentinus 38.80 50.74 95.29 2,832.98

Gasteropoda 0.73
Marginella warrenii 0.54 50.00 42.86 25.07

Natica isabelleana 0.55 50.00 57.5 29.56

Bivalvia 0.78
Amiantis purpurata 1.09 7.41 8.22 8.52

Atrina seminude 0.54 96.97 87.62 49.84

Crustacea

Amphipoda 11.02
Gammaridae 13.66 57.00 2.83 408.64

Hyperiidae 7.10 80.7 37.14 418.33

Isopoda 15.16
Cirolana sp. 29.51 44.27 5.84 739.37

Serolis schythei 13.66 37.36 10.12 324.29

Serolis sp. 2.18 60.00 8.47 74.63

Brachyura 10.35
Sympagurus dimorphus 10.93 35.61 93.34 704.71

Not identified 2.73 11.36 41.45 72.09

Echinodermata

Ophiuroidea 10.91
Ophiuroglypha lymani 16.39 64.63 35.34 819.25

Cnidaria 1.41
Actinostola crassicornis 0.55 100.00 100.00 55.00

Tubo Hidrozoa indet. 3.28 25.8 5.23 50.89

Thaliacea 0.13
lasis zonaria 0.54 7.14 28.09 9.51

Algae 0.18
Not identified 0.54 25.00 25.00 13.50
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to describe and analyse the diet of B. albescens
were sufficient since the asymptote was reached
as a function of the number of samples for all the
groups considered (Figure 2).

Comparison of the composition of the diet
between the SC 1 individuals of both sexes did not
show significant differences (F = 0.77; P = 0.5405)
and were grouped for subsequent analyses. Results
of the two-way NP-MANOVA indicated that there
were significant differences in the composition of

the diet between SCs (F = 15.29; P = 0.0009) and
regions (F = 47.27; P =0.0011), and also interac-
tion between the effects of both factors (F = 3.89;
P =0.0001). Subsequent one-way NP-MANOVA
indicated significant differences between SC 2
and SC 3 in the southern region, and between all
SCs in the northern region versus those of the
southern region. On the contrary, no significant
differences were found in the composition of the
diet between the specimens of both SCs from the

8 8
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Figure 2. Cumulative prey curves for Bassanago albescens as a function of stomach number (mean + SD) from all specimens,

three size classes (SC) and both regions.
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northern region (Table 2). Therefore, all the indi-
viduals from the northern region were grouped
for the following analyses. The specimens from
the northern region fed predominantly on
amphipods and ophiuroids, completing their
trophic spectrum with brachyurous and poly-
chaetes. As for the southern region, SC 2 speci-
mens consumed a higher proportion of isopods
and amphipods, while those corresponding to SC
3 consumed a higher proportion of cephalopods,
followed by isopods (Figure 3).

Taking into account the diet variation, the feed-
ing strategy was evaluated in general and for each
size class. The relationship between Pi and %FO
indicated that the feeding strategy of B. albescens
tended towards generalist (Figure 4 A), but pre-
sented variations according to the size of the indi-
viduals. SC 1 specimens tended to specialize in
amphipods and those belonging to SC 2 presented
a generalist feeding strategy (Figures 4 B and C).
SC 3 individuals presented a specialization
towards cephalopods and isopods (Figure 4 D).

When analysing the relationship between sizes
of predator and prey, we see that the size of the
prey increases linearly with the size of the preda-
tor. However, the minimum prey size remained

constant, indicating that the largest B. albescens
individuals fed on both large and small prey,
while those with a smaller length fed only on
small prey (Table 3; Figure 5).

The TL of B. albescens varied by region and
between southern region size classes. Individuals
captured in the northern region presented an TL
of 3.78, whereas the specimens of classes SC 2
and SC 3 captured in the southern region showed
an TL of 3.89 and 4.11, respectively.

The L1-W relationship of B. albescens did not
differ significantly between regions (ANCOVA;
F=2.203; df = 1; P = 0.139), presenting positive
allometric growth in both (Table 4; joint Stu-
dent’s t-test: t = 8.671; P = 0.0002).

DISCUSSION

The study of the feeding habits of B. albescens
in the Argentine shelf indicated that the species is
a demersal-benthic predator. Its main prey is
cephalopods, followed by isopods, amphipods,
ophiuroids, brachyurous and polychaetes. The
percentage of empty stomachs was low (16.22%),

Table 2. Non-parametric MANOVA testing differences in sex, size classes (SC) and region on the number and weight of main
prey items of Bassanago albescens. df: degrees of freedom.

Factor
Number Weight
df P F P
North-SC 1 versus North-SC 2 1 0.50 0.7715 0.46 0.8537
North-SC 1 versus South-SC 2 1 19.01 *0.0001 8.51 *0.0001
North-SC 1 versus South-SC 3 1 24.59 *0.0001 15.60 *0.0001
North-SC 2 versus South-SC 2 1 20.93 *0.0001 10.50 *0.0001
North-SC 2 versus South-SC 3 1 24.59 *0.0001 19.90 *0.0001
South-SC 2 versus South-SC 3 1 7.17 *0.0002 3.84 *0.0036

*Significant differences.
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Table 3. Predator length-prey length relationship using the total length of Bassanago albescens and maximum size of prey.
Minimum (5% quantile regressions), mean (50% quantile regressions) and maximum (95% quantile regressions).

Maximum size of prey

Regression Intersection Slope P
Minimum -17.06 0.038 0.004
Mean -59.47 0.126 < 0.001
Maximum -361.90 0.853 < 0.001
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Figure 5. Relationship between Bassanago albescens (predator) size and prey size. Dotted, dashed, and solid lines indicate

regression quartiles 5, 50, and 95%, respectively.

Table 4. Estimated parameters of length (Ly)-weight (W) relationship and determination coefficient () for Bassanago albescens
in the Southwest Atlantic shelf. N: number of individuals, min: minimum, max: maximum, a: intersection, b: slope.

Lt (mm) W (g)

Region N Min Max Min Max a b r?

North 91 371 661 50 510 2x 108 3.654 0.910
South 131 543 772 208 905 2x 107 3.363 0.883




BLASINA: TROPHIC ECOLOGY OF HAIRY CONGER EEL BASSANAGO ALBESCENS

191

with similar values reported by Meyer and Smale
(1991) and Figueroa (1999). On the contrary, in
related species that feed mainly on teleosts such
as the coastal conger eel, Conger orbignianus, the
proportion of empty stomachs is higher (71%,
Figueroa 1999). This is because the species that
feed mainly on small and medium invertebrates,
such as B. albescens, have a more frequent con-
sumption of prey than those species with a diet
based on fish (San Martin et al. 2007).

Results from diet composition in the present
work are in part consistent with previous studies.
In the coasts of Argentina, Figueroa (1999)
observed a diet consisting of ophiuroids with the
presence of crustaceans and polychaetes. In the
coasts of South Africa, Meyer and Smale (1991)
found sea pen cnidarians and brachyurous
Chaceon sp. as dominant and more numerous
preys over the ophiuroid Ophiura trimeni; many
of the prey were small crustaceans that included
isopods, tanaidaceans, and Macrura decapods.
Studies carried out by Anderson (2005) indicated
hagfish Myxine capensis and different species of
mesopelagic teleosts as dominant prey; the most
abundant fish in the diet were juveniles of hake
Merluccius spp. and other conger eels; the second
most important category consisted of at least six
species of ophiuroids. The rest of the prey were
benthic or benthopelagic species, except squid.
The differences found in the results of Meyer and
Smale (1991), Figueroa (1999) and Anderson
(2005) with respect to the present work, could be
related to the area from where the samples were
obtained in each study.

The diet of B. albescens varied according to
the study area. In the southern region, the most
important prey was . argentinus, which would
be explained by a concentration of the South
Patagonian subpopulation of this prey that coin-
cided spatiotemporally with the southern sam-
pling survey (Ré 2007). Furthermore, the fact
that the survey is directed to the evaluation of
squid could generate a bias in the composition of
the diet of the SC 3 individuals. The SC 2 class,

the only class present in both areas, fed mainly
on isopods in the south, and wide-distributed
amphipods and ophiuroids in the north (Boschi et
al. 1992; Bremec et al. 2003). Differences in the
diet composition of B. albescens between differ-
ent regions would be attributed to differences in
the availability of prey species, and the size and
sex of the specimens captured in each one, possi-
bly driven by energy requirements of each sex
and ontogenetic stage (Livingston 2003). To
analyse the selective characteristics of this
species in detail, complementary studies should
be carried out in which the relative abundance of
prey is determined in these two regions of the
Argentine shelf.

The analysis indicated that the feeding strategy
changed during growth. SC 1 individuals (all
males are included here) showed a tendency to
specialize in the consumption of amphipods, SC
2 individuals had a generalist feeding strategy,
and SC 3 individuals (all mature females) pre-
sented a specialization towards cephalopods and
isopods. Transitions from one feeding stage to
another are generally related to the ontogenetic
development of the species (Livingston 2003).
Stuart-Smith et al. (2013) highlighted that feed-
ing progressions are associated with ontogenetic
changes regarding body morphology and corre-
lated with movement, teething and dimensions of
the mouth and guts. Figueroa (1999) mentioned
that in C. orbignianus, smaller specimens feed on
crustaceans and fish while older fish are exclu-
sively piscivorous, with prey of demersal-benthic
origin (sciaenids and flounder). On the contrary,
Anderson (2005) observed in the coasts of South
Africa that there was no relationship between the
predator size and the type of diet of B. albescens
and the southern conger Gnathophis capensis.
The ontogenetic and regional differences record-
ed in the present study, both in the diet composi-
tion and feeding strategy, suggested that a varia-
tion in the abundance of B. albescens in the
Southwest Atlantic has the potential to impact
various levels of the trophic chain of the region.
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This observation is supported by the results of the
TL analysis, which varies according to the SC
and the distribution range of predators.

The relationship between B. albescens size and
the maximum prey size increased linearly, which
is consistent with the maximization of energy
intake, although the minimum prey size remained
constant. Small prey provides low benefits, while
relatively large prey has higher energy content,
but is potentially dangerous to attack (Griffiths
1980). Although the probability of an individual
prey being encountered by a predator may
increase with the body size of that prey (Mihalit-
sis and Bellwood 2017), predators could also
increase energy potential with ingestion as they
grow larger if they continue to eat small and easy-
to-catch prey (Griffiths 2020). This is why the
maximum prey size is roughly proportional to the
size of the predator in all habitats, but the mini-
mum prey size slopes may differ between habitats
since predators can change the type of prey they
ingest to keep elevated encounter rates (Floeter
and Temming 2003; Killen et al. 2007). The com-
bination of a high frequency of encounter, due to
a greater relative abundance, and a high probabil-
ity of capture could explain the continued inclu-
sion of small prey in the diet of B. albescens.

Blasina et al. (2018) found a sexual dimor-
phism in the size of B. albescens, where males
reached smaller size than females. This conclu-
sion is reflected in the ranges of SCs used in the
present work, in which all males were included in
SC 1 and located in the northern region. The feed-
ing strategy determined for this class indicated a
tendency to specialize in amphipods. The situa-
tion of SC 3 is different because is comprised of
larger female individuals distributed in the south-
ern region, and specialized in cephalopods and
isopods. Energy requirements for sperm produc-
tion are not the same as those required for the pro-
duction of oocytes, which after fertilization
results in leptocephali larvae that can exceed
200 mm (Figueroa and Ehrlich, 2006). This could
explain the greater size of females and their

southern distribution to access these resources.
Macchi et al. (2010) argued that large mature
female hake could travel long distances to deep
Patagonian waters in search of I argentinus,
where it is found in large concentrations. This
cephalopod would be chosen for its high concen-
tration of fatty acids.

In the Argentine shelf, B. albescens presents
important biomass, recording catches of up to
12 t per trawl (Figueroa 1992, 1999). In the pres-
ent study, it was determined that one of the most
important prey items in the diet of B. albescens is
the squid /. argentinus. This species is also an
important trophic resource in the diet of the
Argentine hake, M. hubbsi (Belleggia et al.
2014), which could suggest a possible trophic
niche overlap that would be pertinent to assess in
the future. When two or more species coexist,
interspecific competitive interactions can develop
by exploiting a common resource that is scarce or
predates each other. These interactions can affect
the abundance and distribution of species in a
community (Hayden et al. 2019). Argentine hake
M. hubbsi represents one of the main species of
fish caught in Argentine trawl fisheries (Irusta et
al. 2016) and, together with squid 1. argentinus,
are among the most important species in terms of
exportable quota from Argentina (MAGyP 2019).
Given the complexity of the interactions that can
occur in a marine community, the study of indi-
vidual trophic behaviour and the relationships of
the organisms that comprise it become essential
for the implementation of adequate management
of fishing resources under an ecosystem-based
approach (FAO 2018).
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ABSTRACT. Onboard discards of a fraction of the catch can be considered one of the main
issues related to bottom trawling fisheries. The magnitude and composition of the discards still need
to be better understood. We assessed the industrial bottom pair trawling fishery’s discards from
southern Brazil by monitoring 159 fishing hauls during four fishing trips. From the 318.9 mt cap-
tured, 77.7 t were discarded (24%). The discards per haul were highly variable, on average 488.9 kg
(95% CI: 433.6-544.2 kg) and 31% (95% CI 28-34%) of the total. The rejected catch comprised 64
species, 37 teleosts (78.4% in weight) and 13 elasmobranchs (21.3% in weight), besides crus-
taceans, mollusks, cnidarians, and echinoderms. The three most commercially important species in
the region (Umbrina canosai, Cynoscion guatucupa, and Micropogonias furnieri) accounted for
13% of the discarded biomass, and most of them were individuals under 20-25 cm. The discard rates
and species composition did not change over the last 40 years; however, the discarded biomass for
both teleost fishes and elasmobranchs decreased sharply, reflecting the abundance decrease of these
groups in the region. This work highlights the need for management measures to reduce the bottom
pair trawling fishery discards in southern Brazil.

Key words: Bycatch, discard rates, endangered species, juvenile fish.

Evaluacion de las capturas descartadas de la pesqueria de arrastre de fondo a la pareja de
fondo en el sur de Brasil

RESUMEN. Los descartes a bordo de una fraccion de la captura pueden considerarse uno de los
principales problemas relacionados con las pesquerias de arrastre de fondo. Atin es necesario com-
prender mejor la magnitud y composicion de los descartes. Evaluamos los descartes de la pesca
industrial de arrastre de fondo a la pareja en el sur de Brasil mediante el seguimiento de 159 lances
de pesca durante cuatro salidas de pesca. De las 318,9 tm capturadas, se descartaron 77,7 t (24%).
Los descartes por lance fueron muy variables, en promedio 488,9 kg (95% CI: 433,6-544,2 kg) y
31% (95% CI 28-34%) del total. La captura descartada estuvo compuesta por 64 especies, 37 tele-
osteos (78,4% en peso) y 13 elasmobranquios (21,3% en peso), ademas de crustaceos, moluscos,
cnidarios y equinodermos. Las tres especies de mayor importancia comercial de la region (Umbrina
canosai, Cynoscion guatucupa 'y Micropogonias furnieri) representaron el 13% de la biomasa des-
cartada y la mayoria fueron individuos menores de 20-25 cm. Las tasas de descarte y la composicion
de especies no cambiaron durante los Gltimos 40 aflos; sin embargo, la biomasa descartada tanto de
peces teledsteos como de elasmobranquios disminuy¢ drasticamente, lo que refleja la disminucion
de la abundancia de estos grupos en la region. En este trabajo se destaca la necesidad de medidas de
gestion para reducir los descartes de la pesca de arrastre de fondo a la pareja en el sur de Brasil.

Palabras clave: Captura incidental, tasas de descarte, especies amenazadas, peces juveniles.
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INTRODUCTION

Incidental catches and subsequent discards of
marine life are frequent features of many fisheries
worldwide and one of the most important biologi-
cal and political issues faced by modern fisheries
(Gillis et al. 1995; Bellido et al. 2011). Regulation
on discards is not common in most fishing juris-
dictions (Hall and Mainprize 2005; FAO 2011).
However, discards are considered a waste of liv-
ing resources, and their ecological consequences
are still not fully understood (Heath et al. 2014).

Despite trawling fisheries present different
métiers, its characteristics of low selectivity gen-
erally generate unwanted catches of species
besides the targeted ones (Davie and Lordan 2011;
Samy-Kamal et al. 2014). The decision to discard
is a function of the relative costs and benefits of
storing and landing fish or rejecting it (Pascoe
2000). For species without commercial interest,
this decision is quite simple since, from the fish-
ers’ point of view, there are no benefits associated
with landing the discard. For species with a com-
mercial interest, the decision to discard depends
on several factors: the price that the catch can
attain, the cost of landing it, and the opportunity
cost of stocking fish on board (Clucas 1997).

Between 2010 and 2014, on average, 9.1 mil-
lion t were discarded globally per year, with a
massive heterogeneity between fishing gears and
regions (Pérez Roda et al. 2019). The trawling
fleets accounted for 4.2 million t per year. The
shrimp trawling fisheries present the highest dis-
card rate by weight (~ 50% of global catch), and
they are exceptionally high in tropical and sub-
tropical regions. Still, otter board and bottom pair
trawling’s rate of discards were also considerable
(Pérez Roda et al. 2019).

Regarding the marine and estuarine fisheries in
southern Brazil, several authors quantified the dis-
cards rates (Haimovici and Maceira 1981;
Haimovici and Habiaga 1982; Haimovici and

Mendonga 1996; Vieira et al. 1996; Dumont and
D’Incao 2011; Rezende et al. 2019). Haimovici
and Habiaga (1982) quantified in detail the bottom
pair trawling fisheries discards from two commer-
cial fishing trips occurring in the summer (sum) of
1978 (Haimovici and Maceira 1981) and the
spring (spr) of 1979. In the summer cruise, the dis-
card rate was more significant, 40% of the catch’s
weight, and 26% in the spring. In terms of species
composition by weight of the rejected catch, the
dominance was of several species of small sharks
and rays (sum: 30% and spr: 56%); of largehead
hairtail Trichiurus lepturus (sum: 19% and spr:
12%) and the Argentine croaker Umbrina canosai
(sum: 7% and spr: 8%). Discards in numbers of
juveniles of the three most important fish species
varied between seasons, reaching high percent-
ages: sum: 70% and spr: 26% of U. canosai, sum:
63% and spr: 37% of striped weakfish Cynoscion
guatucupa, sum: 66% and spr: 37% of king weak-
fish Macrodon atricauda. Studies that aged U.
canosai, C. guatucupa, and M. atricauda have
shown that discarded individuals were juveniles
from 1 to 1.5 years old who still were not fully
recruited to the adult stock. Other species such as
banded croaker Paralonchurus brasiliensis and
the bluewing searobin Prionotus punctatus also
occurred in the discarded catch.

The ‘Pescadores por Natureza’ project carried
out by the non-governmental organization Nucleo
de Educagdo e Monitoramento Ambiental
(NEMA) sampled several commercial fishing
trips of bottom pair trawling by onboard scientific
observers. This study aimed to assess the discard-
ed catches in a qualitative and quantitative way
and compare the results with those observed by
Haimovici and Habiaga (1982) three decades ago.

MATERIALS AND METHODS

We analyzed data from 159 hauls collected by
onboard scientific observers during four bottom
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pair trawling fishing trips carried out from Santa
Marta Grande cape (28° 37’ S) to Chui (33° 41’ S)
between 10 and 48 m deep (Figure 1). The trips
occurred between November 2011 and May 2012.
Three trips lasted 6, 14, and 13 days, respectively,
and took place in two industrial fishing boats
measuring 23 m in length, with 360 HP engines
and a storage capacity of 57 t of fish each. The
fourth trip lasted 19 days and took place in a pair
of vessels of 25 m in length, with 360 HP engines
and a storage capacity of 70 t each.

Bottom trawling nets were made of nylon mul-
tifilament and had headropes measuring 38 m and
footropes 45 m. The net measured 56 m in length,
the bellies 28 m, and the cod-end 28 m. The mesh
of the cod-end and the overcoat were 9 cm and
20 cm between opposite knots, respectively.

Hauls lasted between 2.25 and 7 h long (on
average 4 h 18 min) and the trawling speed was
of approximately 4 nautical miles per hour. After
each haul, four fishermen selected the catch to be
stored and packed it in hampers. The discarded
part of the catch was thrown back to the sea
through the deck hatches. To make the fisher-
men’s work compatible with the samplings, the
observer recorded the number of hampers per
species of the stored catch and visually estimated,
together with the vessel’s master, the amount of
discarded catch. Whenever possible, from each
sampled haul, the observer collected a 20 kg box
from the catch to be discarded for species dis-
crimination, counting, weighing, and measuring
the individuals. Species identifications were
made based on the observers’ previous experi-
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Figure 1. Area with monitored bottom pair trawling fishing hauls in southern Brazil. Crosses represent hauls in which the per-
centage of total discards was estimated. Solid circles represent hauls in which the composition of discards was sampled.
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ence in sampling landings and with the help of
identification guides for species present in the
coastal waters of southern Brazil by Figueiredo
and Menezes (1978, 1980); Menezes and
Figueiredo (1980, 1985) and Fischer et al. (2011).
Unidentified species were labeled and pho-
tographed for later identification.

For each 10 m depth bins, the number of
species in the discarded catch was calculated (R =
species richness) and the Shanon-Weaver (H)
Shanon and Weaver (1949) diversity index,
defined as:

k
H=(nlog(n)— ) filog(f)) / nt

i=1

where £ is the number of species present in the
discards, » is the total number of individuals of all
species, and f; is the number of individuals of
each species.

The discarded catch was calculated as average
total catches per species, stored catches per
species, discarded catches per species, and dis-
carded rates per species. These metrics were com-
pared with those calculated by Haimovici and
Habiaga (1982) for two fishing trips with the
same fleet realized in the 1970s.
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RESULTS

Discards quantification

From a total of 318.9 t caught in the 159 mon-
itored hauls, 77.7 t were discarded, 24% of the
total. On average, 488.9 kg (£ 55.3 kg) were
dumped per haul, however, hauls with between
200 and 400 kg of discards were more frequent
(23%) (Figure 2 A). On average, 31% of the total
catch was discarded (£ 3%, 95% confidence
interval). In 26.2% of the hauls, the discarded
catch was less than 20% of the total, in 25% was
between 20 and 29.9%, and in 48.8% was 30% or
more (Figure 2 B).

The discards varied according to haul’s depths
(Figure 3). The discarded catch percentage was
higher between 10 and 20 m (40%) and showed
a decreasing trend with increasing depths (Fig-
ure 3 A). Total discards (kg) were not signifi-
cantly different between 10 and 40 m deep (Fig-
ure 3 B).

Each monitored fishing trip took place in a dif-
ferent season in the southern hemisphere, spring
2011, summer and autumn 2012. Average discard
rates for each season were 31.6% in spring / 2011
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Figure 2. Number of hauls per bin of 200 kg (A) and per bin of 10% (B) of discarded catch on the bottom pair trawling fishing

trips monitored in southern Brazil.
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(n=22,sd=0.19), 35.7% in summer / 2012 (n =
109, sd = 0.15) and 15.2% in autumn / 2012 (n =
26, sd = 0.11). Values differed significantly
between seasons (ANOVA, p < 0.05). A Tukey
test showed that the difference was between
autumn and spring and summer. Spring and sum-
mer did not differ.

Composition of the discarded catch

In 47 of the monitored hauls, samples were
taken from the discarded catch. In each sample,
species were identified to the lower taxon, and
individuals of each species were counted,
weighed (g), and measured (total length —TL in
mm). Observers identified 64 species, 37 of
which were teleost, 13 elasmobranch, 11 crus-
taceans, three mollusks in addition to cnidarians

50
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and echinoderms that were not identified at the
species level (Table 1).

Teleost fish represented 92.5% in number and
78.4% in weight. Elasmobranchs accounted for
5% in number and 21.3% in weight, and crus-
taceans (crabs and shrimps) accounted for 1.6%
in number and 0.8% in weight. Molluscs, cnidar-
ians, and echinoderms represented less than 1%
of the total.

Among the teleost fishes, the most abundant in
weight was the banded croaker P. brasiliensis
(18% in number and 20% in weight of teleost fish
and present in 62% of the hauls). The most com-
mon species was the largehead hairtail 7. lep-
turus, present in 79% of the hauls, representing
9% in number and 20% in weight. Seven species
represented 80% in number, and 70% of the total
rejected teleosts’ weight (Figure 4 A).

A

Discarded catch intervals
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Figure 3. Average discards per depth bin in the bottom pair trawling monitored hauls in southern Brazil. A) Average percentage

of discards per haul. B) Average discards in weight per haul. Vertical bars indicate confidence intervals of the means at
the 95% level.
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Table 1. Number of individuals, total weight, average weight, and frequency of occurrence (FO) of each of the species sampled
from the discarded catches in 47 hauls of bottom pair trawling fishing trips monitored in southern Brazil.

Taxonomic Species Number of individuals Total weight Average weight FO (%)
group on the samples (kg) (kg)
Elasmobranch  Sympterygia acuta 174 71.31 0.41 40
Elasmobranch Atlantoraja platana 51 28.2 0.55 13
Elasmobranch Atlantoraja cyclophora 28 16.6 0.59 4
Elasmobranch  Zapterix brevirostris 25 5.36 0.21 28
Elasmobranch  Psammobatis sp. 23 9.94 0.43 11
Elasmobranch  Sphyrna lewini 8 0.3 0.04 2
Elasmobranch  Sympterygia bonapartii 7 2.5 0.36 6
Elasmobranch  Squatina gugenheim 7 55 0.79 9
Elasmobranch Atlantoraja castelnaui 4 1.94 0.49 9
Elasmobranch  Mustelus sp. 4 0.42 0.11 9
Elasmobranch Pseudobatos horkellii 4 0.89 0.22 9
Elasmobranch  Myliobatis sp. 3 0.2 0.07 2
Elasmobranch  Gimnura altavela 7 2.23 0.32 2
Teleost Paralonchurus brasiliensis 1,148 112.43 0.10 62
Teleost Stephanolepis hispidus 1,097 46.57 0.04 53
Teleost Cynoscion guatucupa 922 46.05 0.05 40
Teleost Trichiurus lepturus 562 109.6 0.20 79
Teleost Umbrina canosai 523 36.76 0.07 38
Teleost Prionotus punctatus 448 33.21 0.07 51
Teleost Trachurus lathami 448 9.25 0.02 11
Teleost Steliffer sp. 176 15.5 0.09 15
Teleost Peprilus paru 153 14.94 0.10 45
Teleost Micropogonias furnieri 149 14.62 0.10 21
Teleost Dules auriga 120 10.18 0.08 32
Teleost Macrodon atricauda 114 12.16 0.11 26
Teleost Brevoortia pectinata 107 47.36 0.44 23
Teleost Ctenosciaena gracilicirrhus 89 10 0.11 2
Teleost Porychthys porosissimus 63 5.06 0.08 11
Teleost Chylomicterus spinosus 46 7.67 0.17 17
Teleost Cynoscion jamaicensis 45 4.05 0.09 6
Teleost Urophycis brasiliensis 44 6.24 0.14 34
Teleost Mullus argentinus 40 1.751 0.04 23
Teleost Percophis brasiliensis 28 2.17 0.08 19
Teleost Syngnathus folletti 28 1.55 0.06 9
Teleost Paralichtys orbignianus 24 4.7 0.20 11
Teleost Oncopterus darwinii 13 0.85 0.07 9
Teleost Paralichthys patagonicus 10 0.66 0.07 9
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Table 1. Continued.

Taxonomic Species Number of individuals Total weight Average weight FO (%)
group on the samples (kg) (kg)

Teleost Astroscopus sexspinosus 8 0.85 0.11 9
Teleost Pagrus pagrus 7 0.2 0.03 6
Teleost Gymnachirus nudus 5 0.2 0.04 4
Teleost Selene sp. 4 0.00 9
Teleost Citharichtays spilopterus 3 0.2 0.07 2
Teleost Engraulius anchoita 3 0.00 4
Teleost Lagocephalus laevigatus 3 0.45 0.15 2
Teleost Menticirrhus americanus 3 0.36 0.12 6
Teleost Zalieutes mcgintyi 3 0.033 0.01 6
Teleost Balistes capriscus 1 0.00 2
Teleost Paralichtys isosceles 1 0.13 0.13 2
Teleost Oligoplites saliens 1 0.5 0.50 2
Crustacea Arenaeus cribrarius 2 0.093 0.05 4
Crustacea Dardanus insignis 6 0.00 4
Crustacea Hepatus pudibundus 3 0.00 2
Crustacea Ovalipes trimaculatus 38 4.25 0.11 11
Crustacea Portunus spinimanus 10 1 0.10 9
Crustacea Artemesia longinaris 2 0.00 2
Crustacea Callinectes sapidus 18 0.159 0.01 15
Crustacea Libina spinosa 5 0.24 0.05 2
Crustacea Loxopagurus loxochelis 24 0.31 0.01 17
Crustacea Scyllarides sp. 4 0.31 0.08 6
Mollusc Adelomelon brasiliensis 3 0.2 0.07 2
Mollusc Doryteuthis sp. (lulas) 34 0.7 0.02 17
Mollusc Octopus tehuelchus 2 0.1 0.05 2
Cnidaria 7 14.4 2.06 4
Echinoderm 6 0.4 0.07 2

Among the elasmobranchs, the most abundant
and frequent species was the stingray Symptery-
gia acuta (50% in number, 49% in weight of elas-
mobranchs, and present in 40% of the hauls).
Five species accounted for 87% of the abundance
in number and 90% by weight of the total of dis-
carded elasmobranchs: stingray S. acuta, the
Atlantic stingrays Atlantoraja platina, and A.
cyclophora, Zapterix brevirostris, and Psammo-
batis spp. (Figure 4 B).

Among the crustaceans, the most abundant
species was the swimmer crab Ovalipes trimacu-
latus which represented 32% in number and 62%
by weight of the total crustaceans and was present
in 11% of the hauls. The most frequent species
was the hermit crab Loxopagurus loxochelis,
which was present in 17% of the hauls and repre-
sented 20% of the total number of individuals in
the crustacean group (Figure 4 C).
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Frequency in number Frequency in weight

Teleosts

B Paralonchurus brasiliensis
W Stephanolepis hispidus

5 Cynoscion guatucupa

W Trichiurus lepturus

B Umbrina canosai

B Prionotus punctatus

W Trachurus lathami
 Other sp.

Elasmobranchs

B Sympterygia acuta

W Atlantoraja platana

W Atlantoraja cyclophora
W Zapterix brevirostris

B Psammobatis sp.

B Other sp.

Crustaceans

B Ovalipes trimaculatus
B Loxopagurus loxochelis
B Callinectes sapidus

B Dardanus insignis

B Portunus spinimanus

B Other sp.

Figure 4. Specific composition of the discarded catch from bottom pair trawling fishing trips monitored in southern Brazil.
Percentage in number and weight of species to the total in the taxonomic group. Teleost (A); elasmobranchs (B); crus-
taceans (C).
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Species richness and diversity of the discarded
catch per depth range

Both the number of species and the diversity
were higher between 20 and 30 m deep (R = 47;
H = 1.04) (Figure 5). No pattern was observed
between the number of species and the diversity
index, as between 30 to 40 m despite a smaller
number of species (< 30), the diversity index was
higher because the number per species did not
differ much. The lack of pattern is because the
diversity index considers, in addition to the num-
ber of species, the number of individuals per
species, and the more equal this number is, the
greater the diversity index. The lower diversity
was observed between 10 to 20 m, in which a few
species dominate. In this depth range, despite the
discards being composed of more than 40 species,
the diversity index is low since only two species,
P, brasiliensis and T. lepturus, represent 63.2% of
the total number of individuals.

Discards of the species of commercial interest

Top five commercial interest species accounted

for 27% in number and 21% by weight of the dis-
carded catches of teleost fishes. Among the dis-
carded teleost fishes, M. furnieri represented 2%
in number and 3% in weight, U. canosai 8% and
7%, C. guatucupa 14% and 8%, M. atricauda 2%
and 2% and Urophycis brasiliensis 1% and 1%,
respectively.

For the first three species (M. furnieri, U.
canosai, and C. guatucupa), discarded individu-
als were composed mainly of fishes smaller than
200 mm TL (Figure 6), corresponding to sexually
immature individuals with a maximum of two
years old (Haimovici and Reis 1984; Miranda and
Haimovici 2007; Cavole and Haimovici 2015).
For M. atricauda, discarded individuals were also
mainly composed of fishes smaller than 200 mm
TL (Figure 6), which correspond to a maximum
of one year old and can be sexually mature if
males and sexually immature if females (Cardoso
and Haimovici 2014). For U. brasiliensis, the dis-
carded individuals were composed mainly of
fishes smaller than 300 mm TL, which, if females
can reach two years old and males more than
three years old, included sexually mature organ-
isms (Cavole et al. 2018).
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Figure 5. Shannon diversity indices (H) and number of species present in samples from the discarded catch per depth range.
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Figure 6. Length composition of stored and discarded indi-
viduals for the five main fishing targets of the bot-
tom pair trawling in southern Brazil.

Comparison with the 1970s

Total discard rates presented in this work did
not differ significantly from those estimated by
Haimovici and Maceira (1981) and Haimovici
and Habiaga (1982) three decades ago from com-
mercial bottom pair trawling fishing trips samples
(Table 2). However, they differed for some
species, e.g. U. canosai was much more frequent
in the discarded catches in the 1970s while P
brasiliensis has been more frequent in recent
years (Table 2).

In absolute terms, both the stored total catches
and the discarded catch per hour of trawling have
decreased along time (Table 2). The most evident
change can be seen in the discarded catch per
unit of effort for the juveniles of U. canosai, C.
guatucupa, and M. atricauda and in total catches
of elasmobranch species, which have decreased
significantly.

DISCUSSION

The analysis of the discarded catch is essential
to evaluate the real impact of fishing on the fish
stocks and also to assess the impact of fishing on
the entire marine biological community, which is
vulnerable to the fishing gears (Heath et al. 2014;
Hiddink et al. 2017).

The industrial bottom pair trawling and the
double rig bottom trawling affect both juveniles
of commercially important species and the dem-
ersal biodiversity of the continental shelf of
southern Brazil (Haimovici and Habiaga 1982;
Haimovici and Mendonga 1996). The discard in
kg per haul did not differ between depth ranges,
but the rate between the discard and the total
catch was higher between 10 to 20 m. Between 20
and 30 m deep, discards were composed of a
more significant number of species and a greater
biological diversity. Higher discard rates and bio-
logical diversity highlight the impact of trawling
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in the coastal zone on juveniles of commercially
important species, reducing the potential fisheries
in the region and preventing the recovery of
endangered species of elasmobranchs.

This work shows that 33 years after the first
study (Haimovici and Maceira 1981), discard
rates of the bottom pair trawling remain high (>
30%) in the spring and summer in southern
Brazil. Furthermore, the sizes from which the
main species of commercially important teleost
species start to be stored remain the same; in gen-
eral, fish smaller than 20-25 cm are discarded.
The fact that the sizes in which fishes are discard-
ed have not changed allows us to suppose that the
decrease in discard rates of juveniles of the four
main species (Table 2) results from the decrease
in the abundance of the adult stocks, which have
been suffering intense fishing exploitation for
more than seven decades (Haimovici 1998; Vas-
concellos et al. 2006; Haimovici and Cardoso
2016). Regarding the elasmobranchs, total catch-
es decreased moderately but discards remain
high. The reason is not the lack of a market for
small sharks, angelfish, and guitarfish, but the
prohibition of landings that discourage directed
fishing. The decrease of the elasmobranch catch-
es reflects the substantial decline in their abun-
dance recorded in the last decades in the region
(Vooren and Klippel 2005). Some differences
regarding the composition of the discarded catch-
es were verified. Currently, Stephanolepis
hispidus appears the second most abundant
species in the discarded catches from spring and
summer, while it was not significant in the 1970s.

Our results highlight the necessity for manage-
ment measures to mitigate discard in the bottom
pair trawling fisheries in southern Brazil. Dis-
carded catches include small fish that could be
caught in bigger sizes and provide higher yields.
Their catch and disposal in smaller sizes mean
economically inefficient exploitation of critical
natural resources for thousands of fishers, a large
number of industries, and consumers. Further-
more, discards include a large number of endan-

gered species whose ecological importance can-
not be overlooked.
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ABSTRACT. A significant sea surface temperature increase has been reported for the Southwest-
ern Atlantic Ocean between 20° S-50° S over the last decades. Zooplankton organisms are highly
sensitive to temperature rise. They play a very important role in marine ecosystems by providing the
main pathway of energy transfer from primary producers to consumers. Seasonal and interannual
(2000-2017) variability of metazooplankton in relation to environmental changes, particularly tem-
perature, were analyzed at the EPEA station (38° 28’ S-57° 41" W). Copepods, appendicularians,
cladocerans, chaetognaths, and lamellibranch larvae were identified and quantified. Temperature
exhibited a positive interannual trend during the series, whereas the Simpson parameter showed a
decreasing tendency and salinity remained almost constant. Adults, copepodites, and nauplii of
small copepods belonging to Oithonidae (mostly Oithona nana) and Paracalanidae-Clausocalanidae
families dominated the metazooplankton community during the study period. Three groups of taxa
with different seasonal patterns of variability were clearly identified. Members of Oithonidae exhib-
ited positive interannual trends, whereas lamellibranch larvae and Calanidae showed negative inter-
annual trends. A direct influence of temperature anomaly on these changes is suggested as well as
possible indirect effects of this anomaly upon zooplankton through different phytoplankton frac-
tions. Under the current scenario of climate change, the maintenance of this time-series becomes
crucial in order to evaluate the eventual transfer of the environmental variability to the local food
webs through planktonic organisms.

Key words: Microzooplankton, mesozooplankton, time-series, EPEA station, Buenos Aires shelf,
Southwestern Atlantic.

Relacion entre los cambios a largo plazo de la comunidad de zooplancton y la variabilidad
ambiental en la estacion EPEA (Océano Atlantico Sudoccidental)

RESUMEN. En las ultimas décadas se ha registrado un aumento significativo de la temperatura
superficial del mar en el Océano Atlantico Sudoccidental, entre 20° S-50° S. Los organismos del zoo-
plancton son muy sensibles al aumento de la temperatura. Ellos cumplen un rol muy importante en
los ecosistemas marinos dado que constituyen la principal via de transferencia de energia desde los
productores primarios a los consumidores. En este trabajo se analizo la variabilidad estacional e inter-
anual (2000-2017) del metazooplancton en la estacion EPEA (38° 28’ S-57° 41’ W), en relacion con
los cambios ambientales, en particular de la temperatura. Copépodos, apendicularias, cladoceros,
quetognatos y larvas de lamelibranquios fueron identificados y cuantificados. La temperatura exhibio
una tendencia interanual positiva de las anomalias durante la serie mientras que el parametro de
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Simpson mostré una tendencia decreciente y la salinidad practicamente se mantuvo invariable. Adultos, copepoditos, y nauplii de los
copépodos pequeios pertenecientes a las familias Oithonidae (en su mayoria Oithona nana) y Paracalanidae-Clausocalanidae dominaron
la comunidad del metazooplancton durante el periodo de estudio. Se identificaron claramente tres grupos de taxa con diferentes patrones
estacionales de variabilidad. Miembros de la Familia Oithonidae exhibieron tendencias interanuales positivas mientras que las larvas de
lamelibranquios y la Familia Calanidae mostraron tendencias interanuales decrecientes. Se sugiere un efecto directo de las anomalias de
la temperatura sobre estas variaciones asi como posibles efectos indirectos de este parametro sobre el zooplancton, a través de su influencia
sobre diferentes fracciones del fitoplancton. En el actual escenario de cambio climatico, el mantenimiento de esta serie temporal es de gran
importancia para evaluar la transferencia eventual de la variabilidad ambiental a la trama trofica local a través del plancton.

Palabras clave: Microzooplancton, mesozooplancton, serie temporal, estacion EPEA, plataforma bonaerense, Atlantico Sudoccidental.

INTRODUCTION

Since the beginning of the twentieth century,
our planet has been experiencing a gradual
increase of the mean global temperature, with an
intensification of the warming rate over the last
decades (IPCC 2019).

An analysis of time series of satellite sea sur-
face temperatures (SST) carried out in the South
Atlantic Ocean during the last 30 years prior to
2012 indicated a SST increase in almost 86% on
this region (Muller-Karger et al. 2017). However,
whereas in the north Argentine continental shelf,
areas of significant increase of surface tempera-
ture were observed between 20° S-50° S, others
with a cooling trend were registered in latitudes
of 49° S-52° S in the south Patagonian shelf (Ri-
saro 2020).

Water temperature and salinity are excellent
indicators of the physical environment in which
plankton are living, affecting them both directly
(i.e., through physiology and growth rates) and
indirectly (i.e., through water column stratifica-
tion and related nutrient availability) (O’Brien et
al. 2013).

Marine zooplankton communities are highly
diverse and thus perform a variety of ecosystem
functions (Richardson 2008 and references with-
in). The most important role of these organisms is
to act as major grazers in food-webs by providing
the principal pathway for energy from primary
producers to consumers at higher trophic levels.

Zooplankton can be, moreover, recognized as
beacon of climate change for several reasons
(Richardson 2008). Because of their physiology
and short live cycles, zooplanktonic species are
highly sensitive to temperature rise (Mauchline
1998; Edwards and Richardson 2004; Beaugrand
and Kirby 2018). Therefore, present climate
changes may strongly affect their population
dynamics and phenology (Hays et al. 2005; Rice
and Stewart 2016). As these organisms are gener-
ally not commercially exploited, their long-term
trends of variability are mostly due to environ-
mental changes (Richardson 2008).

Sustained ocean time-series, particularly ship-
based repeated measurements, represent one of
the most valuable tools to characterize and quan-
tify ocean ecosystem cycles and fluxes, from the
plankton up to higher trophic levels, and their
association to changing climate (Edwards et al.
2010; Valdés and Lomas 2017). Time-series
observations over multiple decades are necessary
to differentiate between natural and anthro-
pogenic variability (O’Brien et al. 2017 and refer-
ences within).

In the northern coastal waters of Argentina
(38° 28" S-57° 41" W) (Figure 1), a biogeochemi-
cal time-series was established at the EPEA sta-
tion (Estacion Permanente de Estudios Ambien-
tales/Permanent Station of Environmental Stud-
ies), as part of the DIPLAMCC (Dinamica del
Plancton Marino y Cambio Climatico/Dynamics
of Marine Plankton and Climate Change) Project
of INIDEP (Instituto Nacional de Investigacion y
Desarrollo Pesquero). Several chemical, physical,
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photo-biological, and planktonic variables are
monitored there on a monthly basis since 2000. In
this coastal station, phytoplankton community
reaches its maximum biomass in winter, mainly
represented by 20-200 um diatoms of the micro-
phytoplankton fraction (Negri and Silva 2011).
Ultraphytoplankton fraction < 5 pm makes its
major contribution to total biomass in summer,
thus configuring an oligotrophic-like ecosystem
(Silva et al. 2009; Negri and Silva 2011; Vinas et
al. 2013). The first approach to analyze phyto-
plankton dynamics at the EPEA station in an
interannual scale (2000-2009) indicated an
increasing trend in chlorophyll concentrations
during the last years of the study period, mainly
due to the contribution of the smallest phyto-
plankton size fraction, i.e. the picophytoeukariot-
ic organisms (Silva 2011). The proliferation of
these organisms due to climatic variations has
been reported on a large scale (Li and Harrison
2008; Moran et al. 2010) highlighting the increas-
ing importance of small phytoplankton in a future
global warming scenario (Sarmiento et al. 2004;
Behrenfeld et al. 2006).

Considering the zooplankton community, Dio-
visalvi (2006), Temperoni et al. (2011), Cepeda
(2013) and Viiias et al. (2013) analyzed the annu-
al cycle of abundance, size structure, and biomass
of its main components at the EPEA station,
whereas Daponte et al. (2004) and Capitanio et al.
(2008) focused particularly on chaetognaths and
appendicularians, respectively. Small-sized cope-
pods (< 1 mm total length) dominated by Oithona
nana and members of Paracalanidae constitute
the bulk of the metazooplankton (81%) through-
out the year in the EPEA station with maximum
values in summer in terms of abundance and bio-
mass (Vidas et al. 2013). It is known that the
reproductive cycle of small copepods in temper-
ate seas (Pittois et al. 2009) is positively con-
trolled by temperature (Vifias 1990; Uye and Shi-
buno 1992; Temperoni et al. 2011).

The present work shows an analysis of the
interannual patterns of variability of main compo-
nents of metazooplankton and their relationship
with physical cues carried out for the first time at
the EPEA station between March 2000 and
November 2017 (18 years). The concurrent analy-
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Figure 1. Location of the EPEA station (38° 28" S -57° 41" W).
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sis of seasonal patterns of zooplankton abundance
in relationship to the environmental factors will
contribute to the interpretation of changes
observed in the long-term scale. We hypothesized
that during the studied period, under a scenario of
Climate Change with increasing of both sea sur-
face temperature and smallest phytoplankton size
fraction concentration, a rise in the abundance of
small copepod species is to be expected.

MATERIALS AND METHODS

Hydrography

During each cruise to the EPEA station, con-
ductivity and temperature profiles were obtained
with a Seabird CTD (SBE19) 01 CTD. Data were
processed, quality checked, and stored in the
Regional Oceanographic Database (BaRDO) at
the Physical Oceanography Laboratory of
INIDEP.

Zooplankton sampling and laboratory analy-
sis

A total of 93 zooplankton samples were
obtained with a small Bongo net (67 and 220 um
meshes) equipped with flowmeters in each mouth
for calculation of the filtered water volume. The
net was obliquely trawled through the water col-
umn from 5 m of the bottom (48 m depth) to the
surface. Tows were short (towing time: 2 min;
towing rate: 20 m min-") with the ship moving at
2 knots speed. After obtained, samples were
immediately preserved in 4% formaldehyde solu-
tion. For the present study, only samples from the
finest mesh net were analyzed considering the
strong dominance of microzooplankton and
mesozooplankton smaller than 1 mm total length
previously reported at this station (Vifas et al.
2013) and the adequacy of this mesh size to retain
them (Di Mauro et al. 2009).

Zooplankton components were identified
under stereoscopic microscopy and grouped into
the following categories:

- Oithonidae (OIT): includes adult and cope-
podite stages of O. nana and O. aff. hel-
golandica.

- Oithonidae (OITN): includes nauplii of O.
nana and O. aff. helgolandica.

- Paracalanidae-Clausocalanidae (PACL): in-
cludes adult and copepodite stages of Para-
calanus parvus, Parvocalanus scotti and
Ctenocalanus spp.

- Paracalanidae-Clausocalanidae (PACLN): in-
cludes nauplii of Paracalanus parvus, Parvo-
calanus scotti and Ctenocalanus spp.

- Calanidae (CAL): includes only adult and
copepodite stages of Calanoides carinatus.

- Evdne nordmanni (ENO).

- Penilia avirostris (PAV).

- Appendicularians (APP).

- Chaetognaths (CHA).

- Lamellibranchs larvae (LLA).

The number of individuals per cubic meter
(ind. m-3) for each category was estimated from
the counts of individuals in different aliquots of
the original sample and the filtered volume by the
net. The aliquot size of each taxon was estab-
lished according to its original concentration in
the sample.

Data analysis

Considering that the zooplankton sampling was
performed obliquely through a portion of the water
column, mean temperature (MT) and mean salinity
(MS) were measured taking into account the max-
imum depth attained by the net. To determine the
location of the transition between stratified waters
and mixed waters, the stability Simpson parameter
(p) was estimated (Simpson 1981). This is a meas-
ure of the mechanical work required to vertically
mix the water column. Small values of ¢ indicate
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poorly stratified waters while high values are asso-
ciated with stratified ones. In this work, the value
of 40 J m™ was used as the limit between homoge-
neous (¢ < 40) and stratified (¢ > 40) waters, as
established by Sabatini and Martos (2002).

Analyses of both seasonal and interannual
variability were performed on the zooplankton
data and then related with changes in physical
data (MT, MS, and o).

As with other time-series worldwide, sampling
at the EPEA station exhibited irregularity in time-
frequency. This fact was recurrent in the time-
series and calculation of an annual average of
zooplankton abundance can be greatly influenced
by time of sampling. This problem is further com-
pounded by missing months within sampling
years. Mackas et al. (2001) proposed a solution to
this difficulty in which the annual anomaly is cal-
culated as an average of individual monthly
anomalies. This method, adopted by the Working
Group on Zooplankton Ecology (WGZE) of
ICES, reduces many of the issues of low frequen-
cy and/or irregular sampling and also removes
seasonal signal from the year-to-year analysis
(O’Brien et al. 2008). In order to estimate interan-
nual and seasonal anomalies of physical and bio-
logical variables in the EPEA time-series, the
method of Mackas et al. (2001) was used.

For seasonal analysis, the year was divided
into four periods of three months each, starting in
January for summer. Kruskal-Wallis non-para-
metric test was employed to compare abundances
by seasons in view of the non-normality of the
data. Before data analysis, the outliers of each

taxonomic category were estimated considering
the mean + 1.96 SD of its abundance and elimi-
nating all minor or major values from the data-
base. This procedure was applied for each season
considered separately. After that, log (x + 1)
transformation was applied to the remaining data.
A Principal Component Analysis (PCA) was
employed to identify patterns in the data set corre-
sponding to the original variables (zooplankton
categories). Correlations among the biological
variables and between these and the physical ones
were used to interpret the grouping patterns pro-
duced by PCA. Analyses were performed employ-
ing Statistica v7 software (StatSoft Inc. 2007).

RESULTS

Hydrography

Temperature varied seasonally, with minima in
winter (10.93 + 0.85 °C, July-September), and
maxima in summer (19.20 £ 0.88 °C, January-
March) (Table 1). Salinity did not exhibit a clear
seasonal variation and values fluctuated between
33.74 £ 0.14 in spring (October-December) and
33.94 £ 0.15 in autumn (April-June). Vertical
stratification, quantified by ¢, was more accentu-
ated in summer (50.42 £ 44.23) and spring (23.50
+ 23.52) than in autumn (4.26 + 11.72) and winter
(2.63 £ 2.61). Mixing of water column, typical of
the winter months, was reflected in the lowest
value of ¢ recorded during this season.

Table 1. Mean seasonal values + SD of MT, MS and ¢ at the EPEA station during the period 2000-2017.

Season MT MS o)
Summer (J-F-M) 19.20 £ 0.88 33.76 £ 0.24 50.42 +44.23
Autumn (A-M-J) 1571+ 2.12 33.94+0.15 426+ 11.72
Winter (J-A-S) 10.93 £ 0.85 33.89+£0.13 2.63+2.61
Spring (O-N-D) 13.71 £2.26 33.74+£0.14 23.50 £23.52
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Interannual anomalies were analyzed in physi-
cal parameters during the study period. Whereas
temperature displayed an increasing trend, Simp-
son parameter showed a decreasing tendency, and
salinity did not show any important variation
(Figure 2).

Zooplankton

Composition and seasonal abundance
Microzooplankton was dominated by nauplii
of copepods and lamellibranch larvae (Table 2).
Within the mesozooplankton, adults and cope-
podites of small copepods (< 1 mm), represented

1.2+
0.8
0.4+
0.0+

Annual anomalies

-0.4+

-0.8-

0.244
0.16+
0.08+

0.00+

Annual anomalies
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04
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-104
-15-

Annual anomalies

mostly by Oithonidae and members of Para-
calanidae-Clausocalanidae, dominated through-
out the year, alternating their preeminence among
seasons (Table 2; Figure 3). Thus, the dominance
of Oithonidae was higher in spring and winter. On
the contrary, Paracalanidae-Clausocalanidae pre-
dominated upon Oithonidae in summer and
autumn. Appendicularians were also abundant all
year round followed by cladocerans. Calanidae
and chaetognaths were the less abundant taxa.

Adult and copepodite stages of Oithonidae
attained their highest abundance in spring with a
mean of 11,293 ind. m?, followed by a mean of
7,159 ind. m> in summer (Table 2). Minimum

__._1_I__I_I__l_l

2000 2002 2004 2006

2008 2010 2012 2014 2016

Year

Figure 2. Annual anomalies of mean temperature (A), mean sa
2017. Dashed line: ns. trend.

linity (B) and ¢ (C) at the EPEA station during the period 2000-
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Figure 3. Mean seasonal percentages of contribution of OIT, PACL and CAL to copepods abundance at the EPEA station during

the period 2000-2017.

occurred in autumn (1,219 ind. m) which dif-
fered significantly from others seasons (Kruskal
Wallis test, Hz n - g1y = 26.08; p=0.000). Similar-
ly, nauplii of Oithonidae exhibited a clear increase
of abundances from winter onwards with the high-
est densities occurring in spring (15,932 ind. m3),
a gradual decrease in summer (3,546 ind. m) and
minimum (958 ind. m>) in autumn (Table 2).
Highly significant differences (Hs - ¢5) = 29.69;
p = .0000) among seasonal abundances were
recorded for these nauplii. Autumn was signifi-
cantly different from winter and spring, while the
latter differed from summer (p < 0.01).

The highest abundance (7,296 ind. m3) of
adults and copepodites of Paracalanidae-Clauso-
calanidae was registered in summer (7,296 ind. m™)
and the lowest in winter (1,867 ind. m™), exhibit-
ing significant differences among seasons
(Hg, N = g0) = 18.68; p = .0003). Summer signifi-
cantly differed from winter and spring (p < 0.05)
(Table 2, Figure 5 A). Although nauplii of Para-
calanidae-Clausocalanidae showed also the high-
est values in summer (6,315 ind. m3), non-signifi-
cant differences were observed among seasons
(Hi, n=72)=4.230; p=0.24).

Among the Calanidae (> 2 mm), Calanoides
carinatus was the only identified species. It was
very scarce all around the year exhibiting the

highest abundance in winter (115 ind. m>) and
the lowest one in summer (82 ind. m~) (Table 2).
Significant dissimilarities among seasons were
documented for this species (Hs - g5) = 20.23;
p = .0002), with winter differing from summer
and spring (p < 0.05).

The abundance of lamellibranch larvae showed
the highest seasonal value in winter (1,176 ind. m?),
another minor peak in summer (1,021 ind. m?),
and the lowest value in autumn (261 ind. m)
(Table 2). This group showed significant seasonal
differences (H; n - 30) = 8.95; p =.0299) in gen-
eral, but no significant differences were detected
between pairs of seasons.

Among cladocerans, E. nordmanni presented
the peak of abundance in spring with 281 ind. m™
and the minimum in autumn (1.4 ind. m?3) with
significant seasonal differences (Hs n-g1)=27.89;
p = 0.0000). Autumn was dissimilar from summer
(p < 0.05) and spring (p < 0.001) and the latter dif-
fered from winter (p < 0.005) (Table 2; Figure 7
A). P avirostris was absent in winter and spring
and was more abundant in summer (735 ind. m-)
(Table 2). Significant differences among seasons
were detected (H(3 n = 79) = 47.77; p = .0000), with
summer differing from autumn (p < 0.05).

Appendicularians presented higher abundances
in summer and spring (2,516 and 2,485 ind. m>,
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respectively) and the lowest value in autumn
(527 ind. m™) (Table 2). Significant differences
were recorded among seasons (Hg; n-3g1) = 14.02;
p = .0029), with autumn differing from summer
and spring (p < 0.05).

Chaetognaths exhibited their highest abun-
dance in summer (75 ind. m>) and the lowest
one in spring (19 ind. m) (Table 2). Significant
differences among seasons were observed
(Hg, N =30y = 10.79; p = 0.0129) but only winter
and spring distinguished significantly (p < 0.05)
between them.

Grouping of taxa and their correlation with phys-
ical variables

Factors 1, 2, and 3 of the PCA explained
56.67% of the variance (Figure 4). In the space
configured by factors 1 and 2, a group of six taxa
(OIT, PACL, OITN, PACLN, ENO, and APP)
evidenced negative correlations with factor 1
(Table 3; Figure 4) and clearly separated from
CAL and PAV. These six taxa occurred all year
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round with higher abundances during spring and
summer. In several cases, significant positive cor-
relations among them and physical variables,
especially MT and ¢, were observed (Table 4).

On the contrary, CAL was strongly associated
with negative values of factor 2 (Table 3; Figure
4). CAL occurred throughout the year with the
highest abundance in winter, showing a negative
correlation with PAV and a positive one with
CHA. As regards physical variables, CAL was
negatively correlated with MT and ¢ (Table 4).

PAV was strongly and positively related to fac-
tor 2 (Table 3). This species was partially present
throughout the year, with maximum abundance in
summer and showing a positive correlation with
PACL and a negative one with OITN and CAL
(Table 4).

CHA was positively associated to factor 3
(Figure 4). This taxon presented the lowest abun-
dances in spring, a negative correlation with both
OIT and ¢ (p < 0.05), and a strong positive corre-
lation with CAL (p < 0.001) (Table 4).
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Figure 4. Principal Component Analysis (PCA) results. Projection of variables on the factor planes 1 x 2 (on the left) and 1 x 3
(on the right). Oithonidae (OIT), Paracalanidae-Clausocalanidae (PACL), Evdne nordmanni (ENO), Penilia avirostris
(PAV), nauplii of Oithonidae (OITN), nauplii of Paracalanidae-Clausocalanidae (PACLN), Appendicularians (APP),
Calanidae (CAL), Chaetognaths (CHA), Lamellibranch larvae (LLA). Blue dashed ellipses indicate grouping of taxa

(see text).
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Table 3. Principal Component Analysis (PCA) results. Factor coordinates of the variables. Variables that contributed the most to

each factor are indicated in bold.

Variable Factor 1 Factor 2 Factor 3
OIT -0.78 -0.05 -0.30
OITN -0.70 -0.35 -0.38
PACL -0.50 0.49 0.35
PACLN -0.51 -0.15 0.40
ENO -0.61 0.16 0.03
APP -0.71 0.12 0.23
PAV 0.05 0.80 0.21
CHA 0.13 -0.22 0.78
CAL -0.08 -0.71 0.47
LLA -0.04 0.19 0.25

Long-term interannual variability

DISCUSSION
Among all the zooplankton categories ana-
lyzed, OIT and OITN showed increasing patterns
of variation, but trends were not statistically sig- Hydrography

nificant (Figure 5 A and 5 B). By contrast, CAL,
LLA and CHA exhibited decreasing anomalies
(Figures 6 A, 6 B and 9 B).

Other taxa such as PACL, PACLN, ENO, PAV
and APP displayed neutral trends (Figures 7 A, 7
B, 8 A, 8 B and 9 A). No significant relationships
among anomalies of biological and physical vari-
ables were observed.

Long-term seasonal variability

Non-significant annual trends were observed
in the analyzed taxa of this time series. However,
at a seasonal scale, some significant tendencies
were registered. CAL and LLA exhibited
decreasing trends in winter (p = 0.05 and
p = 0.03, respectively). Also, a negative tendency
was observed for chaetognaths in summer
(p = 0.03) and a positive one for appendiculari-
ans in spring (p = 0.02). These anomalies had no
significant correlation with those of the physical
parameters.

In terms of the seasonal cycle, temperature at
the EPEA station behaves like a region influenced
by the deep water of Peninsula Valdés (Luz Clara
et al. 2019). Minimum temperatures occurred in
July-September (with a peak in August) and max-
imum values corresponded to January-March
(peaking in February), in response to the annual
radiative cycle effect, as observed in other studies
in the South Atlantic Ocean (e.g. Podesta et al.
1991; Lentini et al. 2000; Martinez-Avellaneda
2005; Luz Clara et al. 2019).

Zooplankton

Composition and seasonal abundance

PCA analysis grouped zooplankton taxa with
similar environmental affinity. The resulting pat-
tern was comparable in composition with that
found by Viias et al. (2013) in their annual 2000-
2001 study of zooplankton at the EPEA station.
One group, including species with more affinity
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Table 4. Significant linear correlations among biological variables (log x + 1) and between these ones and physical variables.

Biological variable 1 Biological variable 2 r p N
OIT OITN 0.665 0.000 80
OIT PACL 0.362 0.001 80
OIT PACLN 0.232 0.038 80
OIT APP 0.321 0.004 80
OIT ENO 0.222 0.048 80
OIT CHA -0.265 0.017 80
PACL PACLN 0.297 0.007 80
PACL APP 0.346 0.002 80
PACL PAV 0.348 0.002 80
CAL PAV -0.328 0.003 80
CAL CHA 0.382 0.000 80
APP ENO 0.518 0.000 80
APP OITN 0.310 0.005 80
APP PACLN 0.251 0.025 80
ENO OITN 0.284 0.011 80
PAV OITN -0.221 0.048 80
Biological variable Physical variable T p N
PACL MT 0.317 0.002 93
CAL MT -0.270 0.009 93
OIT 10} 0.238 0.021 93
PACL 0] 0.213 0.040 93
CAL 0] -0.294 0.004 93
CHA 0] -0.222 0.033 93

for warm-temperate waters of spring and summer
such as the small copepods Oithonidae and Para-
calanidae-Clausocalanidae, the cladoceran E.
nordmanni and appendicularians, separated from
the large herbivore C. carinatus (Calanidae),
which showed more affinity to colder winter
waters (Cepeda et al. 2018 and references therein)
and from the cladoceran P. avirostris, with more
affinity for warmer waters of summer (Vifas et
al. 2007). Chaetognaths presented their highest
values in summer followed by lower and similar
values in autumn and winter. A comparable pat-
tern of seasonal abundance was found by

Daponte et al. (2004) in their study of an annual
cycle of Sagitta friderici, the main chaetognath
species of the EPEA station.

Copepod species smaller than 1 mm total
length numerically dominated the zooplankton
community throughout the year during the study
period. At the EPEA station, this fraction exceeds
other copepods not only in terms of abundance
but also in biomass (Viiias et al. 2013). Small
copepods are very abundant in temperate and
tropical coastal regions (Mazzocchi and Ribera
d’Alcala 1995; Hopcroft et al. 2001; Satapoomin
et al. 2004; Turner 2004; Atienza et al. 2006; Zer-
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the EPEA station. Red squares: outliers. Dashed line: ns. trend.
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voudaki et al. 2007) including the Argentine shelf
where they distribute in a large latitudinal range
(Ramirez, 1981; Cepeda et al. 2018). Moreover, it
was shown that small copepods and their early
developmental stages dominate all marine com-
munities (Hopcroft et al. 2001).

In the taxonomic analysis, a great percentage of
adults (ca. 80%) of Oithonidae were identified as
belonging to O. nana (not shown). Accordingly,
the present study assumes that most of the cope-
podite and nauplii stages of Oithonidae also cor-
responded to this species. In coincidence with the
present findings, a high abundance of O. nana in
all seasons has been typically observed at the
EPEA station (Temperoni et al. 2011; Vifias et al.
2013). The great tolerance of this species to sea-
sonal variation of temperature might explain its
ample distribution in temperate and tropical
coastal waters all around the world, i.e. the
Mediterranean Sea (Jamet et al. 2001), Southamp-
ton Water (Williams and Muxagata 2006), and the
Argentine shelf (Cepeda et al. 2015, 2018).

The notorious numerical dominance of
Oithonidae (mainly O. nana) all through the year
is probably related to its ability to consume a
wide size range of food particles including micro-
phytoplankton, microbial heterotrophic compo-
nents, and copepod nauplii (Paffenhofer 1993;
Turner 2004; Atienza et al. 2006; Madsen et al.
2008; Bottjer et al. 2010). An additional advan-
tage could be the reproductive modality of this
species. The egg-carrier trait might be a good
strategy to prevent eggs predation, thus assuring
higher survival rates and consequently more
abundant populations (Kierboe et al. 2015).

On a seasonal basis, the abundance of O. nana
started increasing in winter and attained its high-
est abundance in spring. In accordance, micro-
phytoplankton showed a similar pattern (Vifias et
al. 2013; Negri et al. in preparation). During this
period, adequate temperature range and food
availability have probably stimulated O. nana
females to reproduce intensively producing the
highest peak of nauplii of the year. O. nana as

well as Paracalanidae, very abundant in summer,
might have taken advantage of high densities of
microbial components associated to the abun-
dant picophytoplankton fraction recorded during
this season. In fact, this fraction had an outstand-
ing contribution from the end of spring up to
early autumn (Ruiz et al. 2020; Negri et al. in
preparation) during present period. Silva et al.
(2009) reported that this fraction can reach 50-
90% of the total Chl-a at the EPEA station dur-
ing summer.

It is worth mentioning that small copepods
(such as all stages of O. nana and Paracalanidae-
Clausocalanidae) are not able to graze efficiently
upon nano and picophytoplankton components.
In fact, these fractions are consumed by nano-
and micro-heterotrophs which are predated by
protozooplankton, especially ciliates, and the lat-
ter are the main prey for small copepods. In par-
ticular, they have a greater influence on the effi-
ciency of the trophic food webs than larger
species, coupling between the primary producers,
the protozooplankton, and the higher trophic lev-
els (Zervoudaki et al. 2007).

Microbial filter-feeders P. avirostris and
appendicularians displayed also their maximum
abundance in summer. As mentioned above, this
period is characterized by a strongly stratified
water column with phytoplankton biomass most-
ly represented by nano- and picophytoplankton
fractions (Silva et al. 2009; Vinas et al. 2013).
Penilia avirostris grazes mostly on small flagel-
lates, dinoflagellates and diatoms (Atienza et al.
2006), whereas appendicularians are major pico-
and nanoplankton feeders (Flood et al. 1992;
Tonnesson et al. 2005). The dominance of micro-
bial filter-feeding such as cladocerans and lar-
vaceans in warmer seasons is a common feature
in coastal waters of the Mediterranean (Ribera
d’Alcala et al. 2004) and the Aegean and Black
Seas (Siokou-Frangou et al. 2004) as well as in
the Northeast Atlantic (Rodriguez et al. 2000).

In summer, chaetognaths, mostly represented
by S. friderici (Daponte et al. 2004) also exhibit-
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ed their highest abundance. It is well known that
older chaetognaths prey upon appendicularians
(Purcell et al. 2004) and small copepodite stages
(Sato et al. 2011a), which are very abundant dur-
ing this season.

Present series recorded the highest abundance
of the herbivorous calanoid C. carinatus in cold
waters of winter and spring. The high nutrient
input typical of the mixing during the winter peri-
od and the starting of water column stratification
in spring favor the development of the main phy-
toplankton bloom of the year represented mainly
by the microphytoplankton fraction (Carreto et al.
1998; Negri and Silva 2003; Vinas et al. 2013).
Diatoms and dinoflagellates are the main food of
C. carinatus (Cepeda et al. 2018 and references
therein).

Long term annual and seasonal variability
During the study period, a positive trend of
interannual anomalies was observed in the mean
temperature of the water column, but it was non-
significant. However, bottom and surface temper-
ature analysis of a longer series (19 years) in the
EPEA showed a significant positive trend, as also
occurred in an extended satellite-sea surface-tem-
perature-series (Luz Clara et al. in preparation).
In support of our initial hypothesis, the abun-
dance of Family Oithonidae (more abundant
small copepods of the EPEA zooplankton com-
munity) increased during the 18 years of observa-
tion. This is clearly perceived when comparing
the abundance of this species at the beginning of
the series (period 2000-2001; Vinas et al. 2013)
with results of the entire series between 2000 and
2017. In summer 2000, OIT abundance (adults +
copepodites) was 4,428 + 5,816 ind. m™ on aver-
age, whereas in the total series it was 7,159 +
10,289 ind. m=. In spring 2000 its abundance
attained only 2,293 + 1,497 ind. m>, five times
less than in the present study (mean 11,793 +
9,200 ind. m). However, non-significant corre-
lation was found between interannual anomalies
of the abundance of these species and those of the

temperature during the sampling period. Duration
of time-series was probably no long enough to
detect such relationships in both Oithonidae and
other categories of metazooplankton.

It should be noted that in coincidence with the
positive trend observed in Oithonidae, concentra-
tions of Chly, and Chi. 5 showed a significant
increasing trend during the present series (Silva
2011; Ruiz et al. 2020; Negri et al. in prepara-
tion). Percentage of Chl. 5 displayed a significant
positive trend coincident with a significant posi-
tive tendency of pico and nanophytoplankton
fractions (Negri et al. in preparation). Increasing
food availability from a rich microbial food web
could have favored the development of
Oithonidae populations in the long-term, as it was
observed in summer, on a seasonal scale.

As previously mentioned, small copepod
species are the major contributor to the total
copepod community abundance at the EPEA sta-
tion, especially during the warmest period of the
year. This is probably related to the positive and
direct influence of the increasing temperature on
their reproductive cycle (Uye and Shibuno 1992;
Pittois et al. 2009) as well as the indirect and
favorable influence of this parameter increasing
the abundance of the smaller phytoplankton frac-
tion (Negri et al. in preparation).

But not all the zooplankton species of the
EPEA community seemed to be favored by the
temperature increase and its possible influence
upon the phytoplankton structure and phenology,
among other factors. For example, a significant
decreasing trend was observed in winter on the
abundance of herbivorous like lamellibranch lar-
vae and the calanoid C. carinatus during 2000-
2017 series. The highest peak of abundance of
lamellibranch larvae was recorded in August
(winter). Although no information on the species
composition of these larvae was available in the
present zooplankton series, they probably
belonged to Mytilus platensis, which beds are dis-
tributed in the study area (Bremec and Lasta
1998). A marked synchrony in the emission of
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gametes with peaks of reproductive activity dur-
ing September and October has been reported for
M. platensis in the study area (Penchaszadeh
1980). In the present work, maximum emission of
gametes corresponded to August, one month ear-
lier than usual. One explanation for this observed
decreasing anomaly could be the temperature rise
on the sea surface throughout the time-series
studied. In such conditions, adults of M. platen-
sis, stimulated by higher temperature ranges,
could have had their spawning timing earlier,
which could produce a mismatch between the
recently hatched larvae and the adequate phyto-
plankton cells that bloom later in the season. Sim-
ilarly, the decreasing tendency observed in C.
carinatus was probably due to the same causes. In
both cases, fitness consequences tend to be nega-
tive when the organism is at the wrong seasonal
window. In other words, as the species completes
its life span within a single year, the fact of miss-
ing the best window to grow during that year pre-
vents them from getting another chance the fol-
lowing year (Mackas et al. 2012). Future results
of ongoing analysis of phytoplankton diversity
and long-term variability of the present series
(Negri et al. in preparation) would give some
insight to test this hypothesis.

Perturbations to average seasonal cycles of
environmental conditions, and the ability (or
inability) of biota to track these variations are
very important drivers of interannual variability
in growth, survival, and population size (Mackas
et al. 2012), as it was observed in the present
work.

Small copepods represent a main food source
for local fish, especially during larval stages
(Vinas and Ramirez 1996; Sato et al. 2011b). If
the observed increasing tendency of these
species (mainly O. nana and members of Para-
calanidae-Clausocalanidae) remains in the long
term, this would expand the availability of food
for fish larvae, thus favoring their growth and
survival. In the study area, Engraulis anchoita
larvae are dominant during a great part of the

year (Sanchez and Ciechomski 1995). With
acoustic biomass fluctuating between one and
five million tons in the period 1993-2008
(Madirolas et al 2013), this species has a superla-
tive ecological importance because of its central
role in pelagic food webs in the Argentine shelf
(Leonarduzzi et al. 2010 and references therein).
A recent study analyzing the same time-series
denoted that density and nutritional condition of
anchovy larval were higher in spring and
autumn, but lower in winter (Leonarduzzi et al.
2021). Interestingly, the present work shows that
higher concentrations of small copepods (all
stages together) were observed in spring and
summer whereas lower values corresponded to
autumn. Many factors must should be considered
to understand larval-zooplankton relationships:
real concentration of food in the larval habitat (a
mean concentration in the water column is not
the best approach), seasonal predators abundance
(non-considered in present work) and concentra-
tion of other zooplanktonic food items (i.e. pro-
tozooplankton), among others.

Time series provide the oceanographic com-
munity with the long, high-quality data necessary
to characterize the functioning of the ocean (Hen-
son 2014) and help to unravel natural and human-
induced changes in marine ecosystems (Reid and
Valdés 2011). Consequently, these time-series
sampling sites represent a phenomenal heritage
legacy, and intergovernmental bodies such as
ICES, the European Marine Board, or 10C-
UNESCO strongly recommend their continuity
and the establishment of new time-series based
on previous findings (Valdés and Lomas 2017).

CONCLUSIONS

This work covers a time-series of 18 years in
which the variability of main metazooplankton
taxa of the EPEA station was studied for the first
time. Results indicated that small copepods dom-
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inate the metazooplankton at this station. The
most abundant family, Oithonidae, showed an
interannual increasing trend during the study
period, whereas lamellibranch larvae and other
cryophilic taxa exhibited a decreasing trend.
Physical parameters (MT, MS and ¢) did not
show significant interannual trends. However,
temperature exhibited a strong increasing tenden-
cy. No clear relationships were found between
both long-term interannual and seasonal anom-
alies of taxa and those of the physical parameters,
probably because of the short period analyzed.
The increasing of Oithonidae abundance could be
due both to the direct effect of the temperature
rise on their reproductive rates and the positive
influence of this parameter on the concentration
of small phytoplankton fractions, an important
food item for these copepods. Opposite, for other
cryophilic taxa such as Calanidae and lamelli-
branch larvae with decreasing abundances, the
increase of temperature could have had a negative
effect, although the mechanisms involved are less
clear. More observations are necessary to confirm
these hypotheses.
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RESUMEN. Durante el procesamiento y comercializacién de los productos pesqueros se produ-
cen residuos organicos que se destinan principalmente a la elaboracion de harina y aceite de pesca-
do. En zonas donde no existen plantas de harina de pescado, los residuos provenientes de la pesca
y la acuicultura terminan volcados en forma directa sobre fuentes hidricas o a orillas de éstas cau-
sando problemas de contaminacion. Para evitar el impacto que puedan causar, y revalorizar los resi-
duos pesqueros, existen alternativas viables desde el punto de vista econdmico y ambiental, como
es la produccion de ensilado para la obtencion de un producto de buena calidad nutricional y micro-
biologicamente estable. El ensilado se utiliza cada vez mas como ingrediente para piensos en la cria
de animales y en la acuicultura, asi también como fertilizante. El objetivo de esta revision fue pre-
sentar los métodos de produccion de ensilados, su composicion nutricional y su utilizacion como
insumo alimenticio o fertilizante en los campos de la acuicultura y agronomia.

Palabras clave: Ensilado de pescado, subproductos pesqueros, descartes pesqueros, aprovecha-
miento de recursos, aplicaciones potenciales.

Chemical and biological ensilates. An alternative for the integral and sustainable use of fishing
waste in Argentina

ABSTRACT. During the processing and marketing of fishery products, organic waste is pro-
duced which are mainly used for the production of fishmeal and fish oil. In areas where there are
no fishmeal plants, residues from fishing and aquaculture end up dumped directly onto water
sources or on their banks, causing pollution problems. In order to avoid the impact that they may
cause, and to revalue fishing waste, there are viable alternatives from an economic and environ-
mental point of view, such as the production of silage to obtain a product of good nutritional qual-
ity and microbiologically stable. Silage is increasingly used as a feed ingredient in animal hus-
bandry and aquaculture, as well as a fertilizer. The objective of this review was to present silage
production methods, their nutritional composition and their use as feed or fertilizer in the fields of
aquaculture and agronomy.

Key words: Fish silage, fishery by-products, fishery discards, resource development, potential
applications.
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INTRODUCCION

Generalidades

Recursos pesqueros y acuicolas en el mundo

Los recursos pesqueros y acuicolas de los eco-
sistemas tanto marinos como de agua dulce cons-
tituyen una de las mayores fuentes de proteina
animal del mundo. Segin la Organizacion de las
Naciones Unidas para la Alimentacion y la Agri-
cultura (FAO 2020), la produccion mundial de
pescado (incluyendo crusticeos y moluscos)
alcanzo unas 179.000.000 t en 2018, de las cuales
82.000.000 t procedieron de la acuicultura. Del
total general, alrededor del 88% se destind al
consumo humano y el 12% restante se destind a
usos no alimentarios: el 82% de esta cantidad se
utilizé para producir harina y aceite de pescado,
mientras que el resto se comercializo para produ-
cir peces ornamentales y organismos de cultivo
(por ejemplo, semillas, alevines o adultos peque-
fios para cria), como cebo, en usos farmacéuticos,
para alimento de animales de compafiia o0 como
materia prima para la alimentacion directa en la
acuicultura y para la cria de ganado y animales de
peleteria.

En la Argentina, la produccion pesquera mari-
na alcanz6 en 2019 las 781.327 t, de las cuales
314.326 t correspondieron a la especie de mayor
importancia econémica de la Argentina, Merluc-
cius hubbsi (Argentina 2020a; Tabla 1). Las pes-
querias continentales tienen una importancia sig-
nificativa debido al volumen exportable y al
impacto social que ejerce en cuanto a su aporte a
la seguridad alimentaria y a las economias fami-
liares regionales. Mas del 90% de la produccion
pesquera continental del pais proviene de las pes-
querias de la cuenca del Rio de la Plata, que regis-
tr6 volimenes totales de extraccion para 2019 de
25.485 t. De éstas, las capturas de sabalo (Prochi-
lodus lineatus) aportan la mayor proporcion
(Argentina 2020b).

Tabla 1. Produccion por sector pesquero en la Argentina

durante 2019.
Table 1. Production by fishing sector in Argentina during
2019.
Actividad Volumen (t)
Pesca captura 781.327
Pesca continental 25.485
Acuicultura 2.592

La Argentina es uno de los pocos paises de
Latinoamérica que presenta una acuicultura esca-
samente desarrollada. Esta actividad se inici6 en
la década de los setenta con el cultivo de trucha
arco iris (Oncorhynchus mykiss) en la region
patagénica andina. En la misma década, en la
Provincia del Chubut se realizaron los primeros
ensayos en mar, con el mejillon (Mytilus platen-
sis), vieira (Zygochlamys patagonica) y ostra
plana (Crassostrea gigas) (Zarate 2013). El lento
crecimiento de la actividad se produjo de forma
escalonada hasta una producciéon maxima en
2014 que apenas super?6 las 4.000 t, valor que se
redujo gradualmente en afios posteriores (Tablas
1 y 2) hasta aproximadamente 2.592 t en 2019
(Panné Huidobro 2019).

Los avances cientificos de los ultimos 50 afios
han permitido mejorar en gran medida los
conocimientos acerca del funcionamiento de los
ecosistemas acuaticos asi como la conciencia
mundial sobre la necesidad de gestionarlos de
forma sostenible. Veinticinco afios después de la
aprobacion del Codigo de Conducta para la Pesca
Responsable (FAO 1995), en la actualidad se
reconoce ampliamente la importancia de utilizar
los recursos pesqueros y acuicolas de forma
responsable y se prioriza este objetivo. Desde
2015, estos esfuerzos fueron prioridad con miras
a abordar en particular, de forma coherente y
coordinada, el Objetivo de Desarrollo Sostenible
(ODS) N° 14 “Conservar y utilizar en forma
sostenible los océanos, los mares y los recursos
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Tabla 2. Produccion acuicola argentina durante 2019.
Table 2. Argentine aquaculture production during 2019.

Especie Volumen (t)
Pacu (Piaractus mesopotamicus) 1.063,05
Trucha (Oncorhyncus mykiss) 1.201,74
Carpas (Cyprinus carpio, Hypopthalmichtys molitrix, 103,81
Aristichtys nobilis, Ctenopharyngodon idella)
Salmon de rio (Brycon orbignyanus) 55,00
Surubi (Pseudoplatystoma fasciatum 'y P. coruscans) 87,11
Tilapia (Oreochromis niloticus) 23,70
Dorado (Salminus brasiliensis) 12,39
Sébalo (Prochilodus lineatus) 7,66
Ostra (Crassostrea gigas) 15,50
Mejillones (Mytilus edulis, M. chilensis y Aulacomya ater) 4,00
Boga (Leoporinus obtusidens) 9,63
Total 2.592,19

marinos para el desarrollo sostenible”, y otros
ODS pertinentes para la pesca y la acuicultura. A
tal fin, se acepta que la aplicacion de politicas de
ordenacion de la pesca y la acuicultura con base
cientifica, junto con regimenes previsibles y
transparentes para la utilizacion y el comercio de
pescado a nivel internacional, constituyen crite-
rios sustantivos minimos para la sostenibilidad de
la pesca y la acuicultura (FAO 2020).

Revalorizacion de subproductos pesqueros

En la industria de los productos pesqueros
existen tanto residuos de pescado, como también
especies de bajo valor comercial que son descar-
tadas. Segun las estimaciones de FAO (2020),
alrededor de 70 millones de toneladas de pesca-
dos y mariscos se procesan al afio mediante evis-
cerado, fileteado, congelacion, enlatado o curado.
Durante el procesamiento y comercializacion se
producen subproductos (35-50%) compuestos en
general por cabezas (9-12%), visceras (12-18%),
piel (1-3%), espinas (9-15%) y escamas (5%).

Los subproductos pesqueros contienen una

gran cantidad de proteinas, lipidos, vitaminas,
pigmentos y minerales (Kristinsson y Rasco
2000; Gbogouri et al. 2004). Estos subproductos
se pueden utilizar mediante distintos procesos
industriales en la elaboracion de ensilados e
hidrolizados proteinicos que tienen ciertas aplica-
ciones en la obtencion de productos dietéticos
(quitosano), productos farmacéuticos (aceites),
pigmentos naturales (tras la extraccidon) y cosmé-
ticos (coladgeno), en las industrias del pienso para
animales de compaiiia y para peces, en la produc-
cion de biodiesel y biogas, entre otras aplicacio-
nes (FAO 2020). Los generados a escala indus-
trial se destinan principalmente a la elaboracion
de harina y aceite de pescado, para lo cual se
requiere la instalacion de plantas harineras exi-
gentes en energia y avidas de cantidades impor-
tantes de materia prima.

Los residuos provenientes de la pesca en zonas
donde no existen plantas de harina de pescado
(HP), junto con los de la pesca artesanal y acuico-
la, son dispuestos directamente en fuentes hidri-
cas o a orillas de éstas o reciben el mismo trata-
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miento que los residuos solidos urbanos, situacion
que puede causar problemas de contaminacion.

Actualmente, los esfuerzos encaminados a la
posibilidad de dar un uso adecuado a los residuos
generados de la pesca y acuicultura y, evitar el
impacto que puedan causar, han llevado a buscar
opciones de revalorizacion de los mismos que
sean viables desde el punto de vista ambiental y
econémico. Una alternativa viable a la HP es des-
tinar los residuos de la pesca a la produccion de
ensilados por ser un proceso de facil elaboracion
y que no exige alta inversidon, obteniéndose un
producto de buena calidad nutricional y micro-
biologicamente estable (Bello 1994; Berenz
1994; Toledo y Llanes Iglesias 2006).

El objetivo de esta revision fue presentar los
métodos de produccion de ensilado de pescado
(EP), sus caracteristicas nutricionales, asi como
su utilizacién como insumo alimenticio o fertili-
zante en los campos de la acuicultura y agrono-
mia.

Ensilado de pescado

Historia del ensilado

El ensilado de subproductos de pescado consti-
tuye una técnica antigua de preservacion de la
materia organica. La produccion de ensilado se
remonta a los afios 1920, cuando Virtanen utilizd
acidos sulfurico y clorhidrico para el manteni-
miento del forraje vegetal. Este método se adoptd
en Suecia por Edin en la década de los treinta, eva-
luandose la acidificacion y la fermentacion anae-
robica como métodos para la preservacion de sub-
productos de pescado. Esta técnica continud des-
arrollandose en Dinamarca en afios posteriores,
donde dichos subproductos se destinaban princi-
palmente a la formulacion de dietas para engorde
de animales de granja, como aves y cerdos (Bote-
llo 2005). Desde la década del cuarenta, el ensila-
do ha sido producido en varios paises, como Polo-
nia, Dinamarca, paises escandinavos y los Paises
Bajos, los cuales siguieron el procesamiento del
ensilado en escala comercial (Ramirez 2013).

En los afios ochenta, la FAO impuls6 las inves-
tigaciones sobre ensilados biologicos en el ambi-
to latinoamericano. Los resultados se expusieron
en la Segunda Consulta de expertos sobre Tecno-
logia de Productos Pesqueros en América Latina
celebrada en Montevideo en 1989 (FAO 1990).
Entre 2001-2002, en el Centro de Desarrollo Acu-
icola de Aguas Calidas (CENADAC) conjunta-
mente con el Instituto Nacional de Investigacion
y Desarrollo Pesquero (INIDEP), ambos de la
Argentina, se implemento la tecnologia de ensila-
do quimico como una alternativa para la disminu-
cion de costos para las dietas de peces. Posterior-
mente, en 2004 reaparece el tema pero con el des-
arrollo de ensilados biologicos (Manca y Carrizo
2002; Panné Huidobro et al. 2006).

Definicion de ensilado

En la industria de los productos pesqueros
existen tanto residuos de pescado como también
especies descartadas que poseen un alto conteni-
do proteico. Ambas tienen la particularidad de
sufrir rapidos procesos de alteracion, producien-
do malos olores, problemas de poluciéon y conta-
minacion ambiental. Una de las alternativas para
aprovechar estos “residuos” la constituyen los
ensilados, que son un producto semiliquido pas-
toso, elaborado a partir de pescado entero o de
residuos del mismo en medio acido (Seibel y
Souza Soares 2003; Borghesi 2004; Ferraz de
Arruda 2004; Toledo y Llanes Iglesias 2006). El
descenso del pH puede obtenerse por la accion de
acidos (ensilado quimico) o por fermentacion
microbiana (ensilado bioldgico) que utiliza una
fuente de carbohidratos para producir el acido in
situ (Ramirez Ramirez 2009) en donde se activan
las enzimas autoliticas (principalmente proteoliti-
cas) que modifican las caracteristicas intrinsecas
del pescado e inhiben el desarrollo de bacterias
deteriorantes y patogenas, confiriéndole al pro-
ducto una conservacion prolongada en el tiempo
(Copes et al. 2006). Normalmente, se realiza a
temperatura ambiente y el almacenamiento de
este sistema durante cierto tiempo conducira a los
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cambios bioquimicos deseados. Este producto se
puede emplear cuando el pH se estabiliza a valo-
res cercanos a 4 y se mantiene con una composi-
cion semejante a la materia prima por alrededor
de 30 dias (Ferraz de Arruda 2004; Borghesi et al.
2008). Varios autores demostraron que el éxito en
la produccion de ensilado estd relacionado con
ciertas precauciones en la preparacion del mate-
rial residual, que debe molerse previamente y
mezclarse bien para evitar la acumulacion de
material sin tratamiento. Idealmente, el material
destinado a la produccion de EP debe triturarse en
particulas de 3,0 a 4,0 mm de diametro. El acido
(agregado o producido) actua para permitir la pre-
servacion de la biomasa pastosa, y la agitacion de
la mezcla, ademas de proporcionar la uniformi-
dad deseada, evita que las partes no tratadas se
pudran por la accion las bacterias deteriorantes
(Maia y de Oliveira Sales 2013).

La escala de produccion es adaptable a los
volumenes de captura y puede ser aplicado tanto
a la pesca industrial como artesanal y a la acuicul-
tura. El producto final es facil de manejar, ya que
solo necesita contenedores sellados que pueden
variar en tamafo segun los requisitos de transpor-
te final, desde bidones de 50 1 hasta tanques o
silos de 30 t (Ramirez 2013).

Tipos de ensilado de pescado

Ensilado quimico

Los ensilados quimicos (EQ) se basan en la uti-
lizacion de acidos organicos (formico, propioni-
co, acético, citrico) o inorganicos (sulfurico, clor-
hidrico, fosforico), éstos generan un ambiente
que inhibe el desarrollo de los microorganismos
putrefactivos y patogenos (Berenz 1997). Distin-
tos autores han trabajado en determinar que aci-
dos y en que proporciones son mas eficientes para
la preparacion de ensilados con distintas especies
de peces (Ferraz de Arruda 2004).

El descenso de pH de los ensilados depende de
la materia prima y de la proporcion y tipo de
acido (Tabla 3). Es importante sefialar que los aci-

dos ejercen dos efectos sobre los microorganis-
mos, aunque estrechamente relacionados. En pri-
mer lugar, existe un efecto antimicrobiano debido
a la acidez del medio. En segundo lugar, la forma
disociada del acido permite su difusion libre a tra-
vés de la membrana celular hacia el citoplasma
suprimiendo sistemas enzimaticos y de transporte
de nutrientes (P6lonen 2000; Roth 2000 ).

En los primeros EQ se trabajé con acidos
minerales como sulfurico y clorhidrico, y/o mez-
clas de ellos, con muy buenos resultados. En tra-
bajos mas recientes se prefiere la utilizacion de
acidos organicos. Estos, son generalmente mas
caros que los minerales pero producen ensilados
menos acidos y no exigen una neutralizacion
antes del uso. Si solo se usan acidos minerales, el
pH debe estar alrededor de 2 para detener el cre-
cimiento microbiano y esto requiere aumentar el
pH agregando una base antes de incluirlo en el
alimento (Olsen y Toppe 2017).

Los acidos mas cominmente utilizados eran:
sulfurico, formico, acético y propionico. El acido
formico es uno de los acidos organicos mas elegi-
dos como acidificante en dietas de animales. Fer-
nandez Herrero et al. (2008, 2009, 2019a, 2019b)
utilizaron el 4cido férmico en distintas proporcio-
nes (2,5 al 4,5%) con residuos de peces marinos,
obteniendo buenos resultados. En varios estudios
se recomienda una mezcla de acidos formico y
propionico (Anbe 2011; De et al. 2020). La mez-
cla de acido sulftrico con acido formico o acido
fosforico en distintas proporciones demostrd ser
eficiente en la produccion de EQ. Esta posibilidad
de sustituir el acido férmico por acido fosforico
es interesante, ya que permite la reduccion de los
costos de produccion de ensilado (Gongora y
Ruiz 2008; Botello et al. 2010; Llanes Iglesias et
al. 2012; Viglezzi 2012; Yupanqui Pajuelo 2013;
Vasquez Zuluaga 2015; Tezel et al. 2016; Fernan-
dez Herrero et al. 2017a, 2018). En otros trabajos
se buscd reducir costos usando acido acético
(Crexi et al. 2009; Reyes Ramos 2010; Perea
Roman et al. 2017; Lopes de Lima et al. 2020) y
acido clorhidrico (Tanuja et al. 2017).
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Tabla 3. Tecnologias empleadas en la preparacion de los ensilados quimicos de pescado.

Table 3. Technologies used in the preparation of chemical fish silage.

Materia prima Acidos Pais Bibliografia
Merluccius hubbsi Acido sulférico:acido formico  Argentina  Goéngora y Ruiz (2008)
Merluccius hubbsi (2,5-3,5 y 4,5%) acido formico  Argentina Fernandez Herrero et al. (2008)
Cyprinus carpio 10% acido acético glacial Brasil Crexi et al. (2009)
Salilota australis 4,5% acido formico Argentina  Fernandez Herrero et al. (2009)
Opisthonema oglinum Acido sulfarico-formico / Cuba Botello et al. (2010)
acido fosforico-citrico
Hypostomus plecostomus Acido fosforico-citrico / México Reyes Ramos (2010)
acido sulftrrico-acético
Sardinella brasiliensis Acido formico / propidnico Brasil Anbe (2011)
Oreochromis niloticus 2% acido sulfurico y Cuba Llanes Iglesias et al. (2012)
1% acido férmico
Cyprinus carpio Acido formico / acido Argentina  Viglezzi (2012)
sulftrico
Trachurus murphy Acido formico / acido Peru Yupanqui Pajuelo (2013)
sulfurico 3%
Epinephelus malabaricus (2-2,5 y 3%) acido formico India Ramasubburayan et al. (2013)
Piaractus brachypomus Acido formico y el acido Colombia Vasquez Zuluaga (2015)
sulftrico
Desecho pesquero 1,5% acido formico - 1,5% Turquia Tezel et al. (2016)
sulftrico
Cyprinus carpio 1,5% acido formico - 1,5% India Tanuja et al. 2017)
acido clorhidrico
Acanthistius patachonicus 3,0-3,5% acido Argentina  Fernandez Herrero et al. (2017a)
formico-fosforico o formico
Oncorhynchus mykiss Acido formico / acido acético  Colombia  Perea Romén et al. (2017)
Residuos de pescado (2,5-3,5 y 4.5%) acido India Palkar et al. (2017)
sulfurico o férmico
Merluccius hubbsi 3,0% acido formico-fosforico/  Argentina Fernandez Herrero et al. (2018)
3,0% férmico
Merluccius hubbsi 3,0% acido formico Argentina  Fernandez Herrero et al. (2019a,
2019b)
Residuos de pescado Acido formico / India De et al. (2020)
acido propidnico
Pseudoplatystoma corruscans / 10% acido acético Brasil Lopes de Lima et al. (2020)

Piaractus brachypomus

Actualmente, en Escandinavia, Polonia, Dina-
marca y los Paises Bajos se pueden encontrar

mercados bien establecidos para el EQ a partir de
subproductos de pescado. Se utiliza ensilado de
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pescado blanco, como alternativa a la HP y se
vende a un precio mas bajo en una base de peso
seco equivalente (Ramirez 2013). En Noruega
existen alrededor de 50 plantas de procesamiento
de salmon, la mayoria de las cuales llevan a cabo
la conservacion acida de subproductos. También
se utiliza para preservar los subproductos del pro-
cesamiento de peces silvestres cuando la produc-
cion tradicional de HP no es conveniente. Algu-
nos buques pesqueros mas grandes utilizan la pre-
servacion acida (ensilado acido) de subproductos
y captura secundaria (Olsen et al. 2014).

Ensilado biologico

Para la obtencion del ensilado biolégico (EB)
se requiere una fuente de carbohidratos y micro-
organismos que permitan la fermentacion lactica
y la consecuente disminucion del pH (Llanes
Iglesias et al. 2007a). Bacterias acido lacticas
(Lactobacillus spp., Bacillus spp., etc), hongos
(Aspergillus spp.) y levaduras (Saccharomyces
spp.) se encuentran entre los microorganismos
que utilizan las materias organicas como los car-
bohidratos (almidones: como harina de maiz,
trigo, arroz, yuca, papa, cebada; azlicares: mela-
za, miel, sacarosa, glucosa) como fuente de ener-
gia para el crecimiento y carbono para la sintesis
de la biomasa celular durante la fermentacion.
Los acidos organicos producidos a través de la
fermentaciéon dan como resultado la reduccion
de la acidez del producto y previenen el creci-
miento de otros microorganismos deteriorantes,
proporcionando un medio adecuado para la acti-
vidad de las enzimas proteoliticas del propio
pescado (presentes principalmente en las visce-
ras) que degradaran las proteinas a péptidos y
aminoacidos libres (Areche et al. 1992; Bello
1994). Este proceso de produccion de ensilado
es mas complicado que la acidificacion directa,
ya que debe existir un cultivo iniciador, pero
podria ser adecuado en paises donde los azicares
fermentables estan facilmente disponibles
(Olsen y Toppe 2017).

Las bacterias acido lacticas producen &cido

lactico durante el proceso y se sabe que algunas
cepas de Aspergillus y Sacchoromyces producen
acido citrico a partir de carbohidratos (Khodana-
zary et al. 2013). Complementado la actividad de
las bacterias acido lacticas en los ensilados, se
suele utilizar en la elaboracién de los mismos
acido sorbico. Su uso hace que se prevenga la for-
macion de hongos, mohos o levaduras.

El EB presenta una serie de ventajas: sencilla
manipulacion, posibilidad de agregar diferentes
cepas de bacterias acido lacticas, permite la utili-
zacion de carbohidratos de costo razonable y de
facil disponibilidad en la zona, la no destruccion
de aminodcidos esenciales que hace que la prote-
ina retenga su valor nutritivo y la obtencion de un
producto de sabor y olor atractivo, agradable y
apetecible (Panné Huidobro et al. 2006).

Varios autores trabajaron en la utilizacion de
subproductos pesqueros con distintas combina-
ciones de bacterias acido lacticas y fuentes de
carbohidratos para producir EB, obteniendo pro-
ductos con alto valor nutricional (Tabla 4). Utili-
zaron diferentes bacterias acido lacticas como
Lactobacillus plantarum (Vazquez et al. 2010;
Gongora et al. 2012; Khodanazary et al. 2013;
Vasquez Zuluaga 2015; Ortega Toro y Hoyos
Concha 2016; Sanchez Trujillo et al. 2016; Fer-
nandez Herrero et al. 2017b, 2017¢c, 2019a;
Harrabi et al. 2017; Perea Roman et al. 2017);
Lactobacillus spp. (Cipriano Salazar et al. 2015);
bacterias del yogur, Lactobacilus casei, Lactoba-
cilus acidofilus, Lactobacillus bulgaricus y
Streptococcus thermophilus (Sesto 2010; Spano-
poulos et al. 2010; Fernandez Herrero et al. 2011,
2013, 2015a, 2015b, 2015¢, 2016; Llanes Igle-
sias et al. 2012; Gama Ortiz 2013); Pedioccoccus
acidilactici y Enterococcus faecium (Rai et al.
2010) entre otros. En todos los casos, se afnade
una fuente fermentable de hidratos de carbono
como melaza (Spanopoulos et al. 2010; Baldovi-
no Pacce et al. 2011; Guedes 2012; Gama Ortiz
2013; Gongora 2013; Cipriano Salazar et al.
2015; Vasquez Zuluaga 2015; Churacutipa
Mamani 2016; Sanchez Trujillo et al. 2016; Jato-
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Tabla 4. Tecnologias empleadas en la preparacion de los ensilados bioldgicos de pescado.
Table 4. Technologies used in the preparation of biological fish silage.

Materia prima Microorganismos Fuente de carbono Pais Bibliografia
Cyprinus carpio Lactobacillus bulgaricus / Miel / sacarosa Argentina Sesto (2010)
Streptococcus thermophilus
Procesamiento Lactobacillus plantarum / Glucosa Espafia Vazquez et al. (2010)
de mejillones Lactobacillus casei
Thunnus albacares / Lactobacillus casei Melaza Meéxico Spanopoulos et al. (2010)
Oreochromis
Labeo rohita / Enterococcus faecium / Dextrosa India Rai et al. (2010)
Catla catla Pedioccoccus acidilactic
Residuo de pescado Yogurt Harina de yuca Colombia Perea Roman et al. (2011)
Cyprinus carpio Lactobacillus bulgaricus / Miel Argentina Fernandez Herrero et al.
Streptococcus thermophilus (2011)
Cynoscion guatucupa  Lactobacillus delbruecki / Melaza /sacarosa  Uruguay  Baldovino Pacce et al.
y Merluccius hubbsi Streptococcus thermophilus (2011)
Tilapia Lactobacillus acidophilus Miel Cuba Llanes Iglesias et al.
(2012)
Merluccius hubbsi Lactobacillus plantarum / Glucosa /sacarosa Argentina Gongora et al. (2012)
Lactobacillus buchneri
Pseudoplatystoma spp.  Lactobacillus sakei / Maicena / melaza Brasil Guedes (2012)
Weissela viridensis
Merluccius hubbsi Lactobacillus lactis / Melaza Argentina Gongora (2013)
Lactobacillus fermentum /
Lactobacillus sakei
Dosidiscus gigas'y Lactobacillus casei 'y Melaza Meéxico Gama Ortiz (2013)
Argopecten Streptococcus thermophilus
ventricusus
Engraulis anchoita Lactobacillus bulgaricus / Miel Argentina Fernandez Herrero et al.
Streptococcus thermophilus (2013)
Clupeonella Lactobacillus plantarum / Harina de trigo Irén Khodanazary et al. (2013)
engrauliformis Bacillus subtilis
Engraulis anchoita Lactobacillus bulgaricus / Hez de cebada Argentina Fernandez Herrero et al.
Streptococcus thermophilus (2015a)
Plecostomus spp. Lactobacillus spp. Melaza México Cipriano Salazar et al.
(2015)
Merluccius hubbsi Lactobacillus bulgaricus / Sacarosa Argentina Fernandez Herrero et al.
Streptococcus thermophilus (2015b)
Piaractus brachypomus Lactobacillus plantarum Melaza / suero Colombia Vasquez Zuluaga (2015)
Micropogonias furnieri  Lactobacillus bulgaricus / Sacarosa Argentina Fernandez Herrero et al.

Streptococcus thermophilus

(2015¢)
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Tabla 4. Continuacion.
Table 4. Continued.
Materia prima Microorganismos Fuente de carbono Pais Bibliografia
Oncorhynchus mykiss ~ Lactobacillus plantarum Melaza Colombia Sanchez Trujillo et al.
(2016)
Merluccius hubbsi Lactobacillus bulgaricus / Sacarosa Argentina Fernandez Herrero et al.
Streptococcus thermophilus (2016)
Tilapia roja Lactobacillus plantarum Harina de yuca Colombia Ortega Toro y Hoyos
(2016)
Oncorhynchus mykis Aspergillus orizae Melaza Pert Churacutipa Mamani
(2016)
Micropogonias furnieri — Lactobacillus plantarum Sacarosa Argentina Fernandez Herrero et al.
(2017b)
Merluccius hubbsi Lactobacillus plantarum Sacarosa Argentina Ferndndez Herrero et al.
(2017¢)
Penaeus kerathurus'y ~ Lactobacillus plantarum Sacarosa Tlnez Harrabi et al. (2017)
Octopus vulgaris
Dicentrarchus labrax Lactobacillus brevis / Melaza Turquia  Ozyurt et al. (2017)
Enterococcus gallinarum
Oncorhynchus mykis Lactobacillus plantarum Melaza / yuca Colombia Perea Roman et al (2017)
Arapaima gigas Bacterias lacticas Melaza / platano  Pert Sosa Espinosa (2017)
Pseudupeneus Yogurt Melaza / maicena Brasil Jatoba y Oliveira Filho
maculatus (2017)
Residuos de pescado Lactobacillus spp. Sacarosa / mango México  Ramirez Ramirez et al.
marino (2018)
Acanthistius Lactobacillus plantarum Sacarosa Argentina Ferndndez Herrero et al.
patachonicus (2019a)
Cabezas de langostino  Lactobacillus fermentus Melaza Pert Castillo et al. (2019)
Pseudoplatystoma Yogurt Sacarosa Brasil Lopes de Lima et al.

corruscans / Piaractus
brachypomus

(2020)

ba y Oliveira Filho 2017; Ozyurt et al. 2017;
Perea Roman et al. 2017; Sosa Espinosa 2017;
Castillo et al. 2019), dextrosa (Rai et al. 2010),
glucosa (Vazquez et al. 2010; Gongora et al.
2012), sacarosa (Sesto 2010; Baldovino Pacce et
al. 2011; Gongora et al. 2012; Fernandez Herrero
et al. 2015b, 2015c, 2016, 2017b, 2017¢, 2019a;
Harrabi et al. 2017; Ramirez Ramirez et al. 2018;
Lopes de Lima et al. 2020), miel (Sesto 2010;

Fernandez Herrero et al. 2011, 2013; Llanes Igle-
sias et al. 2012), maicena (Guedes 2012; Jatoba
y Oliveira Filho 2017), harina de trigo (Khoda-
nazary et al. 2013), hez de malta de cebada (Fer-
nandez Herrero et al. 2015a), yuca / suero lacteo
/ platano / mango (Perea Roman et al. 2011,
2017; Vasquez Zuluaga 2015; Ortega Toro y
Hoyos 2016; Sosa Espinosa 2017; Ramirez
Ramirez et al. 2018).
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Composicion nutricional del ensilado de pesca-
do

El pescado y los productos pesqueros contienen
agua, proteinas y otros compuestos de nitrogeno,
lipidos, carbohidratos, minerales y vitaminas. La
composicion bioquimica varia de una especie de
pescado a otra y hasta dentro de la misma especie,
dependiendo de la época del afio, tipo de alimen-
tacion, grado de maduracion gonadal y sexo. Ade-
mas, puede presentar variaciones dentro del
mismo pez dependiendo de la parte que se utilice
(Huss 1998). Debido a que la composicion del EP
es muy semejante a la de la materia prima (Fer-
nandez Herrero et al. 2019a), su valor nutricional
también varia segun los factores citados. Ademas
dependera de si se utilizan los peces enteros, los
residuos o solo las visceras, y también del tipo de
ensilado quimico o bioldgico (Tabla 5).

Los EP tienen una alta calidad nutricional,
similar a la HP (en relacion al porcentaje de pro-
teinas en base seca). En general, los ensilados aci-
dos presentan mayor porcentaje de proteinas,
valores cercanos al de una harina Prime que con-
tiene alrededor de 67% de proteinas, 12% de gra-
sas, 14% de cenizas y 10% de humedad (Cifuen-
tes 2002); mientras que los ensilados bioldgicos,
presentan menor porcentaje de proteinas debido a
la presencia de carbohidratos y fibras, lo cual esta
asociado al material fermentable utilizado.

En cuanto al contenido graso en los EP, éste
variard ademas dependiendo de la presencia o no
de visceras y del tipo de pescado utilizado. El por-
centaje de grasa del pescado es muy variado vy,
dependiendo de la forma como almacenan los lipi-
dos de reserva energética, se clasifican en magros
o en grasos. Los pescados magros usan el higado
como su deposito energético (merluza, lenguado)
y los grasos (anchoita, caballa) almacenan los lipi-
dos en células grasas en todas partes del cuerpo
(generalmente localizadas en el tejido subcutaneo,
en los musculos del vientre y en los musculos que
mueven las aletas y cola). Algunas especies que
guardan grandes cantidades de lipidos, también la

depositan en la cavidad ventral (Huss 1998). Por
otro lado, los altos valores de ceniza estan relacio-
nados directamente con la alta presencia de
estructuras oseas (cabezas y esqueletos).

Valor nutricional de los ensilados

La composicion quimica del ensilado de pesca-
do es semejante al de la materia prima que le dio
origen e incluye proteinas de elevado valor biolo-
gico con perfil adecuado de aminoacidos, acidos
grasos poliinsaturados (AGPI) de la serie omega3
(n3) como el EPA (4cido eicosapentaenoico) y el
DHA (acido docosahexaendico), micronutrientes
como vitamina A y D, riboflavina, niacina y
minerales (Anbe 2011).

Las proteinas

Para evaluar el aporte nutricional de una prote-
ina se utilizan distintos indices, entre los que se
incluyen el “score quimico” o “computo quimico”
(CQ) y el “indice de eficiencia proteica” (protein
efficiency ratio: PER) (Tabla 6). El CQ de un
insumo proteico informa sobre la capacidad para
satisfacer los requerimientos de aminodcidos
esenciales (AAE) que tenga la especie a alimentar
respecto de una proteina de referencia (Sgarbieri
1987). E1 CQ fue aplicado por distintos autores en
estudios de nutricidon de peces y crustaceos (Bhas-
kar et al. 2008; Espinosa Chaurand et al. 2013).

Vidotti et al. (2003) hallaron que la lisina, his-
tidina, metionina y fenilalanina estan presentes en
concentraciones mas altas, mientras que la valina
y la isoleucina son deficientes en ensilados acidos
y, la arginina es deficiente en ensilados fermenta-
dos. A su vez, el nivel de triptofano se hallo por
debajo de los estandares de la NRC (1993) y solo
superado en el ensilado acido de peces de agua
dulce enteros, por lo que de acuerdo con el CQ, el
triptofano es el aminoacido limitante. También se
hall¢ al triptéfano como limitante en ensilados de
subproductos de Micropogonias furnieri y de
Merluccius hubbsi (Fernandez Herrero et al.
2017d, 2018). La valina se hall6 en cantidades
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Tabla 5. Composicion quimica de distintos tipos de ensilados (% MS).
Table 5. Chemical composition of different types of silage (% DM).

Materia prima %P %EE %C %HC Bibliografia
Oreochromis niloticus 33,00 12,25 25,07 - Borghesi (2004) (B)
Oreochromis niloticus 42,53 11,94 20,64 24,89 Toledo y Llanes Iglesias (2006) (B)

Pseudoplatystoma fasciatum,
Oncorhynchus mykiss

y Pimelodus groskopfi 33,01 35,74 15,28 16,14 Holguin et al. (2009) (B)
Cyprinus carpio (carpa) 54,82 9,09 12,67 23,41 Sesto (2010) (B)
Thunnus albacares 30,52 1426 21,11 34,10 Spanopoulos et al. (2010) (B)
Oreochromis sp. 26,84 16,04 10,05 47,07 Spanopoulos et al. (2010) (B)
Cyprinus carpio (carpa) 57,39 6,93 10,59 ND Fernandez Herrero et al. (2011) (B)
Merluccius hubbsi 63,50 5,60 11,30 ND Gongora (2013) (B)
Engraulis anchoita (anchoita) 49,41 21,35 7,92 ND Fernandez Herrero et al. (2013) (B)
Engraulis anchoita (anchoita) 48,29 12,09 7,89 31,73 Fernandez Herrero et al. (2015a) (B)
Merluccius hubbsi (merluza) 44,58 13,19 12,12 24,34 Fernandez Herrero et al. (2015b) (B)
Micropogonias furnieri (corvina) 41,27 9,91 13,45 27,99 Fernandez Herrero et al. (2015¢) ( B)
Merluccius hubbsi (merluza) 47,90 15,80 8,70 - Fernandez Herrero et al. (2016) (B)
Arapaima gigas (paiche) 32,05 16,91 18,10 32,94 Sosa Espinosa (2017) (B)
Merluccius hubbsi (merluza) 58,23 9,40 9,90 22,47 Fernandez Herrero et al. (2017¢) (B)

Micropogonias furnieri (corvina) 41,28 15,05 16,89 ND Fernandez Herrero et al. (2017b) (B)
Acanthistius patachonicus (mero) 56,21 8,65 12,28 21,73 Fernandez Herrero et al. (2019a) (B)

Cynoscion sp. 53,79 16,80 21,13 - Seibel y Souza Soares (2003) (Q)
Sorgentinia incisan (cornalito) 61,87 14,52 27,71 - Fernandez Herrero et al. (2004) (Q)
Aristichthys nobilis 51,97 14,59 25,23 Llanes Iglesias et al. (2007 b) (Q)
Merluccius hubbsi (merluza) 61.88 20,63 16,50 - Gongora y Ruiz (2008) (Q)
Merluccius hubbsi (merluza) 70,71 18,78 11,43 - Fernandez Herrero et al. (2008) (Q)
Salilota australis (bacalao criollo) 74,22 9,39 17,22 - Fernandez Herrero et al. (2009) (Q)
Sardinella brasiliensis (sardina) 65,62 21,23 13,11 - Anbe (2011) (Q)

Epinephelus malabaricus 36,06 12,24 14,04 - Ramasubburayan et al. (2013) (Q)
Cyprinus carpio (carpa) 60,74 9,12 26,85 - Viglezzi (2012) (Q)

Trachurus murphy 72,75 19,81 6,86 - Yupanqui Pajuelo (2013) (Q)
Acanthistius patachonicus (mero) 71,56 13,28 12,70 - Fernandez Herrero et al. (2017a) (Q)
Merluccius hubbsi (merluza) 64,60 18,66 16,74 - Fernandez Herrero et al. (2018) (Q)
Merluccius hubbsi (merluza) 64,00 13,10 21,66 - Fernandez Herrero et al. (2019b) (Q)

P: proteinas, EE: extracto etéreo, C: cenizas, HC: hidratos de carbono. Ensilados quimico (Q) y biologico (B).

deficientes en el ensilado acido de merluza coin- El PER es un método fiable que calcula la cali-
cidiendo con Vidotti et al. (2003), mientras que el dad nutricional de las proteinas en un ensayo in
resto de los aminoacidos estan presentes en canti- vivo mediante la medicion del crecimiento de un

dades suficientes o superior al valor requerido. animal en estudio (aumento de peso g™ de protei-
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Tabla 6. Composicion de aminoacidos esenciales (AAE) de ensilados proteicos (g 100 g™! de proteina) y computo quimico (CQ).

Table 6. Essential amino acids (EAA) composition of protein silage (g 100 g of protein) and chemical count (CQ).

Ensilados CQ
AAE A B C D E F G H Ref. A B CcC D E F G H
Treonina 5,50 543 497 4,58 5,12 528 4,68 4,72 3,775 1,47 1,45 1,33 1,22 1,37 1,41 1,25 1,26
Histidina 3,09 2,63 5,85 5,70 3,08 2,75 2,52 2,20 1,72 1,80 1,53 3,40 3,31 1,79 1,60 1,47 1,28
Arginina 9,19 645 2,19 6,11 1,80 7,72 2,49 7,27 420 2,19 1,54 0,52 1,45 043 1,84 0,59 1,73
Metionina 2,06 3,31 6,03 3,75 4,97 531 5,554 537 2,68 0,77 1,24 2,25 1,40 1,85 1,98 2,07 2,00
Valina 5,58 6,79 5,77 4,16 583 3,92 5,06 431 2,80 1,99 243 2,06 1,49 2,08 1,40 1,81 1,54
Triptofano 0,09 0,08 0,65 0,66 0,87 1,34 0,61 0,43 1,00 0,09 0,08 0,65 0,66 0,87 1,34 0,61 0,43
Fenilalanina 4,30 4,41 432 4,08 4,07 426 3,63 335 3,75 1,15 1,18 1,15 1,09 1,09 1,14 0,97 0,89
Isoleucina 4,73 5,17 5,05 3,10 5,00 3,10 4,63 2,51 3,11 1,52 1,66 1,62 1,00 1,61 1,00 1,49 0,81
Leucina 8,16 9,08 8,00 7,33 931 7,57 6,72 6,23 3,39 2,41 2,68 2,36 2,16 2,75 2,23 1,98 1,84
Lisina 10,57 6,79 9,16 7,9 992 9,09 594 6,77 5,12 2,06 1,33 1,79 1,54 1,94 1,78 1,16 1,32

A: quimico de residuos de merluza (Fernandez Herrero et al. 2018), B: biologico de residuos de corvina (Fernandez Herrero et

al. 2017d), C: bioldgico de residuos de pescado marino (Vidotti et al. 2003), D: quimico de residuos de pescado marino (Vidotti

et al. 2003), E: bioldgico de residuos de pescado de agua dulce (Vidotti et al. 2003), F: quimico de residuos de pescado de agua
dulce (Vidotti et al. 2003), G: bioldgico de residuos de tilapia (Vidotti et al. 2003), H: quimico de residuos de tilapia (Vidotti et

al. 2003), Ref.: requerimientos de AAE (en g 100 g! de proteina) de tilapia del Nilo (NRC 1993).

na en el alimento); sin embargo, presenta la des-
ventaja de que es un método caro y requiere
mucho tiempo (Slizyte et al. 2005). Frente a estas
dificultades, Alsmeyer et al. (1974) y Lee et al.
(1978) citado por Ovissipour et al. (2009), demos-
traron que las cantidades relativas de los diversos
aminoacidos en los alimentos podrian utilizarse
como estimadores confiables de calidad de la pro-
teina real y desarrollaron ecuaciones matematicas
para predecir los valores de PER (Tabla 7).

Fernandez Herrero et al. (2017d, 2018) halla-
ron en EB de subproductos de corvina (M. furnie-
ri) y EQ de merluza (M. hubbsi) valores de PER
similares o mayores a los reportados por Schu-
chardt (2005) para HP y a los resultados de Ovis-
sipour et al. (2009, 2010) en hidrolizados de vis-
ceras de atun (Thunnus albacares) y esturion
persa (Acipenser persicus) (Tabla 8).

Este tipo de indices (CQ y PER) son muy utiles
si los EP son considerados como un ingrediente

en dietas equilibradas, evidenciando que, a pesar
de deficiencias menores en ciertos aminoacidos
esenciales, los ensilados no pierden su valor
nutricional.

Los lipidos

En los EP la composicion de acidos grasos
(AG) es muy variable dependiendo directamente
de la materia prima utilizada en su elaboracion.
La mayoria de los estudios sobre la composicion
de AG de los aceites de pescado se refieren a par-
tes comestibles; sin embargo, existen muchos tra-
bajos sobre ensilados de subproductos pesqueros
que han determinado la composicion de los aci-
dos grasos y ademas han utilizado como criterio
de evaluacion de la calidad de las grasas la rela-
cion entre acidos grasos poliinsaturados y los
saturados.

En los estudios revisados de EP acidos y biolo-
gicos de especies marinas y dulceacuicolas (Tabla
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Tabla 7. Ecuaciones para el calculo del indice de eficiencia proteica (PER). Tomado de Alsmeyer et al. (1974) y Lee et al. (1978)

citado por Ovissipour et al. (2009).

Table 7. Equations for calculating the protein efficiency ratio (PER). Taken from Alsmeyer et al. (1974) and Lee et al. (1978)

cited in Ovissipour et al. (2009).

N° de ecuacidon

Ecuacion

WD AW N -

-0,684 + 0,456 [Leu] - 0,047 [Pro]

-0,468 + 0,454 [Leu] - 0,104 [Tyr]

-1,816 + 0,435 [Met] + 0,780 [Leu] + 0,211 [His] - 0,944 [Tyr]
0,08084 [X4] - 0,1094

0,06320 [X ;0] - 0,1539

X5 =Thr + Val + Met + Ile + Leu + Phe + Lys; X, = X5 + His + Arg + Tyr

Tabla 8. Indice de eficiencia proteica (PER) de ensilado de merluza (Merluccius hubbsi) y corvina (Micropogonias furnieri);
harina de pescado (HP) e hidrolizados de atin (Thunnus albacares) y esturion (Acipenser persicus).

Table 8. Protein efficiency ratio (PER) of silage of hake (Merluccius hubbsi) and croaker (Micropogonias furnieri); fish meal
(HP) and hydrolyzed tuna (Thunnus albacares) and Sturgeon (Acipenser persicus).

PER
N° de ecuacion (Tabla 7) Merluza Corvina Atun Esturion HP
1 2,80 2,72 - 2,40 2,68
2 3,02 3,44 2,89 2,52 2,74
3 4,15 5,34 5,38 6,45 3,02
4 3,20 3,20 2,85 3,16 2,84
5 3,34 3,14 3,33 3,14 2,87

9), el acido graso saturado (AGS) mas abundante
fue el palmitico (C16:0), con un valor minimo de
16,14% (Cyprinus carpio; Crexi et al. 2009) y un
valor méaximo de 30,16% (Acanthistius patacho-
nicus; Fernandez Herrero et al. 2019a). El acido
palmitico es reconocido como una fuente de ener-
gia metabolica durante el crecimiento y forma-
cion de huevos en los peces (Ozyurt et al. 2015).
Otros AGS con una amplia variacion en su con-
centracion son el 4cido miristico (C14:0), con un
valor minimo de 2,54 % (M. hubbsi; Fernandez
Herrero et al. 2017¢) y un valor maximo de
14,12% (Equulite kluzingeri; Ozyurt et al. 2015),

y el acido estearico (C18:0) cuyo intervalo se
halla entre 2,45% (M. hubbsi) hasta 8,67% (E.
kluzingeri). En cuanto a los acidos grasos
monoinsaturados (AGMI), el mas abundante
identificado en los ensilados analizados fue el
acido oleico (C18:1n9), con valores que van
desde 8,9% (E. kluzingeri) a 32,67% en tilapia
(Vidotti et al. 2011). El 4cido graso poliinsaturado
(AGPI) mas abundante en los ensilados fue el
DHA, excepto en tilapia y carpa, donde el acido
linoleico llega a valores entre 9,47 y 10,35% vy, el
acido linolénico se encontrd entre 0,81 a 7,17%
(ensilado de tilapia y carpa, respectivamente).
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Tabla 9. Perfil de acidos grasos en ensilados de distintas especies de peces.
Table 9. Profile of fatty acids of silage from different fish species.

Ensilados
Acidos grasos A B C D E F G H I J
Acido miristico C14:0 2,65 254 281 454 516 324 3,15 14,10 14,12 3,82
C15:0 0,35 0,31 0,83 0,70 - 045 045 023 024 1,20
Acido palmitico C16:0 20,27 22,10 28,58 23,20 30,16 24,03 23,58 25,04 25,05 16,14
C17:0 0,60 023 1,32 0,60 - 0,63 0,63 0,26 023 1,10
Acido estearico C18:0 2,57 245 922 6,773 737 4,777 5,04 8,33 8,67 3,17
C20:0 - - - - - 0,27 036 0,03 0,96 0,25
C21:0 0,27 026 049 0,30 - - - - - 0,18
C22:0 0,49 0,57 086 1,52 - 0,09 0,09 - 0,07 0,17
C23:0 1,70 1,17 041 1,19 - - - - - 0,20
Total acidos grasos 28,89 29,64 44,85 38,78 47,04 33,48 33,30 40,30 39,50 26,87
saturados
Cl4:1 0,17 0,15 0,24 0,24 - - - 0,29 0,28 0,18
Cl15:1 0,11 0,08 027 0,15 - - - - - 0,43
Acido palmitoleico ~ C16:1 3,87 476 1240 5,10 541 6,03 594 9,67 8,59 9,04
C17:1 0,42 041 0,67 0,64 - 0,27 027 0,14 0,13 1,30
Acido oleico Cl8:In9tyc 14,89 19,04 14,00 13,12 13,68 32,67 32,67 890 9,06 26,01
C18:1n7 2,71 3,03 440 3,50 3,10 - - 422 421 -
C18:1nl1 0,50 045 022 034 - - - - - -
C20:1 0,28 0,17 0,51 0,51 - - - 0,38 0,25 1,85
C22:1nl1 0,82 0,51 0,72 0,51 - 1,26 1,44 - - -
C22:1n9 542 4,68 1,01 448 239 - - 0,16 0,19 0,08
Total acidos grasos 29,18 33,27 34,45 28,59 26,80 40,23 40,32 24,40 23,10 41,88
monoinsaturados
Acido linoleico Cl82n6tyc 1,19 1,13 0,73 0,75 0,74 10,35 10,35 0,66 0,69 947
C18:3n6 0,50 046 022 038 033 063 054 046 046 032
C18:4n3 1,11 1,17 020 0,65 - - - - - -
Acido linolénico C18:3n3 477 594 1,46 294 271 081 0,99 - - 7,17
C20:2y C20:3n3 0,33 0,16 0,18 0,59 - - - 2,53 2,58 144
C20:3n6 0,11 0,15 - - - 0,09 0,09 - - 0,43
Acido araquidonico  C20:4n6 0,24 - 0,33 - - 045 054 026 0,24 1,22
EPA C20:5n3 1,57 080 3,00 1,66 127 0,09 0,09 1,25 0,75 0,02

C22:5n3 - - 1,76 0,40 - 0,18 036 - - 3,81
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Tabla 9. Continuacion.
Table 9. Continued.

Ensilados

Acidos grasos A B

C D E F G H I J

DHA C22:6n3 19,69 18,60

4,80 11,62 9,34 0,27 045 794 9,07 1,20

Total 4cidos grasos
poliinsaturados

29,52 28,40 12,68 18,99 14,39 12,87 13,41 14,30 15,10 25,50

n3/n6 13,47 15,33

891 15,81 1245 0,12 0,16 849 892 1,15

A: biolodgico de residuos de merluza (Fernandez Herrero et al. 2017¢), B: quimico de residuos de merluza (Fernandez Herrero

et al. 2017e), C: bioldgico de residuos de corvina (Fernandez Herrero et al. 2017b), D: quimico de residuos de mero (Fernandez

Herrero et al. 2017a), E: bioldgico de residuos de mero (Fernandez Herrero et al. 2019a), F: quimico de residuos de tilapia
(Vidotti et al. 2011), G: bioldgico de residuos de tilapia (Vidotti et al. 2011), H: quimico de residuos de pez marino (Ozyurt et
al. 2015), I: bioldgico de residuos de pez marino (Ozyurt et al. 2015), J: quimico de residuos de carpa (Crexi et al. 2009).

Criterios para evaluar la calidad del ensilado
de pescado

La calidad del ensilado de pescado esta direc-
tamente relacionada a la frescura de la materia
prima, la cual debe procesarse lo antes posible.
Las enzimas y bacterias endogenas pueden degra-
dar répidamente el material crudo impactando
significativamente en la calidad del producto
final. Los parametros usualmente utilizados para
la evaluacion de la calidad son: histamina, nitro-
geno basico volatil total (NBVT), grado de oxida-
cion de los lipidos (TBARS) y la composicion
microbiologica, entre otros.

La formacion de histamina es el resultado de
una inadecuada preservacion del pescado. En
general, se hallan bajos valores de histamina en
los ensilados, lo cual podria asociarse al poder
bactericida que presenta el medio acido (ya sea
por acido agregado o producido). En HP se esta-
blecen niveles promedios maximos de histamina
segun el tipo de harina: super prime (250 ppm),
prime (600 ppm) y estandar (por encima de
600 ppm) (Fernandez Jeri 2002).

La determinacion del NBVT es una de las
pruebas analiticas mas ampliamente utilizadas
para evaluar el grado de frescura del pescado y
los productos derivados. En la Argentina, no se
cuenta con normas que establezcan valores per-
mitidos de NBVT en subproductos de origen
acuatico y, debido a que los EP suelen utilizarse
como insumo en alimentos balanceados, se han
tomado como referencia los valores para HP que
segun Belli Contreras (2009) se clasifican en:
buenas 115-117 mg N, 100 g!, contaminada 450-
500 mg N, 100 g'! y muy contaminada 1.100 mg
N2 100 g_l.

En los EP se han reportado distintos valores de
NBVT dependiendo de la materia prima utilizada,
tipo de ensilado (quimico o biolégico) y el tiempo
de almacenamiento (Tabla 10). Gonzalez y Marin
(2005) obtuvieron valores entre 172,9-157,4 mg
N, 100 g'! en EB con residuos de sardina a los 60
dias de almacenamiento. Dapkevicius et al. (2007)
informaron resultados de 18 mg N, 100 g'! en
ensilado quimico de Trachurus picturatus a los 21
dias. Fernandez Herrero et al. (2008, 2018) en EQ
de merluza obtuvieron valores entre 65,97-74,86
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Tabla 10. Valores de NBVT y TBAR en distintos ensilados.
Table 10. NBVT and TBAR values in different silages.

Materia prima Ensilado NBVT TBAR Bibliografia

(mg N, 100 g')  (mg MDA kg™!)
Cyprinus carpio Biologico 97,24-96,44 2,79-2,88 Sesto (2010)
Cyprinus carpio Quimico 75,34 Vigliezzi (2012)
Engraulis anchoita Biologico 188,59-231,51 4,04-4,84 Fernandez Herrero et al. (2013)
Merluccius hubbsi Biologico 162,37 5,82 Fernandez Herrero et al. (2015b)
Micropogonias furnieri Biologico  104,81-102,70 13,12-13,69  Fernandez Herrero et al. (2017b)
Acanthisthius patachonicus  Quimico 81,21-112,81 Fernandez Herrero et al. (2017a)
Merluccius hubbsi Quimico 99,68-103,52 Fernandez Herrero et al. (2018)
Acanthisthius patachonicus  Bioldgico 111,98-145,54 Fernandez Herrero et al. (2019a)

mg N, 100 ¢! a los 15 dias de almacenamiento y,
entre 99,68-103,52 mg N, 100 g™ a los 30 dias;
mientras que en ensilado biologico de merluza a
los 30 dias, 162,37 mg N, 100 g (Fernandez
Herrero et al. 2015b). Fernandez Herrero et al.
(2013, 2017a, 2017b, 2019a) también trabajaron
con ensilados quimicos y bioldgicos de otras espe-
cies como corvina, anchoita y mero, hallando dis-
tintos valores de NBVT. Por su parte, Sesto (2010)
hall6 en ensilado biologico de carpa valores entre
97,24-96,44 mg N, 100 g a los 30 dias, mientras
que Viglezzi (2012) trabajando en ensilado quimi-
co de carpa determind 96 mg N, 100 g a los 20
dias de almacenamiento.

Para estimar como se degradan los lipidos
durante el proceso de ensilado se puede determi-
nar el TBARS (thiobarbituric acid reactive subs-
tances), el cual se toma como un indicador del
grado de oxidacion lipidica y formacion de pro-
ductos secundarios de oxidacion tales como alde-
hidos, cetonas y alcoholes. El valor de TBARS
que indica buena calidad del musculo de pescado
es alrededor de 5 mg MDA kg!, pero se acepta
para el consumo humano valores de hasta 8 mg
MDA kg! (Osorio Contreras 2014; Rodriguez y
Rojas 2014). Para una HP el valor de TBARS
puede considerarse normal hasta 8 mg MD kg'ly
altamente oxidado a partir de 15 mg MDA kg'!

(Cruz Suarez et al. 2000). Nuevamente, el grado
de oxidacion de los lipidos contenidos en el EP
dependera de la materia prima, tipo de ensilado,
tiempo de almacenamiento y uso o no de antioxi-
dantes. Sesto (2010) trabajo con EB de carpa y
hall6 valores entre 2,79-2,88 mg MDA kg! a los
30 dias de almacenamiento. Viglezzi (2012) en
EQ de carpa obtuvo valores cercanos a 4,50 mg
MDA kg!. Por su parte, Fernandez Herrero et al.
(2013, 2015b, 2017b) en EB hallaron valores
entre 4,04-4,84 mg MDA kg! para anchoita,
5,82 mg MDA kg! para merluza y entre 13,12-
13,69 mg MDA kg! para corvina (Tabla 10).
Con respecto a los analisis microbioldgicos,
éstos permiten evaluar la inocuidad de los EB
obtenidos y la aplicacion de una buena practica de
elaboracion. Es importante sefialar que la Argen-
tina no cuenta con normas que establezcan valo-
res permitidos de microorganismos en residuos de
origen acuatico. Sin embargo, Bello (1994) y
Huss (1998) consideran aceptables valores por
debajo de 5 x 103 UFC g! de coliformes y la
ausencia de Salmonella spp. en productos para la
alimentacion animal. Por su parte, Fernandez
Herrero et al. (2017a) tomaron como valores de
referencia para bacterias aerobias mesofilas tota-
les el nivel maximo permitido para pescado fresco
(10° UFC g e inferiores al limite maximo de
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5x 10° UFC g'! para pescado congelado de acuer-
do con International Commission on Microbiolo-
gical Specification for Foods (ICMSF 1983); y
para hongos y levaduras los rangos permitidos por
la normativa del Instituto Colombiano Agrope-
cuario (ICA 1999) para alimentos de animales en
Colombia (0,05 x 10° a 1,0 x 10° UFC g). Los
valores de histamina, NBVT, TBARS y el perfil
microbiologico nos permiten definir la calidad de
un ensilado para considerarlo en su uso posterior
como insumo en alimentos balanceados.

Evaluacion sensorial

Durante la maduracion de los EP se producen
cambios en cuanto a su consistencia, olor y color
(Tabla 11). Se observa un aumento gradual de la
licuefaccion, pasando de una mezcla homogénea
de textura pastosa con apenas exudado de liquido,
a una forma liquida con particulas pequefias. El
color presenta leves cambios: al inicio del proceso
el color es beige-rojizo (semejante a carne picada)
y cambia a beige claro-oscuro, etc. Por tltimo, el
olor comienza siendo a pescado fresco, pasa a
acido o vinagre en los EQ, mientras que en los EB
puede tener olor a queso suave, frutas, oporto.

Potenciales aplicaciones de los ensilados de
pescado

Como insumo en alimentacion

El insumo de mayor importancia en produc-
cion animal es la HP por su alto contenido protei-
co (60-72%). La proporcion de HP en los alimen-
tos para animales terrestres podria oscilar entre 1

y 5%. Sin embargo, para el salmon de cultivo la
cantidad puede ser mucho mayor (20-30%), ya
que no hay restricciones de sabor en el producto
final. Debido a su alto costo en el mercado se
demandan fuentes alternas de proteina (Castillo et
al. 2019; FAO 2020).

El EP es una alternativa menos costosa a la
harina y al aceite de pescado, y se utiliza cada vez
mas como insumo para piensos en la industria de
alimentos para animales de cria y en la acuicultu-
ra. Su uso también reduciria los costos en la for-
mulacion del pienso y consecuentemente los cos-
tos de produccion de peces, ya que los gastos con
el pienso representan aproximadamente el 60%
del costo total (Balsinde et al. 2003; Vidotti et al.
2003; Borghesi et al. 2008). Es una excelente
fuente de proteinas, posee gran digestibilidad y es
un producto de alto valor bioldgico para la ali-
mentacion animal. Ademds, el EB de pescado
presenta beneficios antibacterianos, antioxidantes
y es una fuente posible de probidticos (Ozyurt et
al. 2017; Ramirez Ramirez et al. 2018).

Diversos autores evaluaron la utilizacion del
EP en la alimentacion de distintos animales de
cria. En rumiantes, Lira Sdnchez (2010) evaluo el
efecto de la inclusion del EB en la dieta sobre la
composicion y produccion de leche de vacas en
un sistema de manejo de doble proposito y con-
cluyod que vacas en lactacion pueden consumir
hasta 2 kg d! de EB sin cambios en la produccion
de leche pero con mayor contenido de proteina y
menos grasa. Por su parte Parisuana Callata et al.
(2018) determinaron el efecto del nivel de inclu-
sion de ensilado de subproductos de trucha en tres
proporciones (0, 4 y 8%) en la racion de ovinos.

Tabla 11. Descriptores utilizados para la evaluacion sensorial de la maduracion del ensilado.
Table 11. Descriptors used for the sensory evaluation of silage maturation.

Color Beige, beige oscuro, marron, rojizo, grisiceo, otros
Olor Yogur, queso, frutas, visceras, vinagre, acido, oporto, otros
Consistencia Cremoso, pastoso, levado, con burbujas de CO,, con hongos en superficie, otros

Segun su intensidad

Ligero, definido y fuerte
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Los resultados indicaron que el ensilado en las
raciones de engorde de ovino mejora el rendi-
miento productivo sin afectar el sabor de la carne.
Anuraj et al. (2014) trabajaron con cerdos Large
White Yorkshire incorporando en su dieta distin-
tos porcentajes (10, 50 y 100%) de ensilado de
subproductos de atin. Los animales no presenta-
ron diferencias con respecto a su ganancia diaria
promedio, peso corporal quincenal y conversion
alimenticia. Por su parte, Sanchez et al. (2013)
estudiaron el efecto del EB de subproductos del
procesamiento de Penaeus vannamei en tres nive-
les de inclusion (0, 10, 15 y 20%) en marranas
gestantes y lactantes evaluadas independiente. El
uso de ensilado permitié su incremento en peso
en la etapa de gestacion. Las mejores conversio-
nes alimenticias se obtuvieron en la etapa de ges-
tacion para los tres niveles de tratamiento y
aumenta la digestibilidad en las dietas. Gongora 'y
Ruiz (2008) observaron en la alimentacion de
cerdos en crecimiento el rendimiento de un ali-
mento experimental formulado con 50% de EQ
de subproductos de M. hubbsi como insumo pro-
teico. Concluyeron que el EQ se puede emplear
para mejorar la conversion alimentaria, con posi-
bilidad de reducir costos en la cria de porcinos en
crecimiento.

En aves, De Souza Batalha (2017) evalud el
efecto de la harina de EQ producido a partir de
subproductos de Pirarucu (Arapaima gigas) en la
alimentacion de gallinas ponedoras. Los resulta-
dos indicaron que este EQ se puede incluir en
forma de harina al nivel del 3% en sus dietas, pre-
sentando buena digestibilidad de nutrientes y
potencial para utilizarse como fuente de energia.
Valenzuela et al. (2015) analizaron el efecto del
uso de EQ de salmén co-secado con afrecho de
trigo en dietas de pollos (broiler). Utilizaron cua-
tro porcentajes de inclusion (4, 8, 12y 15%) y
concluyeron que el ensilado puede convertirse en
una importante contribucion a la alimentacion de
estos pollos y una alternativa a los concentrados
proteicos que existen actualmente en el mercado.
También observaron que su incorporacion en die-

tas de los pollos hasta 15% al dia 32 de vida de
los animales no genera efectos sobre los parame-
tros de rendimiento productivo como tampoco en
las caracteristicas sensoriales de la carne de
pechuga. Por su parte, Muhammed et al. (2015)
observaron los efectos de la inclusion (entre 1y
2%) de aceite de pescado (FO) obtenido a partir
del EB de subproductos del procesamiento de la
carpa india rohu (Labeo rohita) y de catla (Catla
catla) en la alimentacion de pollos de engorde.
Las caracteristicas de rendimiento de la carne de
pollos de engorde no difirieron entre tratamien-
tos. La alimentacion con FO redujo la concentra-
cion de colesterol total en suero, carne e higado
en comparacion con los controles, pero no hubo
diferencias en la concentracion de triglicéridos
entre los tratamientos. Se observaron concentra-
ciones aumentadas de EPA y DHA en suero, higa-
do y carne a medida que aument6 la concentra-
cion de FO. El estudio demuestra claramente el
valor del aceite obtenido de EB. Ramirez Rami-
rez et al. (2013) estudiaron la utilizacion de EB
con diferentes niveles de inclusion (0, 10, 20 y
30%) en la alimentacion de codornices (Coturnix
coturnix japonica) y determinaron que el uso de
EB en sus dietas podria ofrecer una buena alter-
nativa para la utilizacion de subproductos de pes-
cado como componente alimenticio para la mejo-
ra de la composicion de acidos grasos en la carne.

En acuicultura, Terrones Espafa y Reyes Ava-
los (2018) evaluaron el efecto de dietas con EB de
subproductos del molusco bivalvo (4Argopecten
purpuratus) en el crecimiento del camaron
Cryphiops caementarius y tilapia Oreochromis
niloticus en cocultivo intensivo. Emplearon tres
dietas experimentales (25, 50 y 75% de ensilado)
y una dieta control. El crecimiento del camarén
fue similar entre tratamiento, mientras que el cre-
cimiento de tilapia fue mayor con 25 y 50% de
ensilado. La tasa de conversion alimenticia fue
baja (1,5 a 1,7) en camardn y alta (1,9 a 2,1) en
tilapia hasta con 50% de ensilado. Tanuja et al.
(2017) trabajaron con dietas isonitrogenadas que
contenian 0, 2,5, 5y 10% de EQ de subproductos
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de carpa de agua dulce en la alimentacion de ale-
vines de rohu (Labeo rohita). Los resultados del
estudio no indicaron diferencias en el aumento de
peso, tasa de crecimiento especifico, superviven-
ciay tasa de conversion alimenticia. El coeficiente
de digestibilidad aparente de materia seca y prote-
ina fue mayor para alimento con 10% de ensilado.
La inclusion de EP a un nivel del 5% resulto en
una reduccion del 14,31% en el costo del alimento
kg™! de aumento de peso en los alevines de rohu.
Perea Roman (2016) estudié el valor nutricional
de ensilados de subproductos de trucha arco iris
(O. mykiss) en la alimentacion de tilapia roja (Ore-
ochromis spp). Considerd que el EQ puede ser una
alternativa de alta calidad nutricional para la ali-
mentacion de tilapia roja debido al buen contenido
de nutrientes y a la alta digestibilidad. Sousa et al.
(2016) analizaron los parametros de crecimiento
de alevines de Brycon amazonicus sometidos a
dietas con diferentes niveles de reemplazo de HP
por EB (0, 10, 20 y 30%) y encontraron que la HP
se puede sustituir por 10% por EB. Ramasubbura-
yan et al. (2013) prepararon dietas con EQ de sub-
productos de pescado (con distinto porcentaje de
acido férmico) para alevines de Cyprinus carpio'y
hallaron que con la dieta de ensilado acido al 2%
de acido formico, los alevines tuvieron mayor
ganancia de peso, tasa especifica de crecimiento y
un aumento significativo en los componentes bio-
quimicos. Llanes Iglesias et al. (2012) evaluaron
el efecto de dos dietas semi-humedas formuladas
con EQ y EB de subproductos del fileteado de tila-
pias como Unica fuente de proteina animal en la
alimentacion de alevines de tilapias rojas (Ore-
ochromis niloticus x O. mossambicus). La menor
digestibilidad de la proteina se presento en la dieta
con EB (86,8 %), la que difirié del EQ (89,4%) y
el control (88,7%). No hubo diferencias en los
pesos finales, conversion alimentaria y eficiencia
proteica entre los peces que consumieron EP y HP.
La supervivencia fue alta para todos los tratamien-
tos. Es asi que los ensilados de subproductos del
fileteado de tilapias representan una alternativa de
alimentacion para los cultivos de esta especie.

Wicki et al. (2012) estudiaron el efecto de dos die-
tas que contienen EQ de pescado en lugar de HP,
la primera ofrecida como dieta seca (20% EQ) y la
segunda como dieta humeda (40% EQ), en el ciclo
final de cultivo de pact (Piaractus mesopotami-
cus). Hallaron que el pacu acepta facilmente la
dieta huimeda con aumento de peso en compara-
cion con la dieta seca, y consideraron que es posi-
ble cultivar pacu con alimento hiimedo de elabo-
racion propia sin HP con un crecimiento similar al
de los alimentados con dieta seca.

Como fertilizante

Los EP pueden utilizarse como fertilizantes en
agronomia o medio nutritivo para el cultivo de
microalgas. Como medio nutritivo para microal-
gas, Fernandez Herrero et al. (2019¢) evaluaron el
crecimiento y la calidad nutricional del cultivo de
Nannochloropsis oculata empleando tres medios
de cultivo diferentes: EB; C (Conway, reactivos
pro-analisis) y F (fertilizante agroindustrial).
Como resultado luego de 10 dias de cultivo, el tra-
tamiento EB registr6 las mas altas densidades
celulares, seguido del tratamiento C y por ultimo
el F, no hallandose diferencias entre tratamientos.
Concluyeron que el empleo de ensilado como
medio nutritivo para el cultivo de N. oculata per-
mite un buen crecimiento y concentraciones simi-
lares a las obtenidas con medios analiticos. Resul-
tados similares fueron hallaron por Sanchez Tor-
res et al. (2008), quienes cultivaron la microalga
N. oculata en siete diferentes medios de cultivo
(T1, Guillard F/2, T2, Yashima y T3-T6, cuatro
medios basados en EP, y T7: HP). Los medios
basados en EP fueron dos con diferentes ensilados
(hidrolizados y no-hidrolizado) y dos por enrique-
cimiento del medio Yashima con ensilado no-
hidrolizado en diferentes concentraciones. El
mejor de los tratamientos experimentales fue el
del medio basado en EP no-hidrolizado (T6), no
encontrandose diferencias en la productividad
maxima de este cultivo comparado con la del
medio Yashima. Se evalu6 la calidad nutricional
de la biomasa de N. oculata obtenida como ali-
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mento vivo para el rotifero Brachionus plicatilis y
se encontr6 que el tratamiento T6 obtuvo un
mayor indice de fecundidad en comparacion al
tratamiento T2, lo que es un indicador de buena
calidad nutricional. El medio basado en EP mostr6
una alta produccion, bajo costo y buena calidad
nutricional para la produccion de microalgas. Por
su parte, Abdulsamad y Varghese (2017) trabaja-
ron con la microalga Scenedesmus sp. cultivada
con EP para estudiar los efectos de diferentes con-
centraciones sobre su crecimiento y las caracteris-
ticas bioquimicas (proteinas, carbohidratos y lipi-
dos). Hallaron que el EP con una concentracion
del 12% fue mas eficaz para el crecimiento y la
produccion de biomasa de Scenedesmus sp. y, en
el cultivo masivo, encontraron una mayor produc-
cion de proteina, carbohidratos y lipidos utilizan-
do un 9% de EP, demostrando que las microalgas
pueden ser cultivadas utilizando el EP. Como fer-
tilizante en agronomia, Ulfah Karim et al. (2015)
estudiaron la eficacia del ensilado liquido de pes-
cado (LFS) como abono organico sobre la calidad
poscosecha de pak choy (col de origen asiatico).
Los tratamientos con LFS se prepararon en cinco
concentraciones diferentes (1,0; 2,5; 5,0; 7,5 y
10,0%). Cada tratamiento se comparo con la plan-
ta fertilizada con fertilizante comercial (N-P-K
15:15:15) utilizando el nutriente recomendado por
hectarea. Los resultados mostraron que LFS al
5,0, 7,5 y 10,0% produjo un crecimiento de la
planta, rendimiento, contenido de pigmento y cali-
dad poscosecha similares a la planta fertilizada
con fertilizantes comerciales. Ademas, recomien-
dan utilizar 5,0% LFS ya que es mas econdmico
en comparacion con 7,5 y 10,0%.

CONCLUSIONES

Para el aprovechamiento y valorizacion de los
subproductos pesqueros, el ensilado de pescado es
una alternativa a la HP por ser un proceso de facil
elaboracion y que no exige alta inversion, obte-

niéndose un producto de buena calidad nutricio-
nal y microbiologicamente estable, a la vez que se
reducen los problemas de contaminacion ambien-
tal y disposicion de residuos solidos. La escala de
produccioén es adaptable a los volimenes de cap-
tura y puede ser aplicado tanto a la pesca indus-
trial, artesanal y a la acuicultura.

La composicion quimica del ensilado de pesca-
do es semejante al de la materia prima que le dio
origen e incluye proteinas de elevado valor biolo-
gico con perfil adecuado de aminoacidos y acidos
grasos poliinsaturados (AGPI) de la serie omega3
(n3), como el EPA (acido eicosapentaenoeico) y
el DHA (4cido docosahexaenoico). Puede usarse
como ingrediente de racion en la industria de ali-
mentos para animales de cria y en la acuicultura o
eventualmente como fertilizante. El ensilado de
pescado es un valioso ingrediente para los alimen-
tos con caracteristicas tinicas que han demostrado
mejorar las cualidades de los alimentos para ani-
males y peces cultivados, a la vez que permitiria
disminuir los costos de alimentacion y, en conse-
cuencia, los costos de produccion de peces, ya
que la alimentacidn corresponde aproximadamen-
te al 60% de los gastos totales de la produccion.

Contribucion INIDEP N° 2239.
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ABSTRACT. Rare appearances of bull sharks (Carcharhinus leucas) in river systems and other
freshwater ecosystems have been reported from five continents. The wide geographic range of this
phenomenon, the physiological adaptations of this species to allow for movement into rivers, and a
fossil record in the Miocene Epoch, all imply that this behavior has a long history. In the Mississippi
River basin, however, only two specimens were captured in the river’s upper portion during the
entire 20th century. Further historical, archeological, and paleontological records of these animals
appearing farther than 500 km upstream from the Mississippi delta is almost nonexistent. Bull shark
movements in the upper portions of this river are likely sufficiently rare or cryptic to avoid detec-
tion using historical, archaeological, paleontological, and modern fisheries conservation tech-
niques. Deeper research into these sharks, and their historical biogeography is needed to better
understand the relationship these large predators have to the freshwater ecosystems of the American
mid-continent.

Key words: Bull shark, Carcharhinus leucas, biogeography, Illinois, Missouri, Mississippi River,
cryptic species, zooarchaeology.

Movimiento del tiburén toro (Carcharhinus leucas) en la cuenca superior del Rio Mississippi,
América del Norte

RESUMEN. Se han reportado raras apariciones de tiburones toro (Carcharhinus leucas) en sis-
temas fluviales y otros ecosistemas de agua dulce en cinco continentes. El amplio rango geografico
de este fendmeno, las adaptaciones fisiologicas de esta especie para permitir el movimiento hacia
los rios y un registro fosil en la época del Mioceno, implican que este comportamiento tiene una
larga historia. En la cuenca del Rio Mississippi, sin embargo, solo dos especimenes fueron captura-
dos en la parte superior del rio durante todo el siglo XX. Los registros historicos, arqueoldgicos y
paleontologicos a mas de 500 km rio arriba del delta del Mississippi son casi inexistentes. Es pro-
bable que los movimientos del tiburdn toro en las porciones superiores de este rio sean lo suficien-
temente raros o cripticos como para evitar su deteccion utilizando técnicas historicas, arqueologicas,
paleontologicas y modernas de conservacion de la pesca. Se necesita una investigacion mas profun-
da sobre estos tiburones y su biogeografia historica para comprender mejor la relacion que estos
grandes depredadores tienen con los ecosistemas de agua dulce del continente americano medio.

Palabras clave: Tiburon toro, Carcharhinus leucas, biogeografia, Illinois, Missouri, Rio Mississip-
pi, especies cripticas, zooarqueologia.
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The bull shark, Carcharhinus leucas Miller
and Henle, 1839, is an extant, large-bodied
requiem shark that is well-known for its ability
to move between freshwater and saltwater
ecosystems (Ebert et al. 2013). The use of river
systems by these apex predators sometimes
extends 1,000 km or more from a river’s mouth:
Bull sharks have been recorded in the upper
Amazon River of Peru, the upper Mississippi
River Basin of the United States, and in other
freshwater bodies such as the Zambezi and
Ganges Rivers, of Africa and the Indian subcon-
tinent, respectively (Gaussman 2018). Recent
records of freshwater incursions have expanded
to include the islands of Indonesia (Igbal et al.
2019a, 2019D).

Bull shark fossil remains are known from the
Miocene of North and South America (Cameron
and Boreske 1972; Apolin et al. 2007), though
fossil teeth similar to the ‘bull [shark] group’ of
species may extend the North American record
of similar animals to the Eocene (Cappetta
2012). Similarly, both the Mississippi and Ama-
zon Rivers have geological histories spanning 10
million years or more. Given these observations,
it is likely that far upstream exploration of river
systems by these sharks is a behavior with a long
history as well. However, it is not presently clear
if the history of upstream exploration in the Mis-
sissippi River Basin is well-evidenced.

MISSISSIPPI RIVER BULL SHARKS IN
DEEP TO RECENT TIME

In the Miocene and Pliocene North American
fossil record, bull shark teeth are reported in
marine depositional environments and marginal
marine depositional environments, especially in
North and South Carolina (Cameron and Boreske
1972). Their appearance in what were once mar-
ginal, near-shore ecosystems suggests a potential
for past movement into fresh waters, but there are

no definitive reports of bull shark teeth in Mio-
Pliocene freshwater deposits.

The Pleistocene to early Holocene record of
freshwater bull sharks is equally limited. In the
Pleistocene, remains from a possible estuarine
deposit reported from Florida are known (Hulbert
and Morgan 1989), but all similarly aged bull
shark localities near the mouth of the Mississippi
River are most certainly marine (Ebersole et al.
2017). Historic accounts of shark teeth from
Pleistocene to Holocene Mississippi River grav-
els in western Illinois lack the identification of
teeth to species level or sketches/photographs of
the teeth that would aid current researchers in
identifying the specimens (Worthen 1882).

The Holocene archacological record of shark
teeth found at inland Indigenous American sites is
fairly rich, especially in the Ohio River Valley
portion of the upper Mississippi River Basin. But
here bull shark teeth occur alongside marine
sharks such as the white shark (Carcharodon car-
charias), or occur alongside the teeth of Miocene-
Pliocene sharks, such as Hemipristus serra, Isu-
rus (or Carcharodon) hastalis, or Carcharocles
megalodon, suggesting their current context
resulted from extra-regional trade or travel (Mur-
phy 1975); which is well accepted for other
exotics such as marine snail shells and alligator
teeth (Colvin 2011).

One exception to the trend of non-contempora-
neous shark tooth utilization by Indigenous peo-
ples associated with the Mississippian material
culture is the report of a non-fossil shark tooth
from an archaeological site (Troyville and Coles
Creek cultural stages) in Louisiana (Springer
1980). The tooth in question, however, was nei-
ther identified to the species level nor figured in
sketches or photographs, and this record is from
the lower Mississippi River Basin, so it does not
shed light on the problem at hand.

Historic bull shark catches or sightings in the
upper Mississippi River Basin seem absent prior
to the 20th century, though confirmed catches of
bull sharks occurred in Alton, Illinois in 1937
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(Thomerson et al. 1977) and St. Louis, Missouri
near Rush Island Power Station in 1995 (Burr et
al. 2004) (Figure 1).

Excluding the aforementioned accounts, the
bull shark has not been confirmed to travel the
Mississippi River Basin north of Louisiana, let
alone the upper Mississippi River Basin. This is
in spite of this species’ capture in the Atchafalaya
and Red Rivers. While archaeological records
generally reveal an interest and use of shark teeth
by Indigenous people during pre-Columbian
time, there is no evidence this ever included the
recovery of bull shark material from local fresh
waters as opposed extra-regional trade (Murphy
1975; Colvin 2011). Finally, the North American
fossil record also appears to lack confirmed allu-
vial deposits of bull shark remains in the Missis-
sippi River Basin.

Given the fossil, archaeological, and historical
rarity of bull sharks in the Mississippi River
Basin of the United States, the historical behavior
of this species to sometimes explore far upstream
(with particular emphasis on occurrences near the
city of St. Louis) in America’s largest river basin
may be described by one of three hypothetical
explanations.

MISSOURL |

ARKANSAS

The first hypothesis would be that far upstream
exploration, as a behavior, is very new and may
have only begun in the last 1 million years or
fewer. This appears unlikely (see below), but if it
genuinely represents a true pattern, it could imply
that the bull shark’s ability to persist in freshwater
may also be novel, in an evolutionary sense.

A second hypothesis is that the behavior is
deeply rooted in the evolutionary history of this
species. Given the wide global range of bull
sharks that enter rivers, and their similarity to
fresh water sharks of the Genus Glyphis this
appears the most likely explanation (Fowler et al.
1997).

If either of these two hypotheses are true, it
would indicate that bull sharks are capable of
engaging in cryptic movement. This in turn seems
to suggest that a group of these large bodied,
aquatic apex-predators are capable of moving into
the Mississippi River Basin and avoid being rep-
resented in the fossil record, the archaeological
record, and (mostly) avoid detection by the mod-
ern society living along the waterways. Such cryp-
tic movement appears to have extended past the
placement of locks on the Mississippi River dur-
ing the mid 20th century. The movement of these

MISSISSIPPI

“POUISIANA

w

Figure 1. Map of historical records of bull sharks in the upper Mississippi River Basin. The Mississippi River is highlighted in
light blue. Red dot: Alton, Illinois in 1937; yellow dot: Rush Island Power Station near St. Louis, Missouri in 1995. The
base map was modified from Google Maps imagery derived from Landsat/Copernicus and TerraMetrics.
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sharks past locks begs a question on how many
bull sharks enter the upper Mississippi River with-
out detection to this day.

Finally, the third possible hypothesis is simply
that the tendency of the bull shark to move into
the upper Mississippi River is rare and anomalous
to the point of being unprecedented in North
America. It may be that the 1937 and 1995 cap-
tured specimens in Illinois and Missouri were
hoaxes (despite photographic evidence for both)
or totally dependent on random chance; that tem-
perature differences between the Mississippi
River and the Gulf of Mexico prevent bull sharks
from exploring as far upstream as they do in the
Amazon River. However, this does not seem par-
ticularly likely given that both 20th century
records seem legitimate (see above), and that the
average preferred temperature of this species is
experienced or exceeded by the Mississippi River
at Alton, Illinois over a large portion of the year
(Elderkin and Klerks 2004; Kaschner et al. 2016).

Regardless of the reason for the paucity of
data, in the absence of new confirmed catches, or
new fossil and archaeological finds, the history of
far-upstream exploration in the Mississippi River
Basin by bull sharks remains in need of further
research. Key areas for consideration should
include to what extent physical barriers (such as
locks) play a role in limiting bull shark upstream
movement and what motivates or fails to moti-
vate bull shark movement into upstream environ-
ments. How habitats, prey species, and species
potentially competitive with bull sharks interact
with this shark far upstream from the mouth of
the Mississippi River will factor heavily into a
more thorough understanding of these apparently
cryptic predators.
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ABSTRACT. Seahorses (Genus Hippocampus) are rarely reported as prey items. Their low pop-
ulation numbers, their ability to blend with the environment and their low palatability are the fea-
tures making them an unsuitable option for predators. Five individuals of the Patagonian seahorse
Hippocampus patagonicus were found in the stomach of a single narrownose smooth-hound shark
Mustelus schmitti from a sample of 959 stomachs analyzed. This rare record in a single stomach out
of hundreds analyzed suggests that these individuals might have clustered in a group which was
detected by the opportunistic M. schmitti.

Key words: Crypsis, diet, ‘El Rincon’, Syngnathidae, Triakidae.

Registro inusual de depredacion miltiple del caballito de mar patagénico Hippocampus pata-
gonicus por el tiburon gatuzo Mustelus schmitti en aguas costeras argentinas

RESUMEN. Los caballitos de mar (Género Hippocampus) raramente son reportados como pre-
sas. Su baja densidad poblacional, su habilidad para confundirse entre su entorno y su baja palata-
bilidad son caracteristicas que los hacen una opcion poco atractiva para depredadores. Cinco indi-
viduos del caballito de mar patagénico Hippocampus patagonicus fueron encontrados en un unico
estomago del analisis de una muestra de 959 estomagos del tiburon gatuzo Mustelus schmitti. Este
inusual registro en un solo estomago de los cientos analizados sugiere que los caballitos de mar se
encontraban agrupados cuando fueron detectados por el tiburdn de habitos oportunistas M. schmitti.

Palabras clave: Cripsis, dieta, “El Rincon”, Syngnathidae, Triakidae.

Sharks often play a role in the transfer of energy between trophic levels
within marine ecosystems. The diet composition of sharks has been studied
in order to understand the natural history of a particular species, their role in
marine ecosystems, the impact of shark predation on economically valuable
or endangered prey, among other reasons (Wetherbee and Cortés 2004).
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On their side, seahorses are rarely found as
prey items (Kleiber et al. 2011). Morphological
and ecological characteristics might contribute to
predator avoidance. These species exhibit a
remarkable capacity to be cryptic, they can
change their coloration pattern and some species
have long skin filaments or encrusting organisms
on the skin enabling them to blend with their
environments. They can remain virtually immo-
bile for a long time and occur at low densities,
which further complicates their localization (Fos-
ter and Vincent 2004). Their bony plates, spines
and low energetic value make them an unpalat-
able option for predators. In addition, in all the
cases recording seahorses as prey items, the pred-
ator has opportunistic and generalist habits
(Kleiber et al. 2011).

The Narrownose smooth-hound Mustelus
schmitti (Springer, 1939) is an opportunistic and
generalist benthic mesopredator. Its diet varies
along geographical locations and ontogeny and it
is mainly composed of fishes, crabs, isopods,
polychaetes, and mollusks (Belleggia et al. 2012).
The geographical range of this shark largely over-
laps with that of the Patagonian seahorse Hip-
pocampus patagonicus Piacentino and Luzzatto
2004 (Figure 1 A). Both species inhabit the coastal
areas of the Southwestern Atlantic Ocean extend-
ing from Rio de Janeiro (22° S, Brazil). However,
their southern limit differs. While M. schmitti
extends as south as Ria Puerto Deseado (47°45'S,
Argentina) mainly at depths below 140 m (Chiara-
monte and Pettovello 2000), H. patagonicus
extends up to Puerto Madryn (42° 47" S, Argenti-
na) and has been described as occupying patches
in restricted areas at low depths mainly < 20 m
(Piacentino and Luzzatto 2004; Luzzatto et al.
2012; Silveira et al. 2014).

The Narrownose smooth-hound is the shark
most commonly caught by Argentinean fleets
(Sanchez et al. 2012). Heavy exploitation over its
entire geographical range (including nursery
areas), its decreasing biomass, declines in land-
ings, and reduction of size at first breeding have

all led to this species being considered Critical
Endangered by the International Union for Con-
servation of Nature (IUCN) Red List (Pollom et
al. 2020). The Patagonian seahorse is also a
threatened species and it is catalogued as Vulner-
able due to habitat degradation and overexploita-
tion (Wei et al. 2017). The present study reports
and describes a rare record of a multiple preda-
tion of the seahorse H. patagonicus by the shark
M. schmitti.

Sharks analyzed were collected during six bot-
tom-trawl research cruises conducted by the
research vessels ‘Doctor Eduardo L. Holmberg’,
‘Capitan Canepa’, and ‘Capitan Oca Balda’ as
part of a study led by the Instituto Nacional de
Investigacion y Desarrollo Pesquero (INIDEP)
during 2008-2011 (Belleggia 2012). These
research cruises were performed using a random
stratified sampling scheme (stratified on latitude
and depth; Figure 1 B). Surveys have been regu-
larly conducted by INIDEP in order to estimate
abundance. Fishing was conducted during day-
light hours (07:00-19:00), at 3 to 4 knots for 30
min at each sampling site using an Engel bottom
trawl (200 mm mesh in the wings, 103 mm in the
cod end, 4 m vertical opening and 15 m horizon-
tal opening). As part of a trophic ecology study,
we undertook research into the diet of M. schmitti
by sampling 959 individuals. Specimens of M.
schmitti were sexed and total length (TL) was
measured to the nearest mm from tip of the snout
to the posterior end of the dorsal caudal lobe in its
natural position. Maturity stage was recorded
according to Walker (2005) and Colonello et al.
(2011). Stomachs were excised, frozen and ana-
lyzed at the laboratory.

Prey items were identified to the lowest possi-
ble taxonomic level, counted and weighed to the
nearest 0.01 g. Diet composition was quantified
for each prey by calculating the percentage fre-
quency of occurrence (%F, total number of stom-
achs in which a given prey was found expressed
as percentage of total number of stomachs with
food), the percentage by number (%N, total num-
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Figure 1. A) Geographical range of Mustelus schmitti (blue) and Hippocampus patagonicus (red) in the Southwestern Atlantic.
Green square represents the study area. B) Study area indicating the position of bottom trawl samplings per date: October
2008 open dots, November 2008 bold dots, May 2009 open squares, September 2010 bold squares, April 2011 open tri-
angles, June 2011 bold triangles. Red asterisk indicates the sampling site (40.139° S- 61.436° W; 20 m depth) where the
specimen of M. schmitti presenting five individuals of H. patagonicus in its stomach was recorded.

ber of a given prey as percentage of total number
of prey found), percentage by mass (%M, mass of
a given prey as percentage of total mass of prey
found) and index of relative importance: IRI =
%F x (%N + %M) (Pinkas et al. 1971), expressed
as a percentage (%IRI; Cortés 1997).

A M. schmitti mature male of 652 mm TL and
1,052 g weight caught on research cruise ‘Capitan
Oca Balda’ in ‘El Rincon’ area (40.139° S-
61.436° W; 20 m depth) in April 2011 (Figure 1
B) contained five individuals of H. patagonicus
in different stages of digestion in its stomach.
One of the seahorses remained almost intact,
allowing several morphological measurements
(Figure 2 A). Another individual was partially
digested and some measurements were performed
(Figure 2 B). Both individuals were deposited in
the Syngnathid Collection of the Museum of Nat-
ural History ‘Lorenzo Scaglia’ (MMPEAA)
(Table 1). The other three individuals were

inferred by fragments of their tails and thoraxes.
No morphological measurements could be per-
formed on them.

Out of 959 specimens of M. schmitti analyzed
and 944 (98.43%) containing prey items, only
one contained seahorses. According to the index-
es estimated to quantify the diet composition of
M. schmitti, percentage of frequency of occur-
rence (%F) of seahorses in the diet was 0.01, per-
centage by number (%N) was 0.05, percentage by
weight (%W) was 0.02, and percentage of index
of relative importance (%IRI) was < 0.001.
Together with the five seahorses identified, this
stomach also contained other frequent prey items
for M. schmitti: shrimp Artemesia longinaris
(Bate, 1888) (0.04 g), brachyuran crabs Armases
rubripes Rathbun, 1897 (0.13 g) and Collodes
rostratus Edwards, 1878 (1.31 g, 14 mm), and
seven polychaetes of the families Ampharetidae
(0.33 g) and Onuphidae (0.21 g).
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Figure 2. Measurable individuals of Hippocampus patagonicus obtained from the stomach of Mustelus schmitti. MMPEAA 36

(A) and MMPEAA 49 (B). Scale bar indicates 2 cm.

The record of patches of H. patagonicus at
shallow and intermediate depths (0-20 m) along
the coastal area of north Patagonia and Buenos
Aires Province and its record at deep waters (60
m) in the Uruguayan and Argentine Common
Fishing Zone (Luzzatto et al. 2012, 2014) indicat-
ed the presence of seahorses over a large depth
range. Juvenile specimens of H. patagonicus
drifting attached to floating debris or swimming
freely may interconnect the patches and facilitate
their ability to disperse to deep waters (Luzzatto
et al. 2013). The record presented here together
with that provided by Estalles et al. (2017) near
Monte Hermoso allow to infer the presence of the
species in an extended coastal area (Figure 1 B).

As it was indicated above, M. schmitti is an
opportunistic mesopredator shark. Its teeth are

similar in shape, arranged in semi-pavement like
crushing plates dentition, which makes it possible
for them to eat crabs, gastropods, bivalves and
other species protected by hard carapaces (Be-
lleggia et al. 2014). Bony plates, spines and other
morphological features of seahorses do not seem
to make them an unpalatable option for the shark.
However, this finding is the first record of sea-
horses in the diet composition of a Mustelus spp.

The predation event reported here is in line
with the general findings of seahorses as prey
items: their presence in the diet composition of
marine predators is infrequent and mainly con-
sisted of a single record. The presence of more
than one seahorse individual in a single stomach
is even rarer (Kleiber et al. 2011). The presence
of five seahorses in a single stomach out of hun-
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Table 1. Morphological measurements of the predated seahorses deposited in the syngnathid collection of the Museum of Natural

History ‘Lorenzo Scaglia’ (MMPEAA).

MMPEAA 36 MMPEAA 49

Height (mm) 74 50
Tail length (mm) 46 27
Trunk length (mm) 15 -
Head height (mm) 9 -
Head length (mm) 13 -
Postorbital length (mm) 3 -
Snout length (mm) 6 -
Dorsal fin base (mm) 7 4
Pectoral fin base (mm) 3 -
Dorsal fin rays 18 18-19
Pectoral fin rays 12 -
Anal fin rays 4 -
Trunk rings 11 11-12
Tail rings 38 38-39

dreds analyzed suggests that these individuals
might have clustered in a group that was detected
by the opportunistic M. schmitti.

INIDEP contribution no 2240.
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ABSTRACT. In this study we report the presence of the soft coral Verticillata castellviae at
947 m deep, off Buenos Aires Province, Argentina, which constitutes the northernmost record for
this species. The specimen was collected as a bycatch species with a troncopyramidal trap during an
experimental cruise devoted to the study of the red crab Chaceon notialis and the Patagonian lob-
sterette Thymops birsteini.

Key words: New distributional record, Primnoidae, bycatch species, cold-water corals.

Nuevo registro y extension de la distribucion del octocoral primnoideo Verticillata castellviae
en el Océano Atlantico Sudoccidental

RESUMEN. En este estudio se reporta la presencia del coral blando Verticillata castellviae en la
plataforma continental externa de la Provincia de Buenos Aires, Argentina, a 947 m de profundidad,
lo que constituye el registro mas septentrional para esta especie. El ejemplar de estudio fue colecta-
do con una trampa troncopiramidal, como parte de la captura incidental, durante una campafia de
pesca experimental dedicada al estudio del cangrejo rojo Chaceon notialis y de la langosta patago-
nica Thymops birsteini.

Palabras clave: Nuevo registro de distribucion, Primnoidae, captura incidental, corales de aguas
frias.

Octocorals are a poorly known group in the marine benthic communities of
the Argentine waters in the Southwest Atlantic Ocean. Although some species
could be found in waters < 100 m, the majority of the records come from
greater depths (i.e. Zamponi and Pérez 1995; Excoffon et al. 2004; Pérez and
Zamponi 2004; Portela et al. 2012; McFadden and van Ofwegen 2013;
Schejter et al. 2018, 2020a, 2020b; Pérez and Cordeiro 2020). They play
important ecological roles in the bentho-pelagic coupling (Rossi et al. 2017),
in the throphic ecology of the system (i.e. Buhl Mortensen et al. 2017), in the
blue carbon budget (i.e. Coppari et al. 2019) and as essential fish habitats (i.e.
Baillon et al. 2012), among others. They may constitute marine animal forests
and coral gardens, hosting a large and biodiverse associated fauna (i.e. De Clip-
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pele et al. 2015; Schejter et al. 2020a). Additional-
ly, octocorals have been studied from a chemical
perspective, considering that new molecules and
bioactive compounds have been discovered from
several species (Rojo de Almeida et al. 2010;
Almeida et al. 2014; Patifio Cano et al. 2018).
Between July 4th and August 3rd of 2017, the
FV ‘Atlantic Express’ performed an experimental
fishing cruise devoted to the study of the red crab
Chaceon notialis R.B. Manning and Holthuis,
1989 and the Patagonian lobsterette Thymops
birsteini (Zarenkov and Semenov, 1972) at the
continental shelf edge and slope of Argentina.
Troncopyramidal traps were used as sampling
devices and placed along the shelf for a period of
about 52 h (Mauna et al. 2017). In general, trap-
ping is a common fishing practice that has low
bycatch rates and often cause minimal habitat
destruction, at least when compared to trawling or
dredging activities (Eno et al. 2001; National
Research Council 2002). However, setting and
retrieval of the traps, including dragging along the
seafloor, may cause the catch of benthic organisms
(bycatch) and can damage habitat components
such as corals, sponges, and other epifauna
(Stevens 2020). As a complementary objective dur-
ing the same cruise, samples of the bycatch species
were preserved frozen onboard and transported to
the Instituto Nacional de Investigacion y Desarrol-
lo Pesquero (INIDEP) for their proper identifica-
tion. A general and preliminary list of the organ-
isms recorded as bycatch was reported by Mauna
et al. (2018). The present contribution, reports the
presence of the soft coral Verticillata castellviae
(Zapata-Guardiola, Lopez-Gonzalez and Gili,
2013), also recorded as a bycatch species, which
constitutes the northernmost record for the species.

Taxonomy

Phylum Cnidaria Hatschek, 1888
Class Anthozoa Ehrenberg, 1834
Subclass Octocorallia Haeckel, 1866
Order Alcyonacea Lamouroux, 1812

Family Primnoidae Milne Edwards, 1857
Genus Verticillata Zapata-Guardiola, Lopez-
Gonzalez and Gili, 2013
Verticillata castellviae (Zapata-Guardiola,
Lopez-Gonzalez and Gili, 2013)
(Figure 1)

Synonyms

Plumarella (Verticillata) castellviae Zapata-
Guardiola, Lopez-Gonzalez and Gili, 2013;
Schejter et al. 2020b: 224, 229,

Material examined

Two specimens collected as bycatch in a red
crab trap at 38° 27" 00" S, 54° 39" 32" W, 947 m,
on July 29th 2017 (FV ‘Atlantic Express’).

Description

Yellowish, uniplanar, pinnate colonies, with
polyps almost perpendicular to branchlet, placed
in whorls of 4-6, each polyp with eight marginal
sclerites and with a strong terminal thorn (Fig-
ure 1).

Notes

Cairns and Wirshing (2018: 11) changed the
status of Verticillata from subgenus to genus.
This species is distributed from Tierra del Fuego
to Malvinas Islands and Burdwood Bank (Zapata-
Guardiola et al. 2013). Recently, Schejter et al.
(2020b) recorded this species for the second time
after its original description from samples collect-
ed at the Marine Protected Area Namuncura/Bur-
dwood Bank.

According to Steinman et al. (2020), our spec-
imens were collected from an area comprised
within a giant cold-water coral mound province
called ‘Northern Argentine Mound Province’
linked to a contourite depositional system that
covers at least 2,000 km?. These ecosystems are
characterized by particular conditions that
include the availability of suspended food and
sediment particles in combination with a suffi-
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Figure 1. Verticillata castellviae. A) General morphology of the colony. Scale bar: 6 cm. B) Detail of the branches in the colony.
C) Detail of a single polyp in the colony. Scale bar: 0.5 mm. D) Detail of the verticillate arrangement of the polyps in a

branch. Scale bar: 1 mm.

cient bottom-current strength, keeping material in
suspension while preventing destructive erosion
and excessive sedimentation. These habitats in
the Southwest Atlantic Ocean are understudied
and they probably still host undescribed species
and a high biodiversity as already observed in the
nearby area of the Mar del Plata canyon
(Martinez et al. 2014; Ocampo et al. 2014; Risaro

et al. 2020) and in a southern submarine canyon
located at the Ameghino system (Bremec and
Schejter 2010; Schejter et al. 2014).

Considering our finding of V. castellviae off
Buenos Aires (38° 27" 00” S) and the previously
recorded distribution range from Tierra del Fuego
and Malvinas (Zapata Guardiola et al. 2013) to
Burdwood Bank (~ 54° S, Schejter et al. 2020b),
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Figure 2. Other bycatch species recorded during the same haul. A) Plumarella sp. Scale bar: 6 cm. B) Detail of the arrangement
of the polyps in the Plumarella sp. colony. Scale bar: 2 mm. C) Thouarella sp. settled on a dead skeleton of the coral
Bathelia candida. Scale bar: 9 cm. D) Thouarella sp., arrow shows an epibiotic comatulid crinoid. Scale bar: 10 cm. E)
B. candida. Scale bar: 6 cm. F) Fragment of an hexactinellid sponge. Scale bar: 9 cm. G) Astrotoma agassizii. Scale bar:
10 cm. H) Thouarella sp. Scale bar: 4 cm.
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it is likely that this species has a continuous dis-
tribution all along the Argentine continental edge
and slope, as recorded for other octocoral species
(Portela et al. 2012; Schejter et al. 2018). This
distribution pattern is favored by the Malvinas
Current, a branch of the Circumpolar Current
flowing northward along the continental shelf of
Argentina (Piola and Gordon 1989, Combes and
Matano 2014).

Additional comments

Other organisms recorded as bycatch species at
the same place were an unidentified species of
Plumarella, some fragments of Thouarella spp.
with epibiotic crinoids, the colonial scleractinian
Bathelia candida Moseley, 1880, also used as set-
tlement substrate for other corals, and the ophi-
uroid Astrotoma agassizii Lyman, 1875. Frag-
ments of two sponge species were also recorded,
one belonging to the Class Hexactinellida and a
second specimen belonging to the Order Hap-
losclerida (Figure 2).
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Adenda a:

Los poliquetos como indicadores biolégicos en Latinoamérica y el Caribe

por Rodolfo Elias, Nuria Méndez, Pablo Muniz, Rossana Cabanillas, Carlos Gutiérrez-Rojas,
Nicolas Rozbaczylo, Mario H. Londoiio-Mesa, Paulina Javiera Garate Contreras, Maritza
Cardenas-Calle, Francisco Villamar, Juan J. Laverde-Castillo, Kalina Brauko, Mariana Araki
Braga, Paulo Lana, Oscar Diaz-Diaz (2020). Mar Fish Sci. 34 (1).
https://doi.org/10.47193/mafis.3412021010301

Razon de la adenda:

En la elaboracion del manuscrito original no se tuvo en cuenta un trabajo cientifico que trata preci-
samente de los poliquetos como indicadores ambientales en la Patagonia. Siendo este el primer y
unico trabajo sobre el tema, era justo y necesario incluir esta informacion.

Addendum to:

Polychaetes as biological indicators in Latin America and the Caribbean

by Rodolfo Elias, Nuria Méndez, Pablo Muniz, Rossana Cabanillas, Carlos Gutiérrez-Rojas,
Nicolas Rozbaczylo, Mario H. Londoiio-Mesa, Paulina Javiera Garate Contreras, Maritza
Cardenas-Calle, Francisco Villamar, Juan J. Laverde-Castillo, Kalina Brauko, Mariana Araki
Braga, Paulo Lana, Oscar Diaz-Diaz (2020). Mar Fish Sci. 34 (1).
https://doi.org/10.47193/mafis.3412021010301

Reason for addendum:

During the preparation of the original manuscript, a scientific work that dealt precisely with
Polychaeta as environmental indicators in Patagonia was not considered. This being the first and
only work regarding this subject, it was reasonable and necessary to incorporate this information.

En sedimentos provenientes de Caleta Valdés (42° 15" 53" S, 63° 40’ 50"
W) (Peninsula Valdés, Patagonia argentina), se evaluaron los efectos de dos
concentraciones de petroleo crudo (tipo Escalante) (1 g kg™ y 20 g kg!) sobre
la estructura comunitaria y la actividad de bioturbacion (Ferrando et al. 2015).
Los sedimentos fueron contaminados en el laboratorio e incubados durante 30
dias. Se registr6 una progresiva disminucion en la densidad y la riqueza espe-
cifica en ambas concentraciones, sin embargo el efecto fue mayor (40 y 55%,
respectivamente) en los sedimentos mas contaminados. Asimismo, los coefi-
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cientes de biodifusion (D,) y bioadveccion (r) cal-
culados para la experiencia completa y para los
ultimos 15 dias, fueron casi nulos en estas condi-
ciones experimentales. Axiothella sp. (Maldani-
dae) mostrd cierta sensibilidad al agregado de
petréleo, mientras que Cerathocephale sp. (Nerei-
didade) fue tolerante. Resultados similares fueron
encontrados en sedimentos provenientes de Cale-
ta Malaspina (45° 8.616" S-66° 34.793' W) y
Caleta Sara (44° 54’ 0" S-65° 34’ 0" W) (Golfo
San Jorge, Patagonia argentina) aplicando una
metodologia similar a la del estudio anterior. En
Caleta Malaspina, Glyceridae fue la familia mas
sensible, mientras que Spionidae, Capitellidae,
Maldanidae, Hesionidae, Paraonidae, Syllidae,
Orbiniidae, Nereididae, Sabellidae, Dorvilleidae,
Onuphidae y Cirratulidae fueron tolerantes a la
adicion de este contaminante. Dentro de este
grupo, Spionidae, Capitellidae y Maldanidae fue-
ron las mas abundantes en los sedimentos mas
contaminados (Ferrando 2015). De manera simi-
lar, Capitella sp. (Capitellidae) y Boccardia sp.
(Spionidae) predominaron en Caleta Sara en
dichas condiciones (Romanut 2019). Ademas, se

evalud la respuesta a nivel especifico de los espio-
nidos registrados en Caleta Malaspina y se encon-
traron especies sensibles como Scolelepis (Paras-
colelepis) sp. y Rhynchospio glutaea mientras que
Boccardia proboscidea mostr6 una alta resisten-
cia a la presencia de petroleo crudo en los sedi-
mentos (Ferrando et al. 2019).
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