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RESUMEN. En el presente trabajo se realizo la estandarizacion de la captura por unidad de
esfuerzo (CPUE) de polaca (Micromesistius australis) accesible a la flota surimera que opero en el
Océano Atlantico Sudoccidental durante el periodo 1993-2018. Se aplicaron modelos lineales mix-
tos (MLM), a partir de la informacion de la estadistica pesquera (MLMggt) v la colectada por los
observadores a bordo (MLMgps) de los buques que componen dicha flota, con el objetivo de com-
parar los modelos realizados a partir de ambas fuentes de informacion y el modelo utilizado para la
estimacion de indices de abundancia de polaca. La aplicacion de los MLM mejor6 el ajuste con res-
pecto al modelo utilizado hasta la actualidad, sin variar abruptamente la tendencia estimada, lo cual
permitiria predecir con mayor exactitud los valores medios de CPUE estandarizados a lo largo de
los afos. El MLMggg mostré un mejor ajuste y una mayor variabilidad explicada que el MLMggt.
A fin de obtener estimaciones mas certeras y, de esta forma poder calibrar adecuadamente los mode-
los de evaluacion de la especie, se recomienda utilizar ambas fuentes de informacion, teniendo en
cuenta el mayor o menor grado de representatividad de los datos.

Palabras clave: Biologia pesquera, CPUE, estadistica pesquera, observadores a bordo.

Comparison of abundance index of Southern blue whiting (Micromesistius australis) from two
sources of information by applying mixed linear models

ABSTRACT. In this work, the standardization of the catch per unit effort (CPUE) of the
Southern blue whiting (Micromesistius australis) captured by the surimi fleet that operated in the
Southwestern Atlantic Ocean during the period 1993-2018 was carried out. Linear mixed models
(LMM) were applied to standardize catch and effort data from two different information sources:
fishery statistics (LMMggt) and the observers on board of commercial fleet (LMMggs). These mod-
els were compared between them and with that used nowadays to estimate abundance indices. LMM
fit better and no significant change was observed in the index tendency, which would allow more
accurate prediction of the mean standardized CPUE values over the years. LMMgpg showed a better
adjust and greater explained variability than the LMMggr. With the aim of obtaining accurate esti-
mations and, in this way to be able to adequately calibrate the stock assessment model of the species,
it is recommended to use both sources of information, taking into account the greater or lesser
degree of representativeness of the data.

Key words: Fishery biology, CPUE, fishery statistics, on-board observers.
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INTRODUCCION

La polaca (Micromesistius australis) es una
especie demersal-pelagica que se distribuye en los
dos océanos que circundan el cono sur de Sudamé-
rica, ademas de encontrarse en el Mar de Scotia,
alrededor de las islas Georgias, Shetland y Orcadas
del Sur (Kock et al. 1985; Cousseau 1993). En el
Atlantico Sur, se encuentra entre las latitudes 37°
S y 56° S. En cercanias de la latitud 47° S su dis-
tribucion muestra una diferenciacion: al norte solo
se la captura en la zona del talud y al sur sus car-
dumenes se expanden sobre la plataforma conti-
nental. Esta particular presencia esta estrechamen-
te relacionada con las aguas de origen subantartico
de la Corriente de Malvinas (Perrotta 1982). En
este océano, existe un area de reproduccion de la
especie al suroeste de las Islas Malvinas, donde los
individuos de polaca se concentran para tal fin
durante los meses de septiembre y octubre (Weiss
1974; Chiechomsky et al. 1981; Wdhler et al.
2004). En los meses estivales se desplazarian hacia
el sector oceanico del Mar de Scotia con el objeti-
vo de alimentarse de las elevadas concentraciones
de krill disponibles en el area (Wohler et al. 2001).

En el Pacifico Sudoriental, la especie se distri-
buye desde los 42° S hacia el sur hasta los 57° S
(Cohen et al. 1990; Lillo et al. 2005; Aguayo et al.
2010). Alli, existe un proceso migratorio estacio-
nal que se inicia en el mes de junio cuando ejem-
plares adultos arriban desde el sur al area de
reproduccion (47° S-51° S) en las cercanias del
Golfo de Penas, donde se concentran entre agosto
y septiembre (Céspedes et al. 1998). En noviem-
bre iniciarian un desplazamiento trofico hacia el
sur, abandonando el Océano Pacifico en direccion
sureste (Lillo et al. 1999).

Es importante destacar que en el Océano Atlan-
tico una parte importante del stock esta presente
durante todo el afio en un area situada en cercani-
as de la zona de desove y hasta el sur de la Isla de
los Estados, en donde es capturada por las flotas

que operan sobre el recurso (Wohler et al. 2004).
En la Argentina, la polaca representa una espe-
cie de gran importancia comercial y es capturada
principalmente por los buques surimeros argenti-
nos que operan en su area de distribucion (Giussi
y Zavatteri 2017). Hacia el final de la década de
los setenta, este recurso comenzo6 a ser explotado
intensamente debido a la actividad de buques pes-
queros polacos alrededor de las Islas Malvinas,
alcanzando un maximo de captura historico de
258.000 t en 1983 (Wdhler et al. 2001; Gorini y
Giussi 2018). A partir de 1993, la pesqueria
comenzo a ser regulada mediante el estableci-
miento de una cuota anual de captura (Wohler et
al. 2007) y luego, a partir de 2010, se establecio
el sistema de Cuotas Individuales Transferibles
de Captura con el objetivo de mejorar la sosteni-
bilidad del recurso. En los afos siguientes, el
nimero de buques que pescaba la especie de
forma dirigida disminuyd notoriamente, quedan-
do en la actualidad un solo buque operativo. En
2018, la captura declarada en el Atlantico Sudoc-
cidental fue de 11.519 t (Gorini y Giussi 2019).
El manejo del recurso por la administracién
pesquera argentina surge a partir de recomenda-
ciones del Instituto Nacional de Investigacion y
Desarrollo Pesquero (INIDEP) basadas en la
abundancia y potencial pesquero del stock (Woh-
ler et al. 2007). Con el objetivo de realizar la esti-
macion de dicha abundancia, se han utilizado
modelos de evaluacion que requieren de, al
menos, un indice de abundancia para su calibra-
cion. En la polaca se ha empleado la serie anual
de captura por unidad de esfuerzo (CPUE) estan-
darizada, expresada como toneladas de polaca
por hora de pesca (Giussi et al. 2016; Giussi y
Zavatteri 2017; Zavatteri y Giussi 2018).

Con el fin de estandarizar la CPUE, se han uti-
lizado desde 1998 hasta la actualidad modelos
estadisticos lineales tradicionales o ML (Cordo y
Wohler 1998; Giussi et al. 2013, 2016; Giussi y
Zavatteri 2017; Zavatteri y Giussi 2018). Si bien
se lograron ajustes aceptables y se cumplieron
con los supuestos necesarios para su correcta
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aplicacion, este tipo de modelos asumen indepen-
dencia entre las observaciones que provienen de
un mismo buque o de una misma area-tiempo
(i.e., rectangulo estadistico-afio), sin tener en
cuenta la estructura de dependencia que presentan
dichos datos. En el primero de los casos, esta
dependencia es debida a las diferencias que exis-
ten entre los buques en cuanto a sus atributos,
capacidad de pesca, tripulacion y area de cobertu-
ra, y en el segundo, debido a que los rendimientos
de un mismo rectangulo estadistico pueden diferir
a lo largo de los afos y afectar la CPUE. Esto se
conoce comunmente como “pseudoréplica” y
afecta directamente a la estimacion de la incerti-
dumbre. Los modelos lineales mixtos (MLM) tie-
nen en cuenta este efecto y lo corrigen (Pinheiro
y Bates 2000; Crawley 2002; Zuur et al. 2007,
2009). Ademas, las interacciones comunmente
planteadas en los ML, suelen estar desbalancea-
das en la matriz de disefio del modelo, lo que
impide el uso de las mismas como variables
explicativas. En este sentido, los MLM permiten
tener en cuenta el efecto de dichas interacciones
como variables aleatorias, aun desbalanceadas,
aprovechando la totalidad de la informacion.

Hasta la actualidad, los datos utilizados para la
construccion de la CPUE estandarizada fueron
tomados de las capturas declaradas en los partes
de pesca (Cordo y Wohler 1998; Giussi et al.
2013, 2016; Giussi y Zavatteri 2017; Zavatteri y
Giussi 2018), provenientes de las bases compila-
das por la Secretaria de Agricultura, Ganaderia y
Pesca (SAGyP) de la Reptblica Argentina. Sin
embargo, existe otra fuente de informacion pro-
veniente del “Programa Observadores a Bordo de
la Flota Comercial Argentina” del INIDEP que
aporta una gran cantidad de informacion biologi-
co-pesquera detallada y confiable, ya que propor-
ciona datos mas certeros sobre capturas y esfuer-
zo, ademas de brindar informacidén sobre el
bycatch, el descarte y la estructura poblacional de
las capturas, entre otras.

En el presente trabajo, se realizd la estandari-
zacion de la CPUE de la polaca accesible a la

flota surimera que operd durante el periodo 1993-
2018 en el Atlantico Sudoccidental, mediante la
aplicacion de MLM a partir de la informacion
colectada de la estadistica pesquera y por los
observadores a bordo de buques comerciales. El
objetivo del mismo fue comparar entre si y con el
aplicado en la actualidad (Zavatteri y Giussi
2019), los modelos obtenidos a partir de ambas
fuentes de informacion. Ademas, se analizd cual
de ellos seria mas correcto y factible de ser utili-
zado en la calibracion del modelo de evaluacion
empleado para la especie.

MATERIALES Y METODOS

Se utiliz6 la informacion de CPUE (kg h'!) y
datos temporales (afio y mes) y espaciales (rec-
tangulo estadistico) de las capturas de polaca
durante el periodo 1993-2018, proveniente de dos
fuentes de informacion:

- “Programa Observadores a Bordo de la Flota
Comercial Argentina” del INIDEP.

- Estadistica oficial derivada de los partes de
pesca que son registrados por la SAGyP.

En la primera, tanto los datos de captura como
el peso de la misma y las horas de arrastre se
encuentran detallados lance a lance, mientras que,
en la segunda, dichas variables estan informadas
por grupos de lances.

Respecto a los datos provenientes de los obser-
vadores a bordo, se incluyeron en el analisis s6lo
aquellos lances de pesca en los cuales la duracion
del arrastre fue de 20 min a 15 h, tiempos minimo
y maximo factibles estimados en una operacion
de pesca (Giussi y Zavatteri 2017; Zavatteri y
Giussi 2018). Solo se incluyeron aquellos buques
con dos o0 mas afos de registros de capturas y mas
de diez lances por afio. Ademas, se eliminaron del
analisis aquellas areas que contaron con menos de
diez registros.
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La estandarizacion de la CPUE anual a partir de
ambas fuentes de informacion se realizd por
medio de la aplicacion de MLM. A fines compara-
tivos, en ambos modelos se consideraron los mis-
mos factores fijos y aleatorios. Se utilizd, como
variable respuesta, el logaritmo natural de la
CPUE y se asumi6 distribucion normal de los
errores y de los efectos aleatorios. Dentro de la
estructura de la componente fija, se incorporaron
factores espacio-temporales considerados impor-
tantes y factibles de haber influido sobre la CPUE,
tales como el afio (ANO: variable categérica con
26 niveles, 1993 a 2018), el mes (MES: variable
categorica con 12 niveles, enero a diciembre) y el
rectangulo estadistico (AREA: variable categorica
con 17 niveles en datos de observadores a bordo y
16 niveles en estadistica pesquera). Debido a que
los valores de CPUE provenientes de un mismo
buque (BUQUE: variable categorica con 6 nive-
les) y de una misma unidad afio-area (ANO x
AREA) estarian correlacionados entre si, dichos
factores se incluyeron dentro de la estructura de la
componente aleatoria del modelo.

La estimacion de los parametros de los MLM
se realizd mediante parametrizaciéon sigma-res-
trictiva (Hernandez 2004). La seleccion de mode-
los, tanto en sus estructuras fijas como aleatorias,
se realizo siguiendo el protocolo propuesto por
Zuur et al. (2009). Como marco inferencial, se
utilizé la teoria de informacién y se aplico el cri-
terio de Akaike (1973) (AIC) para la seleccion del
mejor modelo (Burnham y Anderson 2002). Una
vez obtenidos los modelos finales, se analizaron
los puntos atipicos de los mismos y se eliminaron
aquellos que fueran significativos.

Se evaluo la significancia de los factores fijos
y se calculo el grado de bondad de ajuste y las
varianzas explicadas por las componentes fija y
aleatoria de los modelos mediante el coeficiente
de determinacion marginal, R’m, que representa
la varianza explicada por la componente fija y el
condicional, R?c, que se interpreta como la
varianza explicada por ambas componentes, la
fija y la aleatoria (Nakagawa y Schielzeth 2013).

Se realizd un analisis de residuales sobre el
modelo completo (Bolker et al. 2009; Zuur et al.
2009), a fin de validar los supuestos de los MLM.
Con el fin de evaluar la variabilidad de los efectos
aleatorios, se identificaron y aislaron las combi-
naciones lineales con menor sesgo (BLUP) y se
estimo6 el valor del intercepto para cada nivel de
los efectos aleatorios (Bates y Maechler 2009;
Bates 2010).

Por ultimo, se procedio a la extraccion y analisis
de los valores medios de la CPUE estandarizados
y limites de sus respectivos intervalos de confian-
za correspondientes al factor ANO. A fines compa-
rativos, se analizaron y compararon los valores de
CPUE estimados de cada modelo y a su vez, se
contrasto con el modelo utilizado hasta la actuali-
dad estimado por Zavatteri y Giussi (2019), este
ultimo realizado a partir de informacion extraida
de la estadistica pesquera. Para ello, se calculo el
coeficiente de correlacion de Pearson entre valores
de CPUE estimados a partir de los diferentes
modelos. Para comparar las tendencias generales,
se ajustaron regresiones lineales a las CPUE estan-
darizadas por cada modelo y se compararon las
pendientes a través del cociente de verosimilitud.
Ademas, para comparar la tendencia afio a afio, se
graficaron los residuales de cada regresion.

Todos los analisis fueron llevados a cabo utili-
zando la plataforma de programacion R version
3.6.1 (R Core Team 2019). Las pruebas fueron de
dos colas con un nivel de significancia de P < 0,05.

RESULTADOS

Estimacion y diagnéstico de modelos

Se incluyeron 11.687 datos provenientes de
observadores a bordo en el modelo lineal mixto
(MLMggs). Estos datos pertenecieron a seis
buques surimeros que operaron sobre 17 areas
(Figura 1 A). Fueron excluidas 21 areas que no
cumplieron con los criterios de seleccion. Del
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Figura 1. Mapa que indica las areas (rectangulos estadisticos) incluidas en los modelos lineales mixtos (MLM) a partir de la
informacion proveniente de observadores a bordo (A) y la informacion proveniente de la estadistica pesquera (B).

Figure 1. Areas (statistical rectangles) included in the linear mixed models (LMM) from information from observers on board
(A), and information from fishery statistics (B).

total de registros de la estadistica oficial, 2.044
resultaron aptos para su posterior andlisis e
inclusion en el MLM (MLMggr), correspondien-
tes a seis buques surimeros, que operaron sobre

15 éareas
registros.

16 areas (Figura 1 B). En este caso se excluyeron

que no cumplieron con la cantidad de

Respecto de la seleccion de la componente



142

MARINE AND FISHERY SCIENCES 33 (2): 137-150 (2020)

aleatoria Optima, a partir de la comparacion de
modelos con distinta componente aleatoria y con-
siderando la misma componente fija, el modelo
mas complejo que incluyd el factor aleatorio
BUQUE vy la interaccion aleatoria ANO x AREA
resultd ser el mejor con ambas fuentes de infor-
macion (Tabla 1). Al realizar la seleccion de la
estructura en la componente fija, el modelo que
incluy6 todas las variables tuvo un peso relativo
de aproximadamente el 100%, por lo que fue ele-
gido como el que mejor explico la variabilidad de
la CPUE. Esto fue observado para ambos mode-
los considerados (Tabla 2).

Los modelos ajustados quedaron definidos de
la siguiente manera:

In (CPUEjy) = Intercepto + ANO; + MES; +
AREA, + (BUQUE)) + (ANO; x AREA,) + &ijkl

siendo:
i _]kl N(O Gs)

(BUQUEl) N(O, GBUQUEl)
(ANO X AREAk) N(0,6AR0ixAREAK)-

El grado de bondad de ajuste de ambos mode-
los fue bueno (MLMggg: R%, = 0,27, R?, = 0,46;
MLMggr: R%, = 0,26, R, = 0,38). La varianza
explicada por la componente aleatoria en el
MLMggs fue del 41% vy del 31% en el MLMgqr.
Todos los factores incluidos en ambos modelos
re-sultaron  estadisticamente  significativos
(MLMggs: Faro= 6,63, gl =25, p < 0,001, Fygs
= 65,51, gl =11, p < 0,001; Firpa= 18,37, gl =
16, p < 0,001; MLMggt: Faxo = 9,60, gl = 25, p
< 0,001, Fyrg = 23,92, gl = 11, p < 0,001; F4rga
=933, gl =15, p < 0,001).

No se observo tendencia o patron en los errores
de los modelos, lo que indic6 que se cumpliria de
forma aceptable el supuesto de homocedasticidad
(Figura 2). La grafica de la probabilidad normal
de los residuos evidencio6 una cierta aproximacion
a la distribuciéon normal. En ambos modelos, la
mayoria de los residuos se encontraron sobre la
linea teodrica de normalidad, excepto en el extre-
mo inferior izquierdo donde los puntos se aleja-
ron del intervalo de confianza (Figura 2).

Al analizar los efectos aleatorios en ambos
modelos, se observd que para el factor BUQUE

Tabla 1. Numero de parametros (k;), delta de AIC (AAIC) y peso relativo (w;) de los modelos aplicados a la polaca, con diferentes
estructuras aleatorias. En todos los modelos, los factores fijos fueron ANO, MES y AREA. El AIC del mejor modelo (en
negrita) del MLMqpg fue 45.361,5 y el del MLMEggt 6.318,3. El signo “—” representa la modelo sin variables aleatorias

(ML).

Table 1. Number of parameters (k,), AIC delta (AAIC) and relative weight (;) of models applied to the Southern blue whiting
with different random structures. Fixed factors were YEAR, MONTH and AREA in all models. AIC of the best model
(bold) of MLM pps was 45,361.5 and that of MLM gy was 6,318.3. Sign “—" represents the model without random varia-

bles (ML).

Modelo Factor aleatorio k, AAIC ;

MLMops BUQUE + ANO x AREA 56 0,00 1,000
ANO x AREA 55 717,02 0,000
BUQUE 55 949,21 0,000
- 54 1.550,22 0,000

MLMggr BUQUE + ANO x AREA 55 0,00 0,996
BUQUE 54 10,86 0,004
- 53 52,17 0,000
ANO x AREA 54 182,52 0,000
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Tabla 2. Numero de parametros (k;), delta de AIC (AAIC) y peso relativo (o;) de los distintos modelos, aplicados a la polaca. En
todos los modelos, las variables aleatorias fueron BUQUE vy la interaccion ANO x AREA. El AIC del mejor modelo (en
negrita) del MLMgg fue 45.275,5 y el del MLMEggt 6.192,8.

Table 2. Number of parameters (kp), AIC delta (AAIC) and relative weight (;) of different models applied to the Southern blue
whiting. Random variables were VESSEL and the YEAR x AREA interaction in all models. AIC of the best model (bold)

of MLM pps was 45,275.5 and that of MLMggr was 6,192.8.

Modelos Factores fijos k, AAIC o;
MLMopgs ANO + MES + AREA 56 0,00 1
MES + AREA 31 101,09 0
ANO + MES 40 196,72 0
MES 15 237,72 0
ANO + AREA 45 686,44 0
AREA 20 788,98 0
ANO 29 836,58 0
NULO 4 887,83 0
MLMgsr ANO + MES + AREA 55 0,00 1
ANO + MES 40 118,43 0
MES + AREA 30 173,96 0
MES 44 221,44 0
ANO + AREA 15 221,70 0
ANO 29 331,43 0
AREA 19 375,27 0
NULO 4 421,61 0

se encontraron predicciones de los niveles y sus
intervalos de confianza ubicados en lados opues-
tos de la linea del intercepto fijo, lo que demues-
tra variabilidad entre niveles. Para el caso de la
interaccion ANO x AREA en el MLMggg, se
encontraron niveles e intervalos de confianza ubi-
cados en lados opuestos del intercepto fijo, en
cambio, en el MLMgqr las predicciones se encon-
traron en niveles opuestos del intercepto fijo, pero
no asi sus intervalos de confianza, los cuales lo
incluyeron en su totalidad evidenciando poca
variabilidad (Figura 3).

Analisis de tendencias

En general, el comportamiento de los valores
medios anuales de la CPUE estandarizada extrai-

dos a partir del MLMggg evidencid dos periodos,
uno correspondiente a los afios 1993-2004 con
valores por encima de la media (1.212,39 kg h'!),
y otro a los afios 2005-2018 con valores por deba-
jo de la misma (Figura 4 A). Los valores medios
estandarizados de la CPUE por afio a partir del
MLMggr evidenciaron tres periodos comprendi-
dos entre los afios 1993-2004, 2005-2014 y 2015-
2018 (Figura 4 B). En el primer y ultimo periodo,
los valores medios de CPUE fueron mayores a la
media general (2.322,4 kg h™') mientras que en el
segundo, estos valores fueron menores.

Comparacion de tendencias

El coeficiente de correlacion de Pearson entre
las CPUE estimadas a partir del MLMggt y el
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Figura 2. Distribucion de los residuos estandarizados por sus desviaciones estandares respecto de los valores estimados a partir
del MLMggs (A) y del MLMggr (B) y qqplot de los residuos estandarizados respecto de los cuantiles tedricos a partir
del MLMggs (C) y del MLMggr (D). La linea recta continua indica la probabilidad tedrica normal y la linea punteada

sus intervalos de confianza del 95%.

Figure 2. Distribution of standardized residuals by their standard deviations with respect to the values estimated from MLM g
(4) and MLMggr (B) and qqplot of standardized residuals with respect to the theoretical quantiles from MLM g5 (C)
and MLMggr (D). Solid straight line indicates the normal theoretical probability and the dotted line its 95% confidence

intervals.

MLMggs fue de 0,62 y significativamente dife-
rente de cero (t,4 = 3,93, p < 0,01), lo que demos-
tr6 una correlacion positiva entre las mismas
(Figura 5 A). Por otro lado, las correlaciones
entre las CPUE medias estimadas a partir de los
modelos construidos en este trabajo y las obteni-
das a partir del modelo propuesto por Zavatteri y
Giussi (2019), fueron positivas y significativa-
mente diferentes de cero ("ypmops = 0,56, thy =
3,35, p < 0,01; myimest = 0,92, thy = 12,08, p <
0,001; Figura 5 By 5 C). No hubo diferencias sig-
nificativas entre las pendientes estimadas en las
tres estimaciones (x?; = 1,08, p = 0,58; Figura 6
A) y la tendencia entre las tres estimaciones fue
relativamente similar, excepto en 1993 y 1998 en

donde la tendencia de la CPUE estimada por el
MLMggg fue contraria a las otras (Figura 6 B).

DISCUSION

En este trabajo se estandarizaron las capturas
por unidad de esfuerzo de la polaca provenientes
de dos fuentes de informacion empleando modelos
lineales mixtos. Ademas, los indices asi obtenidos
fueron comparados entre si y con el modelo que se
desarrolla anualmente para estimar indices de
abundancia de polaca en el INIDEP (Giussi y
Zavatteri 2017; Zavatteri y Giussi 2018, 2019). Si
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Predicciones de efectos aleatorios

Figura 3. Grafico de “oruga” de las predicciones de intercepto de los efectos aleatorios BUQUE a partir del MLMggg (A) y del
MLMggr (B) e interaccion ANO x AREA a partir del MLMqgs (C) y del MLMggr (D) ajustados a polaca y sus intervalos
de confianza del 95%. La linea vertical representa el intercepto fijo para cada modelo.

Figure 3. “Caterpillar” graph of the intercept predictions of the random effects VESSEL from MLM g (4) and MLM g (B) and
YEAR x AREA interaction from MLM pps (C) and MLM gy (D) adjusted to the Southern blue whiting and their 95% con-
fidence intervals. Vertical line represents the fixed intercept for each model.

bien dicha comparacion habia sido realizada por
Giussi et al. (2012), la construccion del indice de
abundancia con MLM no habia sido reportada
para la especie en la Argentina hasta la actualidad.
Estos tipos de modelos permiten mejorar la cali-
dad del analisis, ya que pueden modelar la variabi-
lidad aleatoria y la correlaciéon de los errores. Esto
resulta muy util en el analisis de datos desbalance-
ados con pseudoréplicas o con algin tipo de
estructura jerarquica o de agrupacion, los cuales
suelen estar presentes al elaborar indices de abun-
dancia (Di Marco et al. 2019). Los modelos cons-
truidos con ambas fuentes de informacion que
mejor explicaron la variabilidad de la CPUE inclu-
yeron las mismas variables tanto en su estructura

fija como aleatoria. Ambos tuvieron un buen ajus-
te y la variacion explicada fue mayor respecto de
los indices de abundancia anteriores (Giussi y
Zavatteri 2017; Zavatteri y Giussi 2018, 2019).

En el MLMggg, se observo una alta variacion de
la CPUE tanto entre buques como entre las inter-
acciones ANO x AREA, por lo que se justifico la
inclusion de dichas variables como aleatorias,
mientras que, en el MLMggt se observo variacion
entre buques, pero no asi entre las interacciones
ANO x AREA. Esto mismo se vio reflejado en la
varianza explicada por la variable aleatoria, siendo
un 41% del total en el MLMpg y un 31% del total
en el MLMggt. Esto podria ser debido a la canti-
dad de registros provenientes de ambas fuentes de
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Figura 4. Valores medios e intervalos de confianza del 95% de la captura por unidad de esfuerzo (CPUE) estandarizada, corres-
pondientes al factor ANO del MLMgpg (A) y del MLMggt aplicados a la polaca (B).

Figure 4. Mean values and 95% confidence intervals of the standardized catch per unit effort (CPUE) corresponding to YEAR
factor of MLM pps (A) and MLM g applied to the Southern blue whiting (B).
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Figura 5. Diagrama de dispersion entre las tendencias de la captura por unidad de esfuerzo (CPUE) estimadas a partir del
MLMggg versus el MLMggt (A), el MLMggg versus el ML estimado por Zavatteri y Giussi (2019) (B) y el MLMggr
versus el ML estimado por Zavatteri y Giussi (2019) (C).

Figure 5. Scatter diagram between the estimated catch per unit effort (CPUE) trends from MLM ppg versus MLMggr (A), MLM opg
versus ML estimated by Zavatteri and Giussi (2019) (B), and MLMgsr versus estimated ML by Zavatteri and Giussi

(2019) (C).
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Figura 6. Comparacion de tendencias de las capturas por unidad de esfuerzo (CPUE) estimadas a partir del MLMpg, el MLMEggt
y el ML estimado por Zavatteri y Giussi (2019). A) CPUE estandarizadas y sus respectivas lineas de tendencias estima-
das. B) Comparacion de los residuales para cada tendencia, la linea punteada horizontal representa la media de los resi-

duos.

Figure 6. Comparison of trends in the estimated catch per unit effort (CPUE) from MLM g5, MLM sy and ML estimated by
Zavatteri and Giussi (2019). A) Standardized CPUE and their respective estimated trend lines. B) Comparison of the
residuals for each trend, horizontal dotted line represents the mean of the residuals.

informacion, las cuales son mayores en los datos
tomados por los observadores a bordo de buques
comerciales que las obtenidas por los partes de
pesca, lo que conduciria a una estimacion mas
representativa de la CPUE, explicando asi una
mayor variabilidad de los datos observados.

En cuanto a los valores medios de CPUE estan-
darizado por afio a partir del MLMggg, se registro
una alta variabilidad entre 1993 y 2005, afio a
partir del cual la tendencia se mostrd mas estable.
En el caso de los valores medios por afio estima-
dos por el MLMggt en contraposicion con los

estimados por el MLMgjpg, se observd una varia-
bilidad menor durante el primer periodo com-
prendido entre 1993 y 2006. Sin embargo, a pesar
de las diferencias interanuales en los valores
medios de CPUE estimados con ambos modelos,
la tendencia general resultd similar. De igual
forma, las CPUE medias estimadas a partir de los
modelos lineales mixtos planteados utilizando
ambas fuentes de informacidn tuvieron una alta
correlacion con los valores obtenidos por Zavat-
teri y Giussi (2019) a partir de un modelo lineal.
Esto indicaria que el enfoque mediante modelos
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mixtos no generaria un cambio sobre la tendencia
de los indices de abundancia estimados a través
de modelos lineales simples.

Por otro lado, teniendo en cuenta que para la
realizacion del MLMggr y el ML estimado por
Zavatteri y Giussi (2019) se utilizé la misma base
de datos, la relacion entre las CPUE asi estimadas
resultaria de gran utilidad a modo comparativo. La
tendencia entre estos dos modelos fue muy simi-
lar, con un alto nivel de correlacion, aunque la ten-
dencia estimada por el MLMqr fue menos varia-
ble. Ademas, el ajuste del MLMggr fue mejor y
utiliz6 una menor cantidad de parametros, contri-
buyendo asi a una mayor parsimonia del modelo.

Debido a lo anterior, se podria concluir que la
aplicacion de MLM mejoro el ajuste de los mode-
los lineales utilizados hasta el momento sin variar
abruptamente la tendencia estimada, lo cual per-
mitiria predecir con mayor exactitud los valores
medios de CPUE estandarizados a lo largo de los
afnos. El MLMggg mostré un mejor ajuste que es
explicado por el mayor niimero de registros y
mayor variabilidad de los datos respecto del
MLMggr. Teniendo en cuenta las debilidades y
fortalezas en cuanto a la representatividad de las
dos fuentes de informacion consideradas, se reco-
mienda utilizar ambas para lograr estimaciones
mas certeras y mejorar la calibracion de los
modelos de evaluacion empleados en la estima-
cion de abundancia de la especie.
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RESUMEN. El uso excesivo de antibidticos en medicina, produccién animal, agricultura y ali-
mentos, ha contribuido a la aparicion de patogenos resistentes a los antibioticos convencionales,
haciendo necesaria la busqueda de nuevos compuestos a partir de fuentes naturales y seguras. Ciertos
péptidos de bajo peso molecular, con potencial actividad antimicrobiana, poseen alta especificidad
para organismos procariotas y baja o nula toxicidad para los eucariotas. Los invertebrados marinos
son una fuente posible para su obtencion, ya que poseen un sistema inmune innato muy efectivo el
cual es la primera linea de defensa frente a bacterias, hongos y virus. Una forma de obtenerlos es
mediante la extraccion con diferentes tipos de solventes que permiten mantener la funcion efectora
de estas moléculas luego de su aislamiento. En este trabajo, a partir ejemplares de Zygochlamys pata-
gonica se obtuvieron extractos con diferentes solventes y se compararon los rendimientos con el
método control para la aislacion de péptidos y proteinas. Se evalud la concentracion inhibitoria mini-
ma (CIM) y la actividad antimicrobiana por medio de la determinacion del porcentaje de inhibicion
del crecimiento de todos los extractos obtenidos sobre bacterias Gram positivas y Gram negativas, y
se compard su eficacia con un antibidtico comercial de amplio espectro. La CIM de los extractos pro-
venientes de los tejidos de vieira (sin callos) fue de 2,5 mg ml!, y la actividad antimicrobiana de los
mismos fue comparable a la del antibidtico comercial de amplio espectro. De acuerdo con los resul-
tados obtenidos, se recomienda utilizar etanol como método de extraccion debido a su menor toxi-
cidad y casi nula posibilidad de contaminacion bacteriana durante el proceso. La identificacion de
estos péptidos podria contribuir a una futura aplicacion biotecnoldgica.

Palabras clave: Péptidos antimicrobianos, bivalvos, vieira patagénica.

Antimicrobial activity of different extracts obtained from Patagonian scallop (Zygochlamys
patagonica)

ABSTRACT. The excessive use of antibiotics in medicine, animal production, agriculture and
food has contributed to the emergence of pathogens resistant to conventional antibiotics, making
the search for new compounds from natural and safe sources necessary. Certain low molecular
weight peptides with potential antimicrobial activity have high specificity for prokaryotic organ-
isms and low or no toxicity to eukaryotes. Marine invertebrates are a tentative source for obtaining
them, since they have a very effective innate immune system which is the first line of defense
against bacteria, fungi and viruses. One way to obtain them is by extraction with different types of
solvents, which allow maintaining the effector function of these molecules after their isolation. In
this work, extracts with different solvents were obtained from Zygochlamys patagonica and yields
were compared to those achieved by the isolation control method for peptides and proteins.
Minimum inhibitory concentration (MIC) and antimicrobial activity were evaluated by determin-
ing the percentage of growth inhibition of all extracts obtained on Gram-positive and Gram-nega-
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tive bacteria, and their efficacy was compared with a conventional antibiotic. MIC of the extracts from scallop tissues (without callus-
es) was 2.5 mg ml!, and their antimicrobial activity was comparable to that of a commercial broad-spectrum antibiotic. According to
the results, it is recommended to use ethanol as an extraction method due to its lower toxicity and almost zero possibility of bacterial
contamination during the process. The identification of these peptides could contribute to a future biotechnological application.

Key words: Antimicrobial peptides, bivalves, Patagonian scallop.

INTRODUCCION

Los antibioticos constituyen un grupo hetero-
géneo de sustancias que ejercen una accion espe-
cifica sobre alguna estructura o funcion metaboli-
ca de un determinado microorganismo. En los
ultimos aflos, el uso excesivo e incontrolado de
antibioticos en medicina, produccion animal,
agricultura y en la conservacion de productos ali-
menticios, ha contribuido en gran medida a la
aparicion de patdgenos resistentes a los antibioti-
cos convencionales. Frente a esta problematica, la
busqueda de nuevos antibidticos se ha convertido
en un gran desafio para la biotecnologia y la
industria farmacéutica, existiendo un gran interés
en encontrar este tipo de moléculas a partir de
fuentes naturales y ecoldgicamente seguras (Kim
y Mendis 2006; Shahidi y Zhong 2008; Lordan et
al. 2011; Najafian et al. 2012; Bahar y Ren 2013;
Wang et al. 2017).

Una clase de moléculas que poseen actividad
antimicrobiana son los péptidos de bajo peso
molecular, que pueden ser naturales (Sharma et
al. 2009; Sugesh y Mayavu 2013; Boullet et al.
2019), sintéticos o generados a partir de diferen-
tes procesos de hidrolisis, tanto quimica como
enzimatica (Ryan et al. 2011; Ennaas et al. 2015;
Hou et al. 2017; Salomone y Massa 2018). Diver-
sos estudios muestran que la mayoria de estos
péptidos poseen funciones antimicrobianas (bac-
tericidas o bacteriostaticas) contra varias cepas
Gram negativas y positivas, siendo potencialmen-
te utiles en la industria alimentaria y en la farma-
céutica. En la actualidad, los péptidos antimicro-
bianos son algunas veces preferidos a los antibio-

ticos convencionales para uso medicinal y ali-
mentario debido a que eliminan las bacterias mas
rapidamente, su actividad no se ve afectada por
los mecanismos de resistencia a los antibidticos,
poseen alta especificidad para organismos proca-
riotas y baja o nula toxicidad para los eucariotas
(Shahidi y Zhong 2008; Najafian y Babji 2012).

Estos péptidos son moléculas anfifilicas o anfi-
paticas menores a 10 kDa con alto contenido de
lisina y arginina que les confieren carga neta posi-
tiva (Tincu y Taylor 2004; Hancock el al. 2006;
Lemus et al. 2016; Kuppusamy et al. 2019). Uno
de los mecanismos de accion por el cual estas
moléculas ejercen su funcion sobre los microor-
ganismos, se debe a la unidén de su carga neta
positiva con la carga neta negativa de la superfi-
cie lipidica microbiana a través de interacciones
electrostaticas que permeabilizan la membrana
bacteriana. Estas interacciones provocan un des-
plazamiento de cationes divalentes (Mg y
Ca*?), facilitando la formacion de areas desesta-
bilizadas en la membrana y promoviendo la trans-
locacion del péptido a su interior. De esta manera,
inducen la lisis celular directa o la perturbacion
de la membrana permitiendo la salida de compo-
nentes celulares (Gutiérrez y Orduz 2003; Kup-
pusamy et al. 2019).

Los organismos marinos son un importante
recurso para la obtencidon de moléculas bioacti-
vas. En particular los invertebrados, que poseen
un sistema inmune innato muy efectivo el cual es
la primera linea de defensa frente a bacterias,
hongos y virus. Es un mecanismo de reconoci-
miento de patdogenos poco especifico, que genera
respuestas tanto a nivel celular como humoral, en
donde los péptidos de bajo peso molecular son su
principal defensa frente a potenciales patdgenos.
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Cuando se dispara la inmunidad humoral, se sin-
tetizan componentes antimicrobianos, siendo los
péptidos los que se encuentran en mayor propor-
cién. En moluscos bivalvos, éstos se encuentran
en la hemolinfa y en tejidos y érganos que estan
expuestos a potenciales patdogenos (Tincu y Tay-
lor 2004; Sharma et al. 2009; Bahar y Ren 2013;
Sugesh y Mayavu 2013). Estos péptidos antimi-
crobianos pueden estar codificados en el genoma
0 generarse como metabolito secundario. Por lo
general se sintetizan como propéptidos que, luego
de activarse, adoptan una estructura secundaria
que les confiere su funcion efectora. Debido a
esto, es importante aislarlos en su conformacion
natural a fin de que los métodos utilizados para su
aislamiento no alteren la conformacion que pose-
en dentro del organismo.

Las proteinas y péptidos pueden ser extraidos
por diferentes métodos: agitacion con abrasivos,
homogeneizacion a alta presion, extrusion, shock
osmotico, ciclos de congelacion y descongelacion,
sonicacion, extracciones con alcalis, detergentes,
acidos y sustancias caotropicas. Sin embargo, este
tipo de métodos llevan a la obtencion de molécu-
las en forma desnaturalizada, siendo necesarios
pasos posteriores para volver a obtener su confor-
macion nativa (Tan y Yiap 2009). Otra forma de
obtener péptidos naturales con potencial funcion
antimicrobiana es mediante su extraccion con
diferentes tipos de solventes (Sharma et al. 2009;
Sugesh y Mayavu 2013; Kiran et al. 2014; Injal et
al. 2016; Abouzeed et al. 2018). La eleccion del
proceso de extraccion con solventes se basa en
que, dependiendo de la temperatura y del solvente
utilizado, se pueden extraer los péptidos de forma
tal que no sufran modificaciones estructurales con
respecto a la conformacion que poseen natural-
mente en un determinado organismo, mantenien-
do su funcion efectora intacta (Tincu y Taylor
2004; Hancock el al. 2006; Lemus et al. 2016;
Kuppusamy et al. 2019).

Una de las pesquerias certificadas mas impor-
tantes a nivel comercial en la Argentina es la de
vieira patagonica (Zygochlamys patagonica), que

cumple con la Norma de Sostenibilidad y Conser-
vacion del Ambiente (www.msc.org). Sin embra-
go, durante el procesamiento de las capturas para
la produccion de callos congelados en los buques
pesqueros, se genera una gran cantidad de bioma-
sa de descarte, que si no es tratado adecuadamen-
te contribuyen a la contaminacion ambiental
(Schwartz y Campodonico 2017; Campodonico
et al. 2019).

El funcionamiento del sistema inmunologico
de bivalvos, la problematica ambiental relaciona-
da con los descartes de la pesqueria de Z. patago-
nica y la capacidad bioactiva de péptidos que fue-
ron aislados en otras especies de bivalvos (Shar-
ma et al. 2009; Bahar y Ren 2013; Sugesh y
Mayavu 2013; Pachaiyappan et al. 2014), se com-
binan en este trabajo como punto de partida para
la obtencion de estas moléculas bioactivas con
propiedades antimicrobianas. Para esto, se reali-
zaron extracciones de péptidos utilizando diferen-
tes solventes a partir de dos subgrupos de tejidos
de Z. patagonica. Se compararon los rendimien-
tos de cada extracto, y se evaluo la actividad anti-
microbiana de los mismos con respecto a un
método control para el aislamiento de péptidos y
proteinas. Finalmente, se evalud la actividad anti-
microbiana de todos los extractos sobre cuatro
especies bacterianas utilizando un antibidtico
comercial como control.

MATERIALES Y METODOS

Obtencion de extractos

Los ejemplares de Z. patagonica utilizados
para realizar los extractos fueron recolectados
durante 2018 por los buques comerciales “Miss
Tide” (43° 55" 00" S- 60° 04’ 50" W) y “Atlantic
Surf I (45° 00" 30" S-60° 15" 00" W). Las viei-
ras se mantuvieron en cautiverio en acuarios con
filtros bioldgicos a 7 £ 1 °C. A medida que se
iban produciendo las muertes de forma natural,
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los ejemplares se almacenaron a -20 °C para
representar lo mejor posible el tratamiento
durante su procesado. Al momento de su utiliza-
cion, ocho vieiras fueron descongeladas a tempe-
ratura ambiente, lavadas con agua destilada esté-
ril, y posteriormente los callos fueron separados
del resto de los tejidos blandos. Se homogeneiza-
ron separadamente los callos por un lado y el
resto de los tejidos por otro, para finalmente
someter a ambos grupos a las extracciones con
los diferentes solventes, conformando asi dos
subgrupos de tejidos.

Las extracciones se llevaron a cabo con etanol,
metanol, acetona y agua por maceracion en reci-
pientes de vidrio color &mbar durante cinco dias a
25 °C, utilizando 0,5 g de muestra hiimeda por
cada 1 ml de solvente, homogeneizando manual-
mente los tejidos periodicamente. Los homogena-
tos se filtraron con papel Whatman N° 1, se reco-
lectaron los eluatos y se evaporaron los solventes
en estufa a 60 £ 1 °C hasta peso constante (modi-
ficado de Injal et al. 2014; Kiran et al. 2014;
Pachaiyappan et al. 2014; Abouzeed et al. 2018).
Como método de referencia y control positivo de
las extracciones, se utilizd acido acético para su
solubilizacion (compatible quimicamente con la
acetona), y la posterior precipitacion con acetona
para su purificacion (A/Ac). Para esto, se utilizd
0,75 g de muestra humeda por cada 1 ml de acido
acético al 10%, se incubo por24 ha4+1°Cyse
centrifugd a 11.400 g durante 15 min. El sobrena-
dante se traspaso a un tubo limpio, se le agregd 3
volimenes de acetona fria, se incub6 por 24 h a 4
+ 1 °C y se centrifugd a 5.700 g durante 15 min
(modificado de Niu et al. 2019). El precipitado
obtenido se seco en estufa a 60 £ 1 °C hasta peso
constante. Los s6lidos recuperados con cada sol-
vente fueron solubilizados en dimetilsulfoxido
(DMSO) puro para obtener una concentracion
final de 15 mg ml!, se esterilizaron mediante fil-
tracion con filtro de 0,22 um y se conservaron a -
20 £ 1 °C hasta su uso. Todas las extracciones se
realizaron por duplicado y el rendimiento se expre-
s6 como g de solidos/g de tejido hiimedo.

Electroforesis en gel de agarosa

La separacion electroforética de proteinas y
péptidos se llevo a cabo en gel de agarosa al 5%
(500 mM trizma base; 160 mM acido boérico; 1M
Urea; 5% agarosa; pH 8.5) en un dispositivo de
electroforesis horizontal. La corrida electroforéti-
ca se realizo en buffer TBS (90 mM trizma base;
90 mM éacido bérico; 0,1% SDS; pH 8,5) durante
4 h a 60 V, con refrigeracion. Las muestras y las
proteinas puras utilizadas como marcadores de
peso molecular fueron mezcladas con buffer de
siembra 2X (126 mM Trizma Base; 4% SDS;
0,002% azul de bromofenol; 15% glicerina; 10%
ditiotreitol), calentadas a 90 °C durante 10 min y
mantenidas a -20 £ 1 °C hasta su uso. El gel fue
tenido durante 1 h (0,25% Coomasie Blue; 40%
metanol; 10% &cido acético), y se revel6 con
varios lavados en solucion de decoloracion (20%
metanol; 5% acido acético) durante toda la noche
(Wu y Kusukawa 1998; Kim et al. 2000; Kafle et
al. 2018; Lonza Research, 2019).

Ensayo de actividad antimicrobiana en medio
liquido. Determinacién de la concentracion
inhibitoria minima

La concentracion inhibitoria minima (CIM) se
define como la menor dilucion de una determina-
da sustancia en la cual no se observa crecimiento
de microorganismos. Para determinarla, se evaltio
la capacidad antimicrobiana de cada extracto
sobre diferentes especies bacterianas Gram posi-
tivas y negativas disponibles en el cepario del
Gabinete de Genética Molecular y Microbiologia
del Instituto Nacional de Investigacion y Desarro-
llo Pesquero (INIDEP) mediante el método estan-
dar recomendado por la CLSI (Clinical and Labo-
ratory Standards Institute) basado en Geis et al.
(1983). El ensayo se efectué en microplacas de
cultivo de 96 pocillos con fondo en U, en un volu-
men final de 200 pl, con medio de cultivo LB
(extracto de levadura 0,5%; Peptona 1%; cloruro
de sodio 1%; pH = 7). Se realizaron diluciones
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seriadas 1:2 de la solucion de los extractos a eva-
luar, de manera que la concentracion inicial en el
primer pocillo fue 5 mg ml!. En cada pocillo se
inocularon los diferentes cultivos bacterianos:
Bacillus subtilis, Esherichia coli, Lactobacillus
plantarum y Pseudomona aeruginosa, para obte-
ner una concentracion final de 1x10* UFC ml!
(Unidades Formadoras de Colonias). Se incluye-
ron los siguientes controles: negativos (Medio
LB, 1x10* UFC ml!; Medio LB, 1x10* UFC ml
I, DMSO); positivo (LB, 1x10* UFC ml!, Ampi-
cilina 5 mg ml'") y de contaminacién (Medio LB;
Medio LB, extractos). Las placas fueron incuba-
das a 37 £ 1 °C durante 24 h. Los ensayos se rea-
lizaron por duplicado y se determiné la CIM por
observacion a simple vista del crecimiento, o no,
del microorganismo evaluado. Para confirmar la
CIM y ademads calcular el porcentaje de inhibi-
cion del crecimiento, se escalaron los ensayos a
un volumen final de 5 ml con incubacion por 24
ha37 £ 1 °Cy agitacion a 250 rpm, incluyendo
los mismo controles detallados en el parrafo ante-
rior. Se midio la densidad optica (DO) a una lon-
gitud de onda de 600 nm y los resultados se
expresaron como la media de los duplicados +
desvio estandar.

Calculo del porcentaje de inhibicion del creci-
miento

Para comparar la capacidad antimicrobiana de
los extractos que presentaron actividad con res-
pecto a un antibidtico convencional a las 24 h de
cultivo, se calcul6 el porcentaje de inhibicion del
crecimiento de cada extracto con respecto al anti-
bidtico comercial ampicilina (5 mg ml!) como
control positivo, mediante la féormula:

% IC = [(A - B)/A] x 100
donde:

A = DOy del cultivo bacteriano sin el extracto a
ensayar o sin ampicilina;

B = DOy del cultivo bacteriano con el extracto a
ensayar o con ampicilina.

Analisis estadisticos

Los analisis se llevaron a cabo utilizando el
software GraphPad Prism (GraphPad Software,
La Jolla California USA). Todos los ensayos se
realizaron por duplicado y fueron analizados
mediante ANOVA, con un intervalo de confianza
del 95% (p < 0,05) y se expresaron como la
media + DE. Luego de haber rechazado la hipo-
tesis nula de igualdad de medias mediante el ana-
lisis ANOVA, para la comparacion de los rendi-
mientos de solidos extraidos y de los porcentajes
de inhibicion se utilizo el Test de Comparaciones
Multiples de Dunnett (1955), que compara el
resultado de cada tratamiento con un unico con-
trol. Los intervalos de confianza utilizados fue-
ron de 95% para el analisis de los rendimientos (p
< 0,05), siendo el tratamiento control el método
de extraccion con acido acético/acetona; y de
99,9% para el analisis de los porcentajes de inhi-
biciéon del crecimiento bacteriano (p < 0,001),
donde el tratamiento control fue el antibidtico
comercial ampicilina.

RESULTADOS Y DISCUSION

En este trabajo se compararon las actividades
de péptidos que fueron extraidos con diferentes
solventes con respecto a los extraidos por un
método control, y a su vez con la actividad anti-
microbiana de un antibidtico convencional.

Cuando se compararon los rendimientos de las
extracciones de los tejidos sin callos con respecto
al método control (A/Ac), no se encontraron dife-
rencias significativas entre las extracciones con
metanol y etanol, mientras que el rendimiento de
solidos utilizando agua y acetona resultaron
menores (Tabla 1). En el caso de los callos, no
hay diferencia significativa entre ninguno de los
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Tabla 1. Rendimiento de las extracciones de sdlidos de tejidos de Zygochlamys patagonica utilizando distintos solventes.
Comparacion respecto al control (acido acético/acetona) mediante el test de Dunnett (1955). n.s.: no se encuentran dife-
rencias (p < 0,05); (-): menor rendimiento con respecto al control (*). Los datos se expresan como g de solidos recupe-

rados/g de peso himedo de tejido inicial (media + DE).

Tabla 1. Yield of solid extractions from Zygochlamys patagonica tissues using different solvents. Comparison with respect to the
control (acetic acid/acetone) by Dunnett test (1955). n.s.: no differences found (p < 0.05); (=) lower performance with
respect to the control (*). Data are expressed as g of solids recovered/g of initial tissue wet weight (mean + SD).

Metanol Etanol

Acetona Agua

Acido acético/acetona*

Tejidos s/ callos 0,0224 + 0,0020 0,0148 = 0,0004 0,0113 £ 0,0010 0,0105 £ 0,0020

n.s. n.s.
Callos
n.s. n.s.

0,0184 = 0,0007 0,0143 +0,0012 0,0121 +£0,0016 0,0131 £ 0,0040

0,0178 +0,0013
Q) Q)
0,0157 + 0,0090
n.s. n.s.

cuatro métodos de extraccion con respecto al con-
trol (Tabla 1).

Varios métodos son utilizados para evaluar la
actividad antimicrobiana de diferentes compues-
tos mediante la determinacion de la CIM. Dentro
de estos métodos se encuentran el ensayo de difu-
sion en agar, la técnica de difusion en disco y el
ensayo en microplaca de cultivo (CLSI 2012).
Este ultimo fue utilizado en este trabajo, ya que
no solo presenta menor error en la lectura visual,
sino que puede confirmarse la CIM por espectro-
fotometria cuando se realiza el ensayo en un
volumen mayor. La combinacion de estos méto-
dos de lectura dieron como resultado que todos
los extractos obtenidos a partir de los tejidos sin
callos de Z. patagonica presentaron actividad
antimicrobiana frente E. coli, B. subtilis, L. plan-
tarum y P. aeruginosa, donde la CIM para todos
los casos fue de 2,5 mg ml"!, mismo valor obteni-
do luego de escalar los ensayos (Figura 1). El
hecho de que los extractos obtenidos con meta-
nol, etanol, acetona y agua se hayan comportado
de la misma manera que el obtenido utilizando el
método control, que es especifico para la extrac-
cion de péptidos y proteinas, permite interpretar
que todos ellos mayormente contienen péptidos
de bajo peso molecular (Figura 2), y que los mis-
mos son los responsables de la actividad antibac-
teriana. Estos resultados son consistentes con los

reportados por otros autores utilizando como
materia prima otros bivalvos. Pachaiyappan et al.
(2014) obtuvieron diferentes extractos utilizando
solventes polares y no polares en Meretrix casta,
los cuales presentaron actividad antimicrobiana
frente a bacterias patdgenas y no patogenas. A
partir de extractos acuosos de M. meretrix, Injal et
al. (2016) demostraron la capacidad antibacteria-
na frente a Salmonella typhi y Staphylococcus
aureus, dos especies patégenas en humanos.
También presentaron actividad antibacteriana
sobre bacterias Gram positivas y negativas los
extractos obtenidos con metanol y buffer fosfato
a partir de cinco especies distintas de bivalvos
comestibles (Sharma et al. 2009).

Todos los extractos obtenidos a partir de los
tejidos sin callos no mostraron diferencias signi-
ficativas cuando se compararon sus porcentajes
de inhibicion del crecimiento con respecto al anti-
biodtico comercial (p < 0,001) (Tabla 2), indicando
que todos los procesos de extraccion fueron capa-
ces de obtener los péptidos sin alterar la funcion
inmunologica que realizaban en el organismo del
que fueron obtenidos, ya que el método control
no altera la conformacion original de las protei-
nas y péptidos extraidos.

Cuando los ensayos se realizaron utilizando los
extractos obtenidos a partir del tejido muscular de
los callos, ninguno fue capaz de inhibir el creci-
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Figura 1. Actividad antimicrobiana de los extractos obtenidos a partir de tejidos de vieiras (sin callos). Concentracion inhibitoria
minima determinada por absorbancia 600 nm. Media de los duplicados £ DE. Me: metanol, Et: etanol, Ac: acetona, Ag:
agua, A/Ac: acido acético/acetona, Amp: ampicilina, control positivo, OD: densidad optica.

Figure 1. Antimicrobial activity of extracts obtained from scallop tissues (without muscle). Minimum inhibitory concentration
determined by absorbance 600 nm. Mean of duplicates £ SD. Me: methanol, Et: ethanol, Ac: acetone, Ag: water, A/Ac:
acetic acid/acetone, Amp: ampicillin, positive control, OD: optical density.
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Figura 2. Electroforesis en Gel de Agarosa al 5% de los péptidos obtenidos. A) Método de extraccion control. MPM: marcadores
de peso molecular (kDa). B) Péptidos obtenidos con los diferentes solventes. Me: metanol, Et: etanol, Ac: acetona, Ag:

agua, A/Ac: acido acético/acetona (control).

Figure 2. Agarose Gel Electrophoresis 5% of peptides obtained. A) Control extraction method. MPM: molecular weight markers
(kDa). B) Peptides obtained with different solvents. Me.: methanol, Et: ethanol, Ac: acetone, Ag: water, A/Ac: acetic

acid/acetone (control).

Tabla 2. Porcentaje de inhibicion del crecimiento causado por los péptidos obtenidos segun el solvente utilizado para su extrac-

cion comparado con el antibidtico control (*).

Table 2. Growth inhibition percentage caused by peptides obtained according to the solvent used for their extraction compared

to the control antibiotic (*).

Esherichia coli  Bacillus subtilis

Lactobacillus plantarum  Pseudomona aeruginosa

Ampicilina* 100,00 100,00
Metanol 99,55 99,75
Etanol 99,70 99,60
Acetona 99,65 99,70
Agua 99,45 99,55
Acido acético/acetona 99,85 99,35

100,00 100,00
99,95 99,90
99,20 99,55
99,95 99,70
99,75 99,60
99,95 99,60

miento de los distintos cultivos bacterianos (Figu-
ra 3). Esta diferencia de comportamiento de los
extractos dependiendo de los tejidos que le dieron
origen, coincide con resultados de otros trabajos
en que la fuente mayoritaria de péptidos con acti-
vidad antimicrobiana en bivalvos proviene de
hemocitos, epitelios, intestino y 6rganos respira-
torios, donde estos péptidos son su principal linea
de defensa contra patogenos (Tincu y Taylor
2004; Sumita et al. 2009; Bahar y Ren 2013;
Sugesh y Mayavu 2013). Los resultados obteni-
dos brindan una alternativa para el uso del mate-
rial de descarte de la pesca, realizandose de esta

forma un aprovechamiento integral del recurso
junto con la promocion de una industria amigable
con el medioambiente.

CONCLUSIONES

En este trabajo se evaluo la actividad antimicro-
biana de péptidos que fueron extraidos de dos sub-
grupos de tejidos de vieira patagdnica, utilizando
diversos solventes. La actividad antimicrobiana de
los extractos provenientes de los tejidos sin incluir
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Figura 3. Actividad antimicrobiana de los extractos obtenidos a partir de los callos de vieiras. Concentracion inhibitoria minima
determinada por absorbancia a 600 nm. Media de los duplicados £ DE. Me: metanol, Et: etanol, Ac: acetona, Ag: agua,
A/Ac: acido acético/acetona, Amp: ampicilina, control positivo, OD: densidad optica.

Figure 3. Antimicrobial activity of extracts obtained from scallop muscles. Minimum inhibitory concentration determined by
absorbance at 600 nm. Mean of duplicates + SD. Me: methanol, Et: ethanol, Ac: acetone, Ag: water, A/Ac: acetic
acid/acetone, Amp: ampicillin, positive control, OD: optical density.
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los callos fue comparable a la de un antibiotico
comercial de amplio espectro. Si bien el método
de extraccion con agua es el mas economico, tam-
bién es el mas susceptible de sufrir contaminacion
por proliferacion de bacterias presentes en los teji-
dos utilizados durante el tiempo de duracion del
proceso. Se recomienda utilizar etanol como
método de extraccion debido a su menor toxicidad
que el metanol y la acetona, recuperacion del sol-
vente, y baja posibilidad de contaminacion bacte-
riana durante el proceso, comparado con el méto-
do control (&cido acético/acetona) y con el método
que utiliza agua en el proceso.

Este estudio representa una linea de partida
para la obtencion de extractos peptidicos no solo
de otros bivalvos, sino también a partir de otros
organismos que posean bajo valor comercial o
son descartados en la pesca. Aqui se detalla un
método simple, rapido y econdémico, con la posi-
bilidad de ser adaptado a una mayor escala. A par-
tir de estos resultados, el siguiente paso sera puri-
ficar estos péptidos, identificarlos, determinar las
fracciones que poseen la mayor actividad antimi-
crobiana, y evaluarlos como potenciales antibidti-
cos para la industria farmacéutica, alimentaria, e
incluso para su aplicacion en acuicultura.
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ABSTRACT. Fish metamorphosis is an important ontogenetic process with a key role on early
stages survival and on successful recruitment to adult populations. The whitemouth croaker
(Micropogonias furnieri) is an important commercial resource for the coastal fisheries of Argentina
and Uruguay. Metamorphosis was studied using morphometric and morphological analysis during
larval development. Changes in morpho-meristic characters before and after metamorphosis were
employed to determine the length interval of this transition by employing Principal Component
Analysis. Individuals (n = 430) from 4 to 41 mm standard length (SL) were collected in the Rio de
la Plata estuary (35.45° S, 56.35° W) in March 2006. Length ranges of individual’s developmental
stages were associated with the presence of key morphological characters. During early life stages,
M. furnieri changes from a big-headed, robust shape larva to a slender and more elongated body
form. Most of the morphometric variables showed an inflexion point at 15.2 mm SL, with a 95%
confidence interval of 14.0-16.4 mm. The anterior part of the body grows faster during early stages,
probably related to an intense feeding activity strategy. The completion of pectoral fin rays and the
onset of squamation determine the beginning of metamorphosis at 11-12 mm SL. At around 18 mm
SL, squamation ends, first barbels develop and the sagittae otoliths primordium is closed. The
length-at-metamorphosis for M. furnieri was established between 9 to 18 mm SL, since all devel-
opmental characters studied highly overlapped at that interval. All those processes are indicative of
the beginning of the juvenile period associated to the settlement and the start of a bottom-oriented
life-style.

Key words: Sciaenidae, larvae transformation, ontogeny, morphology, morphometry.

La metamorfosis de la corvina rubia Micropogonias furnieri (Pisces, Sciaenidae)

RESUMEN. La metamorfosis de los peces es un proceso ontogenético importante con un papel
clave en la supervivencia de las primeras etapas y en el reclutamiento exitoso a las poblaciones adul-
tas. La corvina rubia (Micropogonias furnieri) es un recurso comercial importante para las pesque-
rias costeras de la Argentina y Uruguay. Se estudié su metamorfosis mediante analisis morfométri-
cos y morfologicos durante el desarrollo larvario. Se utilizaron los cambios en los caracteres morfo-
meristicos antes y después de la metamorfosis para determinar el intervalo de duracion de esta tran-
sicidon mediante el Analisis de Componentes Principales. Se colectaron individuos (n = 430) de 4 a
41 mm de longitud estandar (LE) en el estuario del Rio de la Plata (35,45° S, 56,35° W) en marzo
de 2006. Los rangos de longitud de las etapas de desarrollo de los individuos se asociaron con la
presencia de caracteres morfologicos clave. Durante las primeras etapas de vida, M. furnieri cambia
de una larva de cabeza grande y forma robusta a una forma corporal mas delgada y alargada. La
mayoria de las variables morfométricas mostraron un punto de inflexion a los 15,2 mm LE, con un
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intervalo de confianza del 95% de 14,0-16,4 mm. La parte anterior del cuerpo crece mas rapidamente durante las primeras etapas, pro-
bablemente relacionada con una estrategia de actividad alimentaria intensa. La adquisicion del nimero definitivo de radios de la aleta
pectoral y el inicio de la escamacion determinan el comienzo de la metamorfosis a los 11-12 mm LE. Alrededor de los 18 mm LE, ter-
mina la escamacion, se desarrollan las primeras barbillas y se cierra el primordio de los otolitos sagittae. La longitud-de-metamorfosis
para M. furnieri se establecio entre 9 y 18 mm LE, dado el alto grado de superposicion que presentaron los caracteres de desarrollo estu-
diados. Todos esos procesos son indicativos del inicio del periodo juvenil asociado al asentamiento y al comienzo de un estilo de vida

orientado hacia el fondo.

Palabras clave: Sciaenidae, transicion larva-juvenil, ontogenia, morfologia, morfometria.

INTRODUCTION

The way on that ontogeny of fishes proceed
has been broadly discussed leading to two antag-
onistic visions. One states that ontogeny is a grad-
ual process during which small and inconspicu-
ous changes in form and structure accumulate
continuously (Kovac and Copp 1999). The sec-
ond view, represented by the ‘theory of saltatory
ontogeny’ (Balon 1984), considers development
as a sequence of longer stabilized steps (during
which all the structures and organs develop grad-
ually and continuously) alternating with thresh-
olds. A threshold is a short interval where rapid
changes occur from one steady state to the next.
Nevertheless, early life stages of fish have been
recognized by both ‘gradualists’ and ‘saltation-
ists’ (see Kovac and Copp 1999) as being charac-
terized by different fish capabilities, require-
ments, ecological interactions and growth/mortal-
ity events (e.g. Smith 1985; Koumoundouros et
al. 2009; Nikolioudakis et al. 2010). The begin-
ning of the larval period (Balon 1984) occurs
when the individual is capable of feed orally,
while the juvenile stage implies the disappear-
ance of all larval characters and the appearance of
nearly all the adult ones (Pavlov 1999). The tran-
sit between those periods consists on a remodel-
ing process called ‘metamorphosis’ (Balon 1989),
which represents an important ontogenetic event
for fish with consequences for the survival of
early stages and strong consequences for recruit-
ment to adult populations (Govoni 2004).

To define the onset of the juvenile period, dif-
ferent approaches are traditionally used. From a
functional and structural perspective, this event is
associated with a change in allometric growth or
shape (e.g. Copp and Kovac 1996; Sagnes et al.
1997; Kovag et al. 2006), coupled with a series of
changes (abrupt or gradual) in morphological and
meristic characters. Such changes are the acquisi-
tion of adult complement of fins spines and rays,
adult pigmentation, onset or end of squamation,
ossification of the axial skeleton and disappear-
ance of larval characters (McCormick et al. 2002;
Urho 2002; Ditty et al. 2003). From an ecological
perspective, in demersal and benthic fish, meta-
morphosis is usually linked to settlement (Werner
2002) i.e., the ontogenetic shift by which pelagic
larvae colonize benthic habitats (McCormick et
al. 2002). Metamorphosis is a preparation for the
colonization of a new habitat and the integration
into a new trophic web, as larvae abandon the
plankton to become part of the demersal-benthic
communities (e.g. Secor 2015). That shift can be
detected in otoliths of several fish species (Wilson
and McCormick 1997, 1999) as a transition mark
or ‘check’ (Campana and Neilson 1985). For tem-
perate and cold water fishes, formation of acces-
sory nuclei in their otoliths has been associated
with metamorphosis and settlement processes
(Sogard 1991; Morales-Nin and Aldebert 1997,
Morioka et al. 2001; Buratti and Santos 2010).

Setting a threshold value as the ‘length-at-
metamorphosis’ (L;,, from Fuiman’s ontogenetic
index) is highly complex due to individual vari-
ability and ontogenetic stage of individual char-
acters. This is why in several studies a single



BRAVERMAN ET AL.: METAMORPHOSIS OF MICROPOGONIAS FURNIERI

165

character (e.g., the onset or end of squamation,
definitive fin radios acquisition, etc.) is consid-
ered, although this approach results inadequate
for a precise definition of metamorphosis (Urho
2002; Ditty et al. 2003), where a series of mor-
phological, morphometric, physiological and
ethological events should converge. In that sense,
Urho (2002) stated that ‘the use of a single mor-
phological trait to infer metamorphosis is as inad-
equate as using a single character for the identifi-
cation of a species’. A clear determination of lar-
vae-juvenile transition is particularly important to
identify ontogenetic changes in the use of
resources (Juanes and Conover 1994; Boglione et
al. 2003). Most of the characters associated to
metamorphosis undergo changes in a synchro-
nized way (Ditty et al. 2003), suggesting the need
to analyze the metamorphosis process as a holis-
tic approach.

The whitemouth croaker, Micropogonias
furnieri (Desmarest 1823), is the dominant
species in terms of biomass in the Rio de la Plata
region and the main target of the coastal fisheries
of Argentina and Uruguay, representing ca. 20%
of coastal species landings in Argentina (Carozza
et al. 2004). It is a demersal species with a long
lifespan (up to 39 years in the region). In Argenti-
na and Uruguay it reproduces from November to
April, spawning several batches of pelagic eggs
with an indeterminate annual fecundity. Main
reproduction ground covers a narrow band across
the inner Rio de la Plata estuary between Monte-
video (34° 50" S-56° 10" W) and Punta Piedras
(35° 25" S-57° 10" W), at depths between 6 and 8
m (Acha et al. 1999; Carozza et al. 2004). The
area is characterized by a bottom salinity front
(Mianzan et al. 2001) in which whitemouth
croaker eggs were only present below the halo-
cline where salinity ranges from 9.7 to 27.3
(Acha et al. 1999). During warmest months
(October through May), there is evidence of
retention of whitemouth croaker larvae in the
inner part of the Rio de la Plata estuary. This area
coincides with the location of the bottom salinity

front and the maximum turbidity zone (Braver-
man et al. 2009). Larvae retention in this area
would ensure closeness to the main nursery
ground: Samboromboén Bay (Mianzan et al.
2001). Early life stages of this species have been
described for identification purposes with a clas-
sical approach (Sinque 1980; Weiss 1981), not
intending to outline critical moments of the early
life history, such as the larvae-juvenile transition.
Thus, to define metamorphosis more accurately
we employed a multivariate approach using mor-
phometric and morphological analyses during lar-
val development.

The multivariate approach consists of a mor-
phometric analysis based on the principles of
multivariate allometry described by Shea (1985)
and a morpho-meristic analysis based on Ditty et
al. (2003). The former studied the relationship
between a group of morphometric measures and
the individual’s total length. The later consisted
on the assignation of scores to individual charac-
ters, where the sum of them for each individual
represents an index of morphological change
associated to metamorphosis. Hence, the objec-
tive of this study was to investigate the larvae-
juvenile transition (hereafter metamorphosis),
looking for changes in morpho-meristic charac-
ters before and after the metamorphosis to deter-
mine the length interval for these changes.

MATERIALS AND METHODS

M. furnieri larvae and juveniles (less than a
year-old) were collected during a scientific cruise
to Rio de la Plata spawning area in March 2006.
A vertically stratified plankton sampling along
transects perpendicular to bathymetry was per-
formed during daylight. Samples were taken at
stations separated 10-12 km at three depth levels.
Water column was sampled above (or c.a. 2.5 m
depth) and below (or c.a. 6.2 m depth) the halo-
cline with a Motoda sampler equipped with a
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mechanical opening-closing device and a 200 pm
mesh span net. The third level was sampled by an
epibenthic sledge with a 500 um mesh span net
(see Braverman et al., 2009).

A total of 249 M. furnieri individuals were
identified on board and frozen for a later otoliths
extraction; the rest of the samples were fixed in
4% formalin. Some specimens from the ichthy-
oplankton collection of the Instituto Nacional de
Investigacion y Desarrollo Pesquero (INIDEP)
were also used to complete the length classes (n
=15). Those individuals from the collection
come from the same study area. An alizarin dying
technique (modified from Potthoff 1984 and Tay-
lor and Van Dyke 1985) was performed onto the
specimens for a better observation of structures.

Morphometric and morphological analyses
were performed on an ontogenetic series from 4 to
41 mm standard length (SL). For morphometric
analysis, images of each individual (n = 71) were
taken using a digital camera mounted in a com-
pound microscope. A series of measurements
(Figure 1; Table 1) were taken from those images
with the Axio Vision Software (Carl Zeiss). The
shortening correction due to the fixation method

SL

was not considered assuming that it was similar in
all measured individuals. For morphological
analysis, a group of events related to the external
morphology was analyzed on the ontogenetic
series (n = 120). Development stage was deter-
mined following Moser (1996) and Fuiman and
Werner (2002): larvae at pre-flexion, flexion, post-
flexion, in transformation and early juveniles.
Distinctive characters of each individual were
registered: fin rays appearance (pectoral, anal,
dorsal and pelvic); scales coverage was classified
into 4 categories: (a) on the caudal peduncle, (b)
from the caudal peduncle to the anus, (c) from the
caudal peduncle to the head, (d) totally scaled;
and presence/absence of mentonian barbels.
Finally, otoliths were extracted from frozen spec-
imens (n = 85) using a NaClO solution for tissue
disintegration. They were mounted in glass slides
with a transparent mounting medium and pol-
ished when necessary with lapping film paper in
a decreasing order of porosity (12, 9 or 3 pn) for a
better visualization. Otolith development was
studied by registering the occurrence of accessory
nuclei and the primordium (polygonal area cen-
ter-enclosed by the accessory nuclei).

HL MidBL

PreAL

Figure 1. Morphometric measurements taken from Micropogonias furnieri individuals. SL: standard Length, ED: eye diameter,
HL: head length, PreAL: pre-anal length, HD1: head depth 1, HD2: head depth 2, AD: anal depth, CD: caudal depth,
Pre-OL: pre-orbital length, Mid-BL: mid-body length, CL: caudal length. Illustration taken from Weiss, 1981.



BRAVERMAN ET AL.: METAMORPHOSIS OF MICROPOGONIAS FURNIERI

167

Table 1. Description of morphometric characters measured in Micropogonias furnieri and its abbreviations (adapted from

Nikolioudakis et al. 2010).

Character Abbreviation Description

Standard length SL From the tip of the snout to the caudal rays insertion

Eye diameter ED Parallel to the longitudinal axis of the body

Head length HL From the tip of the snout to the margin of the gill cover

Pre-anal length PreAL From the tip of the snout to the anus

Head depth 1 HD1 From the dorsal to the ventral margin of the body at the operculum
Head depth 2 HD2 From the dorsal to the ventral margin of the body at the center of the eye
Anal depth AD From the dorsal to the ventral margin of the body at the anus

Caudal depth CD From the dorsal to the ventral margin of the body at the caudal peduncle
Pre-orbital length PreOL From the tip of the snout to the anterior margin of the eye

Mid-body length MidBL From the margin of the gill cover to the anus

Caudal length CL From the margin of the gill cover to the insertion of the caudal fin

Data analysis

Morphometry and bi-variate allometry

Firstly, morphometric relationships were stud-
ied using linear regression analysis between the
logarithms of each variable (morphometric meas-
urement) versus length (SL) (Table 1). We
employed standard length for post-flexion indi-
viduals and notochord length for pre-flexion and
flexion specimens. Allometric growth pattern of
each variable in relation to SL was studied by
using the logarithmic form of the allometric
growth model (Huxley 1932): log (Y) = log (a) +
b log (SL), where Y is the variable examined and
b is the allometric coefficient. Secondly, regres-
sions’ residuals (Y) were analyzed to identify pos-
sible allometric changes as follows: if allometric
growth of the variables was constant (slope with-
out changes) then residuals would show a random
pattern; alternatively, if variables showed changes
in their growth they would have a residual distri-
bution (Y versus SL) with a specific form as it was
shown by Sagnes et al. (1997), Gozlan et al.
(1999) and Nikolioudakis et al. (2010).

Similarly, morphometric indexes (I,,,) showing
representative changes in the larvae-juvenile tran-

sition were analyzed. Indexes were calculated as
the percentage of the morphometric variable (V)
with respect to length (SL): I, = V,/SL * 100.
The length at which the change in oblique orien-
tation of I;, occurred (L;) was estimated by using
a piecewise linear regression fitted with a non-
linear estimation procedure: I, = by + b;SL +
b,(SL — L;) (SL > L;); where b, is the y-intercept,
b, is the slope of the relationship of the values <
L;, b, is the change in the slope (b) that results in
the slope when SL > L;, and L; is the length at
which slope changes (Nikolioudakis et al. 2010),
considered here to be related to the transforma-
tion process (end of larval period).

Morphometry and multivariate approach

To determine the length-at-metamorphosis
(L,,), log-transformed morphometric measure-
ments with respect to SL using a Principal Compo-
nent Analysis (PCA) with covariance matrices
were studied (Jolicoeur 1963a, 1963b; Shea 1985).
In a PCA of a logarithmic covariance matrix of
groups of animals with different growth patterns,
the first component (PC1) summarizes the varia-
tion in shape as a result of a common pattern of
allometric growth; while the second component
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(PC2) and the rest summarize the variations of
shape as a result of divergent growth trajectories
(Shea 1985). Then, the L, at which a change in
PC2 orientation occurs and the lengths of possible
inflexion points (L;) were statistically estimated
using a quadratic function PC2 = a + b(PCl) +
c(PC1)? of the Non-linear estimation Module of
STATISTICA software v.7 2004 (StatSoft Inc.).

Morphology

Length ranges of developmental stages of M.
furnieri were determined. These ranges were
associated with the appearance/disappearance of
several morphological characters (Table 2).
Moreover, the pectoral fin ray’s definitive num-
ber acquisition was analyzed with respect to
length (pectoral fin tends to be the last one in
acquiring the whole set of rays (Urho 2002)).
Then, the squamation process was described. For
morpho-meristic analysis, each specimen was
scored for a suite of characters where each score
represented a discrete ontogenetic event or a
character stage of development (Table 2). Every
character had equal weight, i.e. three possible
states 0, 1 and 2. The sum of character scores of
each individual as an index of overall change in
morphology associated with metamorphosis was
calculated and expressed as percentage of the

maximum total score. Total scores for the charac-
ter set were analyzed with respect to length class-
es performing a cluster analysis with complete
linkage, and to the Manhattan (city-block) dis-
tances method (Ditty et al. 2003). Finally, the
length at which 50% of morphological change
occurs (Lsy) was obtained from the relationship
between the accumulative scores percentage (P)
and SL described by the logistic function: P
=100/(1 + exp(-a*(SL-b))). Length at which P
= 100% constitutes the juvenile stage length.

RESULTS

Developmental morphometry

Residual distribution of each log-transformed
variable fitted against SL with an allometric func-
tion showed different responses (see Appendix).
With few exceptions (ED and MidBL, Figure 1;
Table 1), residuals revealed a non-random distri-
bution indicating changes in the relative growth of
morphometric variables evidenced by inflexion
points in the distribution of morphometric indexes
(Figure 2). Thus, ED grew isometrically while
MidBL showed a positive allometry in the entire

Table 2. Scores assigned to each Micropogonias furnieri individual according to the developmental stage of considered charac-
ters. The scoring of rays was performed separately for each fin (pectoral, anal, dorsal and pelvic).

Character Score Observed pattern Length ranges (mm SL)
Scales cover 0 No scales 4-10
1 Scales do not cover the entire body 10.1-16.9
2 Scales covering the entire body, including head 18-34
Fin rays 0 No rays 4-6.3
1 Rays in formation 6.7-11.9
2 Definitive rays 12-34
Otolith development 0 No accesory nuclei 4-10.9
1 Accesory nuclei not closing the primordium 6.8-17
2 Closed primodium 15-34.9
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Figure 2. Relationships of morphometric indexes with standard length (SL) of individuals. Fitted lines came from non-linear
regressions used to determine inflexion lengths (L;). CL 95% confidence interval for L;, V,,: morphometric variable.
Abbreviations as in Figure 1.
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length range. In turn, HL, PreOL and HD1 grew
faster than SL (positive allometry) to a maximum
and then got slower (negative allometry), while
CL showed an opposite pattern growing slower
than SL until a minimum value when it started to
grew faster. In addition, variables related with
body depth (HD2, AD, CD) and PreAL grew
faster than SL to a point where they remained con-
stant (or slightly grew). Inflexion points (L;) and
their confidence intervals were determined by
non-linear regressions of each variable (expressed
as the I,,,) with respect to SL (Figure 2).

Principal Components Analysis (Table 3) of
log-transformed morphometric measurements
using the covariance matrix revealed an impor-
tant change in the oblique orientation of PC2 val-
ues of transformed variables when plotted
against PC1 or SL (Figure 3). A highly significant
quadratic relationship (R = 0.62, p < 0.001)
allowed to determine an L, = 15.18 mm SL [CI
= 14.01-16.37]. When residuals of allometric
regressions were separately examined for indi-

viduals < 15.18 mm SL and > 15.18 mm SL, we
observed they were randomly distributed.
Because no pattern or structure were shown, it
could be assumed that bi-variate allometric equa-
tions were appropriate to describe relative
growth of individuals before (SL < L,,) or after
(SL > L,,) the metamorphosis length.

Morphological events

The end of post-flexion stage and the beginning
of the transition to juvenile (metamorphosis) was
determined considering the completion of pec-
toral fin rays and the onset of squamation process,
which occurred at 11 mm SL and 12 mm SL,
respectively (Table 4; Figure 4 A: arrows 3 and 4).
Meanwhile, at ca. 18 mm SL barbels’ appearance
and the end of squamation process established the
end of metamorphosis according to morphologi-
cal events (Figure 4 A: arrows 5 and 6).

First pectoral rays appeared between 5 to 7 mm
SL and the fin rapidly completed its rays at 12 mm

Table 3. Principal Component results of the first (PC1) and second factor (PC2) for the log-transformed morphometric characters

studied (abbreviations in Table 1).

Eigenvectors Factor score Factor-variable

coefficients correlations
Morphometirc PC1 PC2 PCl PC2 PC1 PC2 Eigenvalues % total
character variance
SL -0.275  0.163 -0.357 1.955 -0.996  0.063 0.595 97.872
ED -0.284  0.284 -0.369 3412 -0.986  0.106 0.007 1.137
PreAL -0.305  0.048 -0.396  0.574 -0.998  0.017 0.002 0.385
HL -0.292  -0.126 -0.379  -1.516 -0.995 -0.046 0.001 0.194
HDI1 -0.291 0.075 -0.377  0.897 -0.997  0.028 0.001 0.155
AD -0.339  0.063 -0.349  -1.474 -0.992  0.020 0.001 0.101
CD -0.340  -0.056 -0.440  0.762 -0.990 -0.018 0.000 0.068
PreOL -0.324  -0.821 -0.441  -0.674 -0.963 -0.264 0.000 0.058
HD2 -0.269  -0.123 -0.419  -9.876 -0.993  -0.049 0.000 0.030
MidBL -0.317  0.289 -0.411 3.478 -0.990  0.097 0.000 0.001
CL -0.268  0.298 -0.347  3.579 -0.990  0.119 0.000 0.000
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Figure 3. Multivariate analysis (PCA) showing the relation between SL (representing PC1) and PC2, and the quadratic fit (lines)
assessed for the length-at-metamorphosis (L,,). Dashed lines represent 95% of confidence.

Table 4. Length intervals of developmental stages of
Micropogonias furnieri. Transition length was calcu-
lated as the mean value between the highest value of
a stage and the lowest value of the previous stage.

Length (mm SL)
Stage N Min Max  Transition
Pre-flexion 19 - 6.2 ) 56
Flexion 26 4.9 8.4 7‘4
Post-flexion 26 6.4 11.3 1 1' 5
Transformation 32 117 19.2 ) 8' 6
Juvenile 17 18 - ’

SL (Figure 4 B). Squamation occurred in the
transformation stage in a posterior-anterior direc-
tion (Figure 5). First scales appeared in the caudal
peduncle separated from each other. Its morphol-
ogy was rather simple: oval-shaped, with smooth
edges and a few concentric rings (Figure 5.1). As
squamation process progressed, scales morpholo-
gy became more complex developing projections
in its posterior margin (ctenii) and scallops in the

anterior margin, and starting to overlap each other
(Figure 5.3). The head was the last part to be cov-
ered (Figure 5.2).

Cluster analysis over the scores of morpholog-
ical characters defined two main groups at a dis-
tance of 50% approximately (Figure 6 A); a group
of small larvae from 4 to 9 mm SL, and a group
of individuals larger than 9 mm SL. From the
later, individuals bigger than 16 mm SL were
grouped in an approximate distance of 15%,
remaining an intermediate interval from 9-16 mm
SL of non-homogeneous groups. On the other
hand, cumulative scores showed a highly signifi-
cant fit (R = 0.9845; p < 0.001) to a logistic func-
tion with Lsg = 9.24 mm SL (Figure 6 B) and
fully metamorphosed individuals larger than 18-
20 mm SL.

DISCUSSION

Throughout the early life history, M. furnieri
changed from a larval big-headed and robust
shape to a slender and more elongated body
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Figure 4. Summary of morphological events occurred throughout Micropogonias furnieri early ontogeny. A) Scheme of length
intervals per stage. Arrows show important events: 1- caudal, dorsal and anal fins occurrence (rays in formation), 2- pel-
vic fin appearance, 3- onset of squamation, 4- pectoral fin definitive set of rays, 5- barbels occurrence, 6- ending of squa-
mation process (scales in the head). B) Development of pectoral fins: a- rays in formation, b- definitive set of rays.

Illustrations taken from Weiss, 1981.

shape. Most of the morphometric variables
showed an inflexion point in their development
and the compound analysis showed an inflexion
length of 15.2 mm SL [CI = 14-16.4]. Multivari-
ate morphometric analysis (PCA) indicated a
change in the allometric growth of ontogenetic
series evidenced by a change in the slope orienta-
tion of the PC2 versus PC1 (or SL) as stated by

Shea (1985). Relative changes in the growth of
whitemouth croaker were seen in the residuals of
allometric relations as well as in the estimated
L, resulting in a random distribution of residuals
of the two size groups detected (i.e., SL< L., and
SL > L,,)). These results constitute a valid estima-
tion of the length-at-metamorphosis from a mor-
phometric point of view.
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Figure 5. Sequence of squamation (A-D) observed in Micropogonias furnieri. Different colors indicate degree of squamation,
from lesser (A) to greater (D) complexity. Boxes 1-4: details of coverage and complexity of scales throughout the body.
White arrows indicate scales position. Box 3: scheme of a scale.

Two well-defined groups were found in the
scoring analysis (morphology): one with individ-
uals < 9 mm SL and other with individuals
> 16 mm SL, matching the length at which 50%
and 100% of the body shape change occurs (Ls,
=9.2 mm SL and Ly, = 17 mm SL, respectively).
Individuals between 9 to 16 mm SL did not form
a homogeneous group probably due to they were
undergoing a shape transition. In accordance to
Weiss (1981), morpho-meristic analysis during
this length interval showed the definitive pectoral
ray’s acquisition and the onset of squamation at
11 mm and 12 mm SL, respectively. These events
occurred close to the appearance of accessory
nuclei in the otoliths (Braverman et al. 2015),
coincidently with the change in body proportions.
Finally, squamation ended at 18 mm SL approxi-
mately, when first barbels appeared and the

otolith primordium was closed (c.a. 16 mm SL,
Braverman et al. 2015).

Early in larval development, variables related
to the head showed a higher relative growth rate
than the rest of the body. A higher growth of the
anterior part of the body during the first ontoge-
netic stages has been related to feeding (Fuiman
1983; Osse et al. 1997), because an early devel-
opment and differentiation of nervous (brain),
sensorial (neuromasts, photoreceptors and olfac-
tory receptors) and digestive (mandible struc-
tures) systems would contribute to improve prey
detection and capture. Fin formation would
increase swimming efficiency and the appearance
of barbel during metamorphosis would constitute
an important character helping juveniles to colo-
nize a new habitat (settlement) and start a bottom-
oriented lifestyle.
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Figure 6. Morphological analysis of Micropogonias furnieri ontogenetic development. A) Cluster analysis of morphological cha-
racters based on Manhattan distances’ method (City-Block) with complete linkage. B) Logistic graph and function with

cumulative scores of characters with respect to length.

In terms of body height and pre-anal length,
larvae changed their growth rate at smaller
lengths (9-11 mm SL) while the head and the rest
of the body showed an opposite pattern changing
their growth rates at larger lengths (13-15 mm
SL). We suggest that as the head reduces its rela-
tive growth the rest of the body has to grow faster
to maintain proportions. Our findings could indi-
cate a sequence of growth for these stages of
development, giving priority first to the feeding
function and then to locomotion and predators

escape instead of digestive system development
(Osse and van den Boogaart 1995). This could be
possible because of the high digestibility of
croaker larvae’s prey (tintinnids, copepod nauplii
and small copepods, Rodriguez-Grana et al.
2018) and the powerful digestive enzymes of fish
larvae as shown in herring Clupea harengus (Ped-
ersen et al. 1987). Moreover, it has been suggest-
ed that fish larvae can utilize exogenous enzymes
from their prey to improve digestion (Lauff and
Hoffer 1984; Kolkovski et al. 1993).
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The squamation process in demersal species
has been considered an indicator of transforma-
tion between larval and juvenile stages (Miller et
al. 2003), along with the process of primordium
formation in otoliths, with drastic changes in
early life history of fish as observed in Trachurus
Jjaponicus (Xie et al. 2005) and Merluccius hubbsi
(Buratti and Santos 2010). Similar results were
reported in blennids (Ditty et al. 2003), consider-
ing a group of morphological characters in which
the ontogenetic development of different struc-
tures seemed to overlap during metamorphosis
(see also Kanou et al. 2004; Nikolioudakis et al.
2010). Those findings are consistent with the high
level of synchronization achieved in certain onto-
genetic thresholds (Balon 1984) to get to the next
step in development (e.g., from larval to juvenile
period) (Kovac¢ 2002). Differences in timing and
developmental rates of individual characters
make difficult the recognition of thresholds that
could be in the root of the ‘saltationist-gradualist’
debate (Kova¢ and Copp 1999). Hence, multi-
variate approach performed in our study helps to
a better identification of thresholds based on the
degree of coincidence of changing variables.

Multivariate approach showed that develop-
mental characters studied on the whitemouth
croaker highly overlapped, even though morpho-
logical or morphometric characters could begin
the transformation at different ontogenetic times
(lengths, sensu Fuiman et al. 1998) and at differ-
ent speeds. Although not all the inflexion points
were detected at the same size, 10 morphometric
measurements demonstrated significant changes
in relative growth within a length interval similar
to that found in the study of morphological
events. Considering all the events together, it is
strongly suggested a developmental interval of 9
to 18 mm LS as the moment of greatest change in
body shape, i.e., metamorphosis.

Most marine fishes tend to spawn at specific
times and places within predictable and distinc-
tive circulation features. The most common life
history of fishes that use estuaries involves

spawning of planktonic eggs at sea and the subse-
quent recruitment to estuaries as post-larvae or
juveniles. Due to the net seaward movement of
estuarine waters, the export of early life-history
stages from estuaries has been argued to be a
major problem for estuarine spawners (Boehlert
and Mundy 1988), and the lack of retention
mechanisms has been proposed to explain why
fishes do not typically spawn inside estuaries
(e.g., Dando 1984; Haedrich 1992). Unlike most
estuaries, spawning activity is rather common in
the Rio de la Plata, in which the existence of
retention mechanisms has been proposed (Acha
et al. 1999; Simionato et al. 2008; Braverman et
al. 2009). This estuary is very shallow and essen-
tially dominated by the wind. Retention process
is a consequence of the estuarine response to nat-
ural wind variability at the scale of 3-5 days act-
ing over bathymetric features (Simionato et al.
2008). Moreover, river discharge fluctuations
modulate retention variability at interannual
scales (Acha et al. 2008). Whitemouth croakers
spawn well inside the estuary at the bottom salin-
ity/turbidity front (Macchi and Christiansen
1996; Acha et al. 1999), where their larvae
remain retained (Braverman et al. 2009). Reten-
tion is by no manner a 100% effective mechanism
and recruitment success of M. furnieri shows
strong fluctuations that would be linked to the
dynamics of the estuarine waters (Acha et al
2008). For many marine fishes habitat shifts often
occur at metamorphosis when larvae undergoes a
striking change from a pelagic, planktonic organ-
ism, to a demersal one (Werner 2002). This seems
to be the case with M. furnieri, whose smaller lar-
vae (< 10 mm SL) appear at the whole water col-
umn but larger sizes (> 10 mm SL) probably
undergo the settlement process inhabiting near
the bottom (Braverman et al. 2009).

During settlement, larvae and young juveniles
move from pelagic to demersal food webs with
attendant changes to their foraging success and
predation risk. However, settlement means not
only the encounter of a new array of prey and
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predators, it also means a shift from a pelagic and
more dispersive stage to a demersal and more
sedentary one (Secor 2015). Retention would
improve when larvae or early juveniles remain in
the bottom boundary layer (Mann and Lazier
1996), in this way settled croakers would diminish
their chances of being exported from the estuary.
A fast metamorphosis and successful settlement
could enhance survival, and consequently improv-
ing recruitment. So identifying the processes that
allow juveniles to attain retention inside adequate
habitats is important to effectively understand
marine species population dynamics.
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Linear regressions of log-transformed morpho-
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ABSTRACT. This study describes shore-based competitive fishing events in Ilhéus, southern
Bahia (Brazil), including catch composition, and provides information on the profile of recreational
fishers participating in these events. Information was collected in all events promoted by the Clube
de Pesca de Ilhéus (CLUPESIL) in 2007-2008. A total of 26 competitive fishing events were organ-
ized during this period, with 47 species caught. The top species were: Cathorops spixii,
Menticirrhus littoralis, Trachinotus goodei, Eucinostomus melanopterus, Polydactylus virginicus,
Atherinella brasiliensis, and Eucinostomus argenteus. These seven species represented 87% of the
total catch in number and 78% in weight. Menticirrhus littoralis and Polydactylus virginicus are
species of commercial interest and their catch was dominated by juveniles. Local recreational fish-
ers were predominately middle-aged men, who tended to use small hooks and mainly shrimp as bait.
They were consumption-oriented, but also released small fishes. During competitions, fishers used
even smaller hooks. Most of them perceived shrimp trawling as the main factor affecting recreation-
al fisheries. The use of larger hooks and a minimum fish size of 20 cm are suggested to decrease the
capture of juveniles, mainly those species of commercial importance. This study sets a baseline from
which new studies can be proposed to access the current status of local recreational fisheries.

Key words: Angling, recreational fishery, sport fishing, shore-based fisheries, tournament, north-
eastern Brazil.

Pesca recreativa competitiva desde la costa en el sur de Bahia, Brasil: un estudio de linea de
base

RESUMEN. Este estudio describe eventos competitivos de pesca desde la costa en Ilhéus, sur de
Bahia (Brasil), incluida la composicion de la captura, y proporciona informacion sobre el perfil de
los pescadores recreativos que participan en estos eventos. La informacion se recopild en todos los
eventos promovidos por el Clube de Pesca de [lhéus (CLUPESIL) en 2007-2008. Se organizaron un
total de 26 eventos de pesca competitiva durante este periodo con 47 especies capturadas. Las prin-
cipales especies fueron: Cathorops spixii, Menticirrhus littoralis, Trachinotus goodei, Eucinostomus
melanopterus, Polydactylus virginicus, Atherinella brasiliensis y Eucinostomus argenteus. Estas
siete especies representaron el 87% de la captura total en niimero y el 78% en peso. Menticirrhus
littoralis y Polydactylus virginicus son especies de interés comercial y su captura estuvo dominada
por juveniles. Los pescadores recreativos locales eran predominantemente hombres de mediana
edad, que solian usar anzuelos pequefios y principalmente camarones como carnada. Estaban orien-
tados al consumo, pero también liberaron peces pequeiios. Durante las competiciones, los
pescadores usaron anzuelos incluso mas pequefos. La mayoria de ellos percibio a el arrastre de
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camarones como el principal factor que afecta la pesca recreativa. Se sugiere el uso de anzuelos mas grandes y un tamafio minimo de
20 cm para disminuir la captura de juveniles, principalmente los de especies de importancia comercial. Este estudio establece una linea
de base a partir de la cual se pueden proponer nuevos estudios para acceder al estado actual de la pesca recreativa local.

Palabras clave: Pesca con cafia, pesca recreativa, pesca deportiva, pesca desde la costa, torneo, noreste de Brasil.

INTRODUCTION

Recreational fisheries have been recognized
worldwide as an important industry, which gener-
ates about 39.7 billion USD in expenditure for
marine waters only (Cisneros-Montemayor and
Sumaila 2010). Some rough global estimates
available indicated that recreational catches
amounted to about 0.5-11 million tonnes, includ-
ing only inland fisheries, only marine fisheries or
both (Coates 1995; Cooke and Cowx 2004),
which are small in relation to commercial catches
(FAO 2018). Only recently, catches originating
from marine recreational fisheries were estimated
in a per country basis using several different
approaches depending on local data availability,
indicating that around 0.9 million tonnes were
extracted from marine waters by recreational
fishers in 2014 (Freire et al. 2020). Even though
recreational catches are globally small, they may
surpass commercial catches for some species
(Gentner and Lowther 2002; Coleman et al. 2004;
Freire et al. 2020). Global number of anglers is
also unknown, but Arlinghaus et al. (2020)
revised all participation rates available around the
globe indicating a global participation rate of
10.6% and increasing up to 42% in countries such
as Norway. For developing countries as a whole,
these estimates are unavailable. According to
Arlinghaus et al. (2020), participation rate is
unknown for regions such as Central America, the
Caribbean, Africa, and Southeast, Central and
Western Asia. For South America, participation
rate is 0-5% and has been increasing in the last
years. In Brazil, this proportion may be slightly
lower than 1% (Freire et al. 2016).

A comprehensive analysis of recreational fish-
eries requires the understanding of their different
sectors: shore-based, boat-based (both coastal
and oceanic), spearfishing, participants of com-
petitive fishing events (tournaments, champi-
onships, jamborees), and freshwater and marine
fisheries. Each sector has different consumption
habits and motivation factors, which result in a
range of fishing practices (Fedler and Ditton
1994). Ultimately, these choices will be reflected
in fishing policies. The importance of competitive
events has been underestimated, even though
their frequency in some regions is very high. In
North America, e.g., about 25,000 events were
promoted in 2000-2001 in freshwater and another
978 in marine waters (Kerr and Kamke 2003).
Some of them may have up to 3,000 participants
(Schramm Jr. et al. 1991), which could have a
considerable high impact on the abundance of tar-
get species, especially when targeting single
species. In Brazil, there is no estimate of the total
number of events, but Freire (2010) reported a
total of 100 promoted annually in marine waters
only in northeastern Brazil.

Llompart et al. (2012) emphasized that most of
the studies on marine recreational fisheries have
been carried out in the Northern Hemisphere with
a few studies in the Southern Hemisphere, includ-
ing Australia, New Zealand, and South Africa.
Information about recreational fisheries in South
America (including Brazil) is also scarce and, in
some cases, restricted to a few oceanic fishing
tournaments (see, e.g., Mourato et al. 2016;
Mourato et al. 2019). This is equally true for cold
temperate marine waters in South America, where
Llompart et al. (2012) claimed to have analysed
for the first time the major coastal recreational
fishery. In northeastern Brazil, a typically tropical
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area, the availability of studies is also scarce (see,
e.g., Nunes et al. 2012; Freire et al. 2017). In this
region, recreational fishers are organized in fish-
ing clubs and prefer shore-based fishing activities
(Freire 2005), even though offshore recreational
fisheries have been gaining many adepts through-
out the years (Freire et al. 2018). Some clubs are
very active in promoting fishing tournaments all
year around, but do not record their catch by
species. Therefore, there is a lack of knowledge
about catch composition. One of these fishing
clubs, CLUPESIL (Clube de Pesca de Ilhéus), is
located in southern Bahia (Municipality of Ilhéus)
and has been very active in promoting competi-
tive fishing events since 1975 when it was estab-
lished. The objective of this study was to describe
competitive fishing events taking place in Ilhéus,
southern Bahia, including the catch composition,
and to provide information on the profile of recre-
ational fishers participating in these events to
serve as a baseline to assess changes to current
state and future perspectives.

MATERIALS AND METHODS

Competitive fishing events and ichthyofauna

All competitive fishing events promoted by the
Ihéus Fishing Club (Clube de Pesca de Ilhéus -
CLUPESIL) within the limits of the municipality
of Ilhéus (about 32 km to the north and 33 km to
the south) were monitored in 2007-2008 (Figure
1). Three other fishing clubs existed in [1héus dur-
ing that period: Candirti Clube de Pesca, Clube de
Pesca da Gabriela, and Estrela do Mar. However,
none of them promoted fishing competitions.

CLUPESIL organized one to three competitive
fishing events per month in Ilhéus, with a total of
26 events in 2007-2008 (Table 1). Fishers from
the other three local clubs participated in these
events. Some events were two days long (four
hours on Saturday afternoon and four hours on

Sunday morning), such as Torneio da Gabriela,
which attracted fishers from other states
(Alagoas, Sergipe, Espirito Santo, and Rio de
Janeiro), totaling 168 fishers in 2007 and 96 in
2008. All the others were one-day events, lasting
four hours (Saturday afternoon or Sunday morn-
ing), and all participants inhabited Ilhéus or the
surroudings. An average of 40 fishers took part in
the CLUPESIL Internal Championship (Campeo-
nato Individual de Pesca de Arremesso de Praia
do CLUPESIL) in 2007, starting with 48 fishers
and finishing with 32 by the end of the year. In
2008, 54 fishers were present in the first round,
but only 38 participated in the last round. In order
to account for differences in effort among events,
number and weight of fishes caught were divided
by number of fishers before the analysis of tem-
poral trends.

After each event, the organizers recorded the
results as total number of fishes caught per recre-
ational fisher and their corresponding total weight.
These data were used to calculate the mean fish
weight throughout the study period. Our research
team then separated each specimen by common
name in buckets. The identification of specimens
by common name was done by an ‘expert’ fisher
nominated by the participants based on his long
term experience. The content of each bucket was
then counted, weighed, and recorded by common
name. Between one and three specimens associat-
ed with each common name were taken to the
Laboratorio de Oceanografia Biologica at the Uni-
versidade Estadual de Santa Cruz to be identified
by their scientific names mainly according to
Figueiredo and Menezes (1978, 1980, 2000) and
Menezes and Figueiredo (1980, 1985). The total
number and weight of each species caught were
calculated based on the results of the competitive
events. Species found in 75-100% of competitive
events were considered ‘highly frequent’, in 50-
74% were ‘frequent’, and ‘occasional’ if found in
less than 50% of the events. Catch per unit of
effort (CPUE) was calculated both in number and
weight of fish per recreational fisher.
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Figure 1. Beaches where competitive fishing events promoted by CLUPESIL occurred in Ilhéus, southern Bahia, Brazil (2007-
2008). Downtown Ilhéus corresponds to Espigdo, Velhos Marinheiros, Avenida, and Cristo. Pé de Serra to Sdo Miguel
are northern beaches and Pousada Ecoldgica to Lengdis are southern beaches.

Additionally, samples of at least 30 specimens
of each main species (unless a smaller number
was caught) were taken from each event after
being counted and weighed by the organizers,
and carried to the laboratory to be individually
measured (total length; cm), weighed (total
weight; g) and sexed, and had their maturity
stage defined based on a macroscopic analysis. A
simple four stage scale of maturity was used
(Vazzoler 1996): I — immature; I — developing;
III — ripe; IV — post-spawning. Only detailed
information for Menticirrhus littoralis (Hol-
brook, 1847) and Polydactylus virginicus (Lin-
naeus, 1758) were presented due to the availabil-
ity of size at first maturity from the literature
(Braun and Fontoura 2004) or the collection of
sufficient data to fit a maturity curve (using the

proportion of stages II, III and 1V), allowing for
the estimation of the proportion of juveniles in
the catch. These species are caught by commer-
cial fisheries and were also captured by recre-
ational fishers in the neighbor state of Sergipe,
the only state in northeastern Brazil where catch
composition in fishing competitive events was
provided by species (Freire et al. 2017). A t-test
considering equal variances was applied to com-
pare the mean size between 2007 and 2008 for
these two species.

Association among fishing grounds (beaches)
was assessed using cluster analysis after trans-
forming the abundance data using square root to
decrease the weight of very abundant species
(Krebs 1999) and calculating the Bray-Curtis
similarity index.
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Profile of recreational fishers

A questionnaire with 22 open- and close-ended
questions was applied in 2008 to recreational fish-
ers that participated actively in the CLUPESIL
Internal Championship. As previously mentioned,
a maximum of 54 fishers were present at the
beginning of this championship (March 2008), but
numbers decreased throughout the year and some
fishers may have missed some of the rounds. The
questionnaire was personally applied to fishers by
one of the authors right after each of the rounds in
an attempt to include all fishers. No fisher refused
to participate in this study. The questionnaire
included socio-economic questions related to gen-
der, age, profession, and wages. Wages were
defined in intervals (1, 2-5, 6-10, 11-20, > 20) and
represented the number of minimum wages
earned by month per fisher (R$ 415.00 in 2008 ~
USD 226.00). Questions also included details on
fishing habits and gears, including gear type, line
thickness, and hook size. Hook size was defined
as the commercial standard locally used (3/0, 2/0,
1/0,1,2,4,6,8, 10, 12, 14, and 24). An aluminum
plate with each of these hooks glued on its top was
shown during the interview. In order to evaluate
fishing activities outside competitive events, other
questions were added: preferred fishing ground,
preferred time of the year and days of the week for
fishing, catch-and-release practice, destination of
fishes caught, origin of fishing knowledge, and
fishing mates. Finally, fishers were asked about
the number of years of fishing experience and
which problems have affected recreational fish-
eries during this period.

RESULTS

Competitive fishing events and ichthyofauna

A total of 10,026 fishes (about 360 kg) were
caught in all competitive fishing events that took

place in Ilhéus in 2007-2008. Each fisher caught
an average of eight fishes per event. They usually
caught between three and 11 fishes, but they
caught a maximum of 17 and 19 in March and
May, respectively (Figure 2 A), all of them in
downtown Ilhéus. Mean catch in weight per fish-
er was 260 g (138-430 g; Figure 2 B). In general,
an increase in mean weight per fish was observed
throughout the studied period (Figure 3). Each
specimen had a mean weight of 39 g, with two
events showing lower mean weight than the trend
observed (9 and 20 g; Figure 3), both of them in
downtown Ilhéus. The highest mean weight per
fish (80 g) occurred in southern Ilhéus, which was
above the general trend (Figure 3).

Based on the analysis of all specimens caught,
we were able to identify fishes as belonging to
47 species and 22 families. Families with the
highest number of species were: Carangidae (9
species), Sciaenidae (6), Haemulidae (5), Gerrei-
dae (4), Ariidae (3), Engraulidae (3), and Cen-
tropomidae (2) (Table 2). Among the most repre-
sentative families, Ariidae was the most impor-
tant (about 37% for both number and weight),
followed by Carangidae, Gerreidae, Sciaenidae,
Polynemidae, Atherinopsidae, Haemulidae, and
Centropomidae. No species was present in all
events. The following species were relevant, rep-
resenting altogether 87% of the total catch in
number and 78% in weight: Cathorops spixii
(Agassiz, 1829), Menticirrhus littoralis, Tra-
chinotus goodei Jordan and Evermann, 1896,
Eucinostomus melanopterus (Bleeker, 1863),
Polydactylus virginicus, Atherinella brasiliensis
(Quoy and Gaimard, 1825), and Eucinostomus
argenteus Baird and Girard, 1855. These
species, together with Trachinotus carolinus
(Linnaeus, 1766), Genidens genidens (Cuvier,
1829), and Caranx hippos (Linnaeus, 1766),
were considered highly frequent or frequent,
occurring in 50% or more of all fishing events.
The remaining species had a frequency of occur-
rence lower than 50% and were considered occa-
sional (Table 2).
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Figure 3. Mean weight of individual fishes caught by recreational fishers during competitive fishing events promoted by CLU-
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We present here detailed information for two
highly frequent species, M. littoralis and P. vir-
ginicus, which were also studied in the state of
Sergipe, for comparison purposes. Frequency dis-
tribution of total length for M. littoralis indicated
that 86% of the specimens were below the maturi-
ty size available in the literature (Figure 4). It was
not possible to estimate the maturity curve for this
species using our local data. There was no statisti-
cally significant difference in mean total length
between 2007 and 2008 for M. littoralis (t =
0.969; p = 0.33). Size at first maturity estimated in
this study for females P. virginicus was 22.1 cm
TL (Figure 5). A proportion of 80% of the sampled
specimens were below the maturity size (Figure
6). Similarly, no statistically significant difference
was observed in mean total length between 2007
and 2008 for P. virginicus (t = 0.089; p = 0.93).

Cluster analysis grouped sampling sites into
three groups independently of the time of the
year: one group made up of beaches located in
southern Ilhéus (Praia de Acuipe and Praia de
Leng6is); one group of beaches in northern [1héus
(Condominio Japara, Pé da Serra, and Falafina);
and one final group of beaches located downtown
(Praia do Espigdo, Praia da Avenida, and Praia
dos Milionarios) (Figure 7). Even though Praia de

45r
401 ]
35+
30r
25¢
20
15
10

Absolute frequency

Sao Miguel is not properly located in downtown
Ilhets, it presented similar catch composition.
These three groups had in common a high num-
ber of C. spixii, M. littoralis, and T. goodei. How-
ever, C. spixii was more abundant downtown and
T. goodei in the north. Menticirrhus littoralis was
equally abundant in events occurring along the
entire coast. Additional differences were a high
predominance of E. melanopterus downtown and
P virginicus in the south. Praia do Cristo was
included in a separated group as it was character-
ized by the dominance of E. argenteus, followed
by A. brasiliensis, in an estuarine area.

Profile of the recreational fishers

A total of 57 recreational fishers were inter-
viewed during the CLUPESIL Championship
and thus included most of the active members of
this fishing club at that time, as the club had 54
and 67 active members in 2007 and 2008,
respectively. Currently, CLUPESIL has 60
active members. Most of these fishers were men
(75%) and their age ranged between 7 and 70
years, with the majority of them being 36-54
years old (46%) (Figure 8). Most of the fishers
were vendors (12 fishers), students (9), retired

n=192

[
0810121416182022242628303234

Total length (cm)

Figure 4. Frequency distribution of total length for Menticirrhus littoralis caught in competitive fishing events promoted by
CLUPESIL in Ilhéus, southern Bahia (2007-2008). Dashed vertical line indicates mean size at first maturity (Braun and

Fontoura 2004).
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Figure 5. Mean size at first maturity for Polydactylus virginicus (TL,, = 22.1 cm) estimated on specimens caught in competitive
fishing events in Ilhéus, southern Bahia (2007-2008). % mature includes maturity stages: I — developing, III — ripe, and

IV — post-spawning (Vazzoler 2006).

3571

30 [

25

20 r

15

Absolute frequency

n=133

]

6 8 10 12 14 16

18 20 22 24 26 28 30 32 34
Total length (cm)

Figure 6. Frequency distribution of total length for Polydactylus virginicus caught in competitive fishing events in Ilhéus, south-
ern Bahia (2007-2008). Dashed vertical line indicates mean size at first maturity estimated from Figure 5.

men/women (6), dentists and technicians (4
each), or public servants (3), followed by teach-
ers, accountants, receptionists, desk assistants,
lawyers and wall painters (2 each), and doctor,
nurse, unemployed, bank officer, nursing assis-
tant, administrative assistant, and port employee
(1 each). Most cited monthly wages were 2-5

(39%) and 6-10 minimum wages (23%) (Figure
9). All fishers older than 18 years old had a fish-
ing license, as it was (and still is) a requirement
to participate in the CLUPESIL Championship.
Younger fishers are not obliged to carry license
(unless desiring to have a catch quota), but those
older than 65 have to carry the license even



194 MARINE AND FISHERY SCIENCES 33 (2): 183-203 (2020)

(]
|

[\
(=]
I

S
S
|

Similarity

(o))
=)
I

(o)
=]
I

j
=t

—
100 -

PC5 7
AC6 8
ACI1 7
ACI1 8
PL9 7
PL7 8
VM3 7
cJs5 7
PS7 7
FA4 8
FA4 7
PA3 8
SM8_8
PEs10 7

VMI10_ 8

Samples

Figure 7. Dendrogram showing similarity of beaches in Ilhéus, southern Bahia, according to their fish species composition (as
caught in competitive fishing events in 2007-2008). Letters indicate beaches: PC (Praia do Cristo), PEs (Praia do
Espigdo), PA (Praia da Avenida), VM (Praia dos Velhos Marinheiros), PS (P¢ de Serra), PEc (Pousada Ecoldgica), FA
(Falafina), SM (Praia de Sao Miguel), PL (Praia de Lencois), AC (Acuipe), and CJ (Condominio Japara). First number
indicates month and second number, year. Thus: AC11_7 = Acuipe in November 2007. Horizontal continuous line is the
cut limit indicating the uniqueness of Praia do Cristo, southern beaches (AC, PL), northern beaches (CJ, PS, FA), and
downtown beaches (PA, VM, PEs). Sao Miguel (SM) is located near downtown beaches and presents similar features in
terms of species composition. Ovals indicate outliers.
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Figure 8. Age of recreational fishers affiliated to CLUPESIL based on 57 questionnaires answered in 2008 (Ilhéus, southern
Bahia).
though they do not have to pay for it, according Recreational fishers employed line with mean
to the national regulation. Most of the fishers thickness of 0.26 mm (0.10-0.40 mm) during
enjoyed fishing during both competitive events competitive fishing events, which was thinner
and outside events (38%), followed by those than the line used outside competitive events
who liked only competitive events (32%) or no (mean = 0.37 mm; 0.10-0.90 mm). Hooks used

competitions at all (30%). outside competitive events were also larger in
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Figure 9. Monthly wage (in number of minimum wages) of recreational fishers affiliated to CLUPESIL based on 57 question-
naires answered in 2008 (NAp = not applicable; NAn = not answered). Minimum wage in 2008: R$ 415.00 (= USD

226.00).

average, but a wider selection of sizes was used
(Figure 10). These results were aligned with the
objective of fishers during competitive events:
catch many fishes (55%), leisure (31%), catch
large fishes (11%), or catch certain species (3%).
Most of the recreational fishers cited the use of
spinning reel (67%), spinning reel or reel (23%),
and only reel (10%) during fishing activities. The
most common bait was shrimp, which was used
by 100% of the interviewed fishers. In addition,
ghost shrimp or ‘corrupto’ (Crustacea, Stom-
atopoda; 12%), fish pieces (3%), and crab
‘graucd’, Ocypode quadrata (Fabricius, 1787)
(Crustacea, Decapoda; 3%) were used in different
proportions. Several preferred fishing grounds
(during competitions or not) were cited by inter-
viewed recreational fishers, but most of them
mentioned Acuipe (in the south; 16%) and south-
ern beaches in general (from Opaba Hotel to
Cururupe River; 13%) (Figure 11). They usually
did not show preference for fishing in particular
months (60%), but preferred to go fishing in the
morning (74%) and during weekends (77%).
Outside competitive events, a total of 49% of
the interviewed recreational fishers declared eat-
ing their catch, 40% eating or donating it, and

11% donating it. In terms of catch-and-release
habits, 95% of them released small fishes, but
also catfishes (Ariidae; 9%), pufferfishes
(Tetraodontiformes; 2%), and A. brasiliensis
(2%). Only a small proportion (2%) declared not
practicing catch-and-release at all. A proportion
of 43% of the interviewed fishers learned how to
fish with their father, 21% with friends, and 15%
were self-taught. The remaining fishers learned
either with their husband, brother, grandfather,
boss, mother, or father-in-law. However, most of
them went fishing mainly with friends (36%),
father (15%), son (12%), or alone (12%), but also
with their wife, husband, brother, mother, or fam-
ily in general.

Recreational fishers had between 0 and 55
years of fishing experience but had been taking
part in competitive fishing events for 0 to 34
years (Figure 12). Most of them had 0-10 years of
fishing experience at that time (33%) and the
same amount of time taking part in competitive
events (58%). A high proportion of fishers stated
that the main existing problem for recreational
fisheries was shrimp trawling (49%; note some
fishers mentioned more than one problem), which
occurs very close to the coastline and contributes
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Figure 12. Fishing experience up to 2008 informed by 57 recreational fishers from CLUPESIL (Ilhets, southern Bahia): in gen-
eral (gray columns) and in competitive fishing events (white columns).

to decreasing fish abundance. On the other hand,
34% of them did not perceive any problems in
recreational fisheries. Other problems mentioned
were: pollution (7%), capture of small fish (5%),
and low fish abundance, ‘caldo’ fishery, and
retreat of sea level (2% each).

DISCUSSION

Competitive fishing events and ichthyofauna

Our study allowed, for the first time, the iden-
tification of the catch composition of shore-
based fishing competition events in the state of
Bahia, indicating a typical surf zone ichthyofau-
na. The 47 species caught in competitive events
in [lhéus represent a much higher number than
the 28 species reported by Freire et al. (2017) for
the state of Sergipe, the only known published
study that analyzed the species composition of
shore-based competitive events in northeastern
Brazil. This follows the general fish species
composition along the coast of these states as
presented by Froese and Pauly (2019), with
higher diversity reported for the state of Bahia
than for Sergipe. No reports of detailed species

composition for onshore competitive events in
higher latitudes of Brazil were found. However,
for Argentina, one can notice an even lower
number of species caught (12 species) as expect-
ed, with Cynoscion guatucupa (Cuvier, 1830)
and Micropogonias furnieri (Desmarest, 1823)
accounting for 80% of the catch (Llompart et al.
2012). These two species are also caught by
recreational fishers during onshore daily fishing
activities in southern Brazil (Peres and Klippel
2005), together with at least nine other species
that are also caught in Ilhéus (M. littoralis, G.
genidens, A. brasiliensis, Harengula clupeola
(Cuvier, 1829), Centropomus undecimalis
(Bloch, 1792), Caranx crysos (Mitchill, 1815),
T. goodei, Paralonchurus brasiliensis (Stein-
dachner, 1875), and Stellifer rastrifer (Jordan,
1889). There is also overlapping between
species/genera caught in competitive events
onshore in Ilhéus (shore-based) and in Guaratu-
ba Bay (boat-based): Larimus breviceps Cuvier,
1830, Genyatremus luteus (Bloch, 1790),
Diplectrum spp., Menticirrhus spp., Stellifer
spp., Eucinostomus spp., Selene spp., Centropo-
mus spp., Oligoplites spp., and Caranx spp.
(Henke and Chaves 2017). Considering that
many of these species are also caught in com-
mercial fisheries, it would be important to start
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reporting recreational catches together with
commercial catches in national bulletins.

Many factors could have led to the formation
of three groups of beaches in the cluster analysis
performed here based on their catch composition
(north, south, and downtown). Praia do Espigao,
Praia da Avenida, and Praia dos Milionarios are
three beaches representing a continuum located
downtown and, as such, were expected to have
similar catch composition. This area has been
experiencing retreat of the sea level and expan-
sion of the coastal line after the construction of
the Malhado Port finalized in 1971 (Franco et al.
2006). In this region, the direction of the long-
shore drift is northwards. Retreat of the sea level
was one of the reasons for concern stated by one
of the fishers interviewed. Praia de Sao Miguel
was also included in this group. Even though this
beach is not part of this continuum, being located
northwards from Malhado Port, it was included in
the downtown group. In this specific area, the
longshore drift is reversed, flowing southwards
(Nascimento et al. 2007), which could explain the
similarity in catch composition between Praia de
Sado Miguel and downtown beaches. This region
has also suffered strong erosion after the con-
struction of Malhado Port, and this process con-
tinues even after the installation of groins (Nasci-
mento and Lavenére-Wanderley 2006). The dis-
charge of Almada and Cachoeira rivers may con-
tribute to differences in catch composition in the
north and south, in relation to the downtown area,
as these are the two main rivers occurring in the
region (Moraes et al. 2009). However, no study
was found on local abundance of fish species in
such low depth zones as studied here. Moraes et
al. (2009) analysed the local demersal fish com-
position between 10 and 20 m isobaths. About
50% of species found in these lower depth zones
were also found in their study, with four of them
included in their list of the top fourteen most
abundant species: P. virginicus, P. brasiliensis,
Chilomycterus spinosus (Linnaeus, 1758), and L.
breviceps.

One commonality between competitive fishing
events in Ilhéus (southern Bahia) and Sergipe is
the presence of one species of catfish, along with
M. littoralis and P. virginicus in the list of the
most abundant species in the catch. However, cat-
fish species differed between states, with C. spixii
dominating in southern Bahia and Sciades proops
(Valenciennes, 1840) in Sergipe. Indeed, Marce-
niuk (2005) reported the occurrence of C. spixii
along the Brazilian coast down to the state of
Parana, but S. proops only down to the state of
Pernambuco. Freire et al. (2017) extended its
occurrence southwards to the state of Sergipe, but
this species does not seem to occur in Bahia.
Comparison with competitive fishing events in
other areas in the state of Bahia is not possible as
catches are not reported by species, but only total
catch in number and weight. However, reports
from commercial catches for the central coast of
Bahia indicated the presence of C. spixii, but not
S. proops (Soares et al. 2009).

In relation to M. littoralis and P. virginicus, it
was observed that specimens caught during shore-
based competitive fishing events in the state of
Bahia were smaller than those caught in Sergipe,
with a much higher proportion of immature spec-
imens. Some of the members of the CLUPESIL
were aware of this issue and had been discussing
the possibility of setting a minimum fish size.
This was finally set in March 2014 at 15 cm
(Vilma Souza, CLUPESIL, pers. comm.). How-
ever, a minimum size of 15 cm would still result
in a large proportion of immature specimens. The
fishing club ASPA-BV (Associagdo de Pesca
Amadora Bons Ventos) in the state of Sergipe has
been adopting a minimum size since 2008, but it
kept alternating between 15 and 20 cm throughout
the years (Freire et al. 2014). Since 2014, the min-
imum size in Sergipe has been set at 15 cm
(Rodrigo Melins, ASPA-BYV, pers. comm.). Con-
sidering that M. littoralis and P. virginicus are
commercially caught in both states (Thomé-
Souza et al. 2014), it is important that a minimum
size is properly defined to protect local stocks.
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The high number of small specimens is also
reflected in the general results presented, with a
mean weight of 39 g per fish (9-80 g). An
increasing trend in mean weight of fishes was
observed during the period of two years ana-
lyzed here but the reason behind this trend is
unknown. Freire (2005) found a decreasing trend
in the coast of Rio Grande do Norte, but data
analyzed comprised 25 years. There, the
decreasing trend could indicate the impact of
fishing in the region (all types) and other
anthropic factors. But here, the study period was
too short (2007-2008) to allow for the observa-
tion of such impacts. Thus, mean weight should
be monitored through time to detect possible
impacts after taking into account the effect of
introducing a minimum size in 2014, as previ-
ously stated. Fishes caught in Ilhéus were much
lighter than those caught in competitive events
in Sergipe, where mean weight varied from 21 to
918 g (Freire et al. 2014). Some of the rules of
CLUPESIL Championship favored the capture
of a large number of small fishes due to the
pointing system adopted at that time (each fisher
received three points per fish caught or five
points for fishes larger than 15 cm, plus one
point per 100 g or fraction above 50 g).

Only one ray was caught in Ilhéus during two
years of competitive events in opposition to 18
caught in Sergipe during one year (Freire et al
2017). This reduced number may be related to the
local low occurrence of rays, as commercial
catches for rays in Ilhéus corresponded to only
0.3% of total catches (CEPENE 2007) when com-
pared to 1.5% in Sergipe (Thomé-Souza et al.
2014). As the only specimen caught in Ilhéus was
not identified to the species level, we were not
able to explore this issue further due to the lack of
knowledge on the depth distribution of this
unknown species. However, considering rays are
K-strategists with slow maturation process,
reduced progeny and long life cycle, and thus
more prone to overfishing, reduced catches of
rays are very positive.

Profile of the recreational fishers

As in other states in Brazil (Basaglia and Vieira
2005; Freire 2005; Chiappani 2006), there was a
predominance of men in coastal recreational fish-
eries in Ilhéus, mainly with ages between 40 and
50. The same pattern was also observed in off-
shore recreational fisheries in northeastern Brazil
(Freire et al. 2018). In terms of wages, they were
similar to the coastal recreational fishers in Rio
Grande do Sul (Basaglia and Vieira 2005), but
much lower than in the state of Sergipe (Freire et
al. 2017) and Espirito Santo (Chiappani 2006).

Both in Sergipe and Bahia, fishers tended to
use larger hooks when not participating in com-
petitive events. The most striking difference was
the tendency of fishers in Sergipe to use larger
hooks (Freire et al. 2017) than in southern Bahia,
which was reflected in the size of the caught
specimens, as seen above. Similarly to Sergipe
(Freire et al. 2017), shrimps were the main bait
used and a very low proportion of fishers
declared using ghost shrimps (Callichirus spp.).
Thus, ghost shrimps may be closer to their unex-
ploited status in the region of Sergipe-Bahia (see,
e.g., Rosa et al. 2018). In the state of Parana, on
the other hand, there was an intense exploitation
of ghost shrimps as bait in recreational fisheries
(Souza and Borzone 2003). Even though they
were still used in 2017, their participation was
much lower than shrimps (Henke and Chaves
2017). In some areas of the state of Sao Paulo,
their exploitation status has already led to the pro-
hibition of their capture as early as 1992 (Pedruc-
ci and Borges 2009). In 2000, Law N. 1792/2000
also prohibited their catch in Itapema (state of
Santa Catarina).

The long term experience of recreational fish-
ers affiliated to CLUPESIL of up to 55 years
allowed them to point out some of the problems
affecting the sector in Ilhéus. Fishers attributed
most of the problems to shrimp trawling, a view
shared with fishers from the state of Sergipe,
together with lack of fishes, which may actually
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be tightly linked to each other (Freire et al. 2017).
A large proportion of recreational fishers in
Ilhéus stated the habit of releasing small fishes.
However, this was not observed during competi-
tive events due to the pointing system that favors
the collection of small fishes. A minimum size
was established in March 2014, which has proba-
bly resulted in an increase of small fish release. In
Sergipe, the proportion of catch-and-release is
much smaller (Freire et al. 2017), probably asso-
ciated to the fact that fishers already use larger
hooks and have the habit of consuming their
catch, as observed in other regions in Brazil
(Freire et al. 2016).

As seen here, the profile of recreational fishers
in [Théus is similar to other regions but some fish-
ing habits in competitive events indicated a ten-
dency towards catching very small fishes. Even
though a minimum catch size of 15 cm was more
recently introduced, this may not be enough to
protect juveniles of some species of commercial
interest. Increasing to 20 cm may be better suited
considering the presence of a large proportion of
juveniles from some of the top-ten species caught
in competitive events, which are also of commer-
cial interest. This could be accomplished by
using larger hooks. The effect of these measures
should be closely monitored considering the
absence of studies on hook size selectivity and
post-release mortality for most of these species,
particularly in this region. Events that took place
in downtown Ilhéus led to the capture of speci-
mens with the lowest mean individual weight.
We suggest that these beaches be removed from
the annual circuit.

The information presented here is expected to
serve as a baseline to assess changes through time
in the catch composition of competitive fishing
events in Ilhéus and in the mean size of fishes
caught. Many factors could have affected the
results presented here, such as local temperature
and salinity, time of the day that fishing events
took place, and category of these events (with
one, two or three participants), but this may

require a longer study period for all these vari-
ables to be elucidated. We hope this study will
trigger future efforts to answer these questions
and also to update the profile of recreational fish-
ers on key issues such as license acquisition,
catch-and-release habits, changes in hook sizes
and baits used, and gender disparity of fishers and
their age structure, which could indicate if there is
a trend (or not) of younger generations in not get-
ting involved with recreational fishing. Finally,
studies on hook size selectivity are strongly
encouraged to assess the effect of the minimum
size introduced and any proposed changes.
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ABSTRACT. The ‘Estacién Permanente de Estudios Ambientales’ (EPEA, 38° 28’ S-57° 41’ W,
Argentina) is an ecological time series of in situ observations started in 2000 aiming to assess chan-
ges in the marine environment and plankton communities under a global change scenario. Bio-opti-
cal properties are studied at EPEA since the color of the ocean undergoes temporal fluctuations, both
for natural and anthropogenic causes. Here we assessed whether bio-optical properties at EPEA
have changed during 2000-2017, identifying the occurrence of special events and inter-annual
trends in these properties. An increasing trend in chlorophyll-a concentration, possibly due to an
increase in the smaller fraction of phytoplankton was observed. Although the absorption coefficient
of phytoplankton did not follow a significant trend, it represented the occurrence of special events
of high biomass suggesting that satellite information should be useful for the study site. The specific
absorption coefficient of phytoplankton and the blue to red absorption ratio showed high values in
summer and low in winter, according to the probable dominance of different size cells and their
expected acclimation to the light regime. These results emphasize the relevance of periodic bio-opti-
cal in situ observations in understanding coastal ecosystems in a context of climate change.

Key words: Chlorophyll-a, bio-optical properties, inter-annual variability, EPEA, South Atlantic.

El color de la EPEA: variabilidad en las propiedades bio-opticas in situ en el periodo 2000-2017

RESUMEN. La “Estaciéon Permanente de Estudios Ambientales” (EPEA, 38° 28’ S-57° 41" W,
Argentina) es una serie de tiempo ecologica de observaciones in situ iniciada en 2000 con el objetivo
de evaluar los cambios en el medio marino y las comunidades de plancton en un escenario de cambio
global. Las propiedades bio-opticas se estudian en la EPEA ya que el color del océano suftre fluctua-
ciones temporales, tanto por causas naturales como antropogénicas. Aqui evaluamos si las propieda-
des bio-opticas de la EPEA han cambiado durante 2000-2017, identificando la ocurrencia de eventos
especiales y tendencias interanuales en estas propiedades. Se observo una tendencia creciente en la
concentracion de clorofila-a, posiblemente debido a un aumento en la fraccion mas pequena de fito-
plancton. Aunque el coeficiente de absorcion del fitoplancton no sigui6 una tendencia significativa,
represent6 la ocurrencia de eventos especiales de alta biomasa, lo cual sugiere que la informacién
satelital deberia ser ttil para el sitio de estudio. El coeficiente de absorcion especifico del fitoplancton
y la relacion de absorcion de azul a rojo mostraron valores altos en verano y bajos en invierno, de
acuerdo con el probable dominio de las células de diferentes tamafios y su aclimatacion esperada al
régimen de luz. Estos resultados enfatizan la relevancia de las observaciones bio-Opticas periodicas
in situ para comprender los ecosistemas costeros en un contexto de cambio climatico.

Palabras clave: Clorofila-a, propiedades bio-0pticas, variabilidad interanual, EPEA, Atlantico Sur.
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INTRODUCTION

The importance of evaluating the role of the
oceans in a global climate change scenario is rec-
ognized worldwide. Ecological time series pro-
vide observations that allow assessing changes
occurring in the marine environment and its biota
in the long run (Ducklow et al. 2009). The
‘Estacion Permanente de Estudios Ambientales’
(EPEA, 38° 28" S-57° 41" W, Argentina) was ini-
tiated in 2000 with the aim of understanding the
functioning of planktonic communities and try to
distinguish the possible effects of climate change.
Besides several physical, chemical, oceanograph-
ic and biological variables, bio-optical properties
are also studied at EPEA since the color of the
waters is one of the ocean characteristics that
undergoes temporal fluctuations, both as part of
natural cycles and due to the impact of anthro-
pogenic global change. Hence, the study of the
bio-optical properties has become an invaluable
tool to monitor changes in marine ecosystems.

Bio-optical properties are crucial in marine
ecological studies because light is an essential
factor governing the heat content in the ocean
and affecting its physical conditions. Light avail-
able in the water triggers biological processes,
providing the energy required in the photosyn-
thesis and hence determining in great part the
amount of primary production fueling the marine
food web, regulating ontogeny in different
organisms (i.e., larval stages), trophic migrations
(e.g., diel vertical movements), and facilitating
or avoiding predation (by affecting the visual
field). Furthermore, given the anthropogenic
impact on the climate, with near 28% of the
anthropogenic carbon dioxide released to the
atmosphere captured by the ocean (IPCC 2019),
there is a need to understand changes in phyto-
plankton bio-optical properties since on a global
scale phytoplankton contributes with about half
of the earth primary production (Longhurst

1995). Dutkiewicz et al. (2019), using a complex
biogeochemical model estimated that by the year
2100 changes in phytoplankton community com-
position would cause a 63% change on the
reflectance in the blue region of the electromag-
netic spectrum (an essential bio-optical property
of the oceans). Therefore, long-term records of
bio-optical properties in different places of the
ocean would provide ground-truth data to ana-
lyze in detail these possible changes.

Once the incident solar radiation passes
through the ocean surface it is attenuated due to
the scattering and absorption processes as a con-
sequence of its interaction with the seawater
(SW) and the active optical components (OACs)
present in it. OACs are the phytoplankton (Phy),
the non-algal particles (NAP) and the chro-
mophoric dissolved organic matter (CDOM).
Hence, the amount of light available for the pho-
tosynthesis depends on the types and proportions
in which the different OACs are present in a cer-
tain time and place. The degree of light attenua-
tion can be measured by the inherent bio-optical
properties, mainly the absorption and the disper-
sion coefficient (a(A) and b(AL) respectively,
m!), which are quantities that have spectral
dependence and are governed by a strict additivi-
ty (Prieur and Sathyendaranath 1981). This
means that the total a()) is equivalent to the sum
of the agy (L), apy(A), ansp(h) and acpop (M)
In turn, theoretically, the a(1) of each OAC can
be expressed as the product between a specific
coefficient and its concentration, that is, a vector
that represents the spectral signature of the com-
ponent and a scalar associated with the amount of
that component present.

The spectral absorption characteristics of phy-
toplankton depend on the species, their size and
specific ensemble of pigments, as well as to their
physiological status (Sathyendranath et al. 1987;
Johnsen and Sakshaug 1996; Lutz et al. 2001;
Lutz et al. 2003). It has been observed that larger
cells have a relatively flatter absorption spectrum,
measurable by a lower value of the specific
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absorption coefficient of phytoplankton at 443
nm (absorption per concentration unit of chloro-
phyll-a, a®p;,(443)), and a lower ratio of absorp-
tion between the blue and red bands
[apny(443)/ap;,(676)], than smaller cells. At the
same time, any given species can photoacclimate
to the intensity of light to which it is exposed by
adjusting the proportion of its different pigments,
increasing those with a light-harvesting (photo-
protective) function at low (high) irradiances,
which results in spectral changes of the absorp-
tion spectrum (i.e., a lower value of aBPhy(443),
and [apy,(443)/apy,(676)] at low irradiances, and
vice versa). These effects, which respond to the
principle of ‘packaging effect’ (Duyens 1956;
Sathyendranath et al. 1987; Bricaud et al. 1995),
have been reported for different places of the
world ocean (Ciotti et al. 2002; Babin et al. 2003;
Lutz et al. 2003) and the Argentine Sea (Ferreira
et al. 2009; Segura et al. 2013; Williams et al.
2018; Delgado et al. 2019).

Coastal waters as the case of EPEA have a
complex mixture of OACs, which vary their con-
centrations with time. The inherent optical prop-
erties (app (1), angp(L), acpom( A )), the concen-
tration of chlorophyll-a as a proxy of phyto-
plankton biomass (both, the total fraction, Chly,
and that contributed by the phytoplankton frac-
tion less than 5 um in diameter, Chl_s5) and the
irradiance integrated in the range of ‘photosyn-
thetically available radiation’ (PAR, 400-700 nm)
incident on the surface, E,(PAR) and the down-
welling on the water column, £,(PAR), have been
systematically determined as part of the meas-
urements performed at EPEA. A first analysis of
bio-optical characteristics for the 2000-2001
annual cycle at EPEA (Lutz et al. 2006) evi-
denced that CDOM was the main contributor to
absorption, and that lower values of a”p,(443)
were found in winter (especially during a bloom
of a large diatom) and higher in summer when
small cells (especially of the Genus Synechococ-
cus) predominated. This last result was con-
firmed in a study of ultra-phytoplankton in the

summer 2001-2002 (Silva et al. 2009). More
recently, an analysis of validation of satellite
chlorophyll-a for 18 years of the time series
(Ruiz 2018) reported that CDOM was the main
OAC throughout the year, and hence affecting
the remote sensing signal of ocean-color at
EPEA, overestimating Chl; mainly in summer.

To assess whether bio-optical properties at
EPEA have experienced a change during the 2000-
2017 period, the main objectives of this work
were: a) to provide a general description of varia-
tions in these properties; b) to identify the occur-
rence of special events; c) to analyze the occur-
rence of inter-annual trends in these properties.

MATERIALS AND METHODS

Study area

EPEA is located north of the Argentine conti-
nental shelf (38° 28" S-57° 41" W), 13.5 nautical
miles from the coast and close to the 50 m iso-
baths (Figure 1). Its hydrographical regime has
been described as the transition between coastal
waters of high salinity and waters of the middle
shelf (Auad and Martos 2012). Occasionally the
site can receive less salty waters from the North,
leading salinity to be less than 31.0, particularly in
summer when the Rio de la Plata reaches its max-
imum southern extension (Carreto et al. 1995). A
marked seasonal cycle typical of temperate
regimes has been observed at the EPEA. Sea sur-
face temperature varies between 10 °C and 21 °C
and salinity values vary from 33.5 to 34.1 (Carreto
et al. 2004; Lutz et al. 2006; Silva 2009; Ruiz
2018). The phytoplankton community reaches its
maximum biomass during winter, dominated
mainly by micro planktonic diatoms (20-200 pum)
(Negri and Silva 2011), while in summer the ultra-
phytoplankton fraction (less than 5 pm in diame-
ter) makes the major contribution to total phyto-
plankton biomass (Silva et al. 2009).
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Figure 1. ‘Estacion Permanente de Estudios Ambientales’ (EPEA), 38° 28’ S-57° 41" W.

Sampling and determinations at EPEA station

The study period considered in this work was
January 2000-December 2017 with a monthly
sampling frequency (with gaps), covering 119
visits to EPEA, performed in different scientific
research vessels from the Instituto Nacional de
Investigacion y Desarrollo Pesquero (INIDEP),
the Navy and the Naval Prefecture of Argentina.
Not all variables were obtained in all cruises. For
this work we used data from samples collected at
5 m depth.

Chlorophyll-a total concentration (Chly)

Water samples were collected at 5 m depth
using a Niskin bottle. A total of 119 water sam-
ples for Chly determination were collected in dark
bottles and immediately filtered after collection
on glass microfiber filters, Grade GF/F 0.7 um,
under dim light and low pressure (< 35 kPa). Fil-
ters were kept in liquid nitrogen (-195.8 °C) and
in an ultrafreezer (-86 °C) until analysis. For the

determination Chl_ s, water samples were pre-fil-
tered through a 5 um pore Nuclepore membrane
filters and then the same procedure as for the Chl;
was applied to the filtrate. In the laboratory, Chir
and Chl_s; were determined using a spectrofluo-
rometer (Perkin Elmer LS3) following the Holm-
Hansen et al. (1965) method for samples collect-
ed between 2000-2005 and a modified version
according to Lutz et al. (2010) since 2006.

Particulate absorption

Samples for determination of absorption spec-
tra of total particulate material were collected, fil-
tered and preserved following the same procedure
described for Chlr. A total of 110 samples were
analyzed during 2000-2017 using a spectropho-
tometer (Shimadzu UV-210-A), placing filters
close to the photomultiplier for samples collected
until 2006, and on a spectrophotometer (Shi-
madzu UV-2450) with an integrating sphere from
2006 onwards, following the quantitative filter
technique (Mitchell 1990), and using the amplifi-
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cation factors of Hoepffner and Sathyendranath
(1992). Then, the method of Kishino et al. (1985)
was used to determine the ay,p(A) spectrum and
app (L) was estimated by subtracting ay,p()
from a,(A). More details can be found elsewhere
(Lutz et al. 2006; Ruiz 2018). The specific
absorption coefficient of phytoplankton in the
blue, which is ap,(443) normalized by Chly
(aPppy(443), m? mg"), and the ratio of the absorp-
tion in the blue to the red (/apy,(443)/ap;,,(676)])
were derived from apy, (1) spectra.

Chromophoric dissolved organic matter (CDOM)

For the determination of CDOM absorption
spectra, a total of 78 seawater samples were col-
lected directly from the Niskin bottle into acid-
washed transparent borosilicate bottles with
teflon lids, and kept in the dark at 4 °C until
scanned at the laboratory (usually within 1 to 3
days after each cruise). Samples were filtered
through pre-combusted glass microfiber filters
Grade GF/F 0.7 pm at 450 °C during 3.5 h, and
the acpour (M) of the filtrate determined in a UV-
VIS spectrophotometer (Shimadzu UV-210-A)
for samples collected until 2006 using 4 cm opti-
cal path quartz cuvettes (Lutz et al. 2006), and in
a UV-VIS spectrophotometer using 10 cm optical
path quartz cuvettes since 2006 until present
(Mitchell 1990; Ruiz et al. 2017).

Vertical profiles of conductivity-temperature-
depth (CTD)

CTD profiles in the water column were record-
ed at each cruise using a Seabird SBE19 or SBE
911 CTD, according to availability of the equip-
ment. Quality controlled temperature data
(processed by the Physical Oceanography Cabi-
net of INIDEP) was used to estimate the depth of
the thermocline (Z,7,, m), defined as the depth at
which the maximum value of the first derivative
of the temperature respect to depth, d7dZ, was
found. Note that this parameter is indicative of
the stratification-mixing state of the water col-
umn. The depth Z = 42 m was used as a fixed

limit, when the water column was completely
mixed, in order to avoid variability regarding the
deepest depth reached by the CTD.

In situ photosynthetically available radiation
(PAR)

A submersible radiometer (PUV-500/510B,
Biospherical Instrument) was deployed manually
by releasing a conductor cable to record the
downwelling irradiance integrated between 400-
700 nm (E4(PAR), pmol quanta m~ s7!) as a func-
tion of depth. The euphotic depth (Z,,, m) was
determined as the depth at which the closest value
to the 1% of the recorded E,(PAR) occurred.
When the water column was completely illumi-
nated and the 1% of E,(PAR) was not reached, Z,,
was assumed to be 40 m.

Satellite photosynthetically available radiation
(PAR)

Monthly averages of incident solar radiation
were estimated using the standard photo-synthet-
ically available radiation (PAR) satellite product.
PAR product was retrieved from monthly com-
posite images collected by the Aqua Moderate
Resolution Imaging Spectroradiometer (MODIS)
at spatial resolution of 4 km, at Level 3 Standard
Mapped Image (Version R2014.0, Ocean Color
Website http://oceancolor.gsfc.nasa.gov). PAR
data was provided by the Remote Sensing Cabi-
net of INIDEP.

Statistical analysis

Descriptive statistics was performed on the
bio-optical properties and thermal stratification
parameters. Spearman correlations were used to
explore the relationship between the different
variables under study. Then, monthly averages
were plotted against the months to evidence sea-
sonal cycles. Values deviating > 2 standard devi-
ations (SD) from the mean were considered
‘extreme values’ or extreme events (Davies and
Gather 1993). Long term variability was assessed
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by the Seasonal Mann Kendall Trend Test (SMK
test, Hirsch and Slack 1984), a non-parametric
test for seasonal data. For that, a FORTRAN rou-
tine implemented by Hernandez and Mendiolar
(2018) was used. Values higher than mean >2 SD
were excluded of the trend calculation for each
variable.

RESULTS

Bio-optical properties and thermal stratifica-
tion parameters

The thermal classification criterion proposed
by Baldoni (2010) was applied to identify season-
al differences in each bio-optical property. It can
be observed that all properties showed a broad
range in their values, mainly attributed to season-
al variations, but also to the occurrence of special
events (Table 1). Phytoplankton absorption coef-
ficient presented a high standard deviation rela-
tive to the mean value. On average, the contribu-
tion of the small fraction of phytoplankton (quan-
tified as %Chl_5) to the total concentration of
chlorophyll was not negligible.

Annual cycle of bio-optical properties and
thermal stratification parameters

Incident PAR (estimated by the satellite prod-
uct) at EPEA reaches a maximum average value
in December and a minimum in June (Figure 2),
denoting a sinusoidal cycle expected for a middle
latitude site in the Southern hemisphere. Variabil-
ity during winter months was notoriously smaller
than during the rest of the year. Correspondingly,
light penetration is maximum in the warm period
(Z,,=31.70 £ 8.02), reaching depths close to the
bottom of the water column in January, and is
minimum in the cold period (Z,, = 24.78 £ 5.01;
Figure 2). Since light penetration is attenuated by
OAC:s present in the water column, Z,, shows an

opposite sinusoidal pattern distorted respect to
the observed in incident PAR cycle. On the other
hand, the water column is homogeneous in win-
ter, and a thermocline starts to develop in spring
reaching its shallowest depths in summer (aver-
age for December Z;;;, = 27 £ 8 m; Figure 3).
Variability of Z;7,, is notoriously higher during
the cold to warm and warm periods than during
the warm to cold and cold periods.

EPEA is characterized by optically complex
waters during the whole annual cycle, with
CDOM as the main OAC contributing to total
absorption (Figure 4). Phytoplankton biomass at
EPEA, here estimated by Chly, had an annual
mean of 1.162 + 1.019 mg m™3, with higher values
during the cold period (Chly = 1.49 £ 1.14), and
lower during the warm period (Chl; = 0.89 +
0.89), although dispersion is high (Figure 5).
Chl_s contributed on average 45% to Chly and
mean monthly values were relatively similar
throughout the annual cycle (Table 1; Figure 6).
Specific absorption coefficient of phytoplankton
(a®pyy(443)) and the ratio of absorption in the
blue over the red [ap,,(443)/ap,,(676)] carry
information regarding the packaging effect.
Although both parameters followed the same pat-
terns, the latter showed a clearest feature of
increase towards summer (Figure 7), when small
cells are predominant and they are photo-accli-
mated to high incident light (Silva et al. 2009).

Relationships between bio-optical and physi-
cal properties

Spearman rank correlations (rho) were com-
puted in order to explore the relationship between
bio-optical and physical properties at EPEA
(Table 2). Temperature was positively correlated
with Z,, and negatively correlated with Z;z;.
These relationships showed that as the spring pro-
gresses, the increasing incident irradiance and
hence the increase in air temperature, induced the
warming of the upper sea layer and, consequent-
ly, the thermal stratification (also denoted by the
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Figure 2. Monthly satellite incident PAR irradiance (black squares) and monthly averages Z,, (open circles) at EPEA for 2003-
2017. Purple circles indicate extreme Z,, values (> 2 SD), not used in the calculation of the means. Bars indicate SD.
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Figure 3. Z;7,, for 2000-2017. Black circles represent monthly averages. Bars indicate SD. Purple circles indicate extreme val-
ues (> 2 SD), not used in the calculation of the means.

positive correlation between Z,, and d7dZ). In Chlrhad a significant negative correlation with
turn, Z,, showed a significant negative correla- temperature, d7dZ, Z,,, aBphy(443) and [apy,(443)/
tion with Z;7,,, that is, the more mixed the water apy,(676)], while it was positively correlated with
column, the weaker the stratification and the shal- Z,ra7- These relationships indicated that phyto-

lower the light penetration. plankton biomass tended to be higher during win-
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Figure 4. Contribution to total absorption coefficient at 443 nm of optically active components (phytoplankton, NAP and

CDOM) expressed as percentage in a ternary plot.
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Figure 5. In situ Chly for 2000-2017. Black circles represent monthly averages. Bars indicate SD. Purple circles indicate extreme
values (> 2 SD), excluded from the calculation of the means.

ter, mainly due to the presence of larger cells with
lower light absorption efficiency and greater pack-
aging effect coupled with a mixed water column
and less light penetration. This interpretation is
consistent with the negative correlations found

between a®p;,,(443) and [ap,(443)/ap,,(676)]
with Z;7,7, and positive correlation with d7dZ and
Z,,- Regarding the relationships with the OACs,
Chl; was more positively correlated with
app,(443) than with ay,p(443) and non-correlated
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Figure 6. Percentage of Chl_s over Chly for 2000-2017. Black circles represent monthly averages. Bars indicate SD. Purple cir-
cles indicate extreme values (> 2 SD), excluded from the calculation of the means.
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Figure 7. Values of [apy,(443)/ap;,,(676)] for 2000-2017. Black circles represent monthly averages. Bars indicate SD. Purple cir-
cles indicate extreme values (> 2 SD), excluded from the calculation of the means.

with acpop(443), which was expected in part %Chl_s showed only a weak positive signifi-
since ay,p(443) increased with mixing also due to cant correlation with Z,,, dTdZ and [ap;,(443)-
resuspension of bottom material. In turn, /apyy(676)], suggesting that when light penetra-
acpou(443) was not correlated with stratification tion is deeper and stratification stronger at
parameters, suggesting an independent behavior of EPEA, the percentage of smaller cells tended to

the mixing-stratification cycle at EPEA station. increase.
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Table 2. Spearman correlation coefficients between bio-optical and physical properties at EPEA. Spearman coefficient of corre-
lation (rho), probability (p) and data number (n) used are written from top to bottom. Temp.: temperature, RBR:
[apn,(443)/ap;,(676)]. Bold values are significant at a o = 0.05 confidence level.

Chlr  ayup(443) apyy(443) aPpy(443)  RBR  acpou(443) Zyryy — dTdZ Z,,  %Chls
Temp. 0307 -0.117 0016 0391 0500  0.031 -0.505  0.588 0311 0.104
0.000 0224  0.869 0.000  0.000 0785  0.000  0.00 0.003  0.295

118 109 109 109 109 77 118 18 91 102
Chly 0238 0584  -0.639  -0.365 0229 0340 -0.454 -0.647  -0.061
0.012  0.000 0.000  0.000  0.044  0.000  0.000 0.000  0.542

110 110 110 110 78 119 119 92 103
anp(443) 0.336 0.007  -0233 0137  0.193  -0.361 -0.638  -0.404
0.000 0945  0.014 0232  0.043  0.000 0.000  0.000

110 110 110 78 110 110 90 99
apyy(443) 0.136  -0.093 0230  0.150  -0.178 -0.607  -0.031
0157 0335  0.043 0117 0062  0.000  0.762

110 110 78 110 110 90 99
aPpy,(443) 0.449 0075 -0.38 0475 0268  -0.061
0.000 0513  0.000  0.000 0.011 0.551

110 78 110 110 90 99
RBR 0022 -0.610  0.661 0468  0.206
0.848  0.000  0.000 0.000  0.040

78 110 110 90 99

acpon(443) 20.045 0004  -0209  0.002

0693 0972 0072  0.987

78 78 75 77
Zirar -0.704  -0.392  -0.095
0.000  0.000 0341

119 92 103
dTdz 0536  0.200
0.000  0.043

92 103
Z., 0.316
0.002

91

Inter-annual variations in bio-optical proper-
ties and extreme events

Time series of bio-optical observations
throughout the study period (2000-2017) reflect-
ed the repetition of seasonal cycles as well as the

occurrence of extreme events (Figures 8, 9 and
10) which were associated to specific events
involving an exceptional increase in phytoplank-
ton abundance. An extremely high Chl; value of
6.420 mg m> (the highest for the entire time
series) was recorded in June 2001, but unfortu-
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Figure 8. Inter-annual distribution of coefficients of light absorption at 443 nm by phytoplankton /ap,,(443)], non-algal particles
[ansp(443)], and CDOM [acpon(443)] estimated for 5 m samples at EPEA for the period 2000-2017. Purple circles indi-

cate extreme values (> 2 standard deviations).

nately no bio-optical data is available for that
sampling. In November 2005 an event character-
ized by values of Chl;= 6.130 mg m™, appy(443)
= 0.811 m’!' and ay,p(443) = 0.0128 m’' was
observed. In December 2008 another maximum
of phytoplankton occurred, characterized by high
values of chlorophyll concentration and OACs
absorption (Chly = 5.377 mg m™, ap,(443) =
0.266 m™! and ay,p(443) = 0.063 m"). The high
absorption by OACs attenuated the light produc-
ing the shallowest Z,, registered at EPEA (Z,, =
11.1 m). Interestingly, in the following month
(January 2009) stratification intensified reaching
an extreme value of d7dZ =-2.9 and Z;7,, = 24.0
m, while Chl; decreased up to 0.353 mg m™ and
the ratio [apy,(443)/ap,(676)] increased to 3.66,

a rather high value denoting a change in the phy-
toplankton composition. In turn, ay,p(443) and
acpop(443) continued to be high (0.06 m™!' and
0.096 m!, respectively), probably as a conse-
quence of the bloom decay. Finally, in November
2016 another extreme increase in phytoplankton
occurred, evidenced by both the high values
of Chlr and ap(443) of 4.163 mg m> and
0.527 m’!' respectively. Possibly other extreme
events have occurred at EPEA in between our on-
site sampling.

Trends in bio-optical and physical properties
for the period 2000-2017

Chlr and Chl.; showed significant increasing
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Figure 9. Inter-annual distribution of concentration of chlorophyll-a Chly, percentage of Chl s from Chly, and ratio

[apyy(443)/apy,(676)] estimated for 5 m samples at E
ues (> 2 standard deviations).

trends (Table 3; Figures 11 and 12). Percentage of
Chl_s also showed a significant positive trend
(Figure 13), in agreement with the significant
positive trend in the pico-phytoplankton fraction
observed at EPEA (Silva, pers. comm.). On the
other hand, the Seasonal Mann-Kendal test
(SMK) revealed that the specific absorption coef-
ficient of phytoplankton, aBphy(443), decreased
significantly during the same period (Figure 14).
This trend appears to be simply governed by the
increasing trend in chlorophyll, since an increase
in pico-phytoplankton is expected to be reflected
in an increase in the efficiency of light absorption
per unit chlorophyll. The rest of properties stud-
ied didn’t show any significant trend of change
during the period analysed (Table 3).

PEA for the period 2000-2017. Purple circles indicate extreme val-

DISCUSSION

Changes in the incident irradiance at EPEA
seem to be the main driver of the seasonal forma-
tion of a warmer less dense upper layer separated
by a thermocline from deep colder waters (Ruiz,
2018; Luz Clara, pers. comm.). Basic description
of phytoplankton growth cycle in temperate seas
explains that blooms occur in spring as the water
column stratifies, allowing cells to remain in the
lit zone at the same time that they have plenty of
nutrients, which were replenished by mixing dur-
ing the previous winter (Riley 1946). Neverthe-
less, at EPEA, except for special events, phyto-
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Figure 10. Inter-annual distribution of euphotic depth, Z,,, the depth at which the maximum value of the derivate of temperature
with respect to depth (dT/dZ) occurred, Z;7,7, and the strength of the dT/dZ at EPEA for the period 2000-2017. Purple
circles indicate extreme values (> 2 standard deviations).

Table 3. Values of p obtained from the Seasonal Mann-Kendal test (SMK) trend analysis for bio-optical properties and thermal
stratification parameters at EPEA for the period 2000-2017. Values marked in bold are significant at a o = 0.05 confi-
dence level.

Property Trend sign p SMK
Chly Positive 0.00013
Chli_s Positive < 0.00001
%Chl_5 Positive <0.00002
appy(443) 0.5945
anap(443) 0.1878
acpom(443) 0.2167
aPpy(443) Negative < 0.00003
appy(443)/apy,(676) 0.5272
Zyraz 0.2659

Z,, 0.7282
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Figure 11. Annual mean Chl; anomalies for the period 2000-2017.
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Figure 12. Annual mean Chl_sanomalies for the period 2000-2017.

plankton biomass as indicated by Chl/; does not
follow this dynamic, since Chly tends to be higher
at the end of winter. This could be due to the fact
that bottom depth (~ 48 m) is shallow enough to
allow phytoplankton cells to be brought up by
mixing to the lit layer with a frequency that per-

mits them to grow, even during the darkest
months at EPEA. Incident irradiance starts
increasing in August, being the trigger for a rela-
tive increment in phytoplankton growth, whose
biomass starts to decrease as the stratification
progresses and nutrients are consumed (Negri et
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Figure 13. Annual mean %Chl_s anomalies for the period 2000-2017.
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Figure 14. Annual mean aBphy(443) anomalies for the period 2000-2017.

al. 2003; Carreto et al. 2004). Relationships
among properties studied add evidence to this
explanation since Chly was significantly and pos-
itively correlated with Z,7,; and significantly and
negatively correlated with Z,,.

It is known that small cells are more efficient

to assimilate nutrients when these are scarce, due
to their higher surface to volume ratio (Richard-
son et al. 1983; Chisholm 1992), and at the same
time of being better suited to cope with high irra-
diances, which may cause photo-inhibition due to
the higher proportion of photo-protective pig-
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ments, such as zeaxanthin in Synechococcus.
Higher blue to red ratios have been attributed to
the dominance of phytoplankton populations with
small cell sizes and photoacclimated to high light
(Sosik and Mitchell 1995; Millan-Nufiez et al.
2004). At EPEA station, this photoacclimation
strategy is evidenced in higher values of blue to
red absorption ratio /ap;,,(443)/ap,(676)] during
summer and also in the correlation with the shal-
lower and stronger stratification and deeper
euphotic depth. A similar but not as conspicuous
pattern was observed for a? Piy(443), a bio-optical
property indicative of absorption efficiency
which is usually negatively correlated with cell
size. Thus, it is possible to discern the link of bio-
optical properties following main seasonal varia-
tions in phytoplankton types and how they pho-
toacclimate, even at this optically complex
coastal site.

Variations in the annual cycle of absorption
coefficients of OACs at EPEA station for the peri-
od 2000-2017 have been previously analyzed
(Lutz et al. 2006; Ruiz 2018). From those studies
it became clear that a-ppy(443) is the OAC with
largest values of absorption at all months (with
peaks in fall and summer), followed by ap,,(443)
(with almost no variation throughout the year),
and finally ay,p(443) which is maximum in win-
ter. The fact that at EPEA ap,(443) did not show
seasonal variability as it was in the case for Chly
could be due to the fact that the spectral absorp-
tion coefficient of phytoplankton is a complex
bio-optical property that represents the sum of the
absorption by different pigment-protein complex-
es present in different phytoplankton species that
make up a given sample. However, ap,(443) still
was correlated to Chly, and it showed extreme
values in events when phytoplankton biomass
was high. As mentioned, the blue to red absorp-
tion ratio [apy,(443)/ap,,(676)] is a property that
changes both with the phytoplankton community
and with how the cells were photoacclimated,
with the advantage that as being dimensionless it
emphasizes these variations in the absorption

spectral shape rather than in its magnitude (Sosik
and Mitchell 1995). At EPEA, the annual cycle of
[apn,(443)/ap;,(676)] showed higher values dur-
ing the warm period; whether this suggests that
phytoplankton populations are mainly composed
of small cells (Negri and Silva 2003) or different
size cells which were photoacclimated to high
irradiances remains to be addressed.

Long term trends of change were observed both
for Chly, Chl_sand %Chl_;. This fact could have
been exacerbated by the change in the extraction
method of the chlorophyll concentration determi-
nation that took place in 2006 at EPEA station
(from acetone 90% to methanol 100%), which is
more efficient in the case of smaller cells (Lutz et
al. 2010). Nevertheless, independent sources of
Chly estimation (satellite) in the region also ren-
dered an increasing trend (Marrari et al. 2017).
However, despite the positive and significant cor-
relation observed between Chly and ap,,(443),
long-term changes were not reflected in a signifi-
cant trend of apy,(443). This could have been pos-
sibly related to the wide seasonal variability of
this coefficient and the fact that absorption coeffi-
cients are complex properties encompassing many
factors. In agreement with the positive significant
trend in Chl._ s, the picoplankton and nanoplankton
size fractions showed significant positive trends
(Silva, pers. Comm.). Contrary to what could be
expected from these observations, we have
observed a significant decreasing trend in the total
ab pry(443) (Which is a lineal combination of Chlr,
aPpy(443) = ap(443)/Chly) and no trend in
[ap(443)/ap, (676)].

A few special bloom events were observed at
EPEA, some of them associated with different
extraordinary physical conditions. In 2001, an
almost exclusively blooming of diatoms from the
nano and micro planktonic size fraction was
observed. In November 2005 a bloom of the
Genus Prymnesium sp. was identified, character-
ized by the absence of micro planktonic diatoms.
In December 2008, another maximum of phyto-
plankton occurred, which was associated with an
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event of cold temperature and characterized by
the presence of atypical phytoplankton species for
the study site and the absence of micro planktonic
diatoms, which could be the reason why a relative
high ap;,(443) was observed for the recorded
Chlr (Negri et al. 2015). The bloom observed in
November 2016 was particular due to its high
concentration of nano planktonic dinoflagellates.
Whether the frequency of such events has been
increasing at EPEA is a question that we cannot
still assess upon our in situ database, mainly
given the unfortunate gaps in the sampling. Nev-
ertheless, in this work it has been shown that IOPs
did capture these special events, indicating that
satellite information should also be useful to
detect them, even considering the possible inac-
curacies of this data source for the study site
(Ruiz 2018; IOCCG 2020). Long term time series
of observations, either in situ or satellite, are not
exempt from changes in the methodologies or
from gaps in the sampling frequency. These two
factors, together with the autocorrelation and
decadal natural variability of oceanic ecosystems
challenge the unambiguous detection of a trend,
possibly driven by climate change, above the nat-
ural variability. It has been stated that time series
of about 40 years long would be necessary to dis-
tinguish a trend from natural variability, assuming
no gaps on the observational record (Henson et al.
2010). This is a condition that only very few eco-
logical time series are able to meet so far, which
points out the necessity of maintaining time series
to assess changes occurring in the marine envi-
ronment (O’Brien et al. 2017). Long-term in situ
bio-optical data is particularly scarce in the global
ocean. From the beginning of this time series to
the present, the technological capacity imple-
mented (ships, equipment, human resources) has
been improved, and despite the irregular sam-
pling frequency, this work based on the observa-
tions at EPEA emphasize the relevance of in situ
ecological time series to contribute to the under-
standing of coastal ecosystems dynamics in a
context of climate change.

CONCLUSIONS

Our results derived from almost two decades
of in situ observations at this coastal site in the
South Atlantic indicate an increasing trend in
chlorophyll-a concentration, possibly due to an
increase in the smaller fraction of phytoplankton.
Although the absorption coefficient of phyto-
plankton did not follow a significant trend, it did
represent the occurrence of special events of high
biomass, which is an encouraging result for the
use of satellite information at the study site. Two
main parameters of phytoplankton absorption, the
specific absorption coefficient of phytoplankton
aPp(443) and the blue to red ratio
[apny(443)/apy,(676)], follow an annual cycle
with high values in summer and low in winter,
according to the probable dominance of different
size cells and their expected acclimation to the
light regime. Though, a®p;,(443) showed a trend
to decrease throughout the years, which is consis-
tent with the increase in Chly, but how this is con-
nected to the increase in small cells should be fur-
ther investigated. An in depth study of the vari-
ability in the phytoplankton absorption spectral
shapes and its direct link to phytoplankton
species and their photoacclimation status would
be a next step at EPEA. Possible sources of
CDOM should also be explored, since it is a
major component absorbing light and was not
correlated to any of the variables studied.
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ABSTRACT. We compiled georeferenced records of deep demersal fishes from the Colombian
Caribbean Sea in order to assess the level of survey coverage and geographic completeness of
species richness inventories at a scale of 15 min by 15 min cells, in view of threats from fishing and
oil and natural gas exploration. We identified a rich fauna with a minimum of 362 species registered.
Areas with high observed and predicted species richness were identified. Survey coverage and geo-
graphic richness completeness resulted in being deficient with no cell reaching the status of well-
sampled spatial unit, being 83% of the Colombian Caribbean Exclusive Economic Zone bottoms
unexplored, particularly depths beyond 1,000 m. A plea is made for renewed survey efforts with a
focus on the protection of the Colombian Caribbean deep-sea biota.

Key words: Colombian Caribbean, deep fishes, records, soft-bottoms, species richness.

Evaluacién de la diversidad de la fauna de peces demersales profundos del Mar Caribe colom-
biano

RESUMEN. Se recopilaron registros georreferenciados de peces demersales profundos del Mar
Caribe colombiano con el fin de evaluar el nivel de cobertura de la prospeccion y la integridad
geografica de los inventarios de riqueza especifica a una escala de celdas de 15 min por 15 min, en
vista de las amenazas de la pesca y la explotacion de petroleo y gas. Identificamos una rica fauna
con un minimo de 362 especies registradas. Se identificaron areas con alta riqueza especifica obser-
vada y predicha. La cobertura de los registros y la completitud geografica de la riqueza resultaron
ser deficientes sin que ninguna celda alcanzara el estado de unidad espacial bien muestreada,
estando el 83% de los fondos de la Zona Econdmica Exclusiva del Caribe colombiano sin explorar,
en particular aquellas profundidades superiores a los 1.000 m. Se hace un llamamiento para renovar
los esfuerzos de prospeccion con un enfoque en la proteccion de la biota de aguas profundas del
Caribe colombiano.

Palabras clave: Caribe colombiano, peces de fondo, registros, fondos blandos, riqueza especifica.

INTRODUCTION

With the migration of the fishing frontier into deeper waters and the offs-
hore search for oil and natural gas it is now more important than ever to
improve the knowledge on the deep sea biota, particularly with regard to
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fishes, since they are candidates for exploitation
(e.g., Paramo et al. 2017; Grijalba-Bendeck et al.
2019) or might be affected as bycatch (e.g., Para-
mo et al. 2012). In Colombian Caribbean waters
deep sea research has been sporadic, but three
main periods can be distinguished. In the late six-
ties and early seventies during the past century,
research vessels like the Oregon, Oregon II (U.S.
Fish and Wild Life Service) and Pillsbury (Uni-
versity of Miami, U.S.A.), as well as several
others, conducted trawling both on the continen-
tal shelf and notably on the continental slope, plus
some trawls occurred at depths beyond 1,000 m.
Later on, from the early part of the 20th century,
interest in continental slope fauna gained momen-
tum with the Macrofauna I and Il campaigns that
trawled down to a depth of 500 m (see for instan-
ce Saavedra-Diaz et al. 2000; Roa-Varon et al.
2003; Saavedra-Diaz et al. 2004; Roa-Varén et al.
2007). A decade later in the context of exploration
for oil and natural gas, demersal fish samples
were taken in deeper waters around 800 m (ANH
I and II campaigns, Polanco et al. 2010). In sear-
ching for new fishery resources, Paramo et al.
(2011) conducted trawling at depths between 200
and 550 m during years 2009 and 2010. Since
then, to our knowledge, no mayor deep sea traw-
ling surveys have been undertaken in Colombian
Caribbean waters.

Paramount in diversity studies (and with a
focus on conservation) is the characterization of
the geographic distribution of diversity, which
goes hand in hand with the assessment of the
completeness of sampling of surveys, i.e., whet-
her an asymptote in the species accumulation
curve has been reached (Soberdn et al. 2007; Hor-
tal et al. 2015). The composition of species lists is
necessary but not sufficient for effective diversity
management and conservation. In this study we
assess the level of survey coverage and geograp-
hical completeness of species richness inventori-
es by constructing a spatialized estimate of deep
soft-bottom demersal fish fauna diversity in
Colombian Caribbean waters, including the San

Andrés and Providencia archipelago and in the
process we highlight areas that have been well-
and poorly surveyed and those that have never
been visited.

MATERIALS AND METHODS

Georeferenced records of demersal deep fishes
were obtained from Polanco (2015), Garcia and
Armenteras (2015, see sources cited), Garcia
(2017a), Acero et al. (2018), Polanco et al. (2019)
and the Global Biodiversity Information Facility
(GBIF 2020). Only records with associated depth
registers deeper than 200 m were included. Valid-
ity of taxonomic names was checked against the
Catalog of Fishes (Fricke et al. 2019). A database
was constructed with the software ModestR (Gar-
cia-Roselld et al. 2013) which allowed further fil-
tering in order to lessen redundancy in the geo-
graphic records. Because our interests focused on
Colombian Caribbean waters, records in our
sources outside the current Colombian Exclusive
Economic Zone (EEZ, obtained from Flanders
Marine Institute 2019) were excluded.

ModestR produces files directly usable for the
module KnowBR (Lobo et al. 2018; Guisande
and Lobo 2019) of the application RWizard
(Guisande et al. 2014) designed to conduct a
search of both well and poorly surveyed spatial
units. The study area, i.e. the Colombian
Caribbean EEZ, was divided into spatial cells of
size 15 min (circa 28 km) by 15 min. We chose
this size as being consistent with previous simi-
lar analyses (Garcia 2017b, 2018). Further set-
tings were as follow: curve = ‘Rational’
(Ratkowski 1990) one of the options for adjust-
ing a function to the accumulation of species
with records that function as surrogates for effort
(Lobo 2008; Lobo et al. 2018); estimator = 1,
meaning that we constructed the species accumu-
lation curve using the formula from Ugland et al.
(2003); cutoff = 1, meaning that if the quotient
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between number of records and number of
species is 1 in a given spatial unit it is considered
non-informative and completeness is not calcu-
lated; cutoffCompleteness = 0, meaning that if
the value of completeness is below this value of
completeness is not calculated and cutoffSlope =
1, meaning that if the final slope of the accumu-
lation curve is higher than this value, complete-
ness is not calculated.

We used the function SurveyQ (survey quality)
of KnowBR to depict well- and poorly-surveyed
equal area cells geographically. Default values
were used. For well sampled spatial units a slope
< 0.02, completeness > 90% and R/S (records
over species) > 15. For poorly sampled cells a
slope > 0.3, completeness < 50% and R/S < 3.

82°W 80° 78° 76°

RESULTS

After filtering, we included a total of 362
species and 6,211 records in the database, these
being the basis of the analysis (Appendix 1). A
map of the study area, records and the shape of the
Parque Nacional Natural Corales de Profundidad
(http://www.parquesnacionales.gov.co) is shown
in Figure 1. The bulk of the records were located
between 200 m and 1,000 m representing 98% of
all records. In turn, records between 200 m and
300 m represented 52% of all records. Apart from
a couple of records in the San Andrés and Provi-
dencia archipelago, sampling was concentrated on

74° 72° 70°
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Figure 1. Deep demersal fishes record locations inside the Colombian Caribbean Exclusive Economic Zone and Parque Nacional

Natural Corales de Profundidad.
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the continental slope with a few records from the
abyssal plains (Figure 1). Table 1 shows those
species with more than 100 records in the database.

The division of the study area in equal area
cells (15 min by 15 min) resulted in 85 cells.
Records from each cell revealed some areas
where sampling was concentrated. The Gulf of
Salamanca, Guajira, Palomino and mixed
coralline bottoms showed cells with an elevated
number of records while most of the cells
received fewer records (Figure 2). Taking into
account that cells depicted were the ones with at
least one record, it was clear that most of the
study area had never been visited (Figure 2). The
Colombian Caribbean EEZ below 200 m amounts
to circa 385,000 km? while the added cell area is
65,072 km?, so around 83% of the deep sea bot-
tom has never been visited. The scarcity of
records resulted in 31 out of the 85 cells for which
completeness could not be calculated as the R/S
quotient was one. Not surprisingly, the observed
richness (Figure 3) closely followed the distribu-
tion pattern of records in cells with a correlation
0f 0.9 (Pearson index, p < 0.001). The Darien area
is added as harboring a high number of demersal
fish species (Figure 3).

Completeness ranged from 6.9% to 76.9% in
cells with 75.9% of them (41 out of 54 informa-
tive cells) showing completeness above 50%; but
notice that no cell reached 100% completeness
(Figure 4). The ten cells showing completeness
above 70% were well- distributed along the coast
line (Figure 4), suggesting that the survey effort
was not spatially biased in terms of completeness.

No cell attains the status of ‘high quality sur-
vey’ (Figure 5); but most cells were labeled as
“fair quality survey’ cells with a number of inter-
dispersed ‘poor quality survey’ cells that is in line
with the image in Figure 4.

DISCUSSION

Our focus on the current Colombian EEZ
caused 32 species and associated records to be
dropped from the database (Appendix 2). These
records are located to the west of the San Andrés
and Providencia archipelago and offshore Pana-
ma outside of Colombian EEZ. Thus, it is doubt-
ful whether the species concerned should be
included in deep sea fishes national biodiversity

Table 1. Species with more than 100 georeferenced records in the database. Minimum, maximum and mean depths.

Species Records Min depth (m) Max depth (m) Mean depth (m)
Dibranchus atlanticus 207 198 1,440 412
Nezumia aequalis 150 223 1,143 392
Coelorinchus caelorhincus 134 200 810 327
Laemonema goodebeanorum 126 223 777 348
Chauliodus sloani 125 191 4,151 433
Synagrops bellus 122 192 810 352
Poecilopsetta inermis 113 229 750 292
Chlorophthalmus agassizi 109 200 776 301
Malacocephalus occidentalis 106 200 801 314
Neoscopelus macrolepidotus 104 276 900 475
Chaunax suttkusi 103 223 801 333
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Figure 2. Spatial distribution of deep demersal fishes records in cells of 15 min by 15 min in the Colombian Caribbean Exclusive
Economic Zone.
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Figure 3 Observed richness of deep demersal fishes in cells of 15 min by 15 min in the Colombian Caribbean Exclusive
Economic Zone.

lists, although their presence in waters of the excluded here in their species lists for the San
archipelago that belong to Colombia is likely. Andrés and Providencia archipelago.
Notice that Bolafios-Cubillos et al. (2015) and The scarceness of surveys and samples east of

Acero et al. (2019) mention several of the species the archipelago and in depths beyond 1,000 m
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Figure 4 Percentage completeness of deep demersal fishes inventories in cells of 15 min by 15 min in the Colombian Caribbean
Exclusive Economic Zone.
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Figure 5 Survey quality status of deep demersal fishes in cells of 15 min by 15 min in the Colombian Caribbean Exclusive
Economic Zone.

shown here clearly points to the need of increased visited in the past, as even the upper slope that
survey efforts, including for those unexplored has received most records is at best ‘fairly-sam-
areas as well as renewed survey efforts in areas pled’, according to the criteria here and at our
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spatial scale. Nevertheless, this study reveals a
rich deep sea fish fauna taking into account that
the 362 species in our database are a lower limit
of species richness. Considering the values of
percentage completeness and the current geo-
graphic coverage of surveys, more records for
species already in the database, i.e., extension of
their presently observed distribution, and more
species currently not in the database, are to be
expected in future campaigns.

The distribution of records with species fol-
lows the usual patterns for large diversity data-
bases: few species with many records and many
species with few records. Thus, 49.2% of the
species (178 out of 362) show five or fewer
records while just 3.0% of the species (11 out of
362) show more than one hundred records
(Appendix 1). Interestingly Epigonus occidental-
is (Goode and Bean 1896) and E. pandionis
(Goode and Bean 1881), postulated as possible
candidates for fishing due to their frequency in
trawls (Paramo et al. 2017) do not belong to the
most common species in the database but rank
low to intermediary in terms of records (Appen-
dix 1). Our time window spans decades while
Paramo et al. (2017) are just snap shots of deep
demersal fish presence and abundance in a limit-
ed depth range. This contrast highlights the use-
fulness and, indeed, a need for monitoring over
long periods and extended areas if we are to
understand the dynamics of ecosystems and the
biology of the species.

In view of the results it is probably risky to
postulate areas for conservation purposes.
Observed richness suggests continental slope
areas adjacent to the Gulf of Salamanca, Rosario
Island archipelago (mixed coralline bottoms),
slope areas to the north of Guajira Peninsula and
Darien as locations of accumulation of species.
Interestingly, the Gulf of Salamanca shelf (< 200
m), since here the slope (> 200 m) is known to
harbor significant numbers of elasmobranchs and
bony fish species (Garcia 2017b, 2018; but
notice that Garcia 2018 includes some slope

records). The ecological and biological reasons
for these findings are an open question worth
investigating.

The only national natural park dedicated to
deep sea biota in the Colombian Caribbean is the
Parque Nacional Natural Corales de Profundidad
established to protect deep sea coral species. The
park includes soft and mixed bottoms from 34 m
to 1,240 m depth. Using the module MRFinder of
ModestR a species list was composed for the
park resulting in 106 species with records inside
the park area (Appendix 3). Thus, although not
intentionally, Corales de Profundidad might also
be protecting a significant fraction of deep dem-
ersal fishes in the Colombian Caribbean. The
attractive effect of structures on fishes is well-
known, thus the presence of coral formations in
the general area of the park is probably conducive
of high species richness. Notice that cells in the
park area and in their vicinity show high ob-
served richness.

This research is one of the first steps in endeav-
ors of studying the diversity of deep sea demersal
fish species beyond the compilation of species’
names. Much work remains to be done both for
scientific and practical purposes with a focus on
protecting Colombian Caribbean deep sea biodi-
versity as derived from this assessment.
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Deep demersal fish species list (> 200 m depth)

APPENDIX 1 of the Colombian Caribbean Sea with records and
depth ranges.
Class Order Family Species Records Min depth Max depth Mean depth
Actinopterygii  Anguilliformes Chlopsidae Robinsia catherinae 1 300 300 300
Actinopterygii  Anguilliformes Colocongridae Coloconger meadi 60 218 777 361
Actinopterygii  Anguilliformes Congridae Ariosoma balearicum 3 532 857 706
Actinopterygii  Anguilliformes Congridae Bathycongrus bullisi 26 229 366 286
Actinopterygii  Anguilliformes Congridae Bathycongrus vicinalis 1 366 366 366
Actinopterygii  Anguilliformes Congridae Bathyuroconger vicinus 9 515 732 627
Actinopterygii  Anguilliformes Congridae Japonoconger caribbeus 22 269 549 358
Actinopterygii  Anguilliformes Congridae Parabathymyrus oregoni 2 314 315 315
Actinopterygii  Anguilliformes Congridae Pseudophichthys splendens 57 204 803 392
Actinopterygii  Anguilliformes Congridae Rhynchoconger flavus 3 732 732 732
Actinopterygii  Anguilliformes Congridae Xenomystax austrinus 23 458 732 509
Actinopterygii  Anguilliformes Congridae Xenomystax bidentatus 16 296 698 405
Actinopterygii  Anguilliformes Congridae Xenomystax congroides 18 210 352 237
Actinopterygii  Anguilliformes Moringuidae Neoconger mucronatus 3 200 265 243
Actinopterygii  Anguilliformes Muraenesocidae Cynoponticus savanna 2 746 746 746
Actinopterygii  Anguilliformes Muraenidae Gymnothorax conspersus 9 256 307 262
Actinopterygii  Anguilliformes Muraenidae Gymnothorax polygonius 2 200 203 202
Actinopterygii  Anguilliformes Nemichthyidae Avocettina infans 3 350 445 360
Actinopterygii  Anguilliformes Nemichthyidae Labichthys carinatus 1 940 940 940
Actinopterygii  Anguilliformes Nemichthyidae Nemichthys scolopaceus 6 300 3,978 654
Actinopterygii  Anguilliformes Nettastomatidae Hoplunnis diomediana 1 453 453 453
Actinopterygii  Anguilliformes Nettastomatidae Hoplunnis megista 2 366 366 366
Actinopterygii  Anguilliformes Nettastomatidae Hoplunnis tenuis 5 201 366 215
Actinopterygii  Anguilliformes Nettastomatidae Nettastoma melanura 5 503 732 621
Actinopterygii  Anguilliformes Nettastomatidae Venefica procera 3 613 860 834
Actinopterygii  Anguilliformes Ophichthidae Ophichthus cruentifer 4 496 699 548
Actinopterygii  Anguilliformes Ophichthidae Ophichthus puncticeps 4 295 900 448
Actinopterygii  Anguilliformes Synaphobranchidae  Atractodenchelys phrix 2 393 500 447
Actinopterygii  Anguilliformes Synaphobranchidae  Dysommina rugosa 2 365 450 429
Actinopterygii  Anguilliformes Synaphobranchidae  Ilyophis brunneus 8 515 1143 692
Actinopterygii  Anguilliformes Synaphobranchidae  Synaphobranchus affinis 1 732 732 732
Actinopterygii  Anguilliformes Synaphobranchidae  Synaphobranchus oregoni 8 265 515 301
Actinopterygii  Ateleopodiformes Ateleopodidae ljimaia antillarum 30 329 698 423
Actinopterygii  Ateleopodiformes Ateleopodidae ljimaia loppei 1 503 503 503
Actinopterygii  Aulopiformes Bathysauridae Bathysaurus mollis 2 1,800 4,151 2,976
Actinopterygii  Aulopiformes Chlorophthalmidae  Chlorophthalmus agassizi 109 200 776 301
Actinopterygii ~ Aulopiformes Chlorophthalmidae  Parasudis truculenta 34 223 561 311
Actinopterygii  Aulopiformes Ipnopidae Bathypterois bigelowi 38 223 940 456
Actinopterygii  Aulopiformes Ipnopidae Bathypterois grallator 5 1627 4,151 2,435
Actinopterygii  Aulopiformes Ipnopidae Bathypterois phenax 6 821 1,800 1,230
Actinopterygii  Aulopiformes Ipnopidae Bathypterois quadrifilis 5 515 900 683
Actinopterygii  Aulopiformes Ipnopidae Bathypterois viridensis 17 276 900 475
Actinopterygii  Aulopiformes Ipnopidae Bathytyphlops marionae 1 1,251 1,251 1,251
Actinopterygii  Aulopiformes Ipnopidae Ipnops murrayi 3 821 1,800 1,416
Actinopterygii  Aulopiformes Notosudidae Scopelosaurus smithii 2 622 622 622
Actinopterygii  Aulopiformes Synodontidae Saurida brasiliensis 5 270 613 427
Actinopterygii  Aulopiformes Synodontidae Saurida caribbaea 9 200 303 219
Actinopterygii  Aulopiformes Synodontidae Saurida normani 3 198 298 251
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Appendix 1. Continued.

Class Order Family Species Records Min depth Max depth Mean depth
Actinopterygii ~ Aulopiformes Synodontidae Synodus poeyi 1 198 198 198
Actinopterygii  Batrachoidiformes Batrachoididae Porichthys plectrodon 5 200 370 241
Actinopterygii  Beloniformes Hemiramphidae Hemiramphus balao 2 276 803 406
Actinopterygii  Beryciformes Anoplogastridae Anoplogaster cornuta 1 300 300 300
Actinopterygii  Beryciformes Berycidae Beryx decadactylus 1 378 378 378
Actinopterygii  Beryciformes Berycidae Beryx splendens 2 366 369 367
Actinopterygii  Beryciformes Diretmidae Diretmoides pauciradiatus 9 200 732 268
Actinopterygii  Beryciformes Diretmidae Diretmus argenteus 6 205 792 454
Actinopterygii  Beryciformes Holocentridae Ostichthys trachypoma 6 200 274 236
Actinopterygii  Beryciformes Trachichthyidae Gephyroberyx darwinii 8 300 375 322
Actinopterygii  Beryciformes Trachichthyidae Hoplostethus mediterraneus 2 288 435 362
Actinopterygii  Beryciformes Trachichthyidae Hoplostethus occidentalis 64 329 558 350
Actinopterygii  Cetomimiformes Barbourisiidae Barbourisia rufa 1 1,080 1,080 1,080
Actinopterygii ~ Gadiformes Bregmacerotidae Bregmaceros atlanticus 53 200 801 319
Actinopterygii  Gadiformes Macrouridae Bathygadus favosus 21 515 1,440 758
Actinopterygii ~ Gadiformes Macrouridae Bathygadus macrops 96 269 810 422
Actinopterygii  Gadiformes Macrouridae Bathygadus melanobranchus 28 365 900 634
Actinopterygii  Gadiformes Macrouridae Cetonurus globiceps 5 613 1,097 906
Actinopterygii ~ Gadiformes Macrouridae Coelorinchus caelorhincus 134 200 810 327
Actinopterygii  Gadiformes Macrouridae Coelorinchus caribbaeus 96 200 503 276
Actinopterygii  Gadiformes Macrouridae Coryphaenoides mexicanus 12 198 1,296 884
Actinopterygii ~ Gadiformes Macrouridae Coryphaenoides zaniophorus 25 518 940 636
Actinopterygii  Gadiformes Macrouridae Gadomus arcuatus 17 477 1,080 665
Actinopterygii  Gadiformes Macrouridae Gadomus dispar 4 457 622 490
Actinopterygii ~ Gadiformes Macrouridae Gadomus longifilis 23 365 1,251 644
Actinopterygii  Gadiformes Macrouridae Hymenocephalus aterrimus 1 576 576 576
Actinopterygii  Gadiformes Macrouridae Hymenocephalus billsam 2 223 373 361
Actinopterygii ~ Gadiformes Macrouridae Hymenocephalus italicus 91 269 940 368
Actinopterygii  Gadiformes Macrouridae Kuronezumia bubonis 3 515 732 586
Actinopterygii  Gadiformes Macrouridae Malacocephalus laevis 13 329 612 387
Actinopterygii ~ Gadiformes Macrouridae Malacocephalus occidentalis 106 200 801 314
Actinopterygii  Gadiformes Macrouridae Nezumia aequalis 150 223 1,143 392
Actinopterygii ~ Gadiformes Macrouridae Nezumia cyrano 16 453 960 630
Actinopterygii ~ Gadiformes Macrouridae Nezumia suilla 5 365 640 572
Actinopterygii  Gadiformes Macrouridae Sphagemacrurus grenadae 6 684 1,143 779
Actinopterygii  Gadiformes Macrouridae Squalogadus modificatus 4 1,080 1,251 1,139
Actinopterygii ~ Gadiformes Macrouridae Trachonurus sulcatus 10 612 1,251 814
Actinopterygii  Gadiformes Macrouridae Trachonurus villosus 3 515 814 714
Actinopterygii  Gadiformes Macrouridae Ventrifossa macropogon 7 223 640 411
Actinopterygii ~ Gadiformes Macrouridae Ventrifossa mucocephalus 5 450 732 481
Actinopterygii  Gadiformes Merlucciidae Merluccius albidus 47 219 662 297
Actinopterygii  Gadiformes Merlucciidae Steindachneria argentea 66 200 770 298
Actinopterygii  Gadiformes Moridae Gadella imberbis 32 223 801 374
Actinopterygii  Gadiformes Moridae Laemonema goodebeanorum 126 223 777 348
Actinopterygii  Gadiformes Moridae Physiculus fulvus 6 275 503 341
Actinopterygii ~ Gadiformes Phycidae Urophycis cirrata 11 270 470 331
Actinopterygii  Lophiiformes Antennariidae Fowlerichthys radiosus 1 192 192 192
Actinopterygii  Lophiiformes Chaunacidae Chaunax pictus 57 270 810 417
Actinopterygii  Lophiiformes Chaunacidae Chaunax suttkusi 103 223 801 333
Actinopterygii  Lophiiformes Diceratiidae Bufoceratias wedli 4 405 493 478

Actinopterygii  Lophiiformes Lophiidae Lophiodes beroe 2 512 512 512
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Class Order Family Species Records Min depth Max depth Mean depth
Actinopterygii  Lophiiformes Lophiidae Lophiodes monodi 7 313 520 346
Actinopterygii  Lophiiformes Lophiidae Lophiodes reticulatus 11 200 500 240
Actinopterygii  Lophiiformes Lophiidae Lophius gastrophysus 17 286 561 347
Actinopterygii  Lophiiformes Lophiidae Lophius piscatorius 4 200 500 240
Actinopterygii  Lophiiformes Melanocetidae Melanocetus murrayi 7 523 857 562
Actinopterygii  Lophiiformes Ogcocephalidae Dibranchus atlanticus 207 198 1,440 412
Actinopterygii  Lophiiformes Ogcocephalidae Dibranchus tremendus 6 1,006 1,463 1,107
Actinopterygii  Lophiiformes Ogcocephalidae Halieutichthys aculeatus 20 286 295 291
Actinopterygii  Lophiiformes Ogcocephalidae Malthopsis gnoma 12 280 491 301
Actinopterygii  Lophiiformes Ogcocephalidae Ogcocephalus declivirostris 3 365 223 221
Actinopterygii  Lophiiformes Ogcocephalidae Ogcocephalus parvus 6 270 360 308
Actinopterygii  Lophiiformes Ogcocephalidae Ogcocephalus pumilus 1 290 290 290
Actinopterygii  Lophiiformes Ogcocephalidae Zalieutes mcgintyi 29 201 498 246
Actinopterygii  Lophiiformes Oneirodidae Dolopichthys pullatus 1 4,029 4,029 4,029
Actinopterygii  Lophiiformes Thaumatichthyidae  Thaumatichthys binghami 1 1,251 1,251 1,251
Actinopterygii  Myctophiformes Myctophidae Bolinichthys supralateralis 26 195 792 361
Actinopterygii  Myctophiformes Myctophidae Dasyscopelus selenops 2 275 520 396
Actinopterygii  Myctophiformes Myctophidae Diaphus adenomus 1 567 567 567
Actinopterygii  Myctophiformes Myctophidae Diaphus bertelseni 2 200 200 200
Actinopterygii  Myctophiformes Myctophidae Diaphus dumerilii 26 200 727 299
Actinopterygii  Myctophiformes Myctophidae Diaphus effulgens 2 223 365 330
Actinopterygii  Myctophiformes Myctophidae Diaphus garmani 24 200 1,829 409
Actinopterygii ~ Myctophiformes Myctophidae Diaphus lucidus 23 191 755 327
Actinopterygii  Myctophiformes Myctophidae Diaphus minax 1 270 270 270
Actinopterygii  Myctophiformes Myctophidae Diaphus rafinesquii 5 320 1,800 633
Actinopterygii  Myctophiformes Myctophidae Diaphus splendidus 13 200 857 262
Actinopterygii  Myctophiformes Myctophidae Diaphus taaningi 1 270 270 270
Actinopterygii  Myctophiformes Myctophidae Lampadena luminosa 9 200 730 422
Actinopterygii  Myctophiformes Myctophidae Lepidophanes guentheri 21 200 857 302
Actinopterygii  Myctophiformes Myctophidae Myctophum nitidulum 16 200 727 340
Actinopterygii  Myctophiformes Neoscopelidae Neoscopelus macrolepidotus 104 276 900 475
Actinopterygii  Myctophiformes Neoscopelidae Neoscopelus microchir 23 223 803 372
Actinopterygii  Notacanthiformes Halosauridae Aldrovandia affinis 5 515 1,097 559
Actinopterygii  Notacanthiformes Halosauridae Aldrovandia gracilis 8 395 1,710 1,039
Actinopterygii  Notacanthiformes Halosauridae Halosaurus guentheri 32 276 1,143 433
Actinopterygii  Notacanthiformes Halosauridae Halosaurus ovenii 88 276 803 406
Actinopterygii  Notacanthiformes Notacanthidae Notacanthus chemnitzii 1 724 724 724
Actinopterygii  Notacanthiformes Notacanthidae Polyacanthonotus merretti 2 679 857 738
Actinopterygii  Ophidiiformes Aphyonidae Barathronus bicolor 22 365 1,251 625
Actinopterygii  Ophidiiformes Bythitidae Calamopteryx robinsorum 2 200 201 201
Actinopterygii  Ophidiiformes Bythitidae Cataetyx laticeps 7 732 1,800 1,119
Actinopterygii  Ophidiiformes Bythitidae Diplacanthopoma brachysoma 62 274 776 401
Actinopterygii  Ophidiiformes Bythitidae Saccogaster staigeri 1 356 356 356
Actinopterygii  Ophidiiformes Ophidiidae Acanthonus armatus 13 2,215 2,564 2,366
Actinopterygii  Ophidiiformes Ophidiidae Bassozetus robustus 1 1,240 1,240 1,240
Actinopterygii  Ophidiiformes Ophidiidae Bathyonus laticeps 2 1,627 2,983 2,531
Actinopterygii  Ophidiiformes Ophidiidae Benthocometes robustus 4 223 303 287
Actinopterygii  Ophidiiformes Ophidiidae Dicrolene introniger 37 395 1,296 715
Actinopterygii  Ophidiiformes Ophidiidae Lamprogrammus brunswigi 2 1,317 1,317 1,317
Actinopterygii  Ophidiiformes Ophidiidae Lamprogrammus niger 4 515 3978 1,105
Actinopterygii  Ophidiiformes Ophidiidae Lepophidium brevibarbe 18 210 505 277
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Actinopterygii  Ophidiiformes Ophidiidae Lepophidium cultratum 2 210 210 210
Actinopterygii  Ophidiiformes Ophidiidae Lepophidium kallion 1 219 219 219
Actinopterygii  Ophidiiformes Ophidiidae Lepophidium profundorum 8 207 404 288
Actinopterygii  Ophidiiformes Ophidiidae Lepophidium robustum 1 200 200 200
Actinopterygii  Ophidiiformes Ophidiidae Lepophidium zophochir 3 210 210 210
Actinopterygii  Ophidiiformes Ophidiidae Luciobrotula corethromycter 16 540 821 612
Actinopterygii  Ophidiiformes Ophidiidae Monomitopus agassizii 47 365 1,251 528
Actinopterygii  Ophidiiformes Ophidiidae Neobythites gilli 78 200 500 320
Actinopterygii  Ophidiiformes Ophidiidae Neobythites marginatus 68 205 670 305
Actinopterygii  Ophidiiformes Ophidiidae Neobythites monocellatus 4 229 334 257
Actinopterygii  Ophidiiformes Ophidiidae Neobythites ocellatus 19 192 366 234
Actinopterygii  Ophidiiformes Ophidiidae Penopus microphthalmus 1 1,006 1,006 1,006
Actinopterygii  Ophidiiformes Ophidiidae Xyelacyba myersi 5 1,251 1,440 1,301
Actinopterygii  Osmeriformes Alepocephalidae Alepocephalus australis 8 1,097 1,317 1,146
Actinopterygii  Osmeriformes Alepocephalidae Bathytroctes microlepis 2 1,097 1,097 1,097
Actinopterygii  Osmeriformes Alepocephalidae Conocara macropterum 10 821 1,463 1,125
Actinopterygii  Osmeriformes Alepocephalidae Leptoderma macrops 1 690 690 690
Actinopterygii  Osmeriformes Alepocephalidae Narcetes stomias 7 558 1,829 1,509
Actinopterygii  Osmeriformes Alepocephalidae Rouleina attrita 4 686 1,271 828
Actinopterygii  Osmeriformes Alepocephalidae Talismania antillarum 2 457 457 457
Actinopterygii  Osmeriformes Alepocephalidae Talismania homoptera 5 515 640 593
Actinopterygii  Osmeriformes Alepocephalidae Xenodermichthys copei 23 360 640 433
Actinopterygii  Osmeriformes Argentinidae Argentina brucei 33 198 439 266
Actinopterygii  Osmeriformes Argentinidae Argentina striata 72 200 500 266
Actinopterygii  Osmeriformes Bathylagidae Dolicholagus longirostris 6 445 857 699
Actinopterygii  Osmeriformes Microstomatidae Xenophthalmichthys danae 7 205 505 323
Actinopterygii  Osmeriformes Opisthoproctidae Opisthoproctus soleatus 1 374 374 374
Actinopterygii  Perciformes Acropomatidae Caraibops trispinosus 15 192 523 220
Actinopterygii  Perciformes Acropomatidae Synagrops bellus 122 192 810 352
Actinopterygii  Perciformes Acropomatidae Verilus atlanticus 10 192 496 250
Actinopterygii  Perciformes Acropomatidae Verilus pseudomicrolepis 12 247 308 262
Actinopterygii  Perciformes Acropomatidae Verilus sordidus 2 201 201 201
Actinopterygii  Perciformes Ariommatidae Ariomma bondi 3 351 428 383
Actinopterygii  Perciformes Ariommatidae Ariomma melanum 2 298 366 355
Actinopterygii  Perciformes Bathyclupeidae Bathyclupea argentea 24 402 732 448
Actinopterygii  Perciformes Bathyclupeidae Bathyclupea schroederi 16 205 810 387
Actinopterygii  Perciformes Callionymidae Synchiropus agassizii 8 274 352 306
Actinopterygii  Perciformes Callionymidae Synchiropus dagmarae 1 229 229 229
Actinopterygii  Perciformes Caproidae Antigonia capros 37 198 505 240
Actinopterygii  Perciformes Caproidae Antigonia combatia 51 192 520 243
Actinopterygii  Perciformes Carangidae Decapterus macarellus 3 198 235 226
Actinopterygii  Perciformes Carangidae Decapterus tabl 21 200 507 229
Actinopterygii  Perciformes Carangidae Selar crumenophthalmus 7 246 2,195 575
Actinopterygii  Perciformes Carangidae Selene brownii 3 200 504 403
Actinopterygii  Perciformes Carangidae Trachurus lathami 2 207 207 207
Actinopterygii  Perciformes Emmelichthyidae Erythrocles monodi 1 201 201 201
Actinopterygii  Perciformes Epigonidae Epigonus macrops 13 200 914 613
Actinopterygii  Perciformes Epigonidae Epigonus occidentalis 28 366 823 434
Actinopterygii  Perciformes Epigonidae Epigonus pandionis 55 223 720 343
Actinopterygii  Perciformes Gempylidae Diplospinus multistriatus 8 200 445 298
Actinopterygii  Perciformes Gempylidae Lepidocybium flavobrunneum 2 1,251 1,271 1,261
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Appendix 1. Continued.

Class Order Family Species Records Min depth Max depth Mean depth
Actinopterygii  Perciformes Gempylidae Nealotus tripes 5 205 360 262
Actinopterygii  Perciformes Gempylidae Neoepinnula americana 13 229 333 249
Actinopterygii  Perciformes Gempylidae Promethichthys prometheus 17 298 807 386
Actinopterygii  Perciformes Gempylidae Ruvettus pretiosus 3 396 558 461
Actinopterygii  Perciformes Haemulidae Haemulon aurolineatum 2 286 286 286
Actinopterygii  Perciformes Haemulidae Haemulon boschmae 2 286 295 291
Actinopterygii  Perciformes Lutjanidae Lutjanus vivanus 1 324 324 324
Actinopterygii  Perciformes Lutjanidae Pristipomoides aquilonaris 1 198 198 198
Actinopterygii  Perciformes Lutjanidae Pristipomoides macrophthalmus 3 201 280 220
Actinopterygii  Perciformes Mullidae Upeneus parvus 7 219 792 417
Actinopterygii  Perciformes Opistognathidae Lonchopisthus lemur 32 200 300 242
Actinopterygii  Perciformes Opistognathidae Lonchopisthus micrognathus 2 265 265 265
Actinopterygii  Perciformes Percophidae Bembrops anatirostris 41 198 500 314
Actinopterygii  Perciformes Percophidae Bembrops gobioides 6 360 540 439
Actinopterygii  Perciformes Percophidae Bembrops magnisquamis 1 540 540 540
Actinopterygii  Perciformes Percophidae Bembrops ocellatus 22 223 670 410
Actinopterygii  Perciformes Percophidae Bembrops quadrisella 3 290 384 380
Actinopterygii  Perciformes Priacanthidae Heteropriacanthus cruentatus 4 333 432 406
Actinopterygii  Perciformes Sciaenidae Protosciaena bathytatos 12 240 512 340
Actinopterygii  Perciformes Sciaenidae Protosciaena trewavasae 8 191 201 199
Actinopterygii  Perciformes Scombrolabracidae  Scombrolabrax heterolepis 1 396 396 396
Actinopterygii  Perciformes Serranidae Baldwinella aureorubens 25 198 351 249
Actinopterygii  Perciformes Serranidae Baldwinella eos 1 316 316 316
Actinopterygii  Perciformes Serranidae Bathyanthias cubensis 7 192 280 209
Actinopterygii  Perciformes Serranidae Bathyanthias mexicanus 1 300 300 300
Actinopterygii  Perciformes Serranidae Bullisichthys caribbaeus 1 219 219 219
Actinopterygii  Perciformes Serranidae Hyporthodus flavolimbatus 1 270 270 270
Actinopterygii  Perciformes Serranidae Hyporthodus nigritus 2 200 333 267
Actinopterygii  Perciformes Serranidae Hyporthodus niveatus 1 316 316 316
Actinopterygii  Perciformes Serranidae Plectranthias garrupellus 2 200 200 200
Actinopterygii  Perciformes Serranidae Pronotogrammus martinicensis 1 219 219 219
Actinopterygii  Perciformes Serranidae Serranus atrobranchus 3 300 370 323
Actinopterygii  Perciformes Sparidae Pagrus pagrus 1 207 207 207
Actinopterygii  Perciformes Symphysanodontidae Symphysanodon berryi 3 200 280 216
Actinopterygii  Perciformes Synagropidae Parascombrops spinosus 28 192 750 243
Actinopterygii  Perciformes Trichiuridae Benthodesmus simonyi 15 223 659 302
Actinopterygii ~ Perciformes Trichiuridae Benthodesmus tenuis 45 223 732 371
Actinopterygii  Perciformes Trichiuridae Lepidopus altifrons 8 320 366 334
Actinopterygii  Perciformes Trichiuridae Lepidopus caudatus 6 240 404 293
Actinopterygii  Perciformes Trichiuridae Trichiurus lepturus 3 220 250 239
Actinopterygii  Pleuronectiformes Bothidae Chascanopsetta lugubris 7 366 576 417
Actinopterygii  Pleuronectiformes Bothidae Monolene atrimana 2 223 373 298
Actinopterygii  Pleuronectiformes Bothidae Monolene megalepis 10 206 505 235
Actinopterygii  Pleuronectiformes Bothidae Trichopsetta caribbaea 7 192 300 209
Actinopterygii  Pleuronectiformes Bothidae Trichopsetta ventralis 2 198 252 225
Actinopterygii  Pleuronectiformes Cynoglossidae Symphurus diomedeanus 2 290 316 303
Actinopterygii  Pleuronectiformes Cynoglossidae Symphurus ginsburgi 11 296 491 348
Actinopterygii  Pleuronectiformes Cynoglossidae Symphurus hernandezi 12 204 300 228
Actinopterygii  Pleuronectiformes Cynoglossidae Symphurus marginatus 62 265 698 355
Actinopterygii  Pleuronectiformes Cynoglossidae Symphurus piger 17 203 750 276

—_

Actinopterygii  Pleuronectiformes Cynoglossidae Symphurus stigmosus 274 274 274
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Class Order Family Species Records Min depth Max depth Mean depth
Actinopterygii  Pleuronectiformes Paralichthyidae Ancylopsetta cycloidea 9 192 269 207
Actinopterygii  Pleuronectiformes Paralichthyidae Citharichthys cornutus 5 192 300 207
Actinopterygii  Pleuronectiformes Pleuronectidae Poecilopsetta beanii 4 223 333 283
Actinopterygii  Pleuronectiformes Pleuronectidae Poecilopsetta inermis 113 229 750 292
Actinopterygii  Polymixiiformes Polymixiidae Polymixia lowei 72 200 940 282
Actinopterygii  Polymixiiformes Polymixiidae Polymixia nobilis 7 366 512 412
Actinopterygii ~ Scorpaeniformes Peristediidae Peristedion ecuadorense 34 223 810 374
Actinopterygii  Scorpaeniformes Peristediidae Peristedion gracile 27 191 940 270
Actinopterygii  Scorpaeniformes Peristediidae Peristedion greyae 53 265 803 334
Actinopterygii ~ Scorpaeniformes Peristediidae Peristedion imberbe 1 219 219 219
Actinopterygii  Scorpaeniformes Peristediidae Peristedion longispatha 38 223 766 414
Actinopterygii  Scorpaeniformes Peristediidae Peristedion miniatum 42 229 720 291
Actinopterygii  Scorpaeniformes Peristediidae Peristedion truncatum 18 223 731 348
Actinopterygii  Scorpaeniformes Scorpaenidae Neomerinthe beanorum 3 200 300 260
Actinopterygii  Scorpaeniformes Scorpaenidae Phenacoscorpius nebris 2 300 300 300
Actinopterygii  Scorpaeniformes Scorpaenidae Pontinus longispinis 65 200 491 254
Actinopterygii  Scorpaeniformes Scorpaenidae Pontinus nematophthalmus 9 200 698 288
Actinopterygii  Scorpaeniformes Scorpaenidae Pontinus rathbuni 6 200 324 227
Actinopterygii  Scorpaeniformes Sebastidae Helicolenus dactylopterus 3 293 662 366
Actinopterygii  Scorpaeniformes Sebastidae Trachyscorpia cristulata 1 540 540 540
Actinopterygii  Scorpaeniformes Setarchidae Ectreposebastes imus 5 400 732 550
Actinopterygii  Scorpaeniformes Setarchidae Setarches guentheri 53 200 510 273
Actinopterygii  Scorpaeniformes Triglidae Bellator brachychir 3 200 300 209
Actinopterygii  Scorpaeniformes Triglidae Bellator egretta 2 200 203 201
Actinopterygii ~ Scorpaeniformes Triglidae Prionotus beanii 1 219 219 219
Actinopterygii  Scorpaeniformes Triglidae Prionotus stearnsi 10 213 351 273
Actinopterygii ~ Stephanoberyciformes Gibberichthyidae Gibberichthys pumilus 3 720 732 728
Actinopterygii ~ Stephanoberyciformes Stephanoberycidae  Stephanoberyx monae 10 395 1,143 786
Actinopterygii ~ Stomiiformes Gonostomatidae Gonostoma atlanticum 16 200 792 255
Actinopterygii ~ Stomiiformes Gonostomatidae Sigmops elongatus 72 200 2341 452
Actinopterygii  Stomiiformes Gonostomatidae Triplophos hemingi 28 300 732 424
Actinopterygii  Stomiiformes Phosichthyidae Ichthyococcus ovatus 5 210 755 288
Actinopterygii ~ Stomiiformes Phosichthyidae Pollichthys mauli 38 191 857 341
Actinopterygii ~ Stomiiformes Phosichthyidae Polymetme corythaeola 19 275 857 487
Actinopterygii  Stomiiformes Phosichthyidae Polymetme thaeocoryla 13 223 274 272
Actinopterygii ~ Stomiiformes Phosichthyidae Yarrella blackfordi 26 283 1,143 625
Actinopterygii  Stomiiformes Sternoptychidae Argyripnus atlanticus 1 260 260 260
Actinopterygii  Stomiiformes Sternoptychidae Argyropelecus aculeatus 48 205 857 479
Actinopterygii ~ Stomiiformes Sternoptychidae Argyropelecus gigas 1 540 540 540
Actinopterygii  Stomiiformes Sternoptychidae Maurolicus muelleri 2 234 493 364
Actinopterygii  Stomiiformes Sternoptychidae Polyipnus asteroides 50 205 567 338
Actinopterygii ~ Stomiiformes Sternoptychidae Polyipnus clarus 4 205 265 259
Actinopterygii ~ Stomiiformes Sternoptychidae Polyipnus laternatus 2 366 549 412
Actinopterygii  Stomiiformes Sternoptychidae Sternoptyx diaphana 43 197 4,151 585
Actinopterygii ~ Stomiiformes Sternoptychidae Sternoptyx pseudobscura 3 445 857 585
Actinopterygii  Stomiiformes Stomiidae Aristostomias grimaldii 2 640 640 640
Actinopterygii  Stomiiformes Stomiidae Aristostomias xenostoma 3 600 792 708
Actinopterygii ~ Stomiiformes Stomiidae Astronesthes macropogon 9 225 1,710 412
Actinopterygii  Stomiiformes Stomiidae Chauliodus sloani 125 191 4,151 433
Actinopterygii  Stomiiformes Stomiidae Eustomias schmidti 2 450 857 586
Actinopterygii ~ Stomiiformes Stomiidae Heterophotus ophistoma 3 640 732 671
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Class Order Family Species Records Min depth Max depth Mean depth
Actinopterygii ~ Stomiiformes Stomiidae Malacosteus niger 10 400 732 502
Actinopterygii ~ Stomiiformes Stomiidae Melanostomias macrophotus 1 404 404 404
Actinopterygii  Stomiiformes Stomiidae Stomias affinis 32 205 857 420
Actinopterygii  Stomiiformes Stomiidae Stomias longibarbatus 3 225 755 358
Actinopterygii  Tetraodontiformes Triacanthodidae Hollardia hollardi 6 329 558 350
Actinopterygii  Tetraodontiformes Triacanthodidae Parahollardia lineata 1 369 369 369
Actinopterygii  Tetraodontiformes Triacanthodidae Parahollardia schmidti 5 200 360 222
Actinopterygii ~ Zeiformes Grammicolepididae ~ Grammicolepis brachiusculus 8 324 662 442
Actinopterygii  Zeiformes Grammicolepididae ~ Xenolepidichthys dalgleishi 25 200 439 245
Actinopterygii  Zeiformes Parazenidae Cyttopsis rosea 95 223 732 324
Actinopterygii  Zeiformes Parazenidae Parazen pacificus 2 274 352 281
Actinopterygii  Zeiformes Zeidae Zenopsis conchifer 2 270 298 284
Actinopterygii  Zeiformes Zenionidae Zenion hololepis 72 200 540 385
Elasmobranchii Carcharhiniformes Carcharhinidae Galeocerdo cuvier 1 365 365 365
Elasmobranchii Carcharhiniformes Scyliorhinidae Apristurus canutus 2 530 777 592
Elasmobranchii Carcharhiniformes Scyliorhinidae Apristurus parvipinnis 2 719 719 719
Elasmobranchii Carcharhiniformes Scyliorhinidae Apristurus riveri 3 860 960 889
Elasmobranchii Carcharhiniformes Scyliorhinidae Galeus arae 4 256 512 374
Elasmobranchii Carcharhiniformes Scyliorhinidae Galeus cadenati 4 256 512 436
Elasmobranchii Carcharhiniformes Scyliorhinidae Schroederichthys maculatus 1 274 274 274
Elasmobranchii Carcharhiniformes Scyliorhinidae Scyliorhinus boa 19 223 540 298
Elasmobranchii Carcharhiniformes Scyliorhinidae Scyliorhinus hesperius 9 290 549 341
Elasmobranchii Carcharhiniformes Triakidae Mustelus canis 2 298 316 307
Elasmobranchii Rajiformes Anacanthobatidae Schroederobatis americana 51 307 803 475
Elasmobranchii Rajiformes Rajidae Breviraja nigriventralis 18 457 732 512
Elasmobranchii Rajiformes Rajidae Breviraja spinosa 4 540 612 575
Elasmobranchii Rajiformes Rajidae Cruriraja rugosa 7 365 732 449
Elasmobranchii Rajiformes Rajidae Dactylobatus clarkii 18 366 512 421
Elasmobranchii Rajiformes Rajidae Dipturus bullisi 9 201 334 302
Elasmobranchii Rajiformes Rajidae Dipturus garricki 3 283 307 301
Elasmobranchii Rajiformes Rajidae Dipturus oregoni 1 396 396 396
Elasmobranchii Rajiformes Rajidae Dipturus teevani 3 240 576 407
Elasmobranchii Rajiformes Rajidae Fenestraja plutonia 1 428 428 428
Elasmobranchii Rajiformes Rajidae Fenestraja sinusmexicanus 2 485 485 485
Elasmobranchii Rajiformes Rajidae Gurgesiella atlantica 34 223 698 498
Elasmobranchii Squaliformes Centrophoridae Centrophorus granulosus 4 200 732 333
Elasmobranchii  Squaliformes Centrophoridae Centrophorus squamosus 1 670 670 670
Elasmobranchii Squaliformes Dalatiidae Isistius brasiliensis 1 621 621 621
Elasmobranchii Squaliformes Etmopteridae Etmopterus bullisi 1 274 274 274
Elasmobranchii  Squaliformes Etmopteridae Etmopterus carteri 8 283 343 292
Elasmobranchii Squaliformes Etmopteridae Etmopterus hillianus 6 180 540 351
Elasmobranchii Squaliformes Etmopteridae Etmopterus perryi 22 283 375 297
Elasmobranchii Squaliformes Etmopteridae Etmopterus pusillus 1 288 288 288
Elasmobranchii Squaliformes Etmopteridae Etmopterus schultzi 43 269 823 422
Elasmobranchii Squaliformes Etmopteridae Etmopterus virens 25 288 503 331
Elasmobranchii  Squaliformes Somniosidae Somniosus cf microcephalus 1 200 200 200
Elasmobranchii Squaliformes Squalidae Squalus cubensis 4 198 274 263
Elasmobranchii Squatiniformes Squatinidae Squatina david 2 198 305 252
Elasmobranchii Torpediniformes Torpedinidae Tetronarce nobiliana 6 292 369 329
Holocephali Chimaeriformes Chimaeridae Chimaera cubana 1 234 234 234
Holocephali Chimaeriformes Chimaeridae Hydrolagus alberti 27 223 1,143 477




GARCIA AND GAMBOA: DEEP DEMERSAL FISH DIVERSITY IN THE COLOMBIAN CARIBBEAN

243

Appendix 1. Continued.

Class Order Family Species Records Min depth Max depth Mean depth
Holocephali Chimaeriformes Chimaeridae Hydrolagus mirabilis 3 720 1,296 995
Holocephali Chimaeriformes Rhinochimaeridae Neoharriotta carri 14 288 485 329
Holocephali Chimaeriformes Rhinochimaeridae Rhinochimaera atlantica 2 914 917 916
Myxini Myxiniformes Myxinidae Eptatretus aceroi 2 705 705 705
Myxini Myxiniformes Myxinidae Eptatretus ancon 8 476 670 513
Myxini Myxiniformes Myxinidae Eptatretus wayuu 5 300 303 301
Myxini Myxiniformes Myxinidae Myxine mccoskeri 72 269 801 446
Myxini Myxiniformes Myxinidae Myxine robinsorum 2 783 821 793
Species excluded from data base because records
APPENDIX 2 fall outside the Colombian Caribbean Exclusive
Economic Zone.
Class Order Family Species
Actinopterygii Anguilliformes Congridae Acromycter atlanticus
Actinopterygii Anguilliformes Congridae Bathycongrus thysanochilus
Actinopterygii Anguilliformes Congridae Rhynchoconger gracilior
Actinopterygii Anguilliformes Nettastomatidae Hoplunnis similis
Actinopterygii Aulopiformes Giganturidae Gigantura chuni
Actinopterygii Aulopiformes Ipnopidae Bathytyphlops sewelli
Actinopterygii Aulopiformes Paralepididae Lestrolepis intermedia
Actinopterygii Aulopiformes Paralepididae Stemonosudis rothschildi
Actinopterygii Batrachoidiformes Batrachoididae Porichthys bathoiketes
Actinopterygii Ophidiiformes Ophidiidae Lepophidium entomelan
Actinopterygii Ophidiiformes Ophidiidae Lepophidium marmoratum
Actinopterygii Ophidiiformes Ophidiidae Lepophidium staurophor
Actinopterygii Osmeriformes Argentinidae Argentina stewarti
Actinopterygii Osmeriformes Argentinidae Glossanodon pygmaeus
Actinopterygii Perciformes Apogonidae Paroncheilus affinis
Actinopterygii Perciformes Labridae Decodon puellaris
Actinopterygii Perciformes Lutjanidae Rhomboplites aurorubens
Actinopterygii Perciformes Percophidae Bembrops macromma
Actinopterygii Perciformes Serranidae Serranus phoebe
Actinopterygii Perciformes Uranoscopidae Kathetostoma cubana
Actinopterygii Pleuronectiformes Paralichthyidae Ancylopsetta microctenus
Actinopterygii Pleuronectiformes Paralichthyidae Citharichthys dinoceros
Actinopterygii Stomiiformes Sternoptychidae Sonoda megalophthalma
Actinopterygii Stomiiformes Stomiidae Echiostoma barbatum
Actinopterygii Stomiiformes Stomiidae Eustomias acinosus
Elasmobranchii Rajiformes Rajidae Breviraja mouldi
Elasmobranchii Rajiformes Rajidae Fenestraja ishiyamai
Elasmobranchii Rajiformes Rajidae Leucoraja garmani
Elasmobranchii Squaliformes Etmopteridae Etmopterus robinsi
Elasmobranchii Squaliformes Squalidae Squalus mitsukurii
Myxini Myxiniformes Myxinidae Eptatretus caribbeaus
Myxini Myxiniformes Myxinidae Eptatretus multidens
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Deep demersal species (> 200 m depth) recor-

APPENDIX 3 ded inside the Parque Nacional Natural National
Natural Park Corales de Profundidad in the
Colombian Caribbean.
Class Order Family Genus Species
Actinopterygii Anguilliformes Colocongridae Coloconger Coloconger meadi
Actinopterygii Anguilliformes Congridae Bathycongrus Bathycongrus bullisi
Actinopterygii Anguilliformes Congridae Pseudophichthys Pseudophichthys splendens
Actinopterygii Anguilliformes Congridae Xenomystax Xenomystax congroides
Actinopterygii Aulopiformes Chlorophthalmidae Chlorophthalmus Chlorophthalmus agassizi
Actinopterygii Aulopiformes Chlorophthalmidae Parasudis Parasudis truculenta
Actinopterygii Aulopiformes Ipnopidae Bathypterois Bathypterois bigelowi
Actinopterygii Aulopiformes Synodontidae Saurida Saurida brasiliensis
Actinopterygii Beryciformes Trachichthyidae Hoplostethus Hoplostethus occidentalis
Actinopterygii Gadiformes Bregmacerotidae Bregmaceros Bregmaceros atlanticus
Actinopterygii Gadiformes Macrouridae Bathygadus Bathygadus macrops
Actinopterygii Gadiformes Macrouridae Coelorinchus Coelorinchus caelorhincus
Actinopterygii Gadiformes Macrouridae Coelorinchus Coelorinchus caribbaeus
Actinopterygii Gadiformes Macrouridae Gadomus Gadomus arcuatus
Actinopterygii Gadiformes Macrouridae Hymenocephalus Hymenocephalus billsam
Actinopterygii Gadiformes Macrouridae Hymenocephalus Hymenocephalus italicus
Actinopterygii Gadiformes Macrouridae Malacocephalus Malacocephalus laevis
Actinopterygii Gadiformes Macrouridae Malacocephalus Malacocephalus occidentalis
Actinopterygii Gadiformes Macrouridae Nezumia Nezumia aequalis
Actinopterygii Gadiformes Macrouridae Ventrifossa Ventrifossa macropogon
Actinopterygii Gadiformes Merlucciidae Steindachneria Steindachneria argentea
Actinopterygii Gadiformes Moridae Gadella Gadella imberbis
Actinopterygii Gadiformes Moridae Laemonema Laemonema goodebeanorum
Actinopterygii Gadiformes Moridae Physiculus Physiculus fulvus
Actinopterygii Lophiiformes Chaunacidae Chaunax Chaunax pictus
Actinopterygii Lophiiformes Chaunacidae Chaunax Chaunax suttkusi
Actinopterygii Lophiiformes Lophiidae Lophiodes Lophiodes monodi
Actinopterygii Lophiiformes Ogcocephalidae Dibranchus Dibranchus atlanticus
Actinopterygii Lophiiformes Ogcocephalidae Halieutichthys Halieutichthys aculeatus
Actinopterygii Lophiiformes Ogcocephalidae Malthopsis Malthopsis gnoma
Actinopterygii Lophiiformes Ogcocephalidae Ogcocephalus Ogcocephalus declivirostris
Actinopterygii Myctophiformes Myctophidae Dasyscopelus Dasyscopelus selenops
Actinopterygii Myctophiformes Myctophidae Diaphus Diaphus effulgens
Actinopterygii Myctophiformes Myctophidae Diaphus Diaphus garmani
Actinopterygii Myctophiformes Myctophidae Diaphus Diaphus lucidus
Actinopterygii Myctophiformes Neoscopelidae Neoscopelus Neoscopelus macrolepidotus
Actinopterygii Myctophiformes Neoscopelidae Neoscopelus Neoscopelus microchir
Actinopterygii Notacanthiformes Halosauridae Halosaurus Halosaurus guentheri
Actinopterygii Notacanthiformes Halosauridae Halosaurus Halosaurus ovenii
Actinopterygii Notacanthiformes Notacanthidae Notacanthus Notacanthus chemnitzii
Actinopterygii Ophidiiformes Bythitidae Calamopteryx Calamopteryx robinsorum
Actinopterygii Ophidiiformes Bythitidae Diplacanthopoma Diplacanthopoma brachysoma
Actinopterygii Ophidiiformes Ophidiidae Benthocometes Benthocometes robustus
Actinopterygii Ophidiiformes Ophidiidae Monomitopus Monomitopus agassizii
Actinopterygii Ophidiiformes Ophidiidae Neobythites Neobythites gilli
Actinopterygii Ophidiiformes Ophidiidae Neobythites Neobythites marginatus
Actinopterygii Osmeriformes Argentinidae Argentina Argentina striata
Actinopterygii Perciformes Acropomatidae Caraibops Caraibops trispinosus
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Class Order Family Genus Species
Actinopterygii Perciformes Acropomatidae Synagrops Synagrops bellus
Actinopterygii Perciformes Acropomatidae Verilus Verilus atlanticus
Actinopterygii Perciformes Acropomatidae Verilus Verilus pseudomicrolepis
Actinopterygii Perciformes Bathyclupeidae Bathyclupea Bathyclupea argentea
Actinopterygii Perciformes Bathyclupeidae Bathyclupea Bathyclupea schroederi
Actinopterygii Perciformes Caproidae Antigonia Antigonia capros
Actinopterygii Perciformes Caproidae Antigonia Antigonia combatia
Actinopterygii Perciformes Carangidae Decapterus Decapterus tabl
Actinopterygii Perciformes Carangidae Selar Selar crumenophthalmus
Actinopterygii Perciformes Epigonidae Epigonus Epigonus macrops
Actinopterygii Perciformes Epigonidae Epigonus Epigonus occidentalis
Actinopterygii Perciformes Epigonidae Epigonus Epigonus pandionis
Actinopterygii Perciformes Lutjanidae Pristipomoides Pristipomoides macrophthalmus
Actinopterygii Perciformes Opistognathidae Lonchopisthus Lonchopisthus lemur
Actinopterygii Perciformes Percophidae Bembrops Bembrops anatirostris
Actinopterygii Perciformes Percophidae Bembrops Bembrops gobioides
Actinopterygii Perciformes Percophidae Bembrops Bembrops ocellatus
Actinopterygii Perciformes Percophidae Bembrops Bembrops quadrisella
Actinopterygii Perciformes Serranidae Baldwinella Baldwinella aureorubens
Actinopterygii Perciformes Serranidae Bathyanthias Bathyanthias cubensis
Actinopterygii Perciformes Serranidae Hyporthodus Hyporthodus nigritus
Actinopterygii Perciformes Symphysanodontidae Symphysanodon Symphysanodon berryi
Actinopterygii Perciformes Trichiuridae Benthodesmus Benthodesmus simonyi
Actinopterygii Perciformes Trichiuridae Benthodesmus Benthodesmus tenuis
Actinopterygii Pleuronectiformes Bothidae Monolene Monolene atrimana
Actinopterygii Pleuronectiformes Bothidae Monolene Monolene megalepis
Actinopterygii Pleuronectiformes Cynoglossidae Symphurus Symphurus marginatus
Actinopterygii Pleuronectiformes Paralichthyidae Ancylopsetta Ancylopsetta cycloidea
Actinopterygii Pleuronectiformes Pleuronectidae Poecilopsetta Poecilopsetta beanii
Actinopterygii Pleuronectiformes Pleuronectidae Poecilopsetta Poecilopsetta inermis
Actinopterygii Polymixiiformes Polymixiidae Polymixia Polymixia lowei
Actinopterygii Scorpaeniformes Peristediidae Peristedion Peristedion ecuadorense
Actinopterygii Scorpaeniformes Peristediidae Peristedion Peristedion gracile
Actinopterygii Scorpaeniformes Peristediidae Peristedion Peristedion greyae
Actinopterygii Scorpaeniformes Peristediidae Peristedion Peristedion longispatha
Actinopterygii Scorpaeniformes Peristediidae Peristedion Peristedion truncatum
Actinopterygii Scorpaeniformes Scorpaenidae Neomerinthe Neomerinthe beanorum
Actinopterygii Scorpaeniformes Scorpaenidae Pontinus Pontinus nematophthalmus
Actinopterygii Scorpaeniformes Setarchidae Setarches Setarches guentheri
Actinopterygii Stomiiformes Phosichthyidae Polymetme Polymetme corythaeola
Actinopterygii Stomiiformes Phosichthyidae Polymetme Polymetme thaeocoryla
Actinopterygii Stomiiformes Sternoptychidae Argyripnus Argyripnus atlanticus
Actinopterygii Stomiiformes Sternoptychidae Argyropelecus Argyropelecus aculeatus
Actinopterygii Stomiiformes Sternoptychidae Argyropelecus Argyropelecus gigas
Actinopterygii Stomiiformes Sternoptychidae Maurolicus Maurolicus muelleri
Actinopterygii Stomiiformes Sternoptychidae Polyipnus Polyipnus asteroides
Actinopterygii Stomiiformes Sternoptychidae Polyipnus Polyipnus laternatus
Actinopterygii Stomiiformes Stomiidae Chauliodus Chauliodus sloani
Actinopterygii Tetraodontiformes Triacanthodidae Parahollardia Parahollardia schmidti
Actinopterygii Zeiformes Grammicolepididae Xenolepidichthys Xenolepidichthys dalgleishi
Actinopterygii Zeiformes Parazenidae Cyttopsis Cyttopsis rosea
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Class Order Family Genus Species
Actinopterygii Zeiformes Zenionidae Zenion Zenion hololepis
Elasmobranchii Carcharhiniformes Scyliorhinidae Scyliorhinus Scyliorhinus boa
Elasmobranchii Rajiformes Rajidae Breviraja Breviraja spinosa
Elasmobranchii Rajiformes Rajidae Dipturus Dipturus bullisi
Elasmobranchii Rajiformes Rajidae Gurgesiella Gurgesiella atlantica
Holocephali Chimaeriformes Chimaeridae Hydrolagus Hydrolagus alberti

Myxini Myxiniformes Myxinidae Myxine Myxine mccoskeri
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RESUMEN. Se presenta un compendio de instrumentos vinculantes y no vinculantes referidos al
manejo y proteccion de los fondos marinos y/o de los invertebrados bentonicos de la Plataforma
Continental Argentina (PCA). Se analizaron leyes nacionales y acuerdos internacionales en los cua-
les la Argentina es signataria, asi como declaraciones de FAO que establecen principios y normas
aplicables a la conservacion, ordenacion y desarrollo de las pesquerias y ecosistemas asociados.
Sobre la base de esta seleccion bibliografica se analizo la evolucion de las medidas a lo largo del
tiempo en funcion del contexto internacional, a fin de esclarecer cuales son los faltantes y los logros
obtenidos en este proceso. Se concluye que la Argentina avanzo en la generacion de politicas acor-
des a los lineamientos mundiales que implican un manejo ecosistémico y un mayor resguardo de la
biodiversidad, por ejemplo, implementando Areas Marinas Protegidas, asi como con el enunciado
de planes de investigacion y fomento que involucran el estudio de los fondos marinos. Sin embargo,
para algunas medidas su efectiva ejecucion es parcial a partir de la falta de reglamentacion y/o finan-
ciamiento. Asimismo, queda pendiente la elaboracion de planes de accion concretos referidos al
estudio del lecho marino incluido en los nuevos limites exteriores de la PCA.

Palabras clave: Invertebrados bentdnicos, conservacion, Areas Marinas Protegidas, enfoque eco-
sistémico.

Existing legislation and management instruments for the protection of seabed in the Argentine
Continental Shelf

ABSTRACT. A compendium of binding instruments and non-binding instruments referring to
the management and protection of seabed and/or benthic invertebrates of the Argentine Continental
Shelf (ACS) is presented. National laws and international agreements to which Argentina is a sig-
natory were analyzed, as well as FAO declarations that established principles and norms applicable
to the conservation, management and development of fisheries and associated ecosystems. Based on
this selected bibliography, the evolution of measures over time was analyzed according to the inter-
national context, in order to clarify what are the shortcomings and the achievements obtained in this
process. It is concluded that Argentina advanced in the generation of policies in accordance with
global guidelines that imply an ecosystem management and a greater protection of biodiversity, for
example implementing Marine Protected Areas, as well as the statement of research and promotion
plans that involve the study of the seabed. However, effective execution of some measures is par-
tially accomplished due to the lack of regulation and/or financing. Preparation of research plans
related to the study of the seabed included in the new outer limits of the ACS is pending.

Key words: Benthic invertebrates, conservation, Marine Protected Areas, ecosystem approach.
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INTRODUCCION

Existen numerosas medidas de ordenacion que
buscan minimizar los impactos de las actividades
extractivas a gran escala, de forma tal que se
pueda mantener una explotacion sostenible de las
mismas. En el caso de los recursos acuaticos y la
pesca en particular, en los Ultimos afios estas
medidas han prestado atencion no solo al estado
de los recursos pesqueros sino también al entorno
donde estos habitan. Por ejemplo, los fondos
marinos pueden ser fuertemente afectados por las
actividades pesqueras, y para mitigar estos efec-
tos se ha construido un cuerpo de instrumentos
vinculantes (leyes, tratados, resoluciones) y no
vinculantes (declaraciones de principios o codi-
gos de FAO) que en distinto grado hacen menciéon
a la necesidad de proteger estos ambientes de las
acciones generadas por el hombre.

Estas iniciativas nacieron a partir de un cambio
de paradigma, cuando se plante6 una nueva idea
de practicas pesqueras dejando atras el manejo
mono-especifico y poniendo el foco en un manejo
integral de las pesquerias. Esto incluyo a las
comunidades de invertebrados bentonicos consti-
tuidas por aquellos organismos que viven en rela-
cion con el fondo, ya sea por desplazarse sobre él,
nadar en su cercania sin alejarse, o por vivir fijos
o enterrados en el lecho marino. Esta localiza-
cion, asociada al habitat de distintos recursos
demersales y/o bentonicos, hace que estos orga-
nismos sean vulnerables a las pesquerias que ope-
ran con redes de arrastre de fondo. De hecho,
relacionado con este cambio de paradigma, se
comprobaron numerosas evidencias del efecto
negativo generado por las pesquerias de arrastre
de fondo sobre los invertebrados bentoénicos y su
ambiente (Collie et al. 2000; Johnson 2002;
Thrush y Dayton 2002). Estos efectos incluyen la
pérdida de biodiversidad (Cryer et al. 2002; Cook
et al. 2013), los cambios en la composicion de las
comunidades (Tillin et al. 2006), la homogeneiza-

cion del ambiente (Thrush et al. 2006) e incluso
la disminucion en el reclutamiento de peces (Aus-
ter et al. 1996; Muntadas et al. 2014).

En ese marco surgieron las primeras directrices
internacionales a través de FAO, en donde se
comenzo a considerar la pesca desde un punto de
vista holistico. En 1995 FAO presento6 el Codigo
de Conducta para la Pesca Responsable que
sugiere que “las medidas de ordenacion deberian
asegurar la conservacion no solo de las especies
objetivo, sino también de aquellas especies perte-
necientes al mismo ecosistema o dependientes de
ellas o que estan asociadas con ellas”. Posterior-
mente, FAO publico en 2003 el documento técni-
co “Enfoque ecosistémico para las pesquerias”,
en donde define este enfoque como “...una exten-
sion del manejo pesquero convencional que reco-
noce mas explicitamente la interdependencia
entre el bienestar humano y la salud de los ecosis-
temas y la necesidad de mantener su productivi-
dad para las generaciones presentes y futuras”.

En el caso particular de la Argentina, los pri-
meros indicios sobre una planificacién guberna-
mental de investigaciones marinas que involu-
cran los fondos marinos se esbozan en 1988. En
ese ano el Comité Cientifico-Técnico del Mar
Argentino (CO.CIL.TE.MA.) elaboré un Plan
Oceanografico Argentino para el quinquenio
1990-1995. Sobre esta base se desarrollo el Pro-
grama Oceanografico Argentino que mencionaba
que “...el conocimiento del Mar Epicontinental
Argentino y el de su Plataforma Submarina debe
ser sensiblemente incrementado”. Seguidamente,
en 1996 se cred la Comision de Estudios del Mar
Argentino, la cual propuso un capitulo especifico
sobre el Mar Argentino en el Plan Nacional Plu-
rianual de Ciencia y Tecnologia 1999-2001. Uno
de los objetivos de este plan era la idea de con-
centrar los esfuerzos de investigacion en tres
areas: recursos vivos, recursos no vivos y medio
ambiente. Cabe destacar que mas alla de la men-
cion indirecta de los fondos marinos ninguna de
estas iniciativas finalmente tuvo un desarrollo
efectivo (Gonzalez 2012).



GAITAN: INSTRUMENTOS DE MANEJO PARA LOS FONDOS MARINOS EN LA ARGENTINA 249

Mas cerca en el tiempo, un hecho concreto
referido a un manejo integral de la pesca en nues-
tro pais fue la declaracion del Consejo Federal
Pesquero N° 26 de 2006. Esta instruye al Instituto
Nacional de Investigacion y Desarrollo Pesquero
(INIDEP) para “la puesta en funcionamiento de
programas de investigacion... estructurados bajo
un enfoque ecosistémico...”. Otro hito importan-
te fue la creacién en 2013 de la primera Area
Marina Protegida (AMP) oceanica Namuncura-
Banco Burdwood cuyos objetivos son “conservar
una zona de alta sensibilidad ambiental y de
importancia para la proteccion y gestion sosteni-
ble de la biodiversidad de los fondos marinos” y
“promover el manejo sostenible, ambiental y eco-
némico de los ecosistemas marinos bentonicos de
nuestra plataforma...”

Como se vera mas adelante, estas apreciacio-
nes cobran mayor sentido en el marco de los nue-
vos limites exteriores de la Plataforma Continen-
tal Argentina (PCA). Estos fueron redefinidos
luego de la presentacion de la Comision Nacional
del Limite Exterior de la Plataforma Continental
(COPLA) y de la recomendacion de la Comision
de Limites de la Plataforma Continental (creada
por la CONVEMAR y con sede en la ONU). A
través de este nuevo limite exterior de la platafor-
ma, la Argentina adquiere la soberania sobre el
lecho, subsuelo y los recursos vivos bentonicos
en un sector que abarca 1.785.000 km? (COPLA
2017). De esta manera, nace la oportunidad para
un enorme campo de investigacion sobre la pre-
sencia de invertebrados bentonicos que sean pasi-
bles de ser sometidos a una explotacion sosteni-
ble o que presenten una alta relevancia ecologica
por su vulnerabilidad, tales como los corales y
esponjas formadores de “bosques animales”
(Rossi et al. 2017), los cuales tienen amplio desa-
rrollo en otros sectores de la PCA (Schejter et al.
2020). Del mismo modo, la posibilidad de explo-
raciones de recursos hidrocarburiferos en este
sector necesita ser acompanada de un relevamien-
to que establezca una linea de base a fin de reali-
zar futuras evaluaciones de impacto ambiental.

Si bien existen distintos trabajos donde se ha
revisado el estado y la evolucion de las medidas
tendientes a la ordenacion del medio costero y
marino en aguas argentinas, estos estan principal-
mente enfocados en las Areas Marinas Protegi-
das (AMP’s) y sus aspectos juridicos asociados
(FAO 2012; Radovich 2018; Cuminetti 2020).
Sin embargo, a la fecha no existen trabajos espe-
cificos que aborden el tema desde el punto de
vista del manejo y proteccion de los fondos mari-
nos y/o de las especies de invertebrados bentoni-
cos que se desarrollan en dicho ambiente. Por lo
antedicho, en este trabajo se presenta un compen-
dio de las distintas instancias legales e institucio-
nales donde se hace mencion a dicho ambiente y
se analiza su evolucion a lo largo del tiempo en
funcion del contexto internacional, a fin de escla-
recer cuales son los faltantes y los logros obteni-
dos en este proceso. Esto servira de guia para la
implementacion de planes de investigacion refe-
ridos a los fondos marinos con las justificaciones
pertinentes.

METODOLOGIA Y FUENTES
DE INFORMACION

Se compild la informacion referida a la conser-
vacion, gestion e investigacion de los fondos
marinos que se encuentra presente en la legisla-
cion nacional (leyes) e internacional (tratados
donde la Argentina es signataria). No se incluyen
en este item aquellas medidas que involucran par-
ques marinos provinciales o inter-jurisdiccionales
(ver Cuminetti 2020 para detalles especificos de
esto). Para cada uno de los elementos analizados
y con base en su interpretacion, se discrimind si
las referencias a los fondos marinos y/o bentos
eran de forma directa o indirecta y se transcribie-
ron sus principales aspectos y/o recomendacio-
nes. También se examinaron distintos planes
nacionales de investigacion y fomento planteados
en la Argentina a partir de 2010 en los cuales se
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establece el estudio de las comunidades bentoni-
cas como uno de los items relevantes a ser desa-
rrollados. Asimismo, se analizaron las declaracio-
nes formuladas por FAO que, de manera no obli-
gatoria, establecen principios y normas aplicables
a la conservacion, ordenacion y desarrollo de las
pesquerias y ecosistemas asociados.

RESULTADOS

Legislacion a nivel nacional

Todas las normas existentes son posteriores a
1990, iniciando con la aprobacion de la Ley de
Espacios Maritimos N° 23.968 en 1991 y el esta-
blecimiento alli de los limites de la PCA como
primera referencia sobre los fondos marinos. Esto
ocurrié dado que la Argentina adhirié a la Con-
vencion de las Naciones Unidas sobre el Derecho
del Mar (CONVEMAR) recién en 1995 a partir
de la sancion de la Ley N° 24.543 (Tabla 1).

Seguidamente, en la reforma de la Constitu-
cion Nacional de 1994, se produjo la inclusion del
articulo 41 denominado clédusula ambiental en
donde se hace una primera mencion a la explota-
cion sostenible del ambiente. Se sumoé luego la
Ley Federal de Pesca N° 24.922 en 1997, que
establece a la Secretaria de Agricultura, Ganade-
ria, Pesca y Alimentos (SAGPyA) como 6rgano
de aplicacion de la ley y crea el Consejo Federal
Pesquero (CFP). Este Gltimo regula la actividad
pesquera en funcién de medidas basadas en la
conservacion de los recursos, la pesca sostenible
y la proteccion del ecosistema a fin de evitar la
sobreexplotacion y prevenir los efectos negativos
sobre el ambiente y los sistemas ecoldgicos. Un
ejemplo de esto es la aplicacion de zonas de veda
designadas por el CFP donde se prohiben los
arrastres de fondo, medida que si bien esta dirigi-
da a la proteccion de especies de interés pesquero
puede redundar en un efecto positivo sobre la
comunidad bentonica.

Otra medida fue la aprobacion de la Ley
General del Ambiente N° 25.675 en 2002, la
cual establece los presupuestos minimos para el
logro de una gestion sostenible del ambiente,
con foco en la preservacion y proteccion de la
diversidad bioldgica. Esta ley apela al “principio
precautorio”, estableciendo que la falta de infor-
macion no es una razon para posponer medidas
de conservacion e instaura la necesidad de eva-
luaciones de impacto ambiental previo al de-
sarrollo de iniciativas que puedan afectar al
ambiente. Por ultimo, y a partir de la Iniciativa
Pampa Azul (que se detalla mas adelante) sur-
gieron distintas leyes relacionadas con la crea-
cion de Areas Marinas Protegidas (AMP’s)
como la Ley N° 26.875: Area Marina Protegida
Namuncura-Banco Burdwood y la Ley N°
27.037: Sistema Nacional de Areas Marinas
Protegidas, asi como otras relacionadas con el
financiamiento necesario para realizar las inves-
tigaciones en dichos sectores (Ley N°® 27.167:
Programa Nacional de Investigacion e Innova-
cion Productiva en Espacios Maritimos Argenti-
nos -PROMAR).

Hay que resaltar que en el contexto del Sistema
Nacional de Areas Marinas Protegidas, a fines de
2018 se aprobo por el Congreso Nacional (Ley N°
27.490) la creacion de dos nuevas AMP’s: Banco
Burdwood II y Yaganes. En el caso del AMP
Banco Burdwood II, uno de los fundamentos para
su creacion fue la presencia de organismos bentd-
nicos estructurantes de “bosques animales”,
generando una zona de gran diversidad, alto nivel
de endemismo y lenta recuperacion en caso de
dafio. Para el AMP Yaganes se destacan como
valores de conservacion del area la presencia de
taxones indicadores de Ecosistemas Marinos Vul-
nerables, asi como una alta diversidad de especies
bentonicas asociadas a corales y vieira patagonica
(DNC/APN, 2017). Ambas AMP’s junto con la
AMP Yaganes-Banco Burdwood preexistente for-
man hoy parte del Sistema Nacional de Areas
Marinas Protegidas a partir de la adecuacion de
esta ultima por el Decreto N° 888/2019.
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Tabla 1. Aspectos mas importantes de la legislacion argentina relevantes para la conservacion del ambiente bentonico.
Table 1. Most important aspects of Argentine legislation relevant to the conservation of the benthic environment.

Instrumento legal

Referencia a fondos marinos
y/o bentos

Principales aspectos y/o recomendaciones

Ley sobre Espacios
Maritimos N° 23.968
(1991)

Constitucion Nacional
(1994)

Ley Federal de Pesca
N°24.922 (1997)

Ley General del Ambiente
N° 25.675 (2002)

Ley Creacion del Area
Marina Protegida
Namuncura-Banco
Burdwood N° 26.875
(2013)

Directa. Determinacion de
Plataforma Continental
Argentina

Indirecta. Sustentabilidad de
actividades productivas

Indirecta. Conservacion de
los recursos vivos marinos
y prevencion de dafios
sobre el entorno. Zonas de
veda que limitan arrastres
de fondo

Indirecta. Sustentabilidad de
actividades productivas.
Preservacion de
diversidad biologica.
Evaluaciones de impacto
ambiental previas a
desarrollo de actividades

Directa. Proteccion y
gestion de ecosistemas
marinos bentonicos

Art. 6: “La plataforma continental sobre la cual ejerce
soberania la Nacion Argentina, comprende el lecho y el
subsuelo de las 4reas submarinas que se extienden mas
alla de su mar territorial y a todo lo largo de la
prolongacion natural de su territorio hasta el borde
exterior del margen continental, o bien hasta una
distancia de DOSCIENTAS (200) millas marinas
medidas a partir de las lineas de base... en los casos en
que el borde exterior no llegue a esa distancia.”.

Art. 41 (clausula ambiental): “Todos los habitantes tienen
derecho a gozar de un ambiente sano donde las
actividades productivas satisfagan las necesidades
presentes sin comprometer las de las generaciones
futuras...”.

Art. 11: “...correspondiendo al Instituto Nacional de
Investigacion y Desarrollo Pesquero —INIDEP—, la
planificacion y ejecucion de sus actividades cientificas. ..
en lo que se refiere a la evaluacion y conservacion de los
recursos vivos marinos.”.

Art. 17: “La pesca en todos los espacios maritimos bajo
jurisdiccion argentina, estard sujeta a las restricciones que
establezca el Consejo Federal Pesquero con fundamento
en la conservacion de los recursos, con el objeto de evitar
excesos de explotacion y prevenir efectos dafiosos sobre
el entorno y la unidad del sistema ecologico.”.

Art. 19: “...1a Autoridad de Aplicacion podra establecer
zonas o épocas de veda...”.

Art. 1: “La presente ley establece los presupuestos minimos
para el logro de una gestion sustentable y adecuada del
ambiente, la preservacion y proteccion de la diversidad
bioldgica y la implementacion del desarrollo
sustentable.”.

Art. 11: “Toda obra o actividad que... sea susceptible de
degradar el ambiente, alguno de sus componentes, o
afectar la calidad de vida de la poblacion, en forma
significativa, estara sujeta a un procedimiento de
evaluacion de impacto ambiental, previo a su ejecucion.”.

Art. 3: “Son objetivos de la presente ley: a) Conservar una
zona de alta sensibilidad ambiental y de importancia para
la proteccidn y gestion sostenible de la biodiversidad de
los fondos marinos; b) Promover el manejo sostenible,
ambiental y econdmico de los ecosistemas marinos
bentdnicos de nuestra plataforma a través de un area
demostrativa.”.
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Tabla 1. Continuacion.
Table 1. Continued.

Instrumento legal

Referencia a fondos marinos

y/o bentos

Principales aspectos y/o recomendaciones

Ley Sistema Nacional de
Areas Marinas Protegidas
N°©27.037 (2014)

Ley Creacion Programa
Nacional de
Investigacion e
Innovacion Productiva en
Espacios Maritimos
Argentinos (PROMAR)
N°©27.167 (2015)

Ley Creacion de dos Areas
Marinas Protegidas
(Banco Burdwood II y
Yaganes) N° 27.490
(2018)

Directa. Conservacion de

ecosistemas bentonicos
representativos

Indirecta. Conservacion,

investigacion, uso
sustentable de recursos
marinos y articulacion
con iniciativas
internacionales para el
cumplimiento de lo
anterior

Directa. Proteccion de la

biodiversidad bentonica y
de especies de interés
comercial

Art. 1: “Instituyese....el Sistema Nacional de Areas Marinas
Protegidas, destinado a proteger y conservar espacios
marinos representativos de habitats y ecosistemas...”.

Art 2: “...se consideran areas marinas protegidas a los
espacios naturales establecidos para la proteccion de
ecosistemas, comunidades o elementos biologicos o
geologicos del medio marino, incluyendo al subsuelo y
fondos...”.

Art 4: “Las areas marinas protegidas deberan ser manejadas
y utilizadas de una manera sustentable...”.

Art. 2: “...objetivos generales: ...e) Implementar planes
interdisciplinarios que incluyan la investigacion de base,
la conservacion de las especies y los ambientes marinos...
h) Generar insumos cientificos para la adopcion de
politicas de conservacion y uso sustentable de los
recursos bioldgicos. j) Articular los programas nacionales
con iniciativas internacionales en materia de
investigacion y conservacion marinas...”.

En el caso del AMP Banco Burdwood II uno de los
fundamentos es la “presencia en el area de bosques
animales, representados por los corales verdaderos
(Hexacorallia), como los corales blandos (Octocorallia) y
los falsos corales...que generan estructuras que aumentan
la diversidad de las comunidades a lo largo del tiempo e
identificados como Ecosistemas Marinos Vulnerables”.
También se sefiala que es un “Area de alta biodiversidad
bentonica y con endemismos para especies de
invertebrados con alta fragilidad y de lenta recuperacion
ante amenazas.”.

Para el AMP Yaganes, pueden destacarse entre sus valores
de conservacion la “Presencia de cafiones submarinos
sobre el talud Austral y Montes submarinos importantes
para la biodiversidad benténica”; que es un “Area de alta
biodiversidad para especies de comunidades bentdnicas
de relevancia consideradas taxones indicadores de
Ecosistemas Marinos Vulnerables” y la “Presencia de
crustaceos de interés comercial como la Centolla,
Centollon...”.
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Legislacion a nivel internacional

La Repuiblica Argentina ratificd por leyes del
Congreso Nacional diversos tratados internacio-
nales que, en todo o en parte, se relacionan con la
conservacion y el uso sostenible de los recursos
marinos bentonicos (Tabla 2).

A nivel regional es relevante citar el Tratado
del Rio de la Plata y su Frente Maritimo firmado
por la Argentina y el Uruguay en 1973 (aprobado
por Ley N° 20.645), dentro del cual se constituye
la Comision Técnica Mixta (CTM). La CTM es la
encargada de adoptar medidas concernientes a la
conservacion, preservacion y explotacion de
recursos acuaticos pero también a la proteccion
del medio marino.

En 1994, a partir de la Ley N° 24.375, la
Argentina ratifica el Convenio sobre la Diversi-
dad Bioldgica impulsado por el Programa de las
Naciones Unidas para el Medio Ambiente
(PNUMA). Este convenio presenta como objeti-
vo principal la conservacion de la diversidad bio-
logica y el uso sostenible de sus componentes.
Asi, los Estados parte se comprometen a monito-
rear y planificar la proteccion de la biodiversidad
a través de la inclusion de politicas activas de
conservacion (por ejemplo a partir de la creacion
de Areas Protegidas o la implementacion de Pla-
nes de Accion Nacionales) tratando de reducir al
minimo los efectos adversos de las actividades
humanas.

Como se mencioné anteriormente, recién en
1995 la Argentina aprob6 la CONVEMAR por
medio de la Ley N° 24.543: Proteccion y Preserva-
cion del Medio Marino. Alli se establecio la defi-
nicion de plataforma continental y los derechos
del Estado riberefio sobre ella, 1o que incluye dere-
chos de soberania a los efectos de la exploracion y
de la explotacion de sus recursos naturales, tanto
los organismos vivos pertenecientes a especies
sedentarias como los recursos no vivos del lecho
del mar y su subsuelo (minerales, petréleo, etc.).

También como parte de los paises firmante del
Tratado Antértico nuestro pais suscribid en 2000

a la Convencion sobre la Conservacion de los
Recursos Vivos Marinos Antarticos (CCRVMA)
mediante la Ley N° 25.263: Régimen de recolec-
cion de recursos vivos marinos en el area de apli-
cacion de la Convencion para la Conservacion de
los Recursos Vivos Marinos Antarticos
(CCRVMA). La CCRVMA incluye dentro de su
area de influencia los archipi¢lagos de las islas
Georgias del Sur, Sandwich del Sur y Orcadas del
Sur reivindicados como propios por la Argentina
y por lo tanto incluidos en la presentacion efec-
tuada por la COPLA. Sin perjuicio de esto, la
CCRVMA propicia la concrecion de AMP’s en su
ambito (CCRVMA 2009a) asi como la deteccion
y resguardo de Ecosistemas Marinos Vulnerables
(CCRVMA 2009b) en funcion de proteger
ambientes bentdnicos prioritarios del impacto
ejercido por la pesca de fondo.

Planes de investigacion y fomento sobre los
fondos marinos en la Argentina

En este apartado se mencionan los principales
planes de investigacion y fomento disefiados a
partir de 2010 referidos a las actividades cientifi-
co-productivas que incluyen en algin topico un
desarrollo asociado a los fondos marinos y se
resumen los items sustanciales de cada plan.

Informe para el Plan Estratégico Territorial
2011. Ministerio de Planificacion Federal, Inver-
sion Publica y Servicios de la Nacion

Este informe brinda los lineamientos para la
incorporacion de la problematica del Mar Argen-
tino en la planificacion territorial, desde una revi-
sion de los distintos aspectos productivos que alli
se desarrollan con una visiéon geopolitica. Hace
hincapié en el gran potencial hidrocarburifero del
sector adyacente al anterior limite de la platafor-
ma, es decir los fondos marinos y oceanicos
fuera de la jurisdiccion argentina (Ilamados “La
zona”). Lo mas relevante es que alli se muestran
las tendencias exploratorias en la busqueda de
hidrocarburos para los préoximos afios, las cuales
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Tabla 2. Tratados internacionales y sus principales aspectos relacionados con la conservacion y el uso sostenible de los recursos

marinos bentonicos.

Table 2. International treaties and their main aspects related to the conservation and sustainable use of benthic marine

resources.

Instrumento legal (ley de
ratificacion)

Referencia a fondos marinos
y/o bentos

Principales aspectos y/o recomendaciones

Tratado del Rio de la Plata
y su Frente Maritimo (Ley
N°20.645/1973)

Convenio Diversidad
Biologica (Ley N°
24.375/1994)

Convencion de las Naciones
Unidas sobre el Derecho
del Mar (CONVEMAR)
(Ley N° 24.543/1995)

Comision para la
Conservacion de los
Recursos Vivos Marinos
Antarticos (CCRVMA)
(Ley N° 25.263/2000)

Directa. Exploracion,
explotacion y
conservacion de recursos
bentdnicos

Indirecta. Conservacion y
uso sostenible de
biodiversidad, creacion de
AMPs, estudios de
impacto ambiental

Directa. Exploracion y
explotacion de recursos
vivos y no vivos de la
plataforma

Directa. Conservacion de
bio-regiones bentonicas

Art. 41: “Cada parte podra explorar y explotar los recursos
del lecho y del subsuelo del Rio en las zonas adyacentes
a sus respectivas costas...”.

Art. 80: “Las Partes, constituyen una Comision Técnica
Mixta... que tendra por cometido la realizacion de
estudios y la adopcion y coordinacion de planes y
medidas relativas a la conservacion, preservacion y
racional explotacion de los recursos vivos y a la
proteccion del medio marino en la zona de interés
comun...”.

Art. 6: “Cada Parte Contratante... b) Integrara...la
conservacion y la utilizacion sostenible de la diversidad
bioldgica en los planes, programas y politicas...”.

Art. 8: “Cada Parte Contratante... a) Establecerd un sistema
de areas protegidas...”.

Art. 14: “Cada Parte Contratante... a) Establecera
procedimientos apropiados por los que se exija la
evaluacion del impacto ambiental de sus proyectos
propuestos que puedan tener efectos adversos
importantes para la diversidad bioldgica con miras a
evitar o reducir al minimo esos efectos...”.

Art. 77: “...1. El Estado riberefio ejerce derechos de
soberania sobre la plataforma continental a los efectos de
su exploracion y de la explotacion de sus recursos
naturales. 4. Los recursos naturales... son los recursos
minerales y otros recursos no vivos del lecho del mar y
su subsuelo, asi como los organismos vivos
pertenecientes a especies sedentarias...”.

Medida de Conservacion 22/06 (Proteccion de la
plataforma sur de las Islas Orcadas del Sur): “Consciente
de la necesidad de otorgar proteccion adicional a esta
importante region a fin de proporcionar un area de
referencia cientifica, y de conservar ejemplos
representativos de bio-regiones bentonicas...”. El area...
se designara como area marina protegida, a los efectos de
contribuir a la conservacion de la biodiversidad marina...
Se prohibe todo tipo de actividad de pesca dentro del
area.
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coinciden en gran parte con el sector que a partir
de la ampliacion de la plataforma continental
queda sujeto a jurisdiccion nacional. Esto impli-
ca un enorme sector con posibilidades de ser
explotado desde el punto de vista energético,
pero que amerita estudios de base previos sobre
las comunidades bentonicas afincadas en esos
fondos que puedan ser afectadas por estas explo-
taciones.

Plan Argentina Innovadora 2020. Plan operativo
2013-2016. Nucleo socio-productivo estratégico:
produccion y procesamiento de recursos oceani-
cos. Ministerio de Ciencia, Tecnologia e Innova-
cion Productiva

El Plan Argentina Innovadora 2020 tiene como
fin fortalecer la base cientifica y tecnoldgica con
el agregado de valor en intervenciones focaliza-
das en la resolucion de nucleos socio-productivos
estratégicos (NSPE), caracterizados por su alto
impacto econémico, tecnoldgico o social. En ese
contexto, se plantea el nicleo de Produccion y
procesamiento de recursos oceanicos, el cual
incluso es uno de los Temas estratégicos para
convocatorias de Ingresos a la Carrera de Investi-
gador Cientifico en el sector Agroindustria del
Consejo Nacional de Investigaciones Cientificas
y Técnicas (CONICET). Este plan presenta una
serie de objetivos, metas y lineas de fomento a la
investigacion vinculadas con los fondos marinos,
ya sea a través de la explotacion hidrocarburifera
como de la investigacion centrada en ecosistemas
bentonicos. Asimismo, plantea la necesidad de
financiar proyectos de investigacion y desarrollo
que aumenten el conocimiento de la denominada
Economia Azul (Blue Economy), concepto que
implica la utilizacion del mar y sus recursos de
forma que se produzca un desarrollo econdomico
sostenible.

Iniciativa Pampa Azul. Ministerio de Ciencia,
Tecnologia e Innovacion Productiva

La iniciativa Pampa Azul fue presentada en
2014 y su objetivo incluye profundizar las politi-

cas de conservacion, promover innovaciones tec-
nologicas para explotaciones sostenibles de
recursos marinos y concientizar y promover el
ejercicio soberano a través de la ciencia en el
Atlantico Sur. En la génesis de este proyecto se
distinguen cinco zonas prioritarias. En cuatro de
ellas (Banco Burdwood, Agujero Azul, Golfo San
Jorge e islas subantarticas) las comunidades ben-
tonicas presentan caracteristicas de particular
interés. En algunos casos esto se debe a su alta
biodiversidad, fragilidad o endemismo, que las
destaca como factores relevantes para la determi-
nacion de esas areas de investigacion. En otros
casos, algunas de las especies bentonicas presen-
tes en estos sectores (vieira, langostino, centolla)
estan sometidas a explotacion pesquera, por lo
que un manejo sostenible de estos recursos
requiere de una continua generacion de informa-
cion (Pampa Azul, 2017).

Estrategia nacional sobre la biodiversidad. Plan
de accion 2016-2020. Ministerio de Ambiente y
Desarrollo Sostenible de la Nacion

Este documento sintetiza los compromisos
asumidos por la Argentina en el marco del Con-
venio sobre la Diversidad Biologica (CDB) y la
Agenda 2030 de Objetivos de Desarrollo Sosteni-
ble de las Naciones Unidas. El marco referencial
es el Plan Estratégico de Biodiversidad 2011-
2020 y las Metas de Aichi, con un objetivo gene-
ral de conservar la biodiversidad con un enfoque
basado en los ecosistemas. Si bien tiene un marco
amplio, el punto 4 apunta a practicas productivas
y de consumo sostenibles, donde se incluye a la
pesca. En el sentido de practicar una pesca soste-
nible, el documento sefiala que es necesario
balancear el desarrollo productivo con un uso
sostenible de la biodiversidad y advierte del fuer-
te impacto que tienen las redes de arrastre sobre
el habitat bentonico. En ese contexto se planifican
las metas nacionales prioritarias, en las cuales la
N° 3 propone alcanzar un 10% de superficies res-
guardadas de zonas marinas y costeras de los
espacios maritimos argentinos.
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Recomendaciones y resoluciones no vinculan-
tes de organismos internacionales

La Organizaciéon de las Naciones Unidas
(ONU) a través de FAO dicto distintas recomen-
daciones relacionadas con la explotacion sosteni-
ble de los recursos naturales marinos, las cuales
sirven de referencia para distintas medidas de
ordenacion que se han establecido. Dentro de
estos instrumentos internacionales no vinculan-
tes, la Argentina aplica el Codigo de Conducta
para la Pesca Responsable y el Enfoque Ecosisté-
mico para la Pesca, mencionados anteriormente y
con ejes de accion bastante amplios. En linea con
esto, se ha elaborado el Plan de Accidon Nacional
para Prevenir, Desalentar y Eliminar la Pesca Ile-
gal, No Declarada y No Reglamentada (PAN-
INDNR) y los planes de accion nacionales (PAN)
para aves, mamiferos y tiburones.

La Agenda 2030 de Objetivos de Desarrollo
Sostenible aprobada en septiembre de 2015 por la
Asamblea General de las Naciones Unidas, tam-
bién se refiere a la conservacion del medio mari-
no. Dentro de sus objetivos de desarrollo sosteni-
ble (ODS), el N° 14 “conservar y utilizar en
forma sostenible los océanos, los mares y los
recursos marinos para el desarrollo sostenible”,
plantea para 2020 gestionar y proteger sostenible-
mente los ecosistemas marinos y costeros para
evitar efectos adversos importantes, poner fin a
las practicas pesqueras destructivas y conservar al
menos el 10% de las zonas costeras y marinas.

En el caso especifico de los fondos marinos,
FAO publico en 2009 el documento “Directrices
internacionales para la ordenacién de las pesque-
rias de aguas profundas en alta mar”. Este docu-
mento viene a colacion de la necesidad de aplicar
la Resolucion N° 61/105 de la Asamblea General
de las Naciones Unidas (AGNU). Esta medida
instaba a los paises a evaluar si las actividades
que realizaban sus buques en los fondos marinos
en aguas internacionales tenian efecto negativo
sobre los Ecosistemas Marinos Vulnerables
(EMV’s) y también fue la base para la Medida de

conservacion 22-06 de CCRVMA, aplicable en la
zona de influencia del Tratado Antartico. Especi-
ficamente, exhorta a los Estados a que adopten
inmediatamente medidas precautorias para la pro-
teccion de los EMV (como los arrecifes de aguas
frias) ante actividades pesqueras destructivas. Si
bien correspondia que estas directrices fueran
aplicadas a fondos marinos por fuera de las plata-
formas continentales, la presencia de este tipo de
ecosistemas ya fue registrada en fondos corres-
pondientes a aguas internacionales (Portela et al.
2012) pero que actualmente quedarian incluidos
dentro de los nuevos limites exteriores de la PCA.

DISCUSION

Una primera mirada sobre la legislacion nacio-
nal existente indica un aumento en cantidad y
calidad de instrumentos de manejo especificos
para los fondos marinos en los ultimos afos, ya
que anteriormente la legislacion hacia referencia
de manera indirecta a este item. Estas referencias
involucraban conceptos generales tales como
conservacion de recursos, prevencion de efectos
dafiosos sobre el entorno, gestion sostenible del
ambiente, etc. Por ejemplo, este estudio mencio-
na que en 1988 el CO.CL.TE.MA indicaba la
necesidad de incrementar el conocimiento de la
plataforma submarina mientras que la Ley sobre
Espacios Maritimos de 1991 hace referencia a los
fondos marinos a partir de la determinacion de la
PCA. Sin embargo, es con la Ley de creacion de
las AMP’s Namuncura-Banco Burdwood [ y Il y
Yaganes (y con su ley asociada del Sistema
Nacional de Areas Marinas Protegidas) que se
toman medidas que hacen un sefialamiento direc-
to sobre el ambiente bentonico. En ese sentido,
hay que destacar que a pesar del beneficio per se
que parece tener la implementacion de las AMP’s
como instrumentos de conservacion, dado el alto
costo que implica el manejo adecuado de las mis-
mas y el conflicto que pueden generar frente a
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otras actividades econdmicas, es necesario que se
evalten indicadores de su eficacia a lo largo del
tiempo a fin de verificar el cumplimiento de los
objetivos planteados (Hockings et al. 2006;
Radovich 2019a). Igualmente, mas alla del avan-
ce que significa la designacion de las autoridades
de aplicacion para las distintas leyes menciona-
das, la superposicion de autoridades y agencias
gubernamentales con competencias relacionadas
en la tematica, sumado en algunos casos a la falta
de reglamentacion en cuestiones operativas y
financiamiento, ponen hoy un limite para su eje-
cucion efectiva (Sala 2018; Foro para la Conser-
vacion del Mar Patagonico y Areas de Influencia
2019; Radovich 2019b).

Asimismo, en la Argentina existen otras medi-
das que no son tomadas directamente en funcioén
de la proteccion del medio bentonico pero pueden
ser consideradas como elementos que contribu-
yen a la proteccion de los fondos marinos. Por
ejemplo, las zonas de vedas que restringen los
arrastres de fondo pueden ser consideradas en tér-
minos pesqueros como similares a las AMP’s
(Fisher y Frank 2002; Alemany et al. 2013). Si
bien el objeto de estas zonas no esta directamente
enfocado en la proteccion de los fondos marinos
y los invertebrados que alli habitan, la prohibi-
cion de arrastres de fondo puede redundar en una
proteccion indirecta de los mismos (Murawski et
al. 2000; Grizzle et al. 2009; O’Boyle 2011). En
ese sentido, en la PCA existen distintas zonas de
veda dirigidas a la proteccion de distintos recur-
sos pesqueros (Allega et al. 2020) que en forma
permanente o temporal pueden mitigar los efectos
resultantes de la actividad pesquera sobre los fon-
dos marinos.

Por otra parte, los planes de investigacion y
fomento nacionales disefiados desde 2010 en ade-
lante involucran a los ambientes bentdnicos como
parte de areas pasibles de explotaciones producti-
vas (hidrocarburiferas o pesqueras) con un enfo-
que sostenible, y por ende reconocen la necesidad
de profundizar en la investigacion de dichos sec-
tores. Esto se acopla a las distintas recomendacio-

nes y resoluciones no vinculantes de organismos
internacionales como FAO, que hacen hincapié
en un enfoque ecosistémico en la explotacion
pesquera y por ello la necesidad de proteger espe-
cies y ambientes asociados. La cuestion radica en
que esto implica un conjunto de herramientas
dentro de las cuales el financiamiento y la forma-
cion de recursos humanos adecuados son primor-
diales. La sancion de la Ley PROMAR es un
avance en ese sentido, ya que esta ley crea en su
articulo 6 el Fondo Nacional para la Investigacion
e Innovacion Productiva de los Espacios Mariti-
mos Argentinos (FONIPROMA) con un piso
anual presupuestario de 250 millones de pesos.
Sin embargo, desde su sancion no se ha hecho
una implementacion efectiva de la partida presu-
puestaria asignada (Sala 2018).

Respecto a los tratados internacionales firma-
dos con anterioridad (del Rio de la Plata, CON-
VEMAR y CCRVMA), estos se refieren de forma
directa a la exploracion y explotacion de recursos
del lecho y subsuelo y a la proteccion del medio
marino. Incluso en el caso de CCRVMA, imple-
mentan disposiciones especificas a través de
medidas de conservacion para la proteccion del
ambiente bentonico. Debe reconocerse que todos
los tratados fueron ratificados por leyes del Con-
greso Nacional, pero el amplio espectro de temas
abarcados en dichas leyes produce que estas refe-
rencias queden desdibujadas, lo cual podria resol-
verse con una instrumentacion mas especifica
sobre la tematica. Sin embargo, es un punto a
favor que aunque las disposiciones de CCRVMA
no sean aplicables en la PCA por no ser su ambito
de ejecucion, sus fundamentos (ejemplo, prohibi-
cion de arrastres de fondo en zonas de existencia
de EMV’s) estén siendo utilizados en la justifica-
cion técnica para la creacion de AMP’s
(DNC/APN 2017).

En relacion a la ampliacion de los limites exte-
riores de la plataforma continental, es necesario
que nuestro pais realice estudios sobre las particu-
lares comunidades bentdnicas que existen en parte
del nuevo sector reconocido. Como se menciond
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antes, en sectores que antes eran considerados fon-
dos de alta mar, se registraron importantes arreci-
fes de corales de aguas frias que constituyen
EMV’s (Muiloz et al. 2012; Portela et al. 2012).
Estas comunidades son equivalentes a las halladas
en el Banco Burdwood y adyacencias y son un
importante objeto de conservacion a nivel mundial
(Schejter et al. 2020). Por otra parte, especies de
interés comercial como el cangrejo rojo (Chaceon
notialis) y la langosta de profundidad (Thymops
birsteini) se encuentran en fase de pesca experi-
mental en zonas con profundidades cercanas a los
1.000 m en el lateral argentino por fuera de la
Zona Comun de Pesca Argentino-Uruguaya
(Mauna et al. 2017). Si bien esta pesqueria opera
con artes pasivas como son las trampas o nasas, se
ha comprobado que su uso implica también la
colecta de invertebrados bentonicos, aunque con
un bajo impacto sobre esta fauna (Mauna et al.
2018). Sin perjuicio de esto, el Acta N° 17/2017
del CFP refiriéndose a la explotacion en esa zona
sefiala la importancia de “fortalecer el conoci-
miento que se tiene de la biodiversidad presente en
los fondos marinos”, lo cual habilita el estudio de
estos organismos a fin de poder caracterizar las
comunidades bentOnicas presentes en el sector.

También, en virtud de la futura explotacion
hidrocarburifera en estas mismas zonas incluidas
en los nuevos limites exteriores de la PCA, la Ley
General del Ambiente indica que cualquier activi-
dad pasible de dafiar el medioambiente debe con-
tar con evaluaciones de impacto ambiental pre-
vias a la realizacién de la mismas, asi como ade-
mas se exige la realizacion de audiencias publicas
obligatorias. Estas prerrogativas son reconocidas
en la Resolucion Conjunta N° 3/2019 firmada por
la Secretaria de Energia y la Secretaria de
Ambiente y Desarrollo Sustentable, donde ade-
mas se cita la intervencion del INIDEP como
organismos técnico afectado para la revision de
los estudios de impacto ambiental. Por lo tanto,
esto remarca que para cumplimentar eficiente-
mente con las recomendaciones y reglamentacio-
nes ambientales vigentes tanto en materia pesque-

ra como de extraccion de hidrocarburos es nece-
sario realizar estudios enfocados en los inverte-
brados bentonicos que habitan en los nuevos limi-
tes exteriores de la PCA. Cabe sefialar que estu-
dios de este tipo ya han sido realizados por otros
paises en este sector (Munoz et al. 2012; Portela
et al. 2012). En ese sentido, es pertinente lo sefia-
lado por Gonzalez (2012) sobre que “de poco
sirve que el Estado X proclame su soberania
sobre recursos o su jurisdiccion sobre actividades
dentro de un dado ntimero de millas marinas
desde sus costas cuando instrumentos de dimen-
siones cada vez mas reducidas, colocados por ins-
tituciones de la nacionalidad del Estado Y, que
ingresan con creciente frecuencia en las aguas
jurisdiccionales y hasta territoriales del Estado X,
son los que permiten conocer la verdadera natura-
leza de esos recursos o de esas actividades”.

En definitiva, se puede afirmar que en los ulti-
mos aflos la Argentina ha avanzado en la genera-
cioén de politicas de proteccion para los fondos
marinos y especies asociadas, acorde a los linea-
mientos mundiales que implican un manejo eco-
sistémico de los recursos y un mayor resguardo
de la biodiversidad (Tabla 3). Esto ha sido acom-
pafiado con el enunciado de distintos planes de
investigacion y fomento que involucran el estudio
del ambiente marino y que incluyen a las comu-
nidades bentonicas. Queda todavia pendiente en
algunos casos la ejecucion plena de las medidas
debido a la superposicion de facultades entre
autoridades de aplicacion, la falta de financiacion
y de plataformas de investigacion acordes
(buques cientificos). También puede sefialarse
como pendiente la ausencia de planes de accion
concretos referidos al estudio del lecho marino
incluido en los nuevos limites exteriores de la
PCA (sector por fuera de los 200 m de profundi-
dad) donde, por el momento, solo se han realiza-
do estudios aislados. Estos estudios pueden tener
implicancias para la explotacion sostenible de
recursos vivos como también para el desarrollo
de otras actividades productivas que puedan afec-
tar los ecosistemas bentonicos.
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Tabla 3. Resumen de las distintas medidas enfocadas en todo o en parte a la proteccion directa o indirecta de los fondos mari-
nos y su estado actual de ejecucion.
Table 3. Summary of different measures focused in whole or in part on the direct or indirect protection of the seabed and their
current state of implementation.

Medida Tipo Alcance Estado de ejecucion

Ley sobre Espacios Ley Nacional En vigencia
Maritimos N° 23.968
(1991)

Constitucion Nacional Ley Nacional En vigencia
(Art. 41) (1994)

Ley Federal de Pesca N° Ley Nacional En vigencia. Se designé como Autoridad de aplica-
24.922 (1997) cion a la Secretaria de Agricultura, Ganaderia,

Pesca y Alimentacion (actualmente Subsecretaria
de Pesca y Acuicultura) (Decreto N° 248/1998). Se
reglamentd por Decreto N° 748/99.

Ley General del Ambiente  Ley Nacional En vigencia. Se designd como Autoridad de aplica-

N° 25.675 (2002) cion a la Secretaria de Ambiente y Desarrollo
Sustentable (Decreto N° 481/2003).

Ley Creacion del Area Ley Nacional En vigencia. Se design6 como Autoridad de aplica-
Marina Protegida cion a la Jefatura de Gabinete de Ministros
Namuncura-Banco (Decreto N° 720/2014). Cambi6 su estatus, incluida
Burdwood N° 26.875 actualmente en el Sistema Nacional de Areas
(2013) Marinas Protegidas (Decreto N° 888/2019).

Ley Sistema Nacional de Ley Nacional En vigencia. Se design6 como Autoridad de aplica-
Areas Marinas cion a la Administracion de Parques Nacionales
Protegidas N° 27.037 (APN) (Decreto N° 402/17).

(2014)

Ley PROMAR N°27.167 Ley Nacional En vigencia. Se designd como Autoridad de aplica-

(2015) cion al Ministerio de Ciencia, Tecnologia e
Innovacion Productiva (Decreto N° 604/2016).

Ley Creacion de Areas Ley Nacional En vigencia. Incluidas actualmente en el Sistema
Marinas Protegidas Nacional de Areas Marinas Protegidas.

Banco Burdwood I1 y
Yaganes N° 27.490
(2018)

Area de veda pesca Banco  Disposicion SSPyA Nacional En vigencia
Burdwood! N° 250/2008

Area de veda permanente Resolucion CFP N° Nacional En vigencia
merluza comun (efectivo 26/2009
sur)!

Area de veda especies Resolucion CFP N° Nacional En vigencia
demersales costeras “El 27/2009
Rincén™!

Area de veda para pesca Resolucion Binacional En vigencia
con arrastre de fondo en CTMFM N°
ZCP! 7/1997
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Tabla 3. Continuacion.
Table 3. Continued.

Medida Tipo Alcance Estado de ejecucion

Area de veda para la con- Resolucion Binacional En vigencia
servacion de peces carti- CTMFM N°
laginosos! 8/2007

Area de veda estacional Resolucion Binacional En vigencia
merluza comun (efectivo CTMFM N°
norte)’ 1/1995

Tratado del Rio de la Tratado Binacional En vigencia. La Comision Técnica Mixta del Frente
Plata (Ley N° Maritimo es la autoridad conformada para entender
20.645/1973) en la tematica (Art. 80).

Convenio Diversidad Tratado Internacional ~ En vigencia. Se designdé como Autoridad de
Biologica (Ley N° (por paises Aplicacion a la Secretaria de Recursos Naturales y
24.375/1994) firmantes) Desarrollo Sustentable y se cred la Comision

Nacional Asesora para la Conservacion y
Utilizacion Sostenible de la Diversidad Biologica
(Decreto N° 1347/97). Posteriormente se adopto la
Estrategia nacional sobre diversidad biologica
(Resolucion N° 91/2003).

Convencion de las Tratado Internacional ~ En vigencia
Naciones Unidas sobre (por paises
el Derecho del Mar firmantes)

(CONVEMAR) (Ley N°
24543/1995)

Comision para la Tratado Internacional ~ En vigencia
Conservacion de los (por paises
Recursos Vivos Marinos firmantes)

Antarticos (CCRVMA)
(Ley N° 25.263/2000)

Cddigo de Conducta para Recomendacion no Internacional ~ En su marco de aplicacion se ha elaborado el Plan de
la Pesca Responsable vinculante FAO (de Accion Nacional para Prevenir, Desalentar y
(1995) aplicacion Eliminar la Pesca Ilegal, No Declarada y No

voluntaria) Reglamentada (PAN-INDNR) y los Planes de
Accion Nacionales (PAN) para Aves, Mamiferos y
Tiburones. Ademas se instruy6 al INIDEP para que
sus programas de investigacion se estructuren bajo
un enfoque ecosistémico (Acta CFP N° 26/2006).

Enfoque ecosistémico Recomendacion no Internacional  {dem anterior
para la pesca (2003) vinculante FAO (de

aplicacion
voluntaria)

Directrices internacionales =~ Recomendacion no Internacional ~ En funcion de cumplir la Resolucion N° 61/105 de la
para la ordenacion de las vinculante FAO (de Asamblea General de las Naciones Unidas (AGNU)
pesquerias de aguas pro- aplicacion se elabor6 esta recomendacion que luego fue la
fundas en alta mar voluntaria) base para la Medida de conservacion 22-06 de

(2009)

CCRVMA aplicable en la zona de influencia del
Tratado Antartico, del cual la Argentina es parte.
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Tabla 3. Continuacion.
Table 3. Continued.

Medida Tipo Alcance Estado de ejecucion
Agenda 2030 de Recomendacion no Internacional ~ En el marco del Objetivo 14 y con el fin de proteger
Objetivos de Desarrollo vinculante (de al menos el 10% de las zonas marinas y costeras se
Sostenible (2015) AGNU aplicacion crearon tres AMP’s en la PCA.
(Resolucion N° voluntaria)
70/1)

! Areas con prohibicién permanente o temporal para arrastres de fondo (solo se sefialan las de mayor extension y persistencia en el tiempo). Se

menciona la medida original, para ver modificaciones y ampliaciones vigentes consultar Allega et al. 2020.
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RESUMEN. La epibiosis es una estrategia comtn en muchos organismos acuaticos, y puede
constituir una herramienta de estudio muy valiosa en ecologia y conservacion. Las ballenas barba-
das conforman un taxén muy vulnerable a las pesquerias, lo que exige grandes esfuerzos para su
preservacion. El varamiento de un ejemplar macho de Balaenoptera physalus en aguas del nororien-
te venezolano permitié evaluar puntualmente el fendmeno epibidtico. El tegumento del cetaceo fue
evaluado in situ, trasladandose algunas barbas al laboratorio para su estudio pormenorizado. El
unico epibionte observado, aunque en niimero muy abundante, fue el copépodo harpacticoide
Balaenophilus unisetus. Se describen los diferentes estadios de desarrollo detectados: adulto, cope-
poditos (cinco) y nauplios (tres), acompanandose de ilustraciones y las mediciones pertinentes. Se
presentan y discuten aspectos morfologicos, biogeograficos y de hospedero. Resalta de este estudio:
la expansion del ambito geografico del copépodo, siendo el primer registro en aguas del Atlantico
Occidental, caribefias y venezolanas; la observacion de algunos pocos caracteres morfologicos dis-
crepantes a los previamente descritos, los cuales pudieran referir a distintos morfotipos del epibion-
te; y la primera deteccion de un tercer estadio naupliar para B. unisetus.

Palabras clave: Ballena de aleta, copépodos epibiontes, mamiferos marinos, distribucion geografi-
ca, Mar Caribe.

Epibiosis by Balaenophilus unisetus (Copepoda: Harpacticoida) in fin whale, Balaenoptera
physalus (Mysticeti: Balaenopteridae), stranded in Margarita Island, Venezuela

ABSTRACT. Epibiosis is a common strategy in many aquatic organisms, and can be a very valu-
able study tool in ecology and conservation. Baleen whales are a very vulnerable taxon to fisheries,
which requires great efforts for their preservation. The stranding of a male specimen of
Balaenoptera physalus in northeastern Venezuelan waters made it possible to properly assess the
epibiotic phenomenon. The cetacean integument was evaluated in situ and some barbs were trans-
ferred to the laboratory for detailed study. The only epibiont observed, although in very abundant
numbers, was the harpacticoid copepod Balaenophilus unisetus. Different life stages were detected
and described: adult, copepodites (five), and nauplii (three), accompanied by illustrations and prop-
er measurements. Morphological, biogeographic and host-related features are presented and dis-
cussed. Highlights of this study are: the geographical scope expansion of the copepod, being the first
record in Western Atlantic, Caribbean, and Venezuelan waters; the observation of a few discrepant
morphological characters from those previously described, which could refer to different morpho-
types of the epibiont; and the first detection of a third naupliar stage for B. unisetus.

Key words: Fin whale, epibiont copepods, marine mammals, geographical distribution, Caribbean
Sea.
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La epibiosis puede definirse como la coloniza-
cion de una superficie viva por animales o plantas
sésiles (Wahl et al. 1997). Muchos organismos
acuaticos han desarrollado estrategias de fijacion
a superficies duras y relativamente estables pro-
porcionadas por otros seres vivos (Fernandez-
Leborans 2010). La epibiosis es un fenémeno
tipicamente (aunque no exclusivo) acuatico y
extremadamente comun en el mar (Wahl 1989).
Los ensamblajes epibioticos constituyen modelos
apropiados para investigar los factores ecologicos
y evolutivos que gobiernan las relaciones simbio-
ticas siendo, ademas, herramientas utiles para el
seguimiento de los movimientos de los organis-
mos (Domeénech et al. 2015).

Las ballenas barbadas son unos de los anima-
les vivos mas grandes del planeta y han sufrido
una explotacién muy intensa por parte del ser
humano (Bannister 2018). Bannister (2018) indi-
ca que cuatro de las 14 especies que agrupa el
Suborden Mysticeti Flower, 1864, se encuentran
en peligro. El rorcual comun, Balaenoptera
physalus (Linnaeus, 1758), es una de las especies
mas afectadas por la sobrepesca, habiendo colap-
sado varias operaciones balleneras por la drama-
tica reduccion de las poblaciones del cetaceo
(Aguilar y Garcia-Vernet 2018). El interés por la
conservacion de esta especie motivo medidas
como su incorporacion a los listados de la Con-
vencion sobre el Comercio Internacional de
Especies Amenazadas de Fauna y Flora Silves-
tres (CITES, por sus siglas en inglés), lo cual
prohibe la comercializacion de ejemplares o de
sus productos y moratoria a la caza desde 1985
(Bolafios-Jiménez et al. 2015; Reilly et al. 2016).
Los estudios sobre epibiosis pueden servir para
apuntalar las estrategias de conservacion de esta
especie, ya que arrojan luz sobre los patrones de
ocurrencia geografica, salud, estacionalidad y
comportamiento, entre otros muchos aspectos
(Pinou et al. 2019).

Existe muy poca informacion disponible sobre
epibiosis en el rorcual comun, obteniéndose algu-
nos datos de los trabajos de Allen (1916), Mac-

kintosh y Wheeler (1929), Mackintosh (1942),
Bannister y Grindley (1966), Raga y Sanpera
(1986), Badillo Amador et al. (2006), Cigek et al.
(2007), Mogoe et al. (2014) y Pino Alvarez
(2014). Una oportunidad singular de evaluar el
fendmeno epibidtico en B. physalus se obtuvo
con el varamiento de un ejemplar ocurrido en las
coordenadas 10° 59" 32,28" Ny 64° 23" 40,46" W,
sector Los Cocoteros, Peninsula de Macanao, en
el extremo occidental de la Isla de Margarita,
Estado de Nueva Esparta, Venezuela (Esteves et
al. 2018).

El ejemplar varado, un macho adulto de 19,9 m
de longitud, llegd vivo a la playa, aunque en
muy malas condiciones, muriendo al poco tiem-
po, lo cual permitié la revision minuciosa de
todo el tegumento atn vivo. Ningin epibionte
fue detectado en este 6rgano. Varias barbas fue-
ron extraidas, embolsadas y transportadas hasta
el laboratorio de Parasitologia, Patologia y Pro-
filaxis de la Escuela de Ciencias Aplicadas del
Mar (ECAM), Universidad de Oriente, ntcleo
Nueva Esparta (UDONE), donde se mantuvie-
ron refrigeradas hasta su evaluacion. Las barbas
exhibian parches amarillentos dispersos, a los
cuales se realizd un raspado superficial para
recopilar posibles epibiontes presentes. Por
medio de microscopios estercoscopico (Motic
SFC12-N2TQG) y 6ptico (Motic B1-220ASC) se
logrd la observacion de los organismos presen-
tes, los cuales fueron fotografiados con la ayuda
de una camara SONY Cyber-shot HD AVCHD
Exmor R sobrepuesta a los oculares de los
microscopios. Ejemplares de los diferentes esta-
dios vitales fueron depositados como vouchers
en la Coleccidn Parasitologica de la Escuela de
Ciencias Aplicadas del Mar de la Universidad de
Oriente. Algunos especimenes fueron traslada-
dos al Centro de Microscopia Electronica “Dr.
Ernesto Palacios Prii”, de la Universidad de Los
Andes, Mérida. Alli, las muestras fueron deshi-
dratadas en una serie creciente de alcoholes,
colocadas en un soporte sobre una cinta adhesi-
va de carbono conductora de doble cara, y
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expuestas durante 24 h en una campana de dese-
cacion. Posteriormente, las muestras fueron
metalizadas con una capa de iones de oro de 25-
30 nm utilizando un ionizador Engineering 1B2.
Finalmente, fueron observadas y analizadas con
un microscopio electronico de barrido (MEB)
Hitachi S-2500.

Las barbas constituyeron el Ginico microhabitat
en donde se encontraron epibiontes, correspon-
dientes a individuos de una especie de copépodo
en diferentes etapas de desarrollo y en gran canti-
dad. La ubicacidn sistematica de este epibionte y
su descripcion se suministra a continuacion.

Orden Harpaticoida Sars, 1903
Familia Balaenophilidae Sars, 1910
Género Balaenophilus Aurivillius, 1879
Especie Balaenophilus unisetus Aurivillius,
1879
Figuras 1-3

Balaenophilus unisetus Aurivillius 1879: 5,
laminas 1-4; Cocks 1885: 135; Collett 1886: 255,
figuras a-d; Lillie 1910: 786; Allen, 1916: 233,
242; Mackintosh 1942: 213; Lang 1948: 584,
figura 239; Vervoort and Tranter 1961: 70, figuras
1-6; Bannister and Grindley 1966: figura 1, 1ami-
na XXVIII; Aguilar Vila 1985: 42; Raga and San-
pera 1986: 493, figura 1; Dalla Rosa and Secchi
1997: 427, figura 3; Ogawa et al. 1997: 698,
Badillo et al 2006: 751, figuras 1, 3; Badillo
Amador 2007: 55, figuras 5.1, 5.3; Aznar et al.
2010: 299; Raga et al. 2018: 680.

Balaenophilus unisetis Sars, 1910: 347, lami-
nas CCXXIX y CCXXX.

Material examinado

Seis hembras adultas, cuatro hembras ovigeras,
ocho machos adultos, quince nauplios, treinta
copepoditos. En deposito diez especimenes pre-
servados en alcohol, nimeros de catdlogo CPE-
CAM-006a al CPECAM-006e, y dos ejemplares
montados permanentemente en laminas, CPE-
CAM-006f.

La morfologia de los ejemplares evaluados
coincide muy bien con lo descrito por Aurivillius
(1879), Vervoort y Tranter (1961) y Bannister y
Grindley (1966). La nomenclatura de las estruc-
turas anatdémicas del copépodo se ajusto a lo esta-
blecido por Coull (1977) y Ferrari y Dahms
(2007).

Hembras

Cuerpo alargado, cilindrico, atenuado posterior-
mente, con una longitud promedio de 2,2 mm (1,9-
2,4 mm), desde el extremo del rostro hasta el final
de las ramas caudales. Setas caudales alcanzando
aproximadamente el 61% de la longitud corporal.
Relacion largo:ancho de 7:1 (Figuras 1 Ay 2 A).
Una ligera constriccion medial divide el cuerpo en
prosoma y urosoma (Figura 1 Ay 1 B). Prosoma
compuesto por cefalotérax, fusionado a un primer
somito toraxico, y tres segmentos toraxicos libres
(2-4). Rostro de tamafio moderado, no fusionado
al cefalotorax, constituido por una placa triangular
ligeramente curvada hacia abajo, de extremos
romos (Figura 1 C). Cefalotérax liso, considera-
blemente curvado hacia abajo en vista lateral, lige-
ramente mas ancho posteriormente (Figuras 1 A'y
2 A). Segmentos toraxicos libres sin placas epime-
rales, muy similares, igualando en longitud combi-
nada al cefalotorax. Urosoma constituido por
somito portador de la pata 5, somito genital doble
(somito genital y tercer urosomito fusionado), que
lleva los sacos ovigeros de la hembra, dos uroso-
mitos y un somito anal. Este ltimo armado por
una extension central posterior de su superficie
dorsal, denominado en este trabajo proceso escua-
miforme terminal, el cual puede llegar al margen
anterior de la insercion de las ramas caudales
(Figura 2 B), terminando en una punta ligeramente
redondeada. Dos ovisacos alargados eventualmen-
te presentes, de aproximadamente 0,35 mm. Cada
uno contentivo de aproximadamente 14 huevos.

Anténula corta, aproximadamente la mitad del
largo del cefalotérax. Unirramosa, integrada por
nueve segmentos. Quinto segmento con una pro-
yeccion distal. Numero de setas en segmentos: 1
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500 pm

Figura 1. Balaenophilus unisetus. Microfotografias de ejemplares adultos en vista lateral: macho (A), hembra (B) y MEB (C) de

extremo anterior de hembra.

Figure 1. Balaenophilus unisetus. Photomicrographs of adult specimens in lateral view: male (4), female (B), and SEM (C) of

the anterior end of female.

en el segundo, 10 en el tercero, 7 en el cuarto, 3
en el quinto, incluyendo 1 estetasco, 1 en el sexto,
2 en el séptimo, 3 en el octavo, 6 en el noveno
(Figura 2 C).

Antena birramosa, con segmento coxal muy
pequetio. Exopodo reducido, bisegmentado, deri-
vado del primer segmento del endopodo (aloba-
se), con segmento apical muy pequefio, coronado
con 2 setas. Alobase robusta, de longitud mayor a
la de los otros segmentos combinados, con una

hilera de setas mediales. Segmento libre del endo-
podo articulado en dngulo recto a la alobase, por-
tando un diente grueso en su margen externo y 7
garras ganchudas fuertes, 4 cortas y rectas y 3 lar-
gas y muy curvadas, de tamafio creciente hacia el
margen externo (Figura 2 D).

Los primeros apéndices orales (labrum, parag-
nato, mandibula, maxilula y maxila) muy peque-
nos. No se pudieron recuperar durante la disec-
cion, por lo cual se omite su descripcion.
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Figura 2. Balaenophilus unisetus. Hembra: habitus lateral (A), anténula (B), antena (C), maxilipedo (D), primera pata natatoria
(E), tercera pata natatoria (F), quinta pata natatoria (G) y furca caudal (vista dorsal) (H). Macho: habitus lateral (I), anté-
nula (J) y primera pata natatoria (K).

Figure 2. Balaenophilus unisetus. Female: lateral habitus (A), antenule (B), antenna (C), maxilliped (D), first swim leg (E), third
swim leg (F), fifth swim leg (G), and caudal furcation (dorsal view) (H). Male: lateral habitus (1), antenula (J), and first
swimming leg (K).
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Figura 3. Balaenophilus unisetus. A) Microfotografias de estadios naupliares observados. B) MEB de habitus de nauplios 3 en
vista ventral. C) Ilustraciéon destacando estructuras anatomicas de nauplios 2. D) MEB de antena de nauplios 3. E)
Ilustracion de antena de nauplios 3. gn-1: nauplio 1, gn-2: nauplio 2, gn-3: nauplio 3.

Figure 3. Balaenophilus unisetus. 4) Photomicrographs of observed naupliar stages. B) SEM of nauplii habitus 3 in ventral view.
C) lllustration highlighting anatomical structures of nauplii 2. D) SEM of nauplii antenna 3. E) Illustration of antenna
of nauplii 3. gn-1: nauplius 1, gn-2: nauplius 2, gn-3: nauplius 3.
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Maxilipedo robusto, trisegmentado, desarrolla-
do como organo prensil (sub-quela), de aproxima-
damente 0,35 mm. Sincoxa corta, dotada de dos
parches mediales de setas muy cortas y 2 setas lar-
gas en su margen distal interno. Base mas ancha y
larga que otros segmentos, armada internamente
con dos coronas de setas. Endopodo modificado
como garra fuerte, provista de una seta larga en el
margen medial interno (Figura 2 E).

Primera pata natatoria mucho mas desarrollada
que las siguientes. Birramosa, con ambas ramas
finalizando en fuertes garras curvadas con fun-
cion prensil. Precoxa con borde distal espinulado.
Coxa alargada, cilindrica, con borde interno espi-
nulado. Base de similar longitud, pero mas ancha,
con ambos margenes espinulados, con seta larga
ubicada en el cuarto anterior del margen interno.
Exopodo de menor longitud que el endopodo,
provistos de 3 segmentos: primer segmento corto,
con una espina distal; el segundo 3 veces mas
largo que ancho, con una hilera de espinulas y
una espina medial en el margen externo; tercero
tan ancho como largo, basalmente con 3 garras
accesorias y apicalmente con 2 garras fuertes des-
iguales y 2 setas largas (Figura 2 F).

Patas natatorias 2-4 birramosas, todas con exo-
podo trisegmentado. Endopodo bisegmentado en
la segunda y monosegmentado en la tercera y
cuarta (Figura 2 G). Coxas y bases con margenes
espinulosos. Respondiendo a la siguiente férmula
setaria:

Pata 2 coxa 0-0 base 1-0
exopodo 1-0; I-1; 111,2,2
endopodo 0-0; 0,2,1
Pata 3 coxa 0-0 base 1-0
exopodo I-0; I-1; 11,2,2
endopodo 0,2,0
Pata 4 coxa 0-0 base 1-0
exopodo 1-0; I-1; [,2,2
endopodo0,2,0

Quinta pata natatoria birramosa, reducida, ape-
nas con un basoendopodo y un exopodo. Basoen-

dopodo armado con 5 setas, 3 externas largas y 2
medianas; provisto ademds con un lobulo externo
dotado de una seta larga. Exopodo portando 3
setas largas y 2 cortas (Figura 2 H).

Machos

Cuerpo alargado, muy similar al de la hembra.
Se describen solo aquellos elementos discrepan-
tes. Longitud promedio de 2,0 mm (1,8-2,3 mm),
desde el rostro hasta la insercion de las setas cau-
dales. Setas caudales alcanzando aproximada-
mente el 48% de la longitud corporal (Figuras 1
By2lI).

Anténula con primer segmento levemente mas
grande que el de la hembra, de aproximadamente
0,22 mm. Numero de setas en segmentos: 2 en el
primero, 2 en el segundo, 3 en el tercero, 4 en el
cuarto, incluyendo 1 estetasco, 3 en el quinto, 3
en el sexto, 3 en el séptimo, 5 en el octavo, 3 en
el noveno (Figura 2 J).

Primera pata natatoria mas robusta que en la
hembra. Coxa 2,3 veces mas larga que ancha (3
veces en la hembra). Coxa y base provistas de hile-
ras de parches pilosos en tercio distal (Figura 2 K).

Nauplios

Cuerpo muy diferente al del adulto, masivo,
sin divisiones, mas ancho que largo, guardando
una proporcion cercana a 1:0,8 (Figura3 A,3 By
3 C). Se distinguieron tres estadios naupliares,
atendiendo a su morfologia y dimensiones (Figu-
ra3 A).

Primer nauplio de aproximadamente 0,18 mm
de longitud (0,15-0,20). Se aprecian 3 pares de
apéndices: anténula, antena y mandibula. Anténu-
las como un primordio, sin segmentacion, con 4
setas apicales, 1 corta setulosa y 3 largas lisas.
Antena birramosa, con coxa alargada y serrada,
base alargada y endopodo como una garra curva-
da; exopodo cilindrico, rematado con 2 penachos,
cada uno con 2 setas setulosas. Mandibula rudi-
mentaria, con dos setas y una garra. Ramas cau-
dales en forma de proyecciones posteriores del
caparazon.
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Segundo nauplio muy similar al primero, pero
de mayor tamafio y con apéndices mas desarrolla-
dos. Longitud promedio de 0,24 mm (0,21-0,26).
Aparece como un primordio la maxilula.

Tercer nauplio de aproximadamente 0,30 mm
de longitud (0,27-0,32). Exopodo de antena
bisegmentado; primer segmento cilindrico y
largo, con una espina larga curvada en posicion
medial y otra larga y recta distal, ambas en el
margen interno; segundo segmento muy corto,
rematado en 2 penachos, cada uno con 3 setas
setulosas (Figura 3 D y 3 E). Base muy alargada,
dilatada medialmente, armada con una espina dis-
tal corta. Endopodo mas fuerte y curvado.

Copepoditos

Se pudieron distinguir cinco estadios juveniles
o copepoditos, morfoldégicamente muy parecidos
al adulto, diferenciandose primordialmente por
varios parametros morfologicos que se incremen-
tan progresivamente segiin avanzan los estadios,
como su longitud, la complejidad de los apéndi-
ces, el nimero de segmentos corporales visibles,
y su proporcion largo-ancho.

Copepodito 1 de largo promedio 0,45 mm
(0,44-0,46), con una proporcion ancho:largo de
3:1. Provisto de 3 segmentos visibles. Copepodito
2 de largo promedio 0,79 mm (0,74-0,84), con
una proporcion ancho:largo de 4:1. Provisto de 4
segmentos visibles. Copepodito 3 de largo pro-
medio 0,90 mm (0,83-1,02), con una proporcion
ancho:largo de 5:1. Provisto de 5 segmentos visi-
bles. Copepodito 4 de largo promedio 1,25 mm
(1,09-1,42), con una proporcion ancho:largo de
6:1. Provisto de 6 segmentos visibles. Copepodito
5 de largo promedio 1,61 mm (1,46-1,75), con
una proporcion ancho:largo de 6.5:1. Provisto de
7 segmentos visibles.

El copépodo B. unisetus ha sido referido en
asociacion con al menos cuatro especies de balle-
nas del Género Balaenoptera (Tabla 1), aunque
no se puede descartar la ocurrencia del mismo en
otros misticetos. El presente constituye apenas el

quinto estudio que registra al crustaceo vinculado
al rorcual comtn.

Descripciones detalladas de B. unisetus en
fase adulta ya fueron proporcionadas por Aurivi-
llius (1879) en su registro original, y las posterio-
res contribuciones de Sars (1910), Vervoort y
Tranter (1961) y Bannister y Grindley (1966). La
gran mayoria de las caracteristicas descritas en
este manuscrito concuerdan perfectamente con
las proporcionadas en los trabajos citados, notan-
dose escasas discrepancias. En primer lugar, el
proceso escuamiforme terminal sefialado en el
somito anal no se evidencia en las descripciones
previas, pero se aprecia en las ilustraciones de
dichos trabajos. En segundo lugar, aunque hay
solapamiento importante en los rangos de tallas
de los adultos con los proporcionados previa-
mente, este trabajo incluye clases inferiores.
Finalmente, la presencia de una tercera etapa
naupliar.

Muy pocas referencias se tienen de los esta-
dios naupliares de B. unisetus, destacando las de
Aurivillius (1879) y Bannister y Grindley
(1966), quienes ofrecieron datos sobre aspectos
anatomicos y meristicos. En ambos trabajos se
indica la presencia de dos estadios naupliares,
uno menos que lo observado en el estudio actual,
lo cual podria deberse a un reducido tamafio
muestral de las investigaciones previas. Aunque
algunos investigadores sostienen que todos los
Harpacticoida tienen seis estadios naupliares en
su desarrollo (Sarvala 1977), otros plantean la
existencia de desarrollos abreviados, con menos
estadios (Chullasorn et al. 2012). En consonancia
con lo anterior, Dahms y Qian (2004) indican
que las especies harpacticoides de vida libre tie-
nen seis fases de nauplios, mientras que los leci-
totroficos y simbiontes, como es el caso de B.
unisetus, poseen menos. Ogawa et al. (1997)
reportan una sola fase naupliar en su descripcion
de Balaenophilus umigamecolus. La presente
constituye la primera resefia de un tercer estadio
naupliar en miembros de esta familia de copépo-
dos. Todos los antecedentes referidos coinciden
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en que hay pocas diferencias morfoldgicas entre
estas fases vitales, destacandose el incremento en
dimensiones.

Las discrepancias son insuficientes para poner
en duda su identidad. Ejemplares de B. unisetus
provenientes de diferentes localidades han sido
comparados en varias oportunidades, resultando
virtualmente idénticos. Estas diferencias podrian
indicar que las descripciones anteriores estuvieron
incompletas, debido a la escasez de las muestras
evaluadas, la condicion de las mismas o, mas pro-
bablemente, a que existen diferentes morfotipos
de esta especie alrededor del globo. Sin embargo,
hay que recordar que Rossel y Martinez Arbizu
(2019) refieren que, incluso en entornos amplia-

mente estudiados como el Mar del Norte, la diver-
sidad de copépodos harpacticoides estd muy
subestimada por la existencia de especies cripti-
cas. Al respecto, Aznar et al. (2010) indican que en
los copépodos puede manifestarse un proceso de
especiacion tras sutiles diferencias morfologicas.
La realizacion de estudios moleculares permitira
una vision mas clara de las relaciones filogenéti-
cas existentes entre los miembros de este taxon de
diferentes localidades de su rango de distribucion.

Aunque B. unisetus ha sido referido en diferen-
tes especies de ballenas barbadas en diversas
areas geograficas (Tabla 1), hasta donde se tiene
conocimiento, el presente constituye el primer
registro del copépodo en aguas venezolanas, cari-

Tabla 1. Registros previos del copépodo Balaenophilus unisetus en miembros del Género Balaenoptera.
Table 1. Previous records of the copepod Balaenophilus unisetus in members of the Genus Balaenoptera.

Especie Mar u océano Pais o territorio Referencia
Balaenophilus borealis  Mar de Barents W Noruega Collett (1886)
Océano Atlantico S Sudafrica Bannister y Grindley (1966)

Océano Atlantico S
Océano Indico W
Océano Atlantico S
Mar de Barents W
Mar de Barents W
Océano Atlantico N
Océano Indico E
Océano Atlantico S
Océano Atlantico S
Océano Indico W
Océano Atlantico SW
Océano Atlantico S
Océano Atlantico S
Océano Pacifico SE
Océano Indico W
Océano Atlantico E
Océano Atlantico E
Océano Atlantico E
Mar Caribe

Balaenophilus edeni
Balaenophilus musculus

Balaenophilus physalus

Islas Georgias del Sur, Argentina
Sudafrica

Sudafrica

Noruega

Noruega

Irlanda

Australia

Sudafrica

Islas Georgias del Sur, Argentina
Sudafrica

Brasil

Sudafrica

Islas Georgias del Sur, Argentina
Chile

Sudafrica

Espana

Espania

Espafia

Venezuela

Bannister y Grindley (1966)
Bannister y Grindley (1966)
Bannister y Grindley (1966)
Aurivillius (1879)

Cocks (1885)

Lillie (1910)

Vervoort y Tranter (1961)
Bannister y Grindley (1966)
Bannister y Grindley (1966)
Bannister y Grindley (1966
Dalla Rosa y Secchi (1997)
Bannister y Grindley (1966)
Bannister y Grindley (1966)
Bannister y Grindley (1966)
Bannister y Grindley (1966)
Raga y Sanpera (1986)
Badillo et al. (2006)

Badillo Amador (2007)

Este estudio
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benas y del Atlantico Occidental. La fauna para-
sitaria en cetaceos del Mar Caribe es pobremente
conocida, encontrandose informacién de acanto-
céfalos, eucéstodos, cirripedios, cidamidos, digé-
neos y nematodos, pero no copépodos (Mignucci-
Giannoni et al. 1998; Coldn-Llavina et al. 2009).
Un simbionte congenérico, Balaenophilus mana-
torum, fue descrito en otro mamifero acuatico, el
manati Trichechus manatus, en aguas caribeias
(Suarez-Morales et al. 2010).

Los estudios parasitologicos han sido aplicados
para obtener informacion sobre la estructura
poblacional de sus hospederos, su distribucion
filogeografica, patrones de migracion y biologia
general (Roumbedakis et al. 2018). Consecuente-
mente, son utiles como elementos discriminato-
rios entre poblaciones, pudiendo ser aprovechados
en el manejo adecuado y conservacion de recursos
acudticos (Marcogliese 2004). No obstante, Bal-
buena et al. (1995) establecian que el uso de para-
sitos como indicadores bioldgicos no ha recibido
la atencion necesaria en mamiferos marinos.
B. unisetus tiene condiciones para constituir un
indicador biolégico, haciendo falta que se realicen
mas estudios para su aprovechamiento.
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