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Conoci a Jorge Calvo en 1994 cuando me encontré con él por una entrevista de trabajo. Como siempre la
cita fue temprano por la mafiana y yo concurri medio dormido con un libro que estaba leyendo bajo el
brazo, que no era otro que Las venas abiertas de América Latina, que estaba releyendo por esa época. En
ese momento no hablamos del tema, pero mucho después Jorge me comentaba jocoso que no era un libro
como para ir a una entrevista de trabajo, porque nunca sabés la ideologia del tipo que te va a entrevistar. En
este caso las coincidencias ideoldgicas quizas me jugaron a favor pero tenia razén, no era muy inteligente de
mi parte llevar ese libro ... aunque si auténtico.

Finalmente consegui ese trabajo y a las pocas semanas estaba en Ushuaia (en el Centro Austral de
Investigaciones Cientificas, CADIC) comenzando un periodo de estudio y trabajo muy productivo para mi
formacion académica y personal. El primer acuerdo al que llegamos en el laboratorio fue mas bien
anecdodtico, mate amargo y yerba Rosamonte, aunque se mantuvo durante todo el tiempo compartido,
aunque con eventuales cambios de marca de yerba. Recuerdo de esos primeros meses las charlas sobre
temas bioldgicos, pero también sobre arte, musica, politica, hasta de futbol habldbamos aunque en ese
tema Jorge sélo preguntaba para tratar de entender una pasién que no compartia; también los paseos por
el campo aprendiendo acerca de los bosques, turbales y otros ecosistemas de Tierra del Fuego. El
laboratorio era un ambiente muy estimulante intelectualmente hablando. En mi soledad de los primeros
momentos en Ushuaia recuerdo hurgar la biblioteca de Jorge que me recomendaba libros de los mas
variados, ensayos, novelas ... muchos de los cuales me marcaron profundamente y son algunas de las
lecturas que recomiendo actualmente a mis estudiantes o colegas mas jovenes. Entre los primeros libros
recomendados estuvo La nuca de Houssay, de Marcelino Cereijido, una radiografia interesantisima de los
primeros pasos firmes de la ciencia en Argentina. De ahi en adelante todos los libros de Cereijido han sido
para mi de gran interés. También estuvo entre los primeros Cazando pumas en la Patagonia que me dio
muchas ganas de salir al campo a recorrer los bosques y montafas de Tierra del Fuego, obviamente no para
encontrar pumas... ya ven lo variado de la oferta literaria de esa época.

El trabajo en el laboratorio era muy intenso. En ese momento el laboratorio estaba integrado por Jorge,
Elba Morriconi (investigadora y esposa de Jorge), Regina Silva (terminando su beca doctoral) y Daniel
Aureliano (técnico y buzo profesional recientemente integrado al grupo). A las semanas de llegar nos
visitaron cientificos de Escocia, Italia y Canadd para trabajar en el proyecto anteriormente mencionado. Yo
recién llegado y aprendiendo el abc del trabajo de laboratorio, y ellos pidiendo cosas como si estuvieran en
sus laboratorios. Con Daniel Aureliano no ddbamos abasto para asistirlos. Sin embargo, tener una
interaccién asi con cientificos de renombre fue una gran experiencia y Jorge se manejaba muy bien con los
gringos, lo que para mi aumentd el respeto que se iba ganando dia a dia a partir de sus vastos
conocimientos de biologia. Después de varias semanas de trabajo arduo los visitantes se volvieron a sus
lugares habituales de trabajo, pero recuerdo que lan Johnston, el escocés que dirigia el proyecto, me
pregunté con un tono confidente si siempre trabajadbamos a ese ritmo. Con lan seguimos colaborando
durante muchos afios viajando con cierta regularidad a Escocia, donde también realicé mi primer postdoc.

El trabajo era siempre estimulante y en un ambiente agradable, si habia un problema era que a veces
nos costaba priorizar el trabajo importante porque yo era muy curioso y en mi ignorancia todo me resultaba
novedoso, y porque Jorge mantuvo hasta el ultimo dia de trabajo esa curiosidad por todo lo relacionado con
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la biologia que me parece que es una de las cualidades necesarias para ser un buen biélogo mas alla del
comienzo de la carrera cientifica.

Jorge era el encargado de los equipos Opticos del CADIC y ayudaba desinteresadamente a cuantos
necesitaran utilizarlos. También era muy bueno con la fotografia, recuerdo sus historias acerca de un
trabajo de chico en un estudio fotografico, asi que en el laboratorio aprendia a revelar fotos, cargar rollos y
toda la parafernalia relacionada con la fotografia en blanco y negro. Hoy en dia con las cdmaras digitales
esto parece arcaico pero no hace tanto tiempo las fotos que envidbamos a los papers eran realmente
artesanales.

En 1994 la bibliografia era todo un tema y Elba se encargaba de rellenar las tarjetitas que envidbamos
por correo pidiendo las separatas de los papers. Increiblemente llegaban separatas de todo el mundo
aunque los tiempos se median en meses. Hoy en dia que pedimos los pdf por email esto parece raro pero
en esa época teniamos una sola computadora en el laboratorio que compartiamos todos, y una sola
computadora con email en todo el instituto para la que haciamos cola todos los integrantes de CADIC.

Trabajé en el laboratorio hasta que me doctoré en el 2000, y luego retorné en 2004 luego de sendos
postdoctorados en Escocia y USA. Durante ese tiempo seguimos comunicados con Jorge y mi idea siempre
fue retornar al laboratorio donde sabia que tenia un lugar asegurado y toda la colaboracién para arrancar
una nueva linea de investigacion sobre genética de poblaciones de peces.

No sélo trabajé con él en el laboratorio, también compartimos las aulas de la Universidad en la que Jorge
dicté por mas de veinte afios la asignatura Ecologia y Conservacién para estudiantes de la Carrera de
Turismo. Jorge era un docente muy estimulante para los alumnos, los incitaba a pensar, a cuestionar, a
defender sus propias ideas pero siempre a leer primero para fundamentarlas. Era de esos profesores que
invitan a la pregunta y a la profundizacion de cualquier tema que surgiera en clase por su sabiduria
enciclopédica, con el peligro de terminar hablando de cualquier tema alejado del tema principal de la clase.
Con los afos yo presencié su evolucion personal en el manejo de ese tema, creo que acotando
acertadamente los caminos laterales en beneficio de consolidar lo principal. Yo creo que los alumnos de
todas maneras percibian la vasta cultura general que poseia Jorge y que enriquecia aqui y alld con
comentarios variados en sus clases.

Como en cualquier relacién maestro-alumno hemos tenido diferencias de apreciacién acerca de algunos
temas, pero siempre nos hemos permitido el discutir los temas a fondo y llegar a acuerdos aceptados por
ambos. Cuando uno es la parte mas débil, o con menor poder, de una dupla de este tipo (maestro-alumno)
no es una cuestiéon menor poder tratar los temas de igual a igual y llegar a acuerdos. A lo largo de los afios
valoro cada vez mas esa oportunidad y trato de concedérsela a mis estudiantes también cuando surgen
disidencias.

Jorge, como cualquier bidlogo de su generacidn, estuvo marcado por una historia de carencias y de
apuestas personales para suplir las mismas que recordaba con carifio y a veces con enojo, pero que no
utilizaba para hacer repetir esas mismas carencias a sus subordinados. Recuerdo las historias que contaba
de cuando iban con Elba (Morriconi) su mujer y colega a muestrear a Chascomus a dedo durante el tiempo
gue como becarios de CONICET trabajaban con peces de la provincia de Buenos Aires. Casualmente yo habia
leido algunos de esos trabajos cuando intenté realizar una Tesis de Licenciatura, fallida, con datos de
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capturas de pejerreyes y variables ambientales de dichas lagunas bajo la direccién de Rolando Quirés. En el
laboratorio recordamos aun con sonrisas las anacronias de Jorge acerca del precio de algunos elementos de
trabajo como el famoso portaobjetos con escala para el microscopio que cuidaba como si fuera de oro, o el
papel para limpiar las dpticas del microscopio que sélo nos daba luego de sostenidos ruegos cuando ya las
finanzas del laboratorio permitian utilizarlo sin mayores riesgos de no poder reponerlo. Lo que si nunca le
perdonaremos es que nos haya ensefiado a afilar la cuchilla del micrétomo recién una semana antes de
jubilarse. Entendemos que un incidente acaecido en la lejana San Antonio Oeste en el que se vieron
involucrados otros dos bidlogos ilustres, pertenecientes a una generacidn que también se formé con
maestros como Jorge, dejé temores imborrables en su psiquis. Dicen las malas lenguas que ellos eran
Miguel Pascual y Oscar Iribarne que en sus afios mozos concurrian al laboratorio de Calvo de San Antonio
con pocas horas de suefio y cierta vez tajearon de forma irreparable un asentador de cuero afilando una
cuchilla. Calvo no mencioné el incidente hasta que Pascual lo relaté muchos afos después cuando visitara
nuestro laboratorio para trabajar con salmones chinook, no sabemos si atesoraba este recuerdo doloroso
en algun rincén de su inconsciente o si conscientemente no queria recordarlo. Tuve la oportunidad de
recordar con Iribarne los hechos hace pocos afios y, mas allda de los detalles del incidente que no puedo
revelar, me confirmd lo sucedido, y la serena pero terrible mirada de Calvo al ver su querido asentador
mancillado sin remedio.

Con Jorge y Elba comparti muchos momentos intimos, cenas, charlas que siempre recordaré y que
extrafio ahora que han decidido mudarse al norte a disfrutar del calorcito cordobés. Chateamos a veces
sobre politica, libros, peliculas (en estos rubros seguimos haciéndonos recomendaciones mutuas) o
intercambiamos opiniones sobre la realidad nacional o provincial. Los encuentros ya sea personalmente o
mediados por la tecnologia siempre estan rodeados de afecto y buenos recuerdos. Cuando tengo dudas o
quiero otra opinidn sobre alguin tema sigo recurriendo a Jorge con quién he establecido un vinculo que
perdurara por siempre. Con los afios se ha vuelto mas reacio al frio y ya no tiene planes de visitarnos,
aunque siempre le recordamos que aun nos debe un curso sobre reproduccién en organismos acuaticos,
pero bueno ... se ha ganado con creces su descanso-jubilatorio-calurosiento-cordobés cuya tranquilidad
interrumpiremos todas las veces que sea necesario para compartir un asadito con vino tinto y una buena
charla acerca de casi todo!

Daniel Ferndndez
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De izquierda a derecha: al frente,Helga Guderley (Canada), Agnisola, Daniel Fernandez, Acierno, Craig Franklin (NZ),
Jorge Calvo; atras, lan Johnston (UK)

De izquierda a derecha, Elba Morriconi, Rafael, Gustavo Rae y Jorge Calvo, Ushuaia, 1992/1993
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Fotografiando en su laboratorio. 1988
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Obtenido de http://www.cadic-conicet.org/integrantes-jorge-calvo/
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Patrones de reproduccion y crecimiento muscular

Mi interés en la investigacion de las variadas respuestas de los organismos marinos a los cambios en las
condiciones ambientales se centrd en un principio en la investigacion de las caracteristicas reproductivas de
moluscos (Ostrea puelchana, Chlamys tehuelcha) y sus ciclos. Luego comencé a integrar aspectos de la
interaccion entre reproduccion y regulacion del crecimiento de la masa muscular en la merluza comin
(Merluccius hubbsi). Después de mas de una década de trabajo en Patagonia Norte comencé, como
responsable del laboratorio de Ecofisiologia del CADIC, a desarrollar esos temas en peces e invertebrados de
la zona fueguina. La fuerte estacionalidad en los valores de la temperatura y el fotoperiodo en esta zona
influencian marcadamente la productividad, condicionando las caracteristicas fisiologicas de las especies que
aqui habitan, asi como sus estrategias de crecimiento y reproduccion. Los diferentes origenes evolutivos y
geograficos de los organismos, especialmente las diferentes especies de nototénidos fueguinos, con sus
notables variaciones en morfologia y comportamiento, ofrecen una excelente oportunidad para investigar la
capacidad de respuesta diferencial a los estimulos ambientales.

Uno de los objetivos propuestos fue comprender la influencia de la variacién de la temperatura, de la
disponibilidad y caracteristicas del alimento, en la determinacion de los patrones de reproduccion y
crecimiento muscular. Complementariamente se investigaron las transferencias energéticas que se producen
en relacion con los diferentes tamafios del cuerpo y los estadios de desarrollo sexual. En ese proceso se
fueron incorporando al grupo de trabajo nuevos investigadores, que actualmente desarrollan en el laboratorio
varios planes referidos a los efectos de cambios en la oferta alimentaria, el tipo de dieta, la temperatura
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ambiental o la actividad fisica sobre el metabolismo, la inversion en reproduccion y el crecimiento en peces e
invertebrados (moluscos, equinodermos). Algunos planes se proponen investigar cuando y cuanto se
reproducen, se alimentan y crecen individuos provenientes de las poblaciones naturales. Otros proyectos
analizan los cambios de parametros como consumo de oxigeno y generacion de antioxidantes en condiciones
experimentales (Exposicion a la desecacion, temperaturas ambientales limite). A partir del conocimiento de
las respuestas a nivel de los organismos se podra lograr una mayor comprension del funcionamiento de un
ecosistema que posee una cierta fragilidad frente a los cambios de origen natural o antrépico.

Actualmente jubilado.
Publicaciones seleccionadas

Johnston, I.A., J. Calvo, H. Guderley, D.A. Ferndndez y L. Palmer, 1998. Latitudinal variation in the
abundance and oxidative capacities of muscle mitochondria in Perciform fish. Journal of Experimental
Biology,201: 1-12.

Ferndndez, D.A. , J. Calvo., C. Franklin y I.A. Johnston., 2000. Muscle fibre types and distribution in sub-
Antarctic notothenioids. Journal of Fish Biology, 56 (6): 1295-1311.

Ferndndez, D.A, J. Calvo, J.. M. Wakeling, F. A. Vanella y I. A. Johnston, 2002. Escape performance in the
sub-Antarctic notothenioid fish Eleginops maclovinus. Polar Biology, 25: 914-920

Johnston, I.A., D.A. Ferndndez, J.Calvo, V.L.A. Vieira, A.W. North, M. Abercromby y T. Garland, Jr4, 2003.
Reduction in muscle fibre number during the adaptive radiation of notothenioid fishes: a phylogenetic
perspective. Journal of Experimental Biology, 206: 2595-2609.
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Jorge Calvo junto a Daniel Fernandez muestreando peces con marea baja noctura en el intermareal rocoso de Ushuaia
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De izquierda a derecha: Miguel Barbagallo, Jorge Calvo, Elba Morriconi, Daniel Fernandez y Marcelo Hernando
estrenando el bote nuevo, denominado Marea Roja, Ushuaia, 2006
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Antecedentes Profesionales Destacables

- Investigador Principal. CONICET. 2004- 2009

- Investigador visitante en el Muscle Fish Group, Gatty Marine Laboratory, St.Andrews University, Scotland,
U.K. 1994-1995, 1997-2001.

- Jefe Cientifico del Instituto de Biologia Marina y Pesquera. San Antonio Oeste. 1981-1983.
- Jefe del Laboratorio de Histologia y Reproduccién. I.B.M.y P. 1982-1986.
- Director Alterno del Centro Austral de Investigaciones Cientificas (CADIC-Ushuaia). 1987.

- Delegado Rectoral de la Sede Ushuaia de la Universidad Nacional de la Patagonia. Periodo Septiembre
1990 - Septiembre 1991. Reelecto por el periodo Septiembre 1991 - Septiembre 1992.

- Profesor Asociado de la Facultad de Ciencias Veterinarias, UBA.1974.

- Profesor Adjunto de la Facultad de Humanidades y Ciencias Sociales, UNPSJB. 1988-2009.

Distinciones

Premio “José A. Balseiro” otorgado el 15 de noviembre de 2005 por el Foro de Ciencia y
Tecnologia para la Produccion a las Iniciativas Universitarias de Vinculacién Tecnoldgica (Afio
2001. Categoria: Grupo de Trabajo) al Laboratorio de Ecofisiologia del CADIC (Ushuaia, Tierra del
Fuego) del que es responsable desde 1985.
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Congreso en Puerto Madryn, 1993

De izquierda a derecha: Jorge Calvo, Marcelo Scelzo, Martin Hall, Raul Olivier, José Maria Orensanz con su hija Mora y
Nemesio San Roman
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Jorge Calvo ubicado en primer plano, el cuarto de izquierda a derecha junto a su esposa Elba Morriconi
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I. EBCALA ¥ TABLA DE MADUREZ

Pox JORGE CALVO v LUIS A, DADONE '

SUMMARY

From the observations on 1,062 silversides from the « Lagunan Chasconiis »
(Provines of Huenaes Aires) we are established stages of maturity in the sexnal
cicle. They are determivated by maero anid microscopic deseriptions, ova dinmeters
aml gonadosematios index valoes. 1t is possible to distinguish 7 stages of maturity
for each sex, aud 2 stages of rematurity for the females.

En el proceso que conduce a la madurez sexual y subsecuentemente
al desove es fundamental establecer etapas de facil caracterizacién,
(jue permitan, incluso a personal auxiliar, determinar en qué momento
del ciclo sexual anual s¢ encuentra un ejemplar dado.

La confeccion de una tabla de madurez debe brindar un conjuntoe
de datos que permitan la evaluacion del estado de madurez ya sea
en el campo o empleando métodos mas precisos en el laboratorio, Res-
pondiendo a ello se utilizaron mualtiples criterios, que incluyven des-
cripeiones macro ¥ microscopicas, indices v didametros de las ovas,

El presente trabajo se realizé durante la vigencia del Convenio
Estudio Rigqueza Ieticola (Consejo Federal de Inversiones, Prov, de
Buenos Aires), en el que los autores se desempeiiaron como téenicos,

' Universidad Nacional de La Plats, Facaltad de Ciencias Veterinarias, Labora-
tarin de Wistologia, 60 y 118, La Plata.
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Evidence of protandry in a subantarctic notothenid,
Eleginops maclovinus (Cuv. & Val., 1830) from the Beagle
Channel, Argentina

J. Carvo, E. Morriconl, G. A. RAE AND N. A. San RoMan

Centro Austral de Investigaciones Cientificas { CONICET) CC 92. (9410) Ushuaia,
Tierra del Fuego, Argentina

(Received 30 May 1991, Accepted 20 July 1991)

Gonads of Eleginops maclovinus (Cuv. & Val., 1830) from the Beagle Channel (Tierra del Fuego,
Argentina) were sampled weekly throughout the year and histologically analysed. Gonads con-
taining solely or mostly testicular tissue were predominant in each length class smaller than 40 cm
(80 to 100%). Sex ratio was almost |1 in fishes ranging from 4] to 45cm. Females were
dominant in specimens larger than 46 cm (80 to 100%). Four testicular types are described
according lo maturation degree and absence ar presence of female cells, on¢ intermediate
gonadal type and one typical ovarian type. It is concluded that this species is a protandrous
hermaphrodite.

Key words: Eleginaps macfovinus; Nototheniidae; sex reversal; protandry.

I. INTRODUCTION

Eleginops maclovinus (Cuv. & Val., 1830), the unique representative of its genus, is
a subantarctic Notothenid which is commercially exploited in several parts of its
distributional range. It lives exclusively in the northern area of the Antarctic
covergence, from Beagle Channel (54° S) to Buenos Aires province (39° S) in the
Atlantic Ocean (Lopez, 1963; Goztonyi, 1974, 1980) and Valparaiso (33° S), in the
Pacific Ocean (Guzman & Campodonico, 1973; Pequefio, 1989). The present
study describes the histological and structural changes that take plase in E.
muclovinus gonads. Increase in the degree of femaleness is related to size increase.

II. MATERIALS AND METHODS

A total of 1137 fishes were caught in weekly sampling from February 1987 to May 1988.
Three-walled trammel nets of different mesh sizes were used. Four localities near Ushuaia
Bay were sampled monthly. Fishes usually were processed within 4 h of removal of the nets
from the sea.

Total length (T.L.), total weight (T.w.) and gonad weight (G.w.) were recorded. Gonads
were removed, weighed and macroscopically described. Gonadosomatic index (GSI=
100 x G.W./T.W.) was calculated. Gonads were fixed in 10% formaldehyde in sea water orin
Bouin's fixative, the latter being preferred because it generated improved histological
appearance. Whole gonads were cut into three to five pieces, in order to obtain sections
from different levels, and embedded in paraffin wax. Sections, 5to 7 pm thick, were stained
with Groat’s haematoxylin-eosin, Schiff Periodic Acid-haematoxylin, Gomori’s Trichrome
or Heindenhain's azan.

157
0022-1112/92/020157 + 08 $03.00/0 ® 1992 The Fisheries Society of the British Isles
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Influence of rearing temperature on the distribution of
muscle fibre types in the turbot Scophthalnius maximus at
metamorphosis

Jorge Calvo™ and lan A, Johnston

Gatry Marine Labaratory, Divigion of Enviroeenemtal and Evolitionary Biiogy, School of Biological and
Medical Sciences, Umivervity of 5t Andrews, 51 Andrews, Fife, UK

[(Received 3 February 1992 accepled 1 April 1992)

Abstract: Larval turbot Scophtfialon i vion L. which were undergoing metamorphosis were divided into
twr groaps and reared at either 17 or 72 °C for 1 month. Fish in the two groups had a similar standard length
and body mass a1 the end of the experimental period. Three muscle fibre 1ypes were distinguished in pos-
Lerror myotomes using histochemical technigues. Tonic fibres which stained weakly for myofibrillar AT Pasc
activily (MATPasc) and succinic dehidrogenase aclivily {8 DHase) formed a scallered superficial Layer on
the dorsal and veniral surfaces. The pumber of tonic muscle fibres imyoiome was 437, higher in fish reared
at 17°C {63) than at 32°C (44) (P <0.01). Superficial red fibees, which stained heavily for SDHase, con-
stituted 10,77, of the myotomal muscle cross-sectional area in 17 * Ceaceimated turbot compared with only
7.8%, in 22 *Coacclimated fsh (2 < 0.01). Red Abres showed an intermediate staining for myofibrillar AT Pasc
al pH %4 relative Lo tonic and while fibres, and were the mosi stable fibre type following alkaline preincu-
batkon (pH 104}, In this respect the red fibres of juvenile turbol resemble the st red or intermediate musclic
fibre types of adull teleosts. Red and white fibres stained much more heavily for glycogen in turbot reared
a1 17 than 22°C. N is eoncluded that relatively small differences in rearing temperature are sufficient Lo alTeet
the distribution of muscle fibre Lypes and energy storage bevels in larval and juvenile fish.

Key words: Development; Muscle fibee 1ype; Scophthabnis macimis, Tempersture acclimation; Turbol

INTRODUCTION

The maximum sustained speed (U, ) of fish usually shows a distinet thermal op-
timum, and declines at lower temperatures with a @, of 2-3 (Beamish, 1978). In some
species improvements in swimming performance are observed afler several weeks
acclimation to temperatures below the thermal optimum (Fry & Hart, 1948; Lemons
& Crawshaw, 1985; Heap & Goldspink, 1986). The mechanisms underlying temper-
ature compensation of locometory performance are complex and involve adaptations
in the properties of the nervous system (Rome et al., 1985; Harper et al., 1990) and

Comespandence addeess: 1A, Johnston, Gatty Marine Laboratory. Division of Environmental and
Evolutionary Biology, School of Biological and Medical Sciences, University of 5t Andrews, 51 Andrews.
Fife KY 16 LB, UK.

* Presenl address: J. Calvo, Conscjo Nacional de Investigaciones Cientificas ¥ Technicas, Centro Aus-
tral de Inveshigaciones (CADIC), 9410-CC92, Ushumia, Terra del Fuego, Argentina.
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Spawning aggregations of Merluccius hubbsi, in
Patagonian waters: evidence for a single stock?

Edgardo E. Di Gidcomo®, Jorge Calvo®, Maria R. Perier® and Elba Morriconi®

*nstitute de Biologia Marina ¥ Pesquera, Alie Storni, CC. 104, 8320 San Antonio Oesie,
Rio Negro, Argenting
"Centro Austral de Investigaciones Crentificas, CC 94, 9410 Ushuaia, Tierra del Fuego, Argenting

{ Accepted 25 August 1992)

ABSTRACT

Di Gidcomo, EE., Calve, 1., Perier. M.R. and Morriconi, E., 1993, Spawning aggregations of Merluc-
cius hubbsi, in Patagonian waters: evidence for a single stock? Fish. Res., 16: 9=16,

From 1971, a small scale bottom trawl fishery has developed in the San Matias Gulf (417-42°5;
64°-65"W) of the Argentincan Sca, targeting the hake { Merluceins hubbsi Marini ). The dynamics af
a spawning aggregation of hake in the gull were analyzed based on changes in sex ratio and the pro-
portions of different stages of sexual maturity. It was concluded that the northern part of the gulf is
the main spawning zone. While males are concentrated there, mature females come to the arca, spawn,
and then move back 10 the west zone. The presence of a spawning aggregation and the occurrence of
all stages of the life cycle in the San Matias Gulf, suggests that the hake population in the Gulf consti-
tutes a stock wnil separate from the continental shelf stocks. Further support for this hypothesis is
provided by the oceanographic characieristics of the Gulf.

INTRODUCTION

The bulk of the Argentinean bottom trawl fishery is made up of the com-
mon hake, Merfuccius hubbsi Marini. Fishing occurs all along the continental
shelf of Argentina and Uruguay (Fig. 1 (A)) with annual landings on the or-
der of 300 000-400 000 metric t. In view of its economic significance, this
species has been the subject of considerable research over the past three dec-
ades. Two spawning grounds have been identified, one off La Plata River
(34°-36°5, Fig. 1(B); Food and Agriculture Organization (FAQ), 1983;
Ciechomski et al., 1983; Ehrlich and Ciechomski, 1986; Christiansen et al.,
1986 ), and the other around Isla Escondida (43°35' LS., Fig. 1 (B); Cotrina
et al,. 1976). The gulfs of San Matias and San Jorge (Fig. 1(B)) are consid-

Corresporndence to: E.E, Di Gidcomo, Instituto de Biologia Marina Y Pesquera, Alla Storni,
CC. 104, 8520 San Antonio Oweste, Rio Negro, Argentina,

& 1993 Elsevier Science Publishers BV, All rights reserved 0165-7836/93/%06.00
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Fecundity and reproductive habits in Pafagonotothen tessellata
(Richardson, 1845) from the Beagle Channel, Argentina

G.A, RAE and J. CALYVD
Cenred Audirdi e Iavesnpaciones Ciendlficas (CONITET) o %2 piily Uehsala, Tierra del Fuepe, Arpeanag

Abslratz Popuolaison fecundity snd reproductive hahirs in Paragonsdorkes tecsellare were establizhed for
ench reprosfuctive period duning 1982 and 1989 Fecondaty/ledal length and fecundity/tedal weigh
relarioashigs were analysed thromgh regression models. Fecundity was positively comelated with fish length
sad weight, Mean fecundity was 25932 agge (range TE34-62001% The regressions for cach repreductive
period are similar, suggesting that the amount of exzrgy allocated to reproduction does ol vary briween
spawTing perbads. Parental behaviour is described from bath field and laboratory observations. Nesling and
parental caze were carried ol by P reserliaie males. The life history strategy of this specees is discussod

in relation 1o that of other notolbowiid spocics.

Feonived [0 Faseary LPR4, srorpind T Faisquasry 1992
Ky werds: fish, population, ieproductive habals notatbesioads, Faragp bra frvicliata

Introductien

Grrewh in lish s chosely liaked 1o reproduction wilh decandiny
valug gencrally spcreasing bo the thied power of toal lengeh
{Bagensl 19730 Thus, the en2rgy allocated 1o the gomadh
notaaly de|pys growihbut sloo affecis fature fecundaty (Roff
1983, [984). A species undeitaking & reproductive effar at
preses? is poteatinlly limstiag s future spawning.  Adule
aurvival decreases because & sigaificant amount of smergy
bis Been sblocated so gonadal tissee rather than to somatic
grewih [Munn & Mikls 1979). A detailed study om the
vasiation in population fecusdity, av a composent of fotal
.-:pcuueti'.-: effoet and reproduciive babits, is esxeniial s
erder o understand life kistory strategies (zensi Stcarma
1991}

The species stedied Pataganstother fessellata belosgs 1o
the family Nowibcniidas of the suboidsr Nolgtheninidel
The lalter is a dominanl group in the coadtal fish fauns ol the
Axtarctic and it alvo disiribeled \hegugh Fatagonaen and
subanlarctic egrons [(Andericn L9684, Menai 1984, Pequeiio
{980}, The reproduction aspecls of Aslartic sololhenaids
s been carefally siudicd in these spocees wilh commsriial
waber (Huscau 1970, Kock 1579, 1989, Kock & Kellormaann
1991, North & While 1987 Semslsr reproductive trass
have brem described for most af the Anlarclis aotothonizids
by Andriashes {1965) Everson (1977) and Mork & "White
(1%87).

However, limited information on the reproductive biolagy
of motolhzmiids inkabiting the Beagle Channel is oaly
svkilible farParagonassthen tessellara and for those species
living ar boll vides of 1the Antmctic convergence (Huareau
1970, Kock & Kellermann 1991, Rac 1993, Rae & Calvo
1989, 1991, in press, in press). This paper provides delails
af the variabiliay in popalation fecusdity and reproductive
habits for papulationsof the subantarciic species . tecceliata
frem 1he Beagle Chamnel.

Materials and methods

Since Paragoaacthen resredfina females spawn twice in a
year, two reprodective winter pericds in 19687 and 1988 and
two summer periods in 1968 and 1959 (Rae & Calvo [DRY,
im prext] were analysed. Three ficed stations (Fig. 11, wers
sampled monthly. Trammel seic of differsnt mesh sizes
locered perpeadicular]y bo the coastsbine across Macrecysns
perifera beds, from 210 m depih, were used 1o calch the
specimens {Rae & Calve 1989, in press, in press).

Fecundiny

Tolal bength TL. (1o the neares! cm below ), total weight TW,
{%othe neares g bebow ), visceral weight and ovary weight {fo
0,00 g) were recanded, Fog cach specimen sexull sslufity
slage wks alsn desermbned accosding ro Rae & Calve [1%9£9,
in press). A ol of 112 females was used to determine
abxalate fecundiny (Abs. Fec.= todal namber of mature sgge
in baoth pages of the ovary). To determine fecundily avaries
il sdvanced sed tolsl manuriny stages oaly wene uced,
ibecause they have ondy ose cobon of yolked oocyres. Ovaries
were weighed, stored in 10% formaldehyde and sbeodule
fecundily values determaned by the gravimetnc method of
dry weights ((ostbuizen & Daan 1974). Samples were spliz
wilag Fish Egg Counter Moo 400 Hvdrowerkseaten GubH
{Kiel, Grrmany}

The model [ lincar regressson and the geemelnie mean
model Il wene used 1o analyse 15 data Dof cach ifprdductivg
petiod {Laws & Archic 1981, Ricker 1973} Assumpdioss
T mogoession analvsis were lested belfoge applying the
regression melhods. Pocdsitive asd [unciondl regressian
lines were estimaled for: Abs, Fec TL, Abs Feg.'TW,
relative frcandity TL and TWITL. Regiesslon equatioas
wereused Lo eslimale popul atien feosndity varkal ies belwecs
the reprodustive periods (Edwards 1976, Far 1984).
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Annual genadal cycle and reproduction in Patagonaiothen
tessellata (Richardson 1845 (Netotheniidae: Pisces) from the Beagle
Channel, Argentina

By f: A Rt oand | Carver

Cratre Asual dr devesagansnr Cirsaglods POGMICET), 0 92 000 Dnbsaw, Twr del Farga,
Argrarag

Sy
ke HHHHMT\:M;W'FF“FM#M drsvibara (Bichardses [B43) 0 the e Canmsl, Tierrs
del Fuege, Argenbins war scalvsd Froe weely caproves ever & J-vear P (OIS T
spamning porody ard bagrba chereed warr saaliied ysiag (3] ot sed mostkly perraasgr dis-
wnburiiens ol ruseratios wages. Twe pansds warsralon crols aisl 1o apawning persds [waner snd
surmmncr] wiithin | vear were defined Al docused i whetler tie sare ipecimany are sale re Mg

mucermbully im weinner and wemnet, sl whether the repreduciive dllor varies becweeen the srapene
Mk parmial brkaviour and she iksly cossequmans on thor gy keerl are coawdered

Invraduction

EBeproductve aspecta of Aniarcis MNootseniids have besn srodied eipeinilly ta Uhiec ipooes
of commeercid] vibioe (Mamsor~ 1965 HURFAL 1978 Kook 195 Kook 176% Kook
ared KELLERMASN 199, Mant asd W 1987 However, in such sevirenmenrs, the
Febery informazion arually refers 10 the susmmer season,

Complere anavaal semual cycles hive been descnbed 12 2 anly fow wpenee, 0. Sormbenia
cyanadrancha (HUREAL 1970} Marschemu megplecta (Eveason 19785 Naisiemu red;
Motarhrne ppuaesfrans, Chempiooepbalus gammens (DU iaver 1957 Kook snd Keoiea
WAN IR Premarseme bermaobi and Trematorias bomane (FIUERAL 19788 Theee Anr-
arstic apcios ol the wibarder Mearbenimdei share & common reprodictive paviern A1
ELasHEy %5 Evesson 1977 Mokt and Worrr 19375 late maturiiy, hiprimial
jgamctogeacic proors with [uas eer spawning season per year, largs-volhed egge and
aprcumens spasaing several wwes i a lifespan. Addisonally, in & eyclic environment wach
s che Antercis masine ecoayibom, wwual cycles are expecied e be closely sunckranized
with periods of highes productivite, when food levels are a1 8 masisam for larval haching
(Wrarrr 1977) Paragonoratber troarilars inhabice che coasial some associaned woth kelp beds
of Macmacyit pyrifera snd iindy boisoma. Food habits are based maiely on pelags: speeie
such as caland copepods (Monesoand |ars 1%84) However, the dien of Fatageserorken
LR TN p'ﬂpl.lll-'ill-lll-l'll |I'|-hlhlll'lt the J'.r.rnl:nr codrd of the Illl.lj-l' Charsel w more diver-
sifwed {lsla peere. comm. i There s hale of fragmestary wdormation on reproducive panerns
of she ichibvoleuna from Beaghe Channel, enceps Tor apeeien such ax Paresst nrkenia s
fanica [HUREAU 1978 RAL 1991}, Marpagpiier bigramn (Danimes 1975, 19Y), Elegeep
maciprinas (CALve eral 1990 and Chemprocrpbalas v [a0voer 2 (993, This pager
refers to Female and male semual i_p'-\."h. :-F.lwuilll F-I.'I'Iﬂ"l e represguctive [PalkErTis: i
Patagonarsihrn frprllata [Richardson 1E845).

Lo % Uy gt Ldpsramor Conier Code Saicmere OB SR LR 0D $ 1 000
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Histological analysis of gonadal development in Paragonorothen tessellata
(Richardson 1845) (Nototheniidae: Pisces) from the Beagle Channel, Argentina

By G. A, Rae and J. Calvo

Centro Austral de Tavestigaciones Cientifcas (CONSCETY, C.OC92 (94000 Usbuaria, Tierro o Fiego, Argenting

Summary

Histological analysis of gonadal development in Porngonoe-
tathen feasellara (Richardson [845) was carpied oul over a 3-
year period (1987 1959) on sampdes Trom the Beagle Channed,
Tierra del Fuego, Argentina, Testicular structure 1% defined as
of the "unrestricted spermatogonial Lype’. Maturalion processes
of cysts are synchronized in the various tubules, This degree of
synchroneation, as well as the charactenstic of the different
cellular types, pernits delinition of four spermatogenclic slages
Putugatotien fessellera is defined a3 a total spawner according
o ovecitary development and oocyle diameter frequency dis-
tribution analyses. Oocyie reabsorplion and the kely conse-
quences thereol on reproductive potential are also analysed
Patagonrtothen fesselfate is ihe first specres of Notolheniids Ffor
which annual double spawning (winter and summer) and non-
biennial gonadal maluration processes are described,

Introduction

FPatagwnotother teaiellara belongs 1o the suborder  Maso-
thewigdel. A dominant coasal group in Antarctic and sub-
antarctic regions, but particularly in the Beagle Channel, This
greup includes more than 80 species distnibuted among six
families.  Ariedidracomidie,  Barhydeaconidee,  Bovichthvidae,
Chanrichihvidar, Harpagiferidee, and Nototheniidor { Andersen
1984, Clarke 1983; Eastman and Grande 1989, Menni ot al
1484, Moreno el al 1979 Pequedo 1989), to which P
aganctathen tesellote belongs. Reproductive aspects of Ant-
arctic Notothenisds have been studied specially in those species
of commercial value (Dearborn 1965, Hureau 1970, Kock 1989,
Morth and Whate 1957,

Antlarclic species present a general reproductive trend foward
late maturation, kow fecundity; large yolked eggs (Andriachey
1965); pametes produced over a period of about 2 vears {Ever-
son 1977) steroparity (Morth and White 1957); and breeding
cycles closely synchronized to the periods of highest production,
since actively-feeding larvae ocour during periods of maximum
food availablity (White 1977). Trophic habits and spatial dis-
Inbution of several Nototheninds species associated with belis
of Macrocystis pyeifera in the south Fueguian Iskands (Chile)
were described by Moreno and Jara (1984}, Most of these
species have demersal habits, the exceplion being P tessellara
which generally occurs along the periphery of Maceocisnis pyr-
ifera kelp and in open areas with sandy bottoms {Moreno and
Jara 1954}

Sexual cycles can be accurately described only by histalogical
analysis of gonadal tissue. In the Netotheniuds inhabiling Bea-
ghe Channel, histological information is available only for the
Tollowing specied: Paranctothenia megeflanicas (Hureau 1970,

Rae 1991 ), Eleginops snarclorinus (Calvo et ol 1991 and ©hame
wrcephalis exox (Calvo et al, 1991),

This paper is part of a more general siudy on reproductive
hiology of Patagonstethen feoeflote (Richardson 1545), and
refers specifically to male and female gamelogenetic devel-
opment as an initial step in describang the sexual cvele,

Maderials and methods

From Apnl 1987 10 December 19589, week ly samples were taken
am @ rotation basis at various fixed stations. Thus each station
{Bahia Lapata, Bahia Golondrina and Bahia Ushuaia, Fig
1} was sampled at least once a month. Trammel nets with
different mesh sizes were lowered 1o depths between 0 m and
4 m. perpemdicularly placed to the coast-line and intercepting
beds of Muarracesiis pyeifera kelp, Caplures were registered
herth inside and outside of these kelp beds. Sampling area sclec-
tion amd methodology appled in the lowering of trammel nets
were based on previous information { Hureau 1970; Moreno and
Jara 1984} Samples were weighted (1olal weight) and measured
(total length) o the nearest gram and cenlimeter, respectively.
Each fish was numbered for further reference. Visceral and
gonadal weights were measured 1o 001 g. Macroscopic descrip-
hans of fresh gonads were also made

A total of 422 testes and W68 ovaries were fived in Bowin's
fluid, embedded i paraffin wax and cut at 46 mm and 6-8 mm.
respectively. Sections were stained with Groal's hasmatosylin-
eaman, Schiff Periodic Acid-haematoxylin, Gomaorni's trichromic
or Heindenhain's Azan (Gabe 1968), In males, the differem
maturation stages were defined on the basis of the relative
abundance of the different cellular types (Girier 1981). Oocyte
diameter frequency distributions were analysed in each stage.
The vertical oocyte axis was arbatranly selected from oocyles
where the nucleus had been cul during the histologscal
procedure. For each maturation stage, between 100 and 150
oacyles were randomly measured by micrometric ocular Zeiss
115 = The Kolmogorov-Smirnoy lest (Zar |984) was apphed
(o compare oocyle dumeler distributions al each stage of
maturation

Resulis

Testicubsr Mrectuse

In Paragonatoihen tessellara, testes are paired structures located
in the middle dorsal region and in the rear of the abdominal
cavity, between the kadneys and intestine, During sexual matu-
ration, lestes show changes in colour, size and shape. In imma-
ture specimens, lesles are thread-like, translucent and reddish
When sexunl activity begins, testes Lurm an opague white,
mcrease in volume, and progressively adop a solid consistency;

LS Coppright Caarasos ¢ raser Cobe Seareesear 11 75 B65956/1 201-00315011. 50,0
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Summary

The abundance, distribution and oxidative capacities of
mitochondria have been investigated in the red pectoral fin
adductor muscles of fish ((rder Perciformes) that use a
predominanily labriform style of  swimming.
Mediterrancan Sea specics from the families Labridae,
Serranidae, Sparidae and Antarclic Nototheniidae and
non-Antarctic Nototheniidae and Channichthyidae were
studied, Sub-Antarctic species rom the Beagle Channel,
Tierra del Fuego, included the pelagic haemoglobin-less
icefish (Champsocephalus esox) and the ribalo (Eleginaps
maclovinus), which occurs as far north as 35°S. In
Champsocephalus esox, the mitochondrial volume density
of red musele was 0.51 and mitochondrial cristae surface
density (43.9um?pm~*) was higher than reported for
Antarclic icefishes. In the red-blooded, active pelagic or
semi-pelagic species, milochondrial volume density was
within the range 0.27-0.33 regardless of habitat
temperature. Amongst less active demersal species,
mitochondrial volume density ranged from 0.29-0.33 in
polar species 1o 0.08-0.13 in Medilerranean species. In
Antarclic species and Champsocephalus esox, myofibrils

Introduction

Antarctic fish are archetypal stenotherms restricted to a
narrow range of temperatures (=1.86°C to +2°C) that would
be lethal for temperate and tropical species. There is a long
history of studies on the mechanisms underlying cold survival
and on the ecological consequences of low temperature for
patterns of activity, growth and reproduction in polar fish (for
recent reviews, see Johnston, 1989; Hubold, 1991: Clarke and
Johnston, 1996). Ege and Krogh (1914) predicted that cold-
waler ectotherms would have higher metabolic raes then
temperale species after making a suitable correction for
differences in body temperature. Early experimental work
appeared o confirm this prediction for Arctic (Scholunder e
al. 1953) and Antarciic (Wohlschlag, 1960, 1962} fish, and the
concept of “metabolic cold adaptation” (MCA) became

occurred in ribbons or clusters one fibril thick entirely
surrounded by mitochondria. The volume density of
intracellular lipid droplets was not correlated with activity
patierns or habitat temperature. In a comparisen of
Eleginops maclovinus caught in summer (approximately
10°Cy and winter (approximately 4°C), mitochondrial
volume density did not differ, whereas the surface density
of mitochondrial clusters was higher in summer fish. The
temperature-dependence of the state 3 respiration rate of
isolated mitochondria with pyruvale as substrale was
described by a single quadratic relationship for all species,
indicating no significant up-regulation of the maximum
rate of oxygen uplake per milligram mitochondrial protein
in Antarctic species. Our resulls support the conclusion
that increasing the volume and surface density of
mitochondrial clusters is the primary mechanism for
enhancing the acrobic capacity of muscle in cold-water fish.

Key words: mitechondna, metabolism, temperature, Antarctic fish,
sub-Antarctic fish, skeletal musele, Notothenividei.

established in  the literawre. Holeton (1973 1974)
subsequently reported much lower routine metabolic rates for
Arctic fish, pointing oul that handling siress may have
contributed 1o the elevated levels of metabolism reported by
carly workers. However, the existence of metabolic cold-
adaptation in polar fish continues o be the subject of
investigation and controversy (Johnston ef al, 1991; Steffensen
et al. 1994) and has been offered support by some studies
(Wells, 1987; Torres and Somero 1988). Unfortunately, the
MCA hypothesis cannot be tested experimentally since the
metabolism of warm-water species cannot be determined at
peddar temperatures. In an attempt 1o overcome this problem,
Crockett and Sidell (1990) measured mitochondnal enzyme
activities in homogenates in order 1o compare temperate and
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Abstract
The influence of temperature on the aerobic metabolism and the energetic cost of food intake (Specific Dynamic Action;

SDA) have been investigated in four species of Sub-Antarctic teleosts. The species were the notothenioids
Paranotothenia magellanica, Patagonotothen sima and Harpagifer bispinis and the zoarcid Austrolycus depressiceps.
Individuals were captured in the vicinity of Ushuaia Bay. Experimental temperatures were 10, 4 and 2 °C, which
correspond to summer, winter and extreme winter respectively. Individual respirometry chambers and calorimetric
techniques were used. Different food items were provided: crustaceans (isopods and amphipods) and Argentinean hake
muscle. Interspecific analysis was done on species fed with isopods. A rapid increase in oxygen consumption was
registered after meals, indicating a typical SDA response. The Duration of the SDA was longer at low temperatures. The
extra energy spent during the process itself, and when expressed as a percentage of consumed food energy, decreased
with decreasing temperature. The SDA Coefficient was higher for H. bispinis that were fed with isopods. We suggest that
decreases in temperature diminish the metabolic cost and extend SDA. Energy-saving mechanisms could be an
evolutionary advantage to minimize the energetic cost of living at low sub-Antarctic temperatures. A general model of
exponential decay is suggested for the duration of SDA and Temperature, based on the present study and compiled
from literature data.

Keywords: Bioenergetics; Notothenioids; Specific dynamic action; SDA; Sub-Antarctic; Teleost
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