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Abstract

Age determination was carried out on Notothenia gibberifrons
specimens collected at two localities near the South Shetland Islands
(Low I. and Potter Cove, 25 De Mayo/King George l.). Samples
consisted of small and medium sized fish (total length -
14.8-38 cm). Otolith and scale readings have been compared in 19
Potter Cove specimens. In some cases scale readings gave a result of
one year more. This could arise from the difficulty in differentiating
between false and annual checks in scales. Age determination by
otolith cross sections proved to be the most reliable method. Mean
length data at age presented here for Low I. specimens were compared
with previous published values. This confirmed that fish from the
Antarctic Peninsula Subarea are smaller than those in the same age
group around South Georgia. Likewise, our values are lower than the
ones reported previously for specimens of South Bay, Palmer
Archipelago. Possible reasons for these differences are discussed. It
is expected that the Otoliths/Scales/Bones Exchange System
established by CCAMLR will help to eliminate discrepancies in age and
growth studies of Antarctic fish.

Résumé

La détermination de l'age a été effectuée sur des spécimens de
Notothenia gibberifrons rassemblés a deux emplacements prés des
fles Shetland du Sud (Low Island et Potter Cove, ile 25 De Mayo/du
Roi George). Les échantillons consistaient en poissons de taille petite
et moyenne (longueur totale - 14.8-38 cm). Les lectures d'otolithes
et d'écailles ont été comparées pour 19 spécimens provenant de
Potter Cove. Dans quelques cas, les lectures d'écailles ont donné un
résultat d'un an de plus. Ceci pourrait résulter de la difficulté de
différencier entre les quadrillages faux et annuels sur les écailles.
La détermination de I'4ge au moyen de section transversale s'est
montrée la méthode la plus fiable. Les données sur la taille moyenne
par Age présentées ici sur les spécimens provenant de Low |. ont été
comparées avec des valeurs publiées antérieurement. Ceci a
confirmé que les poissons de la sous-zone de la péninsule antarctique
sont plus petits que ceux de la méme groupe d'age autour de la Géorgie
du Sud. De méme, nos valeurs sont plus basses que celles déclarées
antérieurement pour des spécimens de South Bay, archipel Palmer.
Les causes possibles de ces différences sont discutées. Il est attendu
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que le Systéme d'échange d'otolithes/écailles/os établi par la CCAMLR
aidera & éliminera les écarts dans les études sur I'age et la croissance
des poissons antarctiques.

Pesiome

IlpoBoaniock onpegenenne Boispacra Notothenia qgibberifrons 110
oGpa3uaM, cob6paHHbIM Ha ABYX Y4YacTKax paioHa HXHbIX
llleTaHACKNUX OCTPOBOB (0-B Jloy u 6yxTa IloTTep, 0-B KMHr-
Ilxopax). OGpa3iisl COCTOSIIA U3 PhIO MaJIEHBKOT'O M CPEeHET O
pa3Mepa (abcomoTHasi AnvHa 14,8-38 cM.). Bblio mpoBeaeHo
CPaBHEHHE OTOJIMTOB M demyd mo 19 obpa3uam u3 GyXThl
MMoTtTep. I[lo HEKOTOPHIM M3 HHUX JaHHbIE TI0 Yemye JaJin
3aBBIIIEHHBIA BO3pacT - Ha OAWH roj OoJblie. 3TO MOTJIO
CJYUHMTBHCHA B CBS3M C TEM, UTO B UeElly€ TPYAHO OTJIUUYUTHh
HaCTOSAILYI0 TOAOBYI0 OTMETKY OT oOMaHHO#. OnpejejieHne
BO3pacTta Mo TONEPEYHOMY pa3pe3y OTOJUTOB 0Ka3ajloCh
Han0oJiee HaZjeXXHbIM METOZOM. BhIJIO IPOBEZEHO CpaBHEHHE
TIPEACTABJIEHHBIX 3JJECh BEJUUNH CpEAHNX LJIUH 110 BO3pacTaM
Anst o6pa3lioB palioHa o-Ba JIoy ¢ onyG/IMKOBaHHBIMH paHbllie
JaHHBIMHU, 3To mnoATBEPAMJIO, 4UYTO PbiObl MNoApalioHa
AHTapKTHYECKOr O TOJIYOCTPOBa MEHbIIE, UeM PhIObl TOIH Xe
BO3pAaCTHON Ipymnmbl, obuTaomme BOKpyr l0xHoil eoprum.
NMogo6HO 3TOMY, NMOJYUYEHHble HaMH BEJIWUHWHB MEHbIIE
M3BECTHBIX paHee BEJIMUMH - AJisi o0pasloB U3 3ajmBa CayT-
Bei1, apxunesar TasMep O0CYXAal0TCSI BO3MOXXHBIE TTPHUUYHHDI
3THX pacxoXxXpgeHui. OXxugaercsi, UTO YUpEXJAEHHas
AHTKOMoM Cuctema obMmeHa obpa3liaMy OTOJIMTOB/UYenryu/
KOCTEN TIOMOXET YCTPaHHTb PACXOX/IEHHMS B padoTax Mo
BO3PACTY M POCTY aHTapPKTHUYECKHUX PhID.

Resumen

Se realizé la determinacion de edad en ejemplares de Notothenia
gibberifrons recolectados de dos localidades en las islas Shetland del
Sur (Isla Baja y caleta Potter, isla Rey Jorge). Estas muestras
comprendieron peces de tamafio pequefio y mediano (14.8-38 cm de
talla total). Se compararon las lecturas otolitos y de escamas en 19
ejemplares Potter. En algunos de ellos las lecturas de escamas
resultaron ser un sobrecalculo de la edad del pez por un afio. Esto
podria ser producto de la dificultad para distinguir entre controles
falsos y anuales en las escamas. La determinacién de la edad, por
medio de cortes transversales de otolitos, demostré ser el método més
fehaciente. Se compararon datos de talla promedio por edad aqui
presentados para los ejemplares de la isla Baja, con aquellos valores
publicados anteriormente. Esto confirmé que los peces de la Subarea
de la Peninsula Antartica son mas pequefios que aquéllos del mismo
grupo de edad en los alrededores de Georgia del Sur. Asimismo,
nuestros valores son menores que los informados previamente para



los ejemplares de South Bay archipiélago de Palmer. Se tratan las
posibles razones de estas diferencias. Se espera que el Sistema de
Intercambio Otolitos/Escalas/Huesos, establecido por CCAMLR,
contribuira a la eliminacién de discrepancias en los estudios sobre
edad y crecimiento de los Peces Antarticos.
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1. INTRODUCTION

Fish age determination is a subject of interest to the compass of CCAMLR. Since 1986
it has been discussed by the Fish Stock Assessment Working Group at the follow-up
workshop held in Moscow in July 1986, and at the annual Scientific Commitiee meetings. As
a result of the deliberations an exchange system has been established to examine otoliths,
scales and bones of selected species of Antarctic Fish. Notothenia gibberifrons was included
as one of the commercially most important species .

Up to now several papers have been published on the age and growth of
N. gibberifrons. Kock et al. (1985) compiled data from different sources on mean total
length and mean total weight for each age group of this species caught around South Georgia.
Boronin and Frolkina (1976) (quoted in Kock et al. (1985); Shust and Pinskaya (1978)
and Skora (quoted in Kock et al. 1985) worked with scales, while Hoffmann (1982) worked
with first pelvic fin ray. Later on, Clasing et al. (1985), using otoliths, gave age-length
information for a population sampled in South Bay (Palmer Archipelago, Antarctic Peninsula
Subarea, Subarea 48.1). Discrepancies among the results of all these studies may arise
from the following: different structures/methods used for age determination; different
criteria for growth interpretation; growth differences due to geographical or populational
variations of the samples. Thus, the aim of this paper is to contribute new data on age and
length of N. gibberifrons from the South Shetland Islands by means of otolith analysis and
emphasize the importance of the exchange system established by CCAMLR to standardize
criteria for studying the age and growth of Antarctic fish.

2. METHODS

Samples” were obtained at two localities of South Shetland Is. (Figure 1) according to
following detail:

Location Low Island Potter Cove (25 De Mayo/King George 1.)
Date January 1985 February-May 1986
Gear Bottom-trawl Trammel net
(Scientific)
Depth 40-90 m 14-50 m

Fishes from Low |. were caught from the RV Polar Duke of the National Science
Foundation, USA. For this study, immediately after capture, sagittal otoliths and scales of
Potter Cove specimens were extracted, cleaned, dried and stored in paper envelopes until
processing. Sex and total length of fishes were recorded.

As observed by Everson (1980), sagittal otoliths of N. gibberifrons are too thick for
direct examination, therefore a sectioning technique was used. This technique and the
equipment used in this work have been described by Tomo and Barrera-Oro (1985). The
otoliths of 95 Low . specimens and 37 Potter Cove specimens were cut in sections of 0.4 mm
thickness; otolith cross sections of 82 specimens from the first area and 29 from the second
were selected for age determination. Sections were cut in the transverse plane of the otolith,
through the nucleus. The remaining parts were also examined. The second sagittal otolith of
the pair was sometimes cut in haives, in order to compare the results of their readings with

The material used in this study was not included in the ccAamLR Antarctic Fish Otolith/
Scales/Bones Exchange System.
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those obtained from the section of the first otolith. These procedures facilitated the age
determination, which was made by direct examination of the growth rings. The counting
method was similar to that used by Barrera-Oro and Tomo (1988). The terminology and
reading method described by Williams and Bedford (1974) was adopted. The observations
were done with a stereomicroscope Wild M 8 with transmitted-light Stand EB, using
preferably reflected light against dark background, at magnifications from 8 to 25 «x.

Before reading, scales were placed into a 5% alkaline solution for 36-48 hours.
Then, selected scales of each specimen were cleaned mechanically, dried and mounted between
microscope slides. Scales of 19 Potter Cove specimens were read. For age determination,
the winter rings along the axis from the focus to the anterior margin were counted. The
optical equipment used was the same as for the otoliths, but only with transmitted light at
magnifications from 12 to 25 x.

After Scherbich (1975), JuIy 1st was taken as the birth date from Wthh the age of
fish was calculated.

3. RESULTS

The examination of an otolith cross section under reflected and transmitted lights
revealed that hyaline nucleus had an eccentric position. The growth rings could be observed
in all the section; however the dorsal area was chosen as the best zone for counting the annuli
(Figure 2). For further information about shape and size measurements of otoliths see
North et al. (1984); Clasing et al. (1985) and Hecht (1987).

The length distribution (Figure 3) shows that specimens collected from both
localities were of small and medium sizes (20.2-38 cm for Low [.; 14.8-35.5 cm for
Potter Cove). In Low I. the sex ratio between males and females was 1:1.26 and females
were of larger sizes. The amount of material from Potter Cove was insufficient to make a
final comparison; however it was observed that fishes taken in the area were smaller
(14.8-19.3 cm). This finding is in agreement with the known depth-distribution of the
species. Our samples at Low |. were taken offshore, while Potter Cove is a fjord (shallow
waters) area where the smallest juveniles of N gibberifrons occur.

Comparative analysis of otolith: Cross sections and scales of chosen specnmens from
Potter Cove allowed a simultaneous age-determination. Results are presented in Table 1.
Both methods gave comparable results, ‘however in some specimens reading of scales
indicated one extra year. This finding is discussed below.

Table 2 shows the observed age-length for N. gibberifrons from both localities.
Potter Cove and Low |. fishes ranged from 4 to 10 years and from 5 to 13 years,
respectively. Comparison of mean length at certain age groups suggested similarity in
growth; however data from Potter Cove were not enough for full analysis. Mean lengths of
females from Low I. were higher than those of corresponding males; more data are needed to
make a significant comparison. Few age groups were well represented (6-9 year groups
predominated), however, no data were obtained for the first 1-4 year age groups.
Therefore, growth curves were not fitted.

4. DISCUSSION

Fishes of larger sizes were absent in our samples (only one specimen from Low |. was
of 38 cm while the rest were below 35.5 cm). Data compiled for the last 13 years on length
distribution of N. gibberifrons for the Antarctic Peninsula (AP) area were considered.
According to data of Kelle and Kock (unpublished) (quoted in Kock et al.. 1985) and
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Hoffmann (1982) for the South Shetland Is. and of Clasing et al.. (1985) for South Bay,
Palmer Archipelago, the largest specimens ranged from 45 to 52 cm. Fish of such length
probably inhabit greater depths than our net could reach (40-90 m) and so this would
explain their absence in the samples of Low 1. In Potter Cove, fjord fishes from shallower
waters were adequately represented by small and medium sizes.

In a qualitative analysis of otoliths, scales and bones (vertebrae-operculum) of
N. gibberifrons, Kelle (1982) concluded that otoliths and preferably scales are useful for
age determination studies of the species. Although Boronin and Frolkina (1976) (quoted in
Kelle, 1982) had also indicated scales as the most appropriate structures, difficulties in
their interpretation of the N. gibberifrons age have been reported. Everson (1980) found
inconsistencies between age determined by otoliths and scales (scales indicated 1-2 years
less). North et al. (1980) mentioned the difficulty in discriminating splits or false checks
from the annual checks (winter checks) as well as in separating checks on the outer edge of
old fish scales. In this study a comparison between age determination by means of scales and
otolith cross sections of Potter Cove specimens showed general correlation. However, in
some specimens scale readings resulted in one extra year (Table 1). This could arise from
the difficulties with false checks as mentioned above, which caused age overestimation.
Thus, in this work, age determination by otolith cross sections proved to be the most reliable
method. Clasing et al. (1985) have already expressed the easiness of age determination of
N. gibberifrons by otolith "crack and char method".

The observed hyaline nucleus in otoliths of N. gibberifrons from South Shetland Is.
was also reported by Clasing et al.. (1985) for specimens from South Bay, South Georgia and
South Orkneys Is. According to this publication, hatching of larvae occurs during the
Antarctic winter; that is to say, a non favourable season of the year. The populations of
N. gibberifrons from South Bay and South Georgia would reach sexual maturity at 6.7 years
of age (Clasing et al., 1988).

Table 3 shows a comparison of mean total lengths data by age, between South Georgia
(compiled by Kock et al. 1985) and AP specimens of N. gibberifrons. Mean lengths data have
been calculated from the total length annuli number keys published in Clasing et al.,
(1985). The limited number of Potter Cove fishes has not been included in this comparison.
For the South Georgia area, the reported data on age determination are well comparable in
age groups up to 9 years except the data of Skora (quoted in Kock et al., 1985) due to
discrepancies for fishes larger than 40 cm (Kock et al. 1985). Difficulties with checks,
particularly in old fish might explain different results of authors working with scales.
Length data at each age group clearly show a slower growth of fishes from the AP (Table 3).
Colder waters at higher latitudes seem to be responsible for such a decrease in growth, as it
was also observed by Clasing et al. (1985). Variations between the results obtained from
South Georgia and AP specimens may also be in part explained by the different structures and
methods used for age determination. Clasing et al. (1985) also used otoliths for the age
readings and their samples (South Bay) were collected at nearly the same places as ours
(Low L.). Nevertheless, they reported higher mean length values than those presented here
(Table 3). Presumably, interpretation criteria used were different. Results of Skora
(quoted in Kock et al. 1985) from scale analysis of South Georgia specimens, are similar to
ours (Table 3). As it was mentioned, more than one reason might explain differences in the
results of age and growth studies of a fish species.

The Otolith/Scales/Bones Exchange System established by CCAMLR seems to be the
adequate way of eliminating discrepancies in this subject.
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Table 1:

Comparison of age determined from otolith cross section (ot) and scales (s) in
Notothenia gibberifrons specimens from Potter Cove, 25 De Mayo/King George

Island. Age in years; total length in cm.

MALES FEMALES
Specimen Total Total

No. Length ot s Length ot S
1 20.6 5 5/6 18/6 4 4/5
2 23 6 6 20.3 5 6
3 29.3 9 10 22.9 5 6
4 29.4 8 9 24.2 6 5
5 31 10 10 24.7 6 6
6 31.6 10 11 251 6 6
7 25.6 7 7
8 29.9 9 9
9 30.1 9 10

10 31.2 9 9

11 31.7 10 9/10

12 32.3 10 10

13 33.2 10 11
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Table 2: - Age-length observed values for each age group in male and female Notothenia gibberifrons from Low Island and
Potter Cove. Age in years; range and mean length in cm.

LOW ISLAND POTTER COVE
MALES FEMALES MALES FEMALES
Age Mean Mean Mean Mean
group N Range length | N Range length N Range length | N Range length
4 3 18.6-19.3 19
5 1 - 20.2 4 22.3-23.2 22.75 3 19.4-21.5 20.5 2 20.3-22.9 21.6
6 3 22.8-24.8 24.07 5 24.6-26.4 25.14 1 - 23 3 24.2-25.1 24.67
7 8 24.9-27.8 26.51| 12 24.9-30.9 27.05 1 25.6
8 9 25.9-29.8 27.91]| 21 26.3-32.3 28.79
9 9 29.1-33.8 30.62 4 29.9-34.9 31.88 2 29.3-29.4 29.35 6 29-35.5 30.8
10 3 30.4-33.9 32.13 3 31-31.6 31.2 5 30.1-33.2 32
11 2 30.4-38 34.2
12
13 1 32.5

+ 36 + 46 +9 + 20
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Table 3: Mean length (cm) data according to age (years) of Nofothenia gibberifrons for different authors in different
zones. The type of structure used for age determination is specified. Sample numbers are indicated in
parenthesis, when less than five.

SOUTH GEORGIA ANTARCTIC PENINSULA
South Bay Low Island
Boronin and Shust and Hoffman | Skora Clasing et al This paper
Frolkina 1976 Pinskaya 1978 1982 1985
Age Scales Scales Pelvic Otoliths Otoliths
group ag Q g Q G«Q | fin ray | Scales|| O Q d Q
1 8.4 8 8.2
2 14.9 14.7 14.8
3 21.5 22.9 20.5 20 20.2| 21.7 21
4 25.7 25.6 25.8 25.5 25.6 27 1 22.3
5 29.5 29.1 29.5 29.6 29.5| 30.6 23.2 20.2(1) 27 @)
6 33.5 33.7 | 32.8 32.5 32.6 | 34.4 25.3 24 (3) 25.1
7 35.9 36.4 35.6 35.1 35.3| 37.8 26.8 31 (1) 30 (2) 26.5 27
8 38.4 38.8 38.7 38.1 38.4( 39.6 29.3 31.4 32.8 27.9 28.8
9 40.6 41.4 41.4 41.3 41.3| 40.8 33.2 32.6 35.2 30.6 31.9(4)
10 41.7 42.6 43.5 43.7 43.6 | 43 35.2 || 33.6 37 32.1(3)
11 43.1 43.6 45.7 46 45.7 | 43.8 36.3 || 35.5 35.8 34.2(2)
12 43.3 44.6 47 .1 47.5 47.3 44 37.6 37.5 38
13 44 .4 44.9 48 49 .1 48.5 39 37.2 39.4 32.5(1)
14 45.4 45.3 49.5 50.5 50 40 40 (1) 39.8
15 46.1 46.3 41.3
16 46.7 47.2 41
17 47.5 48.4 41.5(1) 45 (1)
18 49.1 48.5
19 43 (1)
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Tableau 1

Tableau 2

Tableau 3

Figure 1

Figure 2

Figure 3

TaGmuna 1

Tabauua 2

Tabauna 3

PucyHoK 1

Légendes des tableaux

Comparaison des &ges déterminés par examination d'une section
transversale des otolithes (ot) et des écailles (s) des spécimens de
Notothenia gibberifrons de Potter Cove, ile 25 de Mayo/King George. Age
en années; longueur totale en cm.

Valeurs ages-longueurs observées pour chaque groupe d'ages de Notothenia
gibberifrons males et femelles de Low Island et Potter Cove. Age en
années; limites et longueur moyenne en cm.

Données sur longueur moyenne (cm) par rang d'dge (années) des
Notothenia gibberifrons pour différents auteurs dans différentes zones. Le
type de structure utilisé pour la détermination de I'dge est spécifiée. Le
nombre d'échantillons est indiqué entre parenthéses, s'il est inférieur a 5.

Légendes des figures

Sites de capture de Notothenia gibberifrons échantillonné a deux
emplacements des iles Shetland du Sud, dans la sous-zone de la péninsule
Antarctique.

Dessin d'une section transversale d'une otolithe montrant la zone de
dénombrement utilisée pour le Notothenia gibberifrons.

Distribution des fréquences de longueurs pour le Notothenia gibberifrons.
(A) Spécimens de Low Island; (B) Spécimens de Potter Cove, ile 25 de
Mayo/King George.

3aroJioBKH K TabyH1iaM

CpaBHeHME BO3pacTa, OMNpeEAeJeHHOro Mo CHNJY OTOJIHTa (ot) H
yewy#i (s) sx3eMnusipoB Nofothenia gibberifrons, HaiAEHHBIX B palioHe
3asnBa IlotTep Koys, o. Kunr Jxopax. Bo3pacT B roaax; oduasa
AJINHa& B CAaHTVIMETpPax.

[Tosy4yeHHble TyTeM HabJMIOJeHNS BEJUUYHNHbBl COOTHOWEHHUSA
BO3pacT-AJIMHA AJA KaXJAOW BO3PACTHOH T'PYNIbl MYXCKHUX H
XEHCKHX ocobeil Notothenia gibberifrons, ¢ 0. JlIoy U K3 3ajIMBa
MorTep.KoyB. Bo3pacT B rogax; npeAeJsinl AJUHbL U CPEAHAS AINHA B
CaHTUMeETpax.

JlaHHbIE 1O cpeaHeN JJIKHHE (CM) B COOTBETCTBHUHU C BO3PACTOM (I"OAbI)
Notothenia gibberifrons, OJist pa3HbIX aBTOPOB M B Pa3HhIX 30HaX.
YTOUHEH THIlT HCIOJIb30OBAHHON CTPYKTYPHl AJisI ONpedesieHus
Bo3pacTa. B ckoOkax YyKa3aHO KOJIMYECTBO NMpob (B ciyuae, €ciu
GBLJIO MEHbIIE TISITH NPO6).

[loanncy X pUCcyHKaM
MecTa Bb1I0BOB Notothenia gibberifrons, TpoO6Bl 13 KOTOPBIX ObLJIN B3SIThI

B ABYX paioHaX: y OxHpix IlernaH/CKHX OCTPOBOB U ¥
AHTapKTHUECKOT O TTOJIYOCTPOBA.
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PHUCYHOK 2

PucyHok 3

Tabla 1

Tabla 2

Tabla 3

Figura 1

Figura 2

Figura 3
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JnarpaMma Crujia OTOJINTA, B TIpe/ieJiaX KOTOPOro NMPOM3BOANJICS
MOJICUET TOZIOBBIX KOJIELL.

PacnpejejieHne YacTOT AJIMHb Yy Notothenia gibberifrons. (A)
3k3eMIISipH ¢ 0. Jloy; (B) 3k3eMIJisIpel U3 3ajusa [lotTep Koys, 0.
KuHr-xopax.

Encabezamientos de las Tablas

Comparacién de edades determinadas por el corte transversal de otolitos
(ot) y las escamas (s) en ejemplares de Notothenia gibberifrons
procedentes de la caleta Potter, isia Rey Jorge. Edad en afios; tamafio total
en cm.

Valores observados de edad-tamafio para cada grupo de edad en machos y
hembras de Notothenia gibberifrons procedentes de la isla Baja y caleta
Potter. Edad en afios; rango y tamafio medio en cm.

Datos de la talla promedio (cm) segun la edad (afios) de Notothenia
gibberifrons por diferentes autores en distintas zonas. Se especifica el tipo
de estructura utilizada para la determinacion de la edad. Los numeros de la
muestra estan indicados entre paréntesis, cuando es menos de cinco.

Leyendas de las Figuras

Sitios de captura de Notothenia gibberifrons muestreados en dos localidades
de las islas Shetland del Sur, Subdrea de la Peninsula Antartica.

Dibujo de una seccién transversal de un otolito mostrando el area de
recuento utilizada para Notothenia gibberifrons .

Distribucién talla - frecuencia en Notothenia gibberifrons. (A)
Ejemplares de la isla Baja; (B) Ejemplares de la caleta Potter, isla Rey
Jorge.



