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Abstract

Estimates of age and growth were obtained from 156 Macrourus carinatus otolith samples
collected during two research voyages to Heard and McDonald Islands (Division 58.5.2)
in 1992 and 1993. The range of estimated ages was 4 to 25 years. There were no significant
differences in growth parameters calculated for males and females. Von Bertalanffy
growth parameters for both sexes combined were: L, = 690 mm, K = 0.069 and f, = -2.4.
The size at sexual maturity of M. carinatus was determined from 162 specimens collected
during commercial trawl fishing operations in the Heard Island region in 2000. The length
at first maturity (Lsp) was 418 mm (total length) and the length at first spawning (L,;s50)
was 511 mm (total length), for both sexes combined. The length-weight relationship for
M. carinatus from Heard and McDonald Islands was statistically different to that from
Macquarie Island. Otolith and body size relationships are presented for M. carinatus from
Heard and McDonald Islands.

Résumé

Des estimations d’age et de croissance ont été dérivées de 156 échantillons d’otolithes de
Macrourus carinatus collectés au cours de deux campagnes de recherche aux iles Heard et
McDonald (division 58.5.2) en 1992 et 1993. Les ages estimés appartenaient a 1'intervalle
de 4 a 25 ans. Aucune différence significative dans les parametres de croissance ne
distinguait les males des femelles. Les parametres de croissance de von Bertalanffy des
deux sexes combinés étaient : L, = 690 mm, K = 0,069 et t, = -2,4. La taille a la maturité
sexuelle de M. carinatus a été déterminée a partir de 162 spécimens collectés au cours
d’opérations de péche commerciale au chalut menées dans la région de 1'lle Heard en
2000. La longueur a l'atteinte de la maturité (Ls) était de 418 mm (longueur totale) et
la longueur a la premiere ponte (L,;50) était de 511 mm (longueur totale) pour les deux
sexes combinés. Le rapport longueur—poids de M. carinatus des iles Heard et McDonald
présentait des différences statistiques par comparaison avec celui de I'ile Macquarie. Les
rapports entre la taille des otolithes et la taille du corps de M. carinatus des iles Heard et
McDonald sont donnés dans le présent document.

Pesrome

OueHky Bo3pacTa M pocra ObuUIM ToNydeHbl 1o 156 oOpasuam oronmros Macrourus
carinatus, coOpaHHBIM B XOf€ JBYX HayYHO-HCCIICIOBAaTEIbCKUX PEHCOB K O-BaM
Xepn u Maknonansa (Yyactok 58.5.2) B 1992 u 1993 rr. OueHku Bo3pacTta JIexKald B
nuanaszone ot 4 1o 25 siet. CylecTBEHHOM pa3HMIBI B TapaMeTpax pocTa, pacCUNTaHHBIX
JUISL CaMIIOB M caMoK, He Obuto. [Tapamerpsr pocta mo ¢on beprananddu mis odonx
nosnoB BMecTe coctaBuin: L, = 690 mm, K = 0.069 u t, = -2.4. Pasmep M. carinatus
110 JIOCTH)KEHHUHU TI0JIOBO3PENIOCTH ObUI omperneneH no 162 oOpasmaM, coOpaHHBIM BO
BpeMsi KOMMEPUECKOIO TpPaJloBOrO IpoMbicia B padone o-a Xepa B 2000 r. iuHa
MIPH JOCTIKEHUH monioBo3penoct (Lsq) cocrapmsuia 418 mm (o0rmmas amuHa), a JUTHHA
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npu niepBoM HepecTe (Lpsg) — 511 mm (oOmas anmwHa), 1uist 000MX IOJIOB BMECTE.
Coorromenne amuHa—Bec st M. carinatus u3 paiiona o-BoB Xepa u MakIoHAIbBI
CTAaTUCTHUYCCKHU OTINYAJIOCh OT TAKOI'O X€ COOTHOWICHHA JId O-Ba MaKKyOpI/I. 21_]'[9{
M. carinatus u3 paiiona o-BoB Xepa 1 MakI0oHaJIb/ IPUBEIEHBI COOTHOLIEHUS pa3Mepa
Tela U OTOJIUTOB.

Resumen

Se obtuvieron estimaciones de edad y crecimiento de 156 muestras de otolitos de Macrourus
carinatus recogidas durante dos campanas cientificas realizadas en 1992 y 1993 alrededor
de las islas Heard y McDonald (Divisién 58.5.2). El rango de edades estimado fue de 4 a
25 anos. No hubo diferencias significativas en los parametros de crecimiento calculados
para machos y hembras. Los parametros de crecimiento de von Bertalanffy para ambos
sexos combinados fueron: L, =690 mm, K = 0,069 y fy =-2,4. La talla de madurez sexual
de M. carinatus fue determinada de 162 ejemplares capturados durante las operaciones
de pesca de arrastre comerciales realizadas en 2000 en la zona de la isla Heard. La talla
de primera madurez (Ls;) fue 418 mm (longitud total) y la talla de primer desove (L,50)
fue de 511 mm (longitud total), para ambos sexos combinados. La relaciéon talla-peso de
M. carinatus de las islas Heard y McDonald presenté diferencias estadisticas con relacion
a la isla Macquarie. Se presentan las relaciones entre el tamafio de los otolitos y la talla
corporal de M. carinatus de las islas Heard y McDonald.

Keywords: Macrourus carinatus, grenadiers, age, growth, maturity, by-catch,
length—weight, Division 58.5.2, Heard and McDonald Islands, CCAMLR

INTRODUCTION

Macrourids (rattails and grenadiers) are rela-
tively abundant deepwater fish in temperate
and sub-Antarctic waters of the Southern Ocean
(Iwamoto, 1990). They are commonly caught as by-
catch in longline fisheries for Patagonian tooth-
fish (Dissostichus eleginoides), which are regulated
under the Convention on the Conservation of
Antarctic Marine Living Resources (CCAMLR). In
some areas the macrourid by-catch comprises up to
17% of the total catch (SC-CAMLR, 1998). One of the
objectives of CCAMLR is to manage the sustainable
harvesting of target species from Southern Ocean
waters without adversely affecting the long-term
viability of interdependent species and predators.
For this reason, increased attention is now being
focused on taxa that are most commonly caught
as by-catch (e.g. macrourids and rajids). In order
to determine appropriate levels of by-catch, it is
imperative to have information on the life history
and abundance of these species. In particular, age,
growth and reproductive parameters are essential
for calculating estimates of yield, which can be
used to set appropriate by-catch limits to ensure
that these species are managed sustainably.

This paper provides estimates of age and growth
for Macrourus carinatus from Heard and McDonald
Islands using annual increments from otoliths. In
addition, length at maturity, sex ratios, otolith and
body size and length—-weight relationships are also
presented.
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METHODS
Length-weight Relationships

Length-weight data for 633 M. carinatus speci-
mens were obtained during two commercial trawl
fishing trips to Macquarie Island in January 1999
and June 2000, three research cruises to Heard and
McDonald Islands in June 1990, January/February
1992 and September 1993, and a commercial trawl
tishing trip to Heard and McDonald Islands in
September/October 2000. On each voyage, observ-
ers measured total length (to the nearest millimetre)
and weight (to the nearest 10 grams) of a random
subsample of fish. Only fish with undamaged tails
were measured. Tail damage of macrourids can be
a substantial problem in longline fisheries, which
led to the adoption by CCAMLR in 2002 of anal
length as the standard length measurement for
macrourids. In accordance with this, anal length
will be used as the standard for this species in all
future work.

Maturity and Sex Ratios

A total of 162 M. carinatus specimens were
collected by observers during a commercial trawl
tishing trip to Heard and McDonald Islands in
September/October 2000. The fish were measured
for total length, weighed, sexed and a maturity
stage assigned to the gonads according to the
standard maturity scale for Antarctic fish derived
from Kock and Kellerman (1991) and adopted by
CCAMLR (Table 1).
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Table 1: ~ The five-point scale used to assign maturity stage by sex (Kock
and Kellerman, 1991).
Maturity Stage Female Male
1 Immature Immature
2 Maturing virgin or resting Developing or resting
3 Developing Developed
4 Gravid Ripe
5 Spent Spent
Distal

Figure 1:

Ventral

Ageing transect

A transverse section of a Macrourus carinatus otolith (estimated age: 14 years) viewed using

transmitted light. The ageing transect illustrates the position where annual increments
were marked. Scale bar =1 mm. Image provided by CAF.

Specimens were binned into 50 mm size classes
and the proportion of fish with maturity stages
2-5 and 3-5 in each length bin calculated. A
logistic curve, according to the method of Ni and
Sandeman (1984) was fitted to the resultant data
and values of Lsy and L,,57 estimated. Ls is defined
as the length at which 50% of the fish population
reaches sexual maturity and L, as the length at
which 50% of the fish population spawn for the
first time (Kock, 1989).

Age and Growth

Otoliths were extracted from 176 randomly
selected M. carinatus during two research voyages
to Heard and McDonald Islands during January/
February 1992 and September 1993. Samples were
collected from the Heard Island Plateau in an area
from 50° to 54°S and 71.5° to 75.5°E.

Otoliths were analysed by the Central Ageing
Facility (CAF) in Queenscliff, Victoria, Australia,
using a standard resin embedding technique.
One randomly selected otolith from each pair

was weighed to the nearest milligram, embedded
in clear polyester casting resin and cured at room
temperature for 24 hours. Four otolith sections,
each approximately 350 pm in thickness, were cut
transversely from each resin block using a diamond-
edged blade, ensuring that the otolith primordium
was included. Sections were cleaned with alcohol,
immersed in resin on a glass slide, and cured at
room temperature for at least 3 hours. Prepared
otoliths were viewed with a dissecting microscope
under transmitted light at 25x magnification.

The growth zone structure was most clearly
discernable on the ventral side of the otolith
sections. Figure 1 shows the position of the ageing
transect consistently adopted for all samples.

Otoliths were read ‘blind’ to avoid potential
bias from prior knowledge of the length or weight
of the fish. Ages were estimated by counting the
number of complete opaque growth increments
(increments were assumed to be laid down annu-
ally). A readability score was assigned to each age
count to give some indication of the uncertainty of
each estimate.
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Age estimates were subsequently adjusted by
taking into account the difference between the
birthday and the capture date of each fish. The
birthday was calculated using the equation:

B=D-(E/L x 365)

where B = birthday of the fish (in Julian days),
D = date of capture (in Julian days), E = edge width
(distance from outer edge of otolith to last ring) and
L = last increment width (distance from last ring to
second last ring).

The number of fish with a birthday in each 30-
day period is shown in Figure 2. The peak occurs
at -150 Julian days, corresponding to a birthday in
July for this species.

Estimates of von Bertalanffy growth parameters
were generated from the length-at-age data using a
non-linear ordinary least-squares fitting procedure.
Otolith weight and body size relationships were
also determined.

Reader Validation of Otolith Age

The intra-reader and inter-reader variability in
otolith interpretation was quantified by the index
of average percent error (IAPE) developed by
Beamish and Fournier (1981). Confidence intervals
to these estimates of precision were calculated
using a bias-corrected bootstrap technique modi-
fied from Efron and Tibshirani (1993).

A subset of 49 otoliths were re-read by the pri-

mary reader to determine the intra-reader variabil-
ity. The distribution of differences approximated
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Frequency of fish with a birthday in each 30-day period.

anormal distribution. Fifty-four percent of second-
ary age estimates by the primary reader agreed
with the first estimates, and 88% were within one
year. This relatively high level of precision was
also indicated by a bias corrected bootstrap mean
IAPE = 2.6% (CI = 1.5-3.6%).

To determine the inter-reader variability, a
second reader aged a subsample of 45 otoliths. The
inter-reader age differences approximated a nor-
mal distribution around zero, indicating that there
was no significant bias between readers. Twenty-
nine percent of otoliths were assigned to the same
year, 69% were within one year of each other and
92% were aged within two years of each other.
The bias corrected bootstrap mean IAPE = 4.6%
(CI = 3.2-6.0%), indicating a greater discrepancy
between readers.

RESULTS AND DISCUSSION
Length-weight Relationships

Length-weight relationships for M. carinatus
from Macquarie Island and Heard and McDonald
Islands were determined from the data according
to the model:

W=all

where W = weight of the fish (kg), L = total length
(mm) and a and b are parameters to be estimated.

The length-weight relationships derived for
M. carinatus are shown by region in Table 2 and
Figures 3 and 4.
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Table2:  Parameters of the length-weight relationship by region (N = number of samples).
*Parameters for Macrourus holotrachys from South Georgia from Morley and

Belchier (2002).
Region a b R N
Heard and McDonald Island 2.4589 x 10° 3.1159 0.9721 474
Macquarie Island 1.4676 x 10° 3.1804 0.9624 159
Pooled data from HeaI.‘d /McDonald 40417 x 10° 30313 0.9839 633
Islands and Macquarie Island
South Georgia* 8x10° 2.9297 0.8221 227
54 .
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Figure 3:  Length-weight relationship for Macrourus carinatus from Heard and McDonald Islands (o)
and Macquarie Island (#). The equations for the fitted lines are given in Table 2.
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Figure 4:  Log-transformed length—weight relationships for Macrourus carinatus from
Macquarie Island, Heard and McDonald Islands and a pooled dataset combining
Macquarie and Heard and McDonald Islands. Data for Macrourus holotrachys from
South Georgia from Morley and Belchier (2002).
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The proportion of Macrourus carinatus at maturity stages 2-5 (o) and 3-5 (o) for both
sexes combined from Heard and McDonald Islands. The values of L5y and L5, are
indicated by the dashed lines.

Figure 6:
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15 20 25 30

Age (years)

Age data for Macrourus carinatus: ¢ = females, ¢ = males, + = juveniles and
indeterminate sexes. The von Bertalanffy growth curve for all sexes combined is
denoted by the solid line. Error bars represent the standard error. The dashed line
represents the von Bertalanffy growth curve from Marriott and Horn (2001) for
Macrourus whitsoni from the Ross Sea.



The length and weight data were log-
transformed to stabilise the variances across the
length range of the data. An F-test determined that
the length-weight relationships were statistically
different between Macquarie, and Heard and
McDonald Islands; however this may not be of
practical significance. The slopes of the data from the
two regions were the same (Fy ¢ =1.22, P =0.271),
but the intercepts were significantly different (F;
630 = 36.57, P < 0.001) (Figures 3 and 4). Apart from
differences caused by geographical separation of
the two sites, seasonal variations in reproductive
condition linked to the different sampling times in
the two areas may also influence results.

A comparison of the pooled data from
Macquarie and Heard and McDonald Islands
with that derived by Morley and Belchier (2002)
for M. holotrachys from South Georgia shows that
the length-weight relationships are significantly
different (F3 ¢5; = 88.58, P < 0.001) (Figure 4).

Maturity and Sex Ratios

The proportion of fish from Heard and
McDonald Islands at maturity stages 2-5 and
3-5 were calculated for males, females and for
both sexes combined to estimate length at sexual
maturity (Lsp) and length at first spawning (L,,;50).
As there was no significant difference in the values
of Lsy and L5, calculated for females and males
(P > 0.01), only the plot for all sexes combined is
shown here (Figure 5).

Logistic curves were fitted as a generalised
linear model to the data using a maximum like-
lihood method (McCullagh and Nelder, 1989):

p=1/(1+¢(@+BL)

where p = proportion of fish, L = total length and
o and B are coefficients. For maturity stages 2-5
(standard errors in parentheses) o = -29.43 £ (6.86)
and B =0.0704 £ (0.0164) and for maturity stages 3-5
o =-16.14 + (2.73) and B = 0.0316 + (0.0053).

The value of Lsy £ (95% CI) is 418 + 12 mm,
corresponding to an approximate age of 11 years,
and the value of L,;57 £ (95% CI) is 511 £ 17 mm,
corresponding to an approximate age of 17 years.
The 95% confidence intervals were determined
using Fieller’s Theorem (Finney, 1971). The large
difference between Lsy and L,,50 noted in this study
has also been observed for M. holotrachys at South
Georgia (Mulvey et al., 2002). These estimates of
length at maturity are similar to those obtained
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in previous studies. Alekseyeva et al. (1993) esti-
mated a value of 580-590 mm for L,s, and a
value of 700-710 mm for L,y for M. carinatus in
the Falkland/Malvinas Islands and Patagonian
Shelf region. Estimates of length at maturity for
M. carinatus were 500 mm for males and 550-
600 mm for females from the South Atlantic
(Zakharov et al., 1988; Cousseau, 1993).

Of the 162 M. carinatus specimens, 97 were
female, 38 were male and a further 27 were either
juveniles or of undetermined sex. The sample has
a skewed sex ratio of 2.6:1 in favour of females,
the reasons for which are unknown. Studies on
macrourid species in the northern hemisphere
have noted similarly skewed sex ratios. D’Onghia
et al. (2000) found that females of three species
of macrourid were more abundant than males at
all depths in the Ionian Sea. Similarly, Massuti
et al. (1995) found a higher proportion of females
present in the larger size classes when studying sex
composition by size for four species of macrourid
from the Mediterranean Sea. There are many
possible reasons for skewed sex ratios, including
differences in gear selectivity, behaviour, growth
rate, longevity and ecology between sexes. Further
work is required to clarify which of these factors
are important, and whether the skewed sex ratio
reflects the actual sex composition of the population
or simply differences in catch rates between sexes
or size classes.

Age and Growth

Twenty of the 176 M. carinatus otolith samples
were excluded from the age analysis because
they were either unreadable, had a ratio of edge
width/last increment width of more than 1.4,
or the accompanying length-weight data were
unreliable. Estimates of age were generated from
the remaining 156 otoliths. The range of estimated
ages for the sample was 4 to 25 years (Figure 6).
As there was no significant difference between
the fitted growth curves for males and females
(F3, 96 = 1.1364, P = 0.33), all data were pooled, in-
cluding juveniles and those of indeterminate sex.
Von Bertalanffy growth parameters for the pooled
data, with standard errors given in parentheses,
were: L, = 690 (£+67) mm, K = 0.069 (+0.018) and
to=-2.4 (£1.35)!. The test for lack of fit (using pure
error Fyy 113 = 1.1647, P = 0.26, Draper and Smith,
1981) showed no significant departure of the mean
lengths at age from the fitted von Bertalanffy
curve.

Please note these parameters have been revised since the first edition of this manuscript submitted to the CCAMLR

Working Group on Fish Stock Assessment (Document WG-FSA-02/48).
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Length-frequency diagram of all specimens of Macrourus carinatus sampled from
Heard and McDonald Islands. Data is binned into 10 mm length bins with the
length label corresponding to the upper end of each bin.

The data for M. carinatus were compared to the
growth curve derived by Marriott and Horn (2001)
for M. whitsoni from the Ross Sea (Figure 6). These
were significantly different when compared with
a lack-of-fit test using pure error, Fy3 113 = 2.928,
P < 0.01. This is especially evident at the upper
end of the size spectrum, with M. whitsoni grow-
ing faster and attaining a larger maximum size
than M. carinatus. While there are many possible
reasons for the different growth parameters, in-
cluding the geographical separation of sites and
the distinction between species, it should be noted
that the under-representation of large fish in this
study may be causing a downward bias in the
growth parameters, particularly at the upper end
of the size spectrum.

Marriott and Horn (2001) also found differences
in growth rate between the sexes in M. whitsoni.
This is common in macrourid species from other
parts of the world, where females generally grow
faster and attain a larger maximum size than
males (Kelly et al., 1997; Andrews et al., 1999). No
such difference could be discerned between male
and female M. carinatus in our study (Figure 6).
However this would need to be validated by future
studies which include more data from larger fish.

The observations made in determining the
birthday indicate that the laying down of rings
could be annual, although the ages determined
from otoliths have not been validated using
other techniques. The distribution of lengths at
age (Figure 6) and the low proportions of mature
fish in the samples described above indicate that
older fish are likely to be under-represented in this
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study. This is due to the relatively shallow depths
at which the trawl fishery operates. Larger fish are
more frequently caught by longliners, which can
fish in deeper waters than the current trawl fishery.
Coggan et al. (1996) found that M. carinatus around
the Falkland/Malvinas Islands increased in size
with depth. This has also been noted for other
grenadier species in other parts of the world
(Massuti et al., 1995; D’Onghia et al., 2000). The
estimation of von Bertalanffy growth parameters
would be improved by the addition of larger, older
fish to future ageing samples.

The lengths of M. carinatus in our ageing
sample ranged from 246 to 603 mm. The smallest
specimen of M. carinatus caught in the commercial
fishery in Division 58.5.2 was 195 mm total length
(Figure 7), corresponding to between 2 and 3 years
of age. The largest specimen of M. carinatus caught
at Heard and McDonald Islands was 670 mm long
which corresponds to an age of 50 years or more.

The von Bertalanffy growth curve indicates that
M. carinatus is a relatively long-lived and slow-
growing species. This is similar to results obtained
in other studies on macrourids. Marriott and Horn
(2001) produced estimates of unvalidated age for
M. whitsoni from the Ross Sea of 9 to 55 years.
Bergstad (1995) estimated that Coryphaenoides rupes-
tris in the North Atlantic reached a maximum age
of approximately 70 years, while Kelly et al. (1997)
estimated a maximum age for males of 50 years,
and 60 years for females. A related species, Cory-
phaenoides acrolepis, was aged by Andrews et al.
(1999) to a maximum range of 56 to 73 years.



700 ~

600 -

500 -

400 +

300 -

Fish total length (mm)

200 4

100 -

Age, growth and size at sexual maturity of M. carinatus

0.15 0.2 0.25 0.3

Otolith weight (g)

Figure 8:

Relationship between total length (mm) of fish and otolith weight (g) for Macrourus
carinatus from Heard and McDonald Islands. The equation of the line of best fit to
the data (solid line) is given in the text. The dashed line is the relationship derived

by Morley and Belchier (2002) for Macrourus holotrachys from Subarea 48.3.
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Figure 9:

Relationship between fish weight (g) and otolith weight (g) for Macrourus carinatus
from Heard and McDonald Islands. The equation of the line of best fit to the data
(solid line) is given in the text. The dashed line is the relationship derived by Morley

and Belchier (2002) for Macrourus holotrachys from Subarea 48.3.

Otolith and Body Size Relationships

Studies examining the interrelationships of
predators and prey often use fish otoliths and hard
parts extracted from a predator’s stomach contents
or scats to determine diet. It is useful to be able to
determine fish biomass or size from these otoliths
in order to calculate estimates of prey consumption
rates. Morley and Belchier (2002) determined that
otolith weight was a more useful predictor of fish
size than otolith length in M. holotrachys. The
relationships between otolith weight and body
size for M. carinatus have been determined in the

present study and are shown in Figures 8 and 9.
Significant relationships exist between total length
(Ly) of fish and otolith weight (W) and fish
weight (W;) and otolith weight:

L, (mm) = 1249.7 x Wi (g) *4¥7°  (R?=0.89)
W, (g) = 4927.9 x Wi (8) - 137.37 (R? = 0.85).

The relationships derived in this study are
significantly different from those obtained by
Morley and Belchier (2002) for M. holotrachys from
South Georgia. It is important to consider that
estimates of fish weight derived directly from
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otolith weight are likely to be influenced by vari-
ations in condition and reproductive status
(Everson et al., 1999; Morley and Belchier, 2002).
Future analyses of otolith and body size rela-
tionships would benefit from the analysis of data
collected over different seasons.

CONCLUSIONS

Length-weight relationships for M. carinatus
were statistically different between Macquarie
Island and Heard and McDonald Islands. Future
studies should analyse data collected from the two
regions simultaneously to reduce the influence of
seasonal variations. Otolith weight can be used to
predict both fish length and fish weight in diet
studies of predators, but seasonal variations in fish
condition and reproductive status need to be taken
into account. There were no significant differences
in the estimates of Lsy and L,,5) between sexes, and
the estimates derived here are similar to those
reported for M. carinatus from other areas. Age
and growth estimates calculated for M. carinatus
from Heard and McDonald Islands showed no
significant differences between sexes. Studies of
macrourids in other regions have shown sexual
dimorphism, with females growing faster and
attaining a larger maximum size than males. In
order to validate this and improve the accuracy of
age estimates in future studies, it is important to
increase the representation of older fish in ageing
samples. The ages estimated in this study were
similar to those published for macrourids from
other regions. The results presented here indicate
that M. carinatus is likely to be a slow-growing and
long-lived species and as such, may be potentially
vulnerable to impacts from high levels of fishing.
The estimates of life history parameters for
M. carinatus presented here, combined with the
information contained in van Wijk et al. (1999 and
2000) could be used to calculate a precautionary
estimate of yield for this species.
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Figure 1: Coupe transversale d"un otolithe de Macrourus carinatus (age estimé : 14 ans) vue en lumiere transmise.
Le transect de la lecture d’age illustre la position du marquage des accroissements annuels. Barre
d’échelle = 1 mm. Image fournie par le CAF.

Figure 2: Fréquence des poissons dont I'anniversaire tombe dans chaque période de 30 jours.

Figure 3: Rapport longueur—poids de Macrourus carinatus des iles Heard et McDonald (o) et Macquarie (¢). Les
équations correspondant aux lignes ajustées sont données au tableau 2.

Figure 4: Rapports longueur—-poids, apres transformation logarithmique, de Macrourus carinatus de 1'lle Macquarie

et des iles Heard et McDonald, ainsi que d'un jeu de données combinant les iles Macquarie, Heard et
McDonald. Données de Macrourus holotrachys de Géorgie du Sud, d’apres Morley et Belchier (2002).
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Proportion de Macrourus carinatus aux stades de maturité 2-5 (o) et 3-5 (o) pour les deux sexes combinés,
aux iles Heard et McDonald. Les valeurs de L et L,,5p sont indiquées par les lignes en tirets.

Données d’age de Macrourus carinatus : ¢ = femelles, ¢ = males, + = juvéniles et sexes non déterminés. La
courbe de croissance de von Bertalanffy pour les deux sexes combinés est illustrée par le trait plein. Les
barres d’erreur représentent I'erreur standard. La ligne en tirets représente la courbe de croissance de
von Bertalanffy de Marriott et Horn (2001) pour Macrourus whitsoni de la mer de Ross.

Diagramme de fréquence des longueurs de tous les spécimens de Macrourus carinatus d’échantillons
des iles Heard et McDonald. Les données sont regroupées dans des fichiers correspondant a 10 mm de
longueur dont I’étiquette correspond a la valeur la plus élevée de chaque fichier.

Rapport entre la longueur totale (mm) du poisson et le poids de I’otolithe (g) chez Macrourus carinatus
des iles Heard et McDonald. L'équation de la ligne du meilleur ajustement aux données (trait plein) est
donnée dans le texte. La ligne en tirets correspond au rapport dérivé par Morley et Belchier (2002) pour
Macrourus holotrachys de la sous-zone 48.3.

Rapport entre le poids du poisson (g) et celui de 1'otolithe (g) chez Macrourus carinatus des iles Heard
et McDonald. L'équation de la ligne du meilleur ajustement aux données (trait plein) est donnée dans
le texte. La ligne en tirets correspond au rapport dérivé par Morley et Belchier (2002) pour Macrourus
holotrachys de la sous-zone 48.3.

Crrcok Ta0IuIg

ITsatrbanipHast mIKaja, HCIOIb30BABIIASICS P ONPEICICHUH CTaJHH IIOJIOBO3PEIOCTH ISl KaXKI0TO
nona (Kock and Kellerman, 1991).

ITapameTpsl cooTHOmIeHHs mauHa—Bec mo peruoHam (N = uwmcio o0Opasmos). *[lapameTpbr s
Macrourus holotrachys u3 paiiona FOsxwoii I'eoprun — mo Mopnu u bermmsepy (Morley and Belchier,
2002).

CI1coK prCyHKOB

INomnepeunoe ceyenue oroaura Macrourus carinatus (omeHo4HbIN Bo3pacT: 14 JIeT) npu mpocMoTpe B
MIPOXOAAIIEM CBeTe. «Ageing transecty (JIMHUSA ONMPEACTICHNS BO3PACcTa) MOKA3BIBACT, TIe ObLIT pa3MedeH
eXeToaHbIi npupoct. JlyinHa mMacmtadHoro otpeska = 1 mm. @otorpadus npenocrasieHa CAF.

YacToTHOE pacnpeneneHne 0codel, 1aTa BhIKJIeBa KOTOPBIX MOMAIAET B KK/ 30-THEBHBINA TIEPHO]I.

CoorHomienue anHa—Bec st Macrourus carinatus us paiiona o-Bos Xepa u MakmoHanb (o) 1 0-Ba
Maxkyopu (¢ ). YpaBHEHHS OTIMCHIBAIOMINX KPUBBIX MPUBOAATCS B Ta0M. 2.

CooTHomeHue orapuMoB JUTHHBI-Beca st Macrourus carinatus w3 paiionoB o-Ba Makkyopu u
0-BOB Xepa m MakaoHanbI, a Takke Uil 0O0BeIMHEHHOTo Habopa MaHHBIX MO O-BaM Makkyopd,
Xepn u Maknonansa. Jlanuasie mo Macrourus holotrachys us paiiona IOxwoit T'eoprum — mo Mopiu u
Benmmsepy (Morley and Belchier, 2002).

JTonst Macrourus carinatus Ha cramusx mojoBo3penoctu 2—5 (o) u 3—5 (o) mist 060MX MOIOB BMECTE;
0-Ba Xepn n Maknonanbn. 3HaueHus Lsy i Ly,5o MOKa3aHbl MyHKTUPHBIME JTHHUSMH.

Bospact Macrourus carinatus: ¢ = caMKku, = caMIibl, + = MOJIOJb U 0COOU HEM3BECTHOTO moia. Kpusast
pocra mo ¢dou Bepramanddu mis 06oux MOJIOB BMECTE TMOKAa3aHA CILUIONIHON NuHUEH. OTpe3kamu
NOKa3aHa CTaHiapTHas omnoka. [[yHKTupHas TuHuUs — KpuBas pocra 110 o Beprananddu u3 pabotst
Mappuorra u Xopaa (Marriott and Horn, 2001) s Macrourus whitsoni mopst Pocca.

JuarpaMma 9acToThl JUTMH JJI1 BceX ocobeit Macrourus carinatus, mony4eHHBIX y 0-BOB XepH H
Maxknonansa. [lanHble 1O JUTHHE CIPYNNUpPOBaHbI ¢ nHTEpBaoM 10 Mm; iudpa, o0o3Havaromas JUIMHY,
COOTBETCTBYET BEPXHEH TpaHUIIE KaXKI0TO MHTEPBAJIA.

B3aumocBsa3b Mexy o0Iieil JTMHOM phiObl (MM) U BecoM otoautoB (r) s Macrourus carinatus us
paiiona 0-BoB Xepa U MaktoHanp. YpaBHEHHE HAWTYUIIeH arnmpoKCUMHPYIONEeH KpUBOH (CIUIOIHAS
JIMHUS) IPUBOIUTCA B TeKkcTe. IIyHKTHPOM NOKa3aHa B3aUMOCBSI3b, oTydeHHast Mopiu u benmsepom
(Morley and Belchier, 2002) anst Macrourus holotrachys u3 Ioapaiiona 48.3.
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BsanmMocBa3p MexIy BecoMm pwIObI (I) W Becom oToimToB (T) it Macrourus carinatus w3 paiiona
0-BOB Xepa 1 MakaoHab/. YpaBHEHHE HAWTyUIIel anmpoKCUMUPYIOIeH KPUBOH (CIUIOIIHAS JTMHNSA)
MPUBOIUTCA B TeKCTe. [[yHKTHpOM MmoKa3zaHa B3aMMOCBsI3b, oxy4deHHast Mopiu u benmbsepom (Morley
and Belchier, 2002) s Macrourus holotrachys u3 IToapaiiona 48.3.

Lista de las tablas

Escala de cinco estados utilizada para designar el estado de madurez por sexo (Kock y Kellerman,
1991).

Parametros de la relacién talla-peso por regién (N = nimero de muestras). *Parametros de Morley y
Belchier (2002) para Macrourus holotrachys de Georgia del Sur.

Lista de las figuras

Seccidn transversal de un otolito de Macrourus carinatus (edad estimada: 14 afios) vista con luz transmit-
ida. El transecto utilizado para determinar la edad ilustra la posicién donde se leyeron los incrementos
anuales. Escala grafica =1 mm. Imagen proporcionada por CAF.

Frecuencia de peces con cumpleafios cada 30 dias.

Relacion talla-peso para Macrourus carinatus de las islas Heard y McDonald (o) y de la isla Macquarie ().
Las ecuaciones de la funcién ajustada se presentan en la tabla 2.

Transformacion logaritmica de la relacion talla-peso para Macrourus carinatus de las islas Macquarie,
Heard y McDonald y un conjunto de datos combinados de las islas Macquarie, Heard y McDonald.
Datos de Morley y Belchier (2002) para Macrourus holotrachys de Georgia del Sur.

Proporcién de Macrourus carinatus de las islas Heard y McDonald en estado de madurez 2-5 (o) y 3-5 (e)
para ambos sexos combinados. Los valores de Ls; y L,,50 Se muestran con lineas entrecortadas.

Datos de la edad para Macrourus carinatus: ¢ = hembras, ¢ = machos, + = juveniles y sexo indeterminado.
La linea continua representa la curva de crecimiento de von Bertalanffy para todos los sexos combinados.
El intervalo de error representa el error tipico. La linea entrecortada representa la curva de crecimiento
de von Bertalanffy para Macrourus whitsoni del mar de Ross, segtin Marriott y Horn (2001).

Diagrama de frecuencia de tallas de toda la muestra de Macrourus carinatus de las islas Heard y
McDonald. Los datos se han agrupado en categorias de 10 mm, designandose la talla de acuerdo al tope
de la categoria.

Relacion entre la longitud total (mm) de los peces y el peso del otolito (g) de Macrourus carinatus de las
islas Heard y McDonald. En el texto figura la ecuacién de la curva que mejor se ajusta a los datos (linea
continua). La linea entrecortada es la relacién derivada por Morley y Belchier (2002) para Macrourus
holotrachys de la Subarea 48.3.

Relacion entre el peso del pez (g) y el peso del otolito (g) de Macrourus carinatus de las islas Heard y
McDonald. En el texto figura la ecuacién de la curva que mejor se ajusta a los datos (linea continua). La
linea entrecortada es la relacion derivada por Morley y Belchier (2002) para Macrourus holotrachys de la
Subérea 48.3.
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