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Abstract

Analyses of size at sexual maturity were undertaken on samples of Patagonian toothfish
(Dissostichus eleginoides) caught in the commercial fishery within Subarea 48.3. The
results for 1996 indicate that Lysp occurs at 78.5 cm total length for male and 98.2 cm for
female fish. In 1997 the results for male fish were essentially the same. For female fish
there is evidence that in 1997 a significant proportion, 25 to 43%, of sexually mature fish
were not coming into spawning condition. This introduces a bias leading to the
overestimation of Lz calculated by conventional methods. Further analysis allowing
for this bias indicates that Ls for female fish in 1997 was no different to that for 1996.
The implications of this phenomenon are discussed.

Résumé

Analyses de la taille & la maturité sexuelle d’échantillons de légine australe (Dissostichus
eleginoides) capturés par la péche commerciale de la sous-zone 48.3. Pour 1996, les
résultats indiquent que Ly correspond a 78,5 cm de longueur totale chez les males et
98,2 cm chez les femelles. Pour 1997, les résultats sont pratiquement identiques pour les
males alors que pour les femelles, il semble qu'une proportion importante (de 25 a 43%)
de poissons ayant atteint la maturité sexuelle n’étaient pas en condition de
reproduction. Ceci introduit un biais tendant a surestimer L5, calculé par les méthodes
conventionnelles. Une nouvelle analyse tenant compte de ce biais indique que pour les
femelles, la valeur de Lys en 1997 ne différe pas de celle de 1996. Les conséquences de
ce phénomene sont examinées.

Pesrome

boln npoBedeH aHa/ 3 pa3Mepa NIPH AOCTUKEHUM MOJIOBO3PEJIOCTH N0 IK3EMIUIsipaM
NaTaroHCKOTO KJjabikaua (Dissostichus eleginoides), BBIJIOBJEHHBIM B XO[I€
KoMMepuecKoro npomsicsia B [Toapaiione 48.3. Pesynprarsl 32 1996 r. ykasbBaroT Ha
TO, YTO Lo AocTuraercs npu oduied anube 78,5 cM asa camios 1 98,2 cm s
camok. B 1997 r. pe3sysiprarsl Q18 caMioB Oblii B OCHOBHOM TakKuMH Ke. [[71s1 caMox
€CTh CBHAETEJIbCTBA TOro, 4YTo B 1997 r. 3paunTesbHas nponopuns (25-43%)
MOJIOBO3PEJIBIX 0coOell He Obljla rOTOBa K HEPECTY. DTO MPUBOAUT K CMELICHHUIO,
BBI3BIBAIOILIEMY 3aBbILICHHYIO OLEHKY Ly.so IPH BBIYHUC/ACHHU OOBIYHBIMH METOOAMMU.
JanpHefimmil aHa 13 ¢ yYeToOM 3TOT0 CMEIeHns MoKa3blBaeT, uTo B 1997 r. Lse o/ist
CaMOK HASHTHYEH moKazaTemo 3a 1996 r. O6CyXKIarTCsS BO3MOXKHBIC MOCTICICTBUS
ITOrO ABJICHUS.

Resumen

Se analizaron muestras del bacalao de profundidad (Dissostichus eleginoides) capturado
en la pesqueria comercial que operé en la Subarea 48.3 para determinar la talla de
madurez sexual. Los resultados de 1996 indican que Lys se alcanza cuando la longitud
total de los peces machos es de 78,5 cm y la de las hembras, 98,2 cm. En 1997 se
obtuvieron resultados basicamente similares para los machos. En lo que respecta a los
peces hembra, existen pruebas de que en 1997 una proporcion significativa (25 a 43%) de
peces que habifan alcanzado la madurez sexual no habian ovulado. Esto introdujo un
sesgo en los resultados y causé una sobrestimacion del valor L,s calculado segtn los
métodos convencionales. Otros andlisis que han tomado en cuenta este sesgo indican
que en 1997 Lysy para los peces hembra fue igual al valor de 1996. En este trabajo se
consideran las consecuencias de este fenémeno.

Keywords: Patagonian toothfish, Dissostichus eleginoides, size, males, females,
sexual maturity, bias, overestimation, Subarea 48.3, CCAMLR
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INTRODUCTION

Antarctic nototheniid fish typically produce
large yolky eggs and mature at about half their
maximum length (Kock and Everson, 1998). The
process of yolk deposition typically takes more
than a year (Everson et al,, 1996), with the final
maturation process leading to an enlarged ovary
of about 20% of the fish total mass. Spawning
occurs in the period July to September (Kock and
Kellermann, 1991) although the precise location of
spawning grounds is unknown. Knowledge of
the rate of gonad maturation and the size of the
fish when first maturation occurs is important
information in stock assessment.

The Patagonian toothfish (Dissostichus
eleginoides) has been harvested commercially
around South Georgia over the past decade, but
since it occurs in deep water there is still a dearth
of basic information on its ecology. There is
still no precise information on the reproductive
cycle. This was highlighted at the 1997 meeting
of the CCAMLR Working Group on Fish
Stock Assessment (WG-FSA), where there was
considerable uncertainty over the size at sexual
maturity.

The CCAMLR Scheme of International
Scientific Observation, by providing for coverage
of the whole fishing fleet operating in Subarea 48.3,
has been an extremely important source of data
and information. In this paper, data from the
observer program have been analysed to provide
a clearer indication of the size at which the fish
become sexually mature in the South Georgia
region.

METHODS

The data used for this study were collected as
part of the CCAMLR Scheme of International
Scientific Observation. All the data were collected
on commercial longlining vessels operating
within Subarea 48.3 (South Georgia). Data were
submitted to, and stored in, the CCAMLR
database. Files containing all data from the 1996
and 1997 calendar years were prepared by the
CCAMLR Data Manager and provided for the
purpose of this analysis.

The data used in this analysis were total length,
sex and maturity stage. Maturity stage was
determined according to the five-point scale of
Kock and Kellermann (1991). Descriptions of the
maturity stages are set out in Table 1. Fish were
considered to be sexually mature if the gonad was
in maturity stage 3 to 5 (Everson et al., 1996).
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The data were grouped into periods of two
months and into 2 cm length groups from <62 cm
to 128-130 cm to allow reasonable numbers of fish
within each group. The periods used were
March/April, May/June and July/August. The
only exception to this was that, due to the closure
of the fishery, there were no data for August 1996;
this category therefore only contains data from
July 1996.

Models were fitted to data using the
Generalised Linear Model (GLM) and non-linear
modelling facilities in Genstat (Payne et al., 1997).
The logistic equation
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is described by Ni and Sandeman (1984), where
p is the estimated proportion of fish in a category,
L is the total length in centimetres (the average
total length of fish in the groups described
above was used in computations) and o and 3 are
coefficients. The proportion of fish that were
sexually mature was modelled using a GLM with
logit link function (linear in length) and binomial
error distribution for counts. The model form
used by Genstat is given by

We refer to this as logistic curve (asymptote = 1).
The length at which 50% of the population were
mature (L,s) was determined from the fitted
curves. Genstat procedure 'FIELLER’ (Lane, 1993)
was used to estimate L5 together with fiducial
limits (= confidence limits) for standard logistic
curves (see Finney, 1978, Chapter 4 for method)
from the fitted logistic GLM.

Genstat procedure ‘PROBITANALYSIS
(Payne, 1993) was used to fit logistic models with
an additional parameter for non-response (usually
called ‘immunity” in the language of bioassay —
see Finney, 1978, Chapter 20) to cater for the
situation where a proportion (propn) of fish which
were sexually mature were not coming into
spawning condition. We refer to this as logistic
curve (asymptote unconstrained). The procedure
also provided estimates of Lyso (with standard
errors) for ‘spawners’ based on an upper
asymptote of 1-propn. An estimate of population
L. (with standard errors), that is the point on the
curve where 50% of the total population should
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Table 1:  Macroscopic description of maturity stages (Kock and Kellermann, 1991).
Maturity Stage Description
Female:
1. Immature Ovary small, firm, no eggs visible to the naked eye.

2. Maturing virgin
or resting

3. Developing
contains oocytes of two sizes.

4. Gravid
5. Spent

Male:
1. Immature

2. Developing
or resting body cavity.
3. Developed

4. Ripe

5. Spent

Ovary more extended, firm, small oocytes visible, giving ovary a grainy appearance.
Ovary large, starting to swell the body cavity, colour varies according to species,

Ovary large, filling or swelling the body cavity, when opened large ova spill out.

Ovary shrunk, flaccid, contains a few residual eggs and many small ova.

Testis small translucent, whitish, long, thin strips lying close to the vertebral column.

Testis white, flat, convoluted, easily visible to the naked eye, about '/ length of the

Testis large, white and convoluted, no milt produced when pressed.

Testis large, opalescent white, drops of milt produced under pressure or when cut.

Testis shrunk, flabby, dirty white in colour.

—
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Figure I:  Diagrammatic representation of a situation whereby only 80% of all

sexually mature fish come into spawning condition.

have developed at least to maturity stage 3, was
interpolated using the fitted curve. The
relationships of these parameters are indicated in
Figure 1. Without the modification of the extra
parameter, in the situation where a large
proportion of sexually mature fish do not come
into spawning condition, the logistic curve is
pulled to the right and may fail to reach an
asymptote within the range of the data. This can

lead to a serious upwards bias in the estimated
Lm50~

Both the FIELLER and PROBITANALYSIS
Genstat procedures use logistic GLMs, the latter
with additional (“immunity’) parameter(s) to
allow for an asymptote of less than 1.0. Models
were fitted separately to each year per two-month

dataset and to a combined dataset with terms to
allow for separate values of L.s and slopes for
years (1996 versus 1997) and/or two-month
periods, or separate year combined with two-
month periods (six levels). Significance of model
terms was assessed by deviance ratio tests
(asymptotically equivalent to F-tests) using
output from Genstat GLM fits.

RESULTS
Males

The results for male fish are plotted in Figure 2
along with the fitted curves. The values of L.s
and associated 95% confidence (fiducial) limits
from analyses undertaken separately on each
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Figure 2: Proportion of male fish coming into spawning condition plotted against length. The fitted line is constrained to an asymptote of one.
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Table 2: Lnso and 95% confidence (fiducial) intervals estimated
from fitted logistic curves (asymptote = 1) using the
FIELLER method for male fish over the two seasons.
Months Linso Confidence Limit . n
Lower Upper
March/April 1996 79.0 76.5 81.1 467
May/June 1996 75.2 72.1 77.6 275
July 1996 67.8 60.2 72.4 124
March/April 1997 80.6 79.8 81.4 2 220
May /June 1997 79.0 77.6 80.2 1 592
July/August 1997 74.9 73.7 76.0 1523

two-month group are shown in Table 2. Most of
the results are consistent with an L, value of
between 75 and 80 cm. The only exception to this
is from the July 1996 dataset, where the result
appears unusually low; this is probably an
artefact arising from the small number of data
points which fall in the middle of the curve. (This
point was highlighted as a warning indicator
by the Genstat program during the analysis on
the combined dataset.) The results from the
PROBITANALYSIS procedure gave Lys values
very close to the FIELLER estimates, indicating
that nearly all sexually mature fish were coming
into spawning condition. This indicates that Lyso
is correctly estimated by the FIELLER method.
The only period when a significant proportion of
fish appeared to be failing to come into spawning
condition was during March and April 1997
(p < 0.001). However, since the proportion coming
into spawning condition at that time was 96%, the
effect would be negligible at the population level.

Analysis of the combined dataset for males,
omitting the small, apparently unusual set of data
from July 1996, gave no statistically significant
difference (p > 0.05 from deviance ratio tests) in
any parameter between years. Including the July
1996 data gave a statistically significant (p < 0.002
from deviance ratio test) intercept parameter for
1996 versus 1997 in the model - but the statistical
significance is mainly due to the large total
sample size as the effect was negligible from a
biological point of view. A combined estimate for
the dataset, excluding the small sample from July
1996, gives a best estimate of Lus = 78.5 cm with
95% confidence (fiducial) limits of 77.9 and
79.0 cm.

Females

The results for female fish are plotted in Figure 3
along with the fitted curves. The results for 1996
are described well by the logistic curve
(asymptote = 1), even though, as is the case for

male fish, there are only sparse data in the middle
of the curve for the July period. The results from
the PROBITANALYSIS procedure (logistic curve,
asymptote unconstrained) using the 1996 data
gave estimates of zero for the extra parameter for
non-response, indicating that most sexually
mature fish were coming into spawning condition
during that season. The estimated values of L,
and associated 95% confidence (fiducial) limits are
shown in Table 2.

The fitted logistic curves (asymptote = 1) for
female fish for all pairs of months in 1997 do not
accurately follow the trend in the distribution
because they are constrained to reach an
asymptote at 1.0. In all three cases, around the
turning point where p = 0.5, the curve, indicated
by the broken line in Figure 3, passes to the right
of the distribution of data. This implies a higher
Luso than would be suggested by inspection. This
pattern is consistent with there being a substantial
proportion of sexually mature fish not coming
into spawning condition. The fitted lines and L;.so
values estimated for the 1997 data using the
asymptote unconstrained PROBITANALYSIS
method are clearly better than the fitted curves
(asymptote = 1) for female fish. The differences
are shown in Figure 3 and estimated L5 values in
Table 3. In every case for 1997 there was a highly
statistically significant (p < 0.001) improvement to
the model fit by including the extra parameter for
non-response.

For the combined female dataset, a model with
common slope, a single L5 for 1996 with zero
non-response, separate L5 and non-response
parameters for March/April, May/June and
July / August 1997 fitted extremely well. There
was no significant improvement to the model by
allowing separate slope estimates for the different
periods. The separate L5 parameters are required
to be fitted because of the parameterisation used
internally in the Genstat PROBITANALYSIS
procedure, but it can be seen from Table 3 that the
confidence limits for the estimated values of
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Table 3: Limso and 95% confidence (fiducial) intervals estimated from fitted
logistic curves (asymptote = 1) using the FIELLER method for female fish
and comparisons with the estimates adjusted for non-response using the
logistic curves fitted by Genstat procedure PROBITANALYSIS
(asymptote unconstrained) for 1997.

Months Lz % Mature not Linso n
FIELLER in Spawning PROBIT-
Limits Condition ANALYSIS
March/April 1996 98.5 0 nochange 617
(97.0-99.8)
May/June 1996 97.5 0 nochange 374
(95.6-99.2)
July 1996 100.4 0 nochange 108
(94.7-104.2)
March/April 1997 110.6 43 98.8 2 089
(109.0-112.4) (96.3-101.3)
May/June 1997 108.7 37 99.0 1 786
(107.3-110.2) (98.1-99.9)
July / August 1997 101.7 25 95.9 1721
(100.4-103.1) (94.3-97.6)

population L5 overlap with each other and with
the estimates for 1996. This, together with the
lack of evidence for any change in the slope of the
response, suggests that there is very little
evidence for any significant change in population
Luso over time in these data. Analysis of all data
from 1996 gave an estimated L5 = 98.2 cm with
95% confidence (fiducial) limits of 97.1 and
99.3 cm and this estimate is consistent with all the
estimates in Table 3 (taking into account the
confidence limits), suggesting a ‘best” estimate of
98.2 cm for all females in both years.

DISCUSSION

The primary aim of the study was to
determine L., the size at which 50% of the fish
become sexually mature. This is an important
stock assessment parameter in determining the
spawning stock biomass.

Results from the separate analyses of data
from male fish within the two-month groups,
but excluding the results for July 1996 for the
reasons stated, fall within the range 74.9 to
80.6 cm. That range encompasses the value
estimated by WG-FSA at its 1997 meeting (Luso =
75.73) (SC-CAMLR, 1997), although it is outside
that from the combined analysis reported here,
which, for the same data, gave a mean of 78.5 and
confidence limits of 77.9 and 79.0 cm. We
consider this latter value to be a better estimator
of the population Lus than that given in
SC-CAMLR (1997).

The results in Table 2 indicate that L5 for
male fish is declining in successive months. We
offer no explanation for this but note that it may
be a result of larger fish maturing earlier or an
artefact of the sampling regime.

In the case of female fish the situation is more
complicated. The 1996 data point to an L.s of
98.2 cm with 95% confidence limits of 97.1 and
99.3 cm irrespective of whether the FIELLER or
PROBITANALYSIS method is used. However,
for 1997 the simple logistic (asymptote = 1)
analyses do not provide a good fit to the data. A
much better fit is afforded by the logistic curve
(asymptote unconstrained) PROBITANALYSIS
procedure which provides L. estimates indis-
tinguishable from those for 1996. This analysis
suggests that there is no evidence to support any
change in the estimated Lns between years.

The need to add a parameter to account for the
proportion of sexually mature female fish that are
not coming into spawning condition in 1997
indicates an ecological difference in the situation
between the two years. We consider two possible
interpretations. Either that a significant proportion
of mature fish failed to spawn in 1997, or
alternatively, there was a delay in the final
maturation of female fish. In the terminology of
Figure 1 the proportion not spawning declined
progressively through each two-month period in
1997, which leads us to the tentative conclusion
that the maturation process was probably delayed
in that year. The July/August period falls well
within the generally accepted spawning period
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for the species (Kock and Kellermann, 1991),
which suggests that around 25% of female fish
did not spawn in 1997.

Incomplete spawning is not an unusual
phenomenon for fish. Everson et al. (1996),
working on the channichthyid Champsocephalus
gunnari, and Livingston et al. (1997), working on
hoki (Macruronus novaezelandiae) tound similar
situations. None of these would qualify as partial
or fractional spawners as defined by West (1990),
because it appears that some individuals are not
spawning at all during a season rather than
producing limited numbers of oocytes for a series
of separate spawning bouts. The nature of this
process could be determined from a histological
examination of the ovaries; unfortunately, this
was not part of the sampling protocol but could
be investigated in the future.

There is a further consequential effect arising
from this phenomenon which may affect stock
assessments. In seasons when all fish do not
come into spawning condifion the true spawning
stock biomass will be less than the biomass of
sexually mature fish. Antarctic fish typically
produce relatively small numbers of large yolky
oocytes, and if this output is reduced, because not
all fish are spawning, this could affect larval
production. Arising from this there may be an
effect on recruitment. In answering one question,
that related to Lus, we have thus brought to light
a further potential difficulty.
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Liste des tableaux
Description macroscopique des stades de maturité (Kock et Kellermann, 1991).

Lo et intervalles de confiance 4 95% estimés a partir de courbes logistiques ajustées (asymptote = 1)
par la méthode FIELLER pour les poissons males, pour les deux saisons.

Lmso et intervalles de confiance a 95% estimés a partir de courbes logistiques ajustées (asymptote = 1)
par la méthode FIELLER pour les poissons femelles et comparaisons avec les estimations ajustées
pour les non réponses, par les courbes logistiques ajustées par la procédure PROBITANALYSIS de
Genstat (asymptote sans contrainte) pour 1997.

Liste des figures

Diagramme représentant une situation dans laquelle seuls 80% de tous les poissons sexuellement
matures atteignent I'état de reproduction.

Proportion de poissons males atteignant I’état de reproduction, représentée en fonction de la
longueur. La ligne ajustée est liée 4 I'asymptote de un.

Proportion de poissons femelles atteignant 1'état de reproduction, représentée en fonction de la
longueur. Les tirets représentent la courbe ajustée et liée a 'asymptote de un. Le trait continu
correspond a la courbe ajustée sans contrainte d’asymptote, mais ajustée par la procédure

PROBITANALYSIS.
Cricok Tadsuy
Makpockonuueckoe onucanne craauii spesioctu (Kock and Kellermann, 1991).

Linso 1 95% poseputesibHble (DHAYLHATBHDbIC) HHTEPBAJIbl, PACCUHTAHHBIC 1O MOLOOPAHHbIM

JIOTHCTHYECKUM KpuBBIM (acuMmnroTa = 1), ucnoas3ys meton FIELLER n1s camuos 3a nBa
ce30Ha.

Luso 1 95% posepuTesnbHble (DUAyLHATIbHBIE) UHTEPBAJIbl, PACCYUTAHHBIE MO MOAOOPAHHBIM
JIOMUCTUYECKUM KPUBBIM (acuMnToTa = 1), ucrnosp3ys Meron FIELLER a1 caMOK, U CpaBHEHHE €
OHEHKAaMH, YUUTBHIBAIOMUMH OTCYTCTBHE OTBETA MOCPENCTBOM JIOTHCTHYECKUX KPHBHIX,
nogoOpasHbIX ¢ noMomkio npoueaypsl Genstat PROBITANALYSIS (acumMnToTnuecku
HeOorpaHWyeHHol), nng 1997 r.

CnucoK pUCYHKOB

HuarpaMma, oTpaxarolias CUTyalyro, Koraa ToJ1bKo 80% Bcex MoJIOBO3pebix 0cobeil roToso k
HepecTy.

Pacripenenenne moJm rOTOBBIX K HepecTy camuoB 1o AnuHam. Kpusas orpaHdueHa acUMIITOTOH,
paBHoii 1.

Pacnipenenenme A0/ FOTOBbIX K HEPECTY CaMOK Mo jiuHaM. [TyHKTHPOM nokaszaHa nogo0paHHas
KpHBas, OrpaHHYeHHasd aCHMOTOTOH, paBHOIt 1. CnylomwmHoi snHuedl moKasada HE OrpaHuYeHHas
acuMITOTOH XpuBas, nogodpanHas mo npoueaype PROBITANALYSIS.

Lista de las tablas
Descripcion macroscépica de los estadios de madurez (Kock y Kellermann, 1991).

Valores de Lys e intervalos de confianza del 95% (fiduciarios) estimados de ajustes de curvas
logisticas (asintota = 1) con el método FIELLER para los peces macho en dos temporadas.

45



Everson and Murray

Tabla 3:

Figura 1:

Figura 2:

Figura 3:
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Valores de Ly e intervalos de confianza del 95% (fiduciarios) estimados de ajustes de curvas
logisticas (asintota = 1) con el método FIELLER para los peces hembra y comparaciones con las
estimaciones que toman en cuenta una falta de respuesta utilizando las curvas logisticas ajustadas
por el procedimiento PROBITANALYSIS (asintota libre) de Genstat para 1997.

Lista de las figuras

Representacién diagramatica de la situacion en la cual s6lo un 80% de todos los peces sexualmente
maduros desovaron.

Proporcién de peces macho que liberaron esperma graficado en funcién de la talla. La linea ajustada
estd limitada por la asintota igual a uno.

Proporcién de peces hembra que desovaron graficado en funcién de la talla. La linea entrecortada
estd limitada por la asintota igual a uno. La linea continua representa la curva ajustada por el
procedimiento PROBITANALYSIS sin limitaciones asintéticas.



