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Abstract

Assessments of the abundance and potential yield of the mackerel icefish
(Champsocephalus gunnari) populations at Heard Island are developed from the results of
four scientific surveys conducted in 1990, 1992, 1993 and 1997. The assessments include
estimates of all the parameters required, based on the data collected during the surveys,
including growth curves, natural mortality, ages and sizes of maturity and a
weight-length relationship. The results show that characteristics of C. gunnari
populations on the Heard Plateau are sufficiently different from those on Shell Bank for
them to be managed separately. Precautionary catch limits calculated using the
Generalised Yield Model (GYM) are found to be 180 tonnes for the Heard Plateau and
18 tonnes for Shell Bank. An assessment based on the results of a survey conducted at
the end of the 1997 fishing season would allow for a catch limit on the Heard Plateau of
900 tonnes in the 1997 /98 season and 600 tonnes in 1998/99.

Résumé

De quatre campagnes d’évaluation menées en 1990, 1992, 1993 et 1997, il a été possible
de dériver des évaluations de I'abondance et du rendement potentiel des populations de
poisson des glaces (Champsocephalus gunnari) de 1'lle Heard. Les données collectées au
cours des campagnes d’évaluation ont permis d’estimer tous les parametres requis, a
savoir les courbes de croissance, la mortalité naturelle, les 4ge et taille a la maturité et un
rapport poids-longueur. Il ressort que les caractéristiques des populations de C. gunnari
du plateau de l'ile Heard sont suffisamment différentes de celles du banc Shell pour
justifier que ces populations soient gérées séparément. Par le modeéle de rendement
généralisé (GYM), il a été possible de calculer des limites préventives de capture de
180 tonnes pour le plateau de I'ile Heard et de 18 tonnes pour le banc Shell. Selon les
résultats d’'une campagne d’évaluation menée vers la fin de la saison de péche 1997,
pour le plateau de l'lle Heard, la limite de capture pourrait étre estimée a 900 tonnes
pour la saison 1997/98 et a 600 tonnes pour la saison 1998/99.

Pesiome

Ha ocHoBe pe3yJ/1bTaTOB YEThIPEX HAYYHO-HCCICAOBATE/ILCKHX ChEMOK, POBEACHHBIX
B 1990, 1992, 1993 u 1997 rr., Obl/14 BHIOOJIHEHB! OUEHKHN YUCIEHHOCTU U
NOTEHINAIbHOTO BbLIOBA MOy istudil genstnoil peiowt (Champsocephalus gunnari) B
paitore o-pa Xepn. Ilpu 3T7OM ObL/M YUTEHBI PACCUMTAHHBIE C TIOMOLIBIO CHEMOTHBIX
JaHHBIX BEJMYMHBI BCEX COOTBETCTBYIOIUMX MapaMeTpoOB, BKJ/IOYas KPHUBLIE pOCTa,
€CTECTBEHHYIO CMEPTHOCTD, BO3pACT U [JIMHY NO AOCTHXKECHUM MOJIOBO3PEJIOCTH U
Pa3sMEpPHO-BO3PACTHYIO CBSI3b. COrJIacHO MOJIYyYEHHBIM PE3yJibTaTaM pa3siuvuus B
ocobenrocTax nonyssiupit C. gunnari Ha nato o-Ba Xepxn u Oanke lenn rpebyror
pa3AebHOrO yNpaBJIeHMS! UX HIpoMbicoM. [IpenoxpaHuTeIbHBIE OFPAHHUCHUS HA
BBIJIOB, pPacCUMTaHHBIE C HCMOJIb30BaHHEM 0000MeHH0# Monen BeljioBa (GY-
Monesn), pasustores 180 1 ans nutaro Xepa 18 T nis Gankn Illent. PesysisTaTe
CBEMKH, MPOBEACHHONH B KOHLE NMPOMBICJOBOro ce3ona 1997 r., npruBesun K OLEHKE
OrpaHHYeHHsI Ha BbLIIOB B paitone miaro Xepia B 900 T Ha cezon 1997/98 . u 600 T Ha
ce30H 1998/99 r.

Resumen
Los resultados de cuatro prospecciones cientificas efectuadas en 1990, 1992, 1993 y 1997,

fueron utilizados para evaluar la abundancia y rendimiento potencial de las poblaciones
de draco rayado (Champsocephalus gunnari) en isla Heard. Las evaluaciones incluyen
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estimaciones de todos los pardametros necesarios, segin los datos recopilados durante
las prospecciones, incluyendo las curvas de crecimiento, la mortalidad natural, edad y
talla de madurez y una relacion peso-talla. Los resultados demuestran que las
caracteristicas de las poblaciones de C. gunnari en la plataforma de isla Heard y aquellas
que habitan el banco Shell difieren lo suficiente como para requerir una ordenacién por
separado. Los limites de captura precautorios estimados mediante el modelo general de
rendimiento (GYM) son: 180 toneladas para la plataforma de isla Heard y 18 toneladas
para el banco Shell. Una evaluacién basada en los resultados de una prospeccion
efectuada al final de la temporada de pesca de 1997 ha estimado limites de captura de
900 toneladas en la plataforma Heard en la temporada 1997/98 v de 600 toneladas en

1998/99.
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INTRODUCTION

In 1994 the Working Group on Fish
Stock Assessment (WG-FSA) recommended
a precautionary catch limit for mackerel
icefish (Champsocephalus gunnari) in CCAMLR
Division 58.5.2 based on the results of three
Australian surveys (Williams and de la Mare,
1995). A modified form of the krill yield model
(Butterworth et al., 1992) was used to calculate a
rate of exploitation y which was applied to the
lowest of the three biomass estimates to give a
precautionary yield of 311 tonnes (SC-CAMLR,
1994b). This assessment relied on estimates of
demographic parameters for C. gunnari obtained
for other populations at South Georgia and
Kerguelen.

In this paper, a new assessment is developed
using results from the three previous surveys and
results from a new survey carried out in August
1997. A precautionary catch limit is calculated by
applying the generalised yield model (GYM)
(Constable and de la Mare, 1996) to estimates of
year-class strength from the trawl surveys, using
the same methods as for recent assessments of
Patagonian toothfish (Dissostichus eleginoides) by
WG-FSA (SC-CAMLR, 1996). The estimates of
year-class strength were obtained wusing
maximum likelihood distribution mixture
analysis (de la Mare, 1994a). The assessment
uses growth curves, maturation ogives and
weight-length relationships derived from the
survey data collected at Heard Island. The
assessment is carried out for the populations of
C. gunnari in two regions:

@) the plateau of Heard Island, including the
locality known as Gunnari Ridge; and

(i)  Shell Bank, which is separated from the

plateau by water of depths greater than
500 m.
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The C. gunnari populations in these two
regions have different spawning seasons and, as
will be shown below, have different age
structures in the same year and appear to have
differences in their growth curves. For these
reasons the two populations are treated separately
in the assessments presented here.

An alternative catch limit is calculated using
the results of the trawl survey carried out during
August 1997. This allows for a higher catch limit
due to the current high abundance of C. gunnari
on the Heard Plateau.

TRAWL SURVEY BIOMASS ESTIMATES
Early Surveys

Three surveys were conducted around Heard
Island in the years 1990, 1992 and 1993. The
results of these surveys were reported in Williams
and de la Mare (1995). A summary of the results
is given in Table 1. The areas of the strata covered
in all the surveys are given in Table 2.

The 1997 Survey

A random stratified trawl survey was carried
out on Shell Bank and on the Heard Plateau. In
each location two strata were defined based on
the results obtained in the earlier surveys. These
strata and the traw] stations are shown in Figure 1.
The areas of each stratum are given in Table 2.
Ten hauls were made in each stratum. The details
of the vessel and fishing gear used are given in
the appendix. The 1997 survey did not cover as
great an area of the plateau as the earlier surveys,
and thus to some extent the abundance will be
underestimated for this stratum. However, the
1997 plateau stratum has excluded the areas



where C. gunnari were not abundant in the earlier
surveys, and hence the degree of underestimation
should not be substantial.

Biomass estimates and their confidence
intervals were calculated using both the Delta-
lognormal maximum likelihood estimator
(Pennington, 1983; de la Mare, 1994b) and the
sample means with bootstrap variance and
confidence intervals (Efron and Tibshirani, 1993).
The maximum likelihood and bootstrap estimates
are shown in Table 3.

LENGTH-DENSITY ANALYSES

For each stratum and survey the densities by
length class for each haul were estimated from
length samples and the swept area. A mixture of
normal distributions was fitted to each stratum
for all the surveys (see de la Mare, 1994a for
details). The estimated density of a given year
class in a stratum was taken to be the area under a
designated component of the mixture
distribution. The abundance of the year class was
calculated as the product of the density and the
stratum area. The estimates of the density of each
age class by survey are given in Table 4.
Estimates of total abundance for each age class are
obtained by multiplying the estimates of density
for each cohort by the stratum areas. Estimates of
recruitment are obtained by adjusting the
numbers in each age class observed for the cohort
to the numbers at age 2, using a natural mortality
coefficient (M) of 0.4 (yr) (this is the mid-point of
the range for M used in the 1994 WG-FSA
assessment). The estimates are averaged in those
cases where cohort abundance has been estimated
from more than one survey.

The estimates of recruitment for the Heard
Plateau and Shell Bank are given in Table 5. The
estimates are highly variable, with a range of
about two orders of magnitude. At South Georgia
and Kerguelen it has been found that the
abundance of C. gunnari can fluctuate markedly
(Parkes, 1992; Duhamel, 1991). The survey results
and recruitment estimates show that the same
behaviour can be expected in the populations
around Heard Island. Figure 2 shows no
apparent relationship between the numbers of
recruits on the plateau and on Shell Bank in the
same years.

GROWTH CURVES

The components of the mixture distribution
from the length-density analyses also give

Assessment of Mackerel Icefish off Heard Island

estimates of the mean sizes at age. These data
have been used to estimate growth curves by
fitting a von Bertalanffy function, by nonlinear
least squares regression, to the size data by
assigning an age to each component, referred to a
‘birthday” of July 1. The assigned ages take into
account the median date at which each survey
was conducted. The fitted growth curves for the
two regions are shown in Figure 3. The fitted von
Bertalanffy parameters are given in Table 6.
Although the growth curves between the two
locations are not significantly different
statistically, the difference between the time
intercept (#,) for the two curves is 4.8 months.
This is in good agreement with the observed
five-month difference in spawning season
between the two locations.

NATURAL MORTALITY

The length-density analyses give estimates of
density at age from the mixture distribution
components. Because C. gunnari were not
commercially fished at Heard Island prior to the
1997 season, the estimated year class densities can
be used to estimate natural mortality. The
estimator used is essentially the Heincke estimate
(Heincke, 1913) for survivorship from age a to all
older ages, S,, but it is based on densities rather
than numbers sampled (see de la Mare, 1994c¢ for
the theoretical development of this method), that
is:

where d, is the density of age class a. Values of S,
were calculated for each survey stratum and
averaged for a = 2 and a = 3. The individual
estimates are highly variable because of
recruitment and sampling variability. The
estimates are averaged over the strata and survey
to give the following mean estimates of
survivorship:

Age Mean S, Std. Error
2 0731 0.108
3 0.513 0.102

An approximately unbiased estimator of M is
given by de la Mare (1986) as:
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M= —ln(§>-§2—

where § is the standard error of the estimate S .
The resultant estimates of M are 0.30 (yr?) for
age 2 and above and 0.64 (yr?) for age 3 and
above. Neither of these estimates is very precise,
and natural mortality in this species remains
uncertain. However, these estimates provide a
reasonable range for use in the further
development of the assessment. The previous
assessment for this species at Heard Island used a
range for M of 0.3 to 0.5 (SC-CAMLR, 1994). The
central value of this range (M = 0.4) has been used
in calculations outside the GYM. The range of M
for calculations using the GYM has been set at 0.3
to 0.64.

AGE AND SIZE AT FIRST SPAWNING

C. gunnari on the Heard Plateau and Gunnari
Ridge spawn in August/September, while those
on Shell Bank spawn in April. Gonad maturity of
females was scored according to the scale
recommended in CCAMLR (1998) for fish during
the spawning season in the respective localities.
Data used were from commercial fishing on Shell
Bank in April 1997, and from random stratified
surveys in the Gunnari Ridge/Heard Plateau area
in September 1993 and August 1997. Fish at stage
2 (developing) or later were considered to be
mature. The percentage of mature fish was
plotted against total length (Figure 4) and the size
at first spawning was taken to be at the point
where 50% of fish were mature. Results are in
Table 7. Comparing these figures with the growth
curve shows that the age at first spawning is three
years.

WEIGHT-LENGTH RELATIONSHIP

The weight-length relationship was
determined from the research survey data
(1990-92) according to the model:

W =qglb

where W is weight of fish (kg), L is the total length
(mm) and a and b are the parameters of the
equation. The parameter estimates were obtained
using the quasi-Newton nonlinear estimation
method:
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Parameter Estimate
a 2.629.10¢
b 3.515
72 0.975
n 4046

AGE AND SIZE AT RECRUITMENT

Figures 5a and 5b show the cumulative length
frequency of the catch at Heard Island for two
different net types and for a range of codend
mesh sizes from 60 to 129 mm. The median
length in the catch for each gear type is given in
Table 8. All of the meshes used for commercial
fishing were larger than 90 mm, the minimum
size allowed under the current mesh regulation
for this species.

It is clear from these results that mesh size and
gear type have had relatively little effect on the
size structure of the catch. The size of fish taken
seems to be predominantly affected by the length
structure of the fish population. Mesh regulations
do not appear to be an effective method for
limiting the size and age of first capture for this
species.

Avoiding the Capture of Small Fish

A provision was included in CCAMLR
Conservation Measure 110/XV (CCAMLR, 1997)
which required that if more than 10% of
C. gunnari in any haul were less than 280 mm in
length then the fishing activities were to move
away 5 n miles for at least five days. The intent of
this measure was to maximise survival into the
spawning stock by avoiding fishing juvenile fish.
However, it was found to be difficult to avoid
triggering this provision of the conservation
measure. It was shown earlier that even a large
mesh size of 129 mm led to a median length in the
catch not greatly exceeding 280 mm. Figure 6
shows a comparison between the cumulative
length distribution of the catch for the ‘Gloria’ net
with a 110-mm mesh and the predicted
cumulative length distribution of fish of age 3+.
The predicted distribution uses a standard
deviation of length at age of 13.25 mm, which is
the average of the estimates of the standard
deviations of the mixture distribution components
fitted to fish of age 3 in the length-density
analyses.

It can be seen that the two distributions are
very similar, particularly in the lower tail. The



difference in the upper end of the distribution
arises because the catch consists of age classes
other than 3. This shows that recruitment to the
fishery was knife-edged at age 3 in the 1997
season. Even though virtually no pre-spawning
2-year-old fish were taken with this gear in 1997,
the proportion of fish less than 280 mm is of the
order of 10%, and it is therefore not surprising
that avoiding 10% of ‘small fish” was difficult.

The general yield assessments below show that
there is no compelling reason to ensure that the
age of recruitment to the fishery is strictly 3.
However, it does seem reasonable to avoid the
fishery targeting fish of age 2. The mean length at
first spawning given above for the Heard Plateau
is 275 mm. The growth curve gives a mean length
for fish aged one year less than the age of first
spawning of 206 mm. Figure 7 shows a plot of
two cumulative normal distributions with pL = 206,
6 = 11.23 and p = 275, 6 = 13.25, representing the
distributions of the lengths of fishes of ages 2 and
3 respectively. The standard deviations of length
at age were estimated as part of the length-density
analyses. This plot shows that very few fish of
age two have a length greater than 240 mm, and
that very few fish of age 3 have a length below
this point. Thus, if the intention is to avoid
catching a proportion of fish of age 2 or less,
the appropriate length to use in the criterion is
240 mm.

ASSESSMENT BASED ON THE
GENERALISED YIELD MODEL

Assessments of precautionary catch limits
were developed using the GYM. Given the
substantial variability in recruitment and
indications that this was not modelled well by a
lognormal distribution, some assessments were
carried out using the option to model recruitment
by bootstrapping from a table of recruitment
estimates. However, these recruitment estimates
themselves are uncertain. In order to take this
into account, a parametric bootstrap procedure
was added to the program so that the recruitment
selected from the table was randomly modified
according to a lognormal distribution with a
coefficient of variation derived from the
uncertainty in the recruitment estimate.

One of the consequences of the substantial
levels of recruitment variability is that the
probability of the population falling to below 20%
of median spawning stock biomass is naturally
high. In the case of C. gunnari on the Heard
Plateau, the GYM predicts that, even in the

Assessment of Mackerel Icefish off Heard Island

absence of fishing, the probability of falling below
20% of the median unexploited spawning stock
biomass is about 0.5. The current decision
criterion used in formulating catch limits requires
that this probability be held at 10%. Clearly this is
not possible for this fish population, and
application of this decision rule would prevent
any fishing of it.

The current form of the decision rule was
formulated to maintain a low risk of recruitment
declining due to the effects of fishing. However,
it appears that C. gunnari populations can
naturally reach low spawning stock levels with
high probability, and yet spawn strong cohorts.
This suggests that the existing form of the rule is
not appropriate for this particular population. An
alternative form of the decision rule for such cases
would be to ensure that the probability of falling
below the 20% reference level is not substantially
increased by the effects of fishing.

The input parameters used to assess long-term
average yields of C. gunnari from the plateau and
from Shell Bank at Heard Island are shown in
Tables 9 and 10 respectively.

The effects of a constant catch level (in tonnes)
over a 20-year period were evaluated. The criteria
considered were the escapement of the spawning
stock (median ratio of spawning biomass at the
end of the run to median spawning biomass at
time 0) and the probability of depletion to below
0.2 of the median spawning biomass at time 0. An
assessment of the properties of the recruitment
vectors showed substantial variation in mean
recruitment between runs of only 1 001 replicates.
Therefore, to increase precision in the estimate of
escapement, 5 001 replicates were used.

Four trials were undertaken for each area to
examine the sensitivity of the results to three
models of recruitment and two minimum ages of
tish selected by the fishery. The first trial used a
bootstrap recruitment function based on the
vector of recruitments for each area. The second
trial incorporated uncertainty in each estimate of
recruitment by modifying each recruitment
chosen in the bootstrap by a random lognormal
deviate based on the standard error of the
recruitment. The third trial used the lognormal
recruitment function derived from the vector of
recruits. In these three trials, selection to the
fishery was considered to be knife-edged at age 3.
The fourth trial examined the consequences for
the stock if selection was at age 2. This was
examined only for the case of the full bootstrap
model used in Trial 2.
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Results are shown in Table 11. It can be seen
that the results are not sensitive to whether or not
fish of age 2 are taken by the fishery. Median
escapement of the spawning stock is always well
above 75% of median unexploited biomass, which
is the decision criterion used in CCAMLR
assessments to take into account the requirements
for dependent predators (SC-CAMLR, 1994).
Thus, the binding decision rule relates fo the
maintenance of stable recruitment.

The precautionary catch limits calculated here
are based on a decision rule which requires that
the probability of the spawning stock falling
below 20% over the specified period (20 years is
used here) should not be increased by more than
0.05. Combining this with the existing decision
criterion leads to a composite form of decision
rule where the decision probability level py. is set
according to the following formula:

0.10 ; Pre0< 0.05
Paec=
Pr-o+ 0.05 ; otherwise
where pr-g is the probability of the population
declining below the 20% level in the absence of
fishing.

There was little difference in the results
between the bootstrap and the parametric
bootstrap recruitment methods, although the
estimated yield is slightly greater for the
parametric bootstrap method. The parametric
bootstrap method takes into account the
uncertainties associated with the estimates of
recruits. The outcome is sensitive to the use of the
lognormal function for recruitment. However,
given that the recruitment distribution does not fit
well with a lognormal distribution, and that these
estimates of the parameters are very imprecise
from the recruitment vector, the results of this
trial are not recommended for use. The results
were not sensitive to the age at which fish are
recruited to the fishery. The precautionary yield
for the Heard Island area arising from the models
that take full account of the uncertainties gives a
precautionary catch limit of 180 tonnes for the
Heard Plateau and 18 tonnes for Shell Bank.

AN ASSESSMENT BASED
ON THE 1997 SURVEY

The catch limits calculated in the preceding
section are precautionary, which means that they
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are based on a constant catch over a 20-year
period, and as such they can be continued for
some years without the need for annual
reassessments. However, the precautionary catch
limit is dominated by the periods in which the
stock has naturally fallen to a low level.
Consequently, the opportunity to increase catches
is foregone when the stock is abundant due to the
presence of one or more strong year classes. This
is currently the case on the plateau at Heard
Island where the recent trawl survey gives a
biomass estimate of about 50 000 tonnes, with two
strong year classes in the spawning stock. The
current population level could support catches
above the precautionary level for at least two
years. This suggests that a form of management
strategy based on recent abundance estimates
would allow an increase in yield over the
precautionary level. However, the development
of such a strategy is a substantial task requiring
further study and evaluation.

Nonetheless, as an interim step in this
direction, catch limits are calculated here which
allow for higher catches in the next two seasons
without any substantial risk of depleting the
spawning stock. The criterion applied is to
calculate the fishing mortality which would result
in a probability of no more than 0.05 that the
spawning stock after fishing would be less than
75% of the level that would have occurred in the
absence of any fishing. This is achieved by using
the bootstrap one-sided lower 95% confidence
bound on the trawl survey estimate as the current
stock biomass. The numbers of fish in the cohorts
are calculated using the following formula:

Z
Il
21| oo

>N, (1)

where N, is the number of fish of age 4, given the
current age structure and a population biomass at
the lower 95% confidence bound B, Nn is the
estimated abundance of fish aged # in the current
population and w is the average weight of a fish
in the current population. The average weight is
given by:

—  w,N
w= H,\H
N

2N @)

i

where w, is the average weight of fish of

age g, calculated from the growth curve and
weight-length relationship. Fishing mortality is



found numerically by solving the following
fisheries differential equations with an initial age
structure derived from equation (1):

il\l-—n—zN
dt
b-1
bk(l— e»k(t—to)) o K(t=t0)
TZNLZLOO b
g —z(l——e_k(f"%))

ac _
dt

aB

FB

where N is the number of fish, z = M+F where M
and F are the natural and fishing mortality rates
respectively, B is the biomass of fish, L, k and &
are the von Bertalanffy growth parameters, a and
b are the weight-length parameters and C is the
catch.

The resulting fishing mortality is F = 0.095.
This results in a combined catch over two years
from the two abundant cohorts of 1 500 tonnes,
comprising 900 tonnes in the first year and
600 tonnes in the second year.

DISCUSSION

The assessments presented here are based on
data collected from scientific surveys carried out
on the populations of C. gunnari in the vicinity of
Heard Island. The results of these assessments
can be summarised as follows.

There are important differences in the
populations of C. gunnari on the Heard Plateau
and on Shell Bank. This indicates that the two
areas should be managed separately.

For the precautionary catch limits from
the GYM, median escapement of the spawning
stock is always well above 75%. Fishing at
the precautionary catch limit is unlikely to
compromise predator requirements. Given that
the abundance of the population is so variable, it
is likely that predators of C. gunnari switch to
other prey species when C. gunnari are scarce. It
is also likely that the effects of predation on the
C. gunnari populations would not be great when
ice fish abundance is high.

The existing decision criterion for a
precautionary catch limit, which limits the
probability of the stock falling below 20% of the
median spawning stock biomass to 0.1, is not
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applicable to these populations because this is
exceeded naturally. An augmented decision
criterion is used here which limits fishing so
that the increase in the probability of the
spawning stock biomass falling below the
reference level is no greater than 0.05. This
criterion gives precautionary catch limits of
180 tonnes for the Heard Island plateau and
18 tonnes for Shell Bank. This is lower than the
previous precautionary catch limit of 311 tonnes.
However, the parameters and decision criteria for
the new calculations have little in common with
the earlier calculations.

The precautionary catch limits are low because
of the combination of highly variable recruitment
with the short life-span of the fish. Consequently,
the abundance of fish can fall to low levels. The
precautionary catch limit is constrained by the
periods of low abundance. This means that the
precautionary catch limits fail to take advantage
of periods when the populations are abundant
due to sporadic strong year classes. Based on the
results of a survey conducted at the end of the
1997 fishing season, some interim calculations
were made using the criterion that fishing should
not reduce the spawning stock biomass to below
75% of the level which would occur in the absence
of fishing. These calculations give catch limits for
the Heard Plateau of 900 tonnes in 1997/98 and
600 tonnes in 1998/99. The catch limit would
need to revert to the precautionary level thereafter
unless a further survey again showed that
abundant cohorts had been recruited.

There appears to be no compelling
requirement to protect juvenile fish from the
effects of fishing up to the precautionary catch
limit. However, this has not been established for
the higher catch limits from the interim procedure
for estimating catch limits for abundant cohorts.
For this reason, it would be advisable to continue
a procedure for limiting the proportion of small
fish taken by the fishery. This could be achieved
by requiring a fishing vessel to move to another
location when the proportion of small fish exceeds
10% of the total (provided the haul is above a
minimum threshold such as 100 kg). Small fish
should be defined as those less than 240 mm total
length.

A management system based on annual
surveys may have substantial benefits for
C. gunnari fisheries. This should be explored
further as a component in the development of a
management procedure for C. gunnari currently
under way.
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Table 1:  Summary of the estimated abundance (in tonnes) of Champsocephalus gunnari from the
three trawl surveys conducted off Heard Island from 1990 to 1993 (from Williams and
de la Mare, 1995). Estimates and 95% confidence intervals are from the Delta-lognormal
maximumlikelihood estimator.

Cruise Lower 95% Estimate Upper 95% cv
Confidence Interval (tonnes) Confidence Interval
Autumn 1990 2 606 4 584 113 019 0.257
Summer 1992 945 3112 427 728 0.535
Spring 1993 4 113 31 701 14 712 200 0.801
Table 2:  Areas of seabed (in km?) within each stratum for the various surveys.
Stratum Survey
Autumn 1990 Summer 1992 Spring 1993 Winter 1997
Plateau 21 582 21 582 21 310 5315
Gunnari Ridge 386 386 658 520
Shell Bank 2 085 2 085 2 085 -
Shell inner - - - 561
Shell outer - - - 1 088

Table 3:  Abundance estimates and confidence intervals for Champsocephalus gunnari from the 1997 Heard
Island survey.
Stratum Delta-lognormal Maximum Likelihood Sample Statistics with Bootstrap
Abundance | Std Error 95% Confidence Abundance | Std Error 95% Confidence
(tonnes) Interval (tonnes) Interval
Lower Upper Lower Upper

Shell 1 253.3 201.9 38.7 14 5272 177.4 97.3 13.7 381.9

Shell 2 4 190.0 2 822.8 1 000.3 77 998.0 4 3543 2 893.2 407.8 10 365.5

Plateau 110 825.0 91 849.1 14 420.5 7.9%10° 49 050.0 30 426.7 71943 112 7455

Gunnari R. 840.0 598.9 182.0 19 344.8 611.7 324.7 124.2 12789

Shell 1+ 2 4 531.7 2 769.2 591.8 10 624.0

Gunnari R.

+ Plateau 49 661.7 28 946.1 7 810.9 113.2

Total 116 109.3 91 894.7 | 18 963.0  7.9*10° 54 193.4 29 071.7 11 765.6 118 235.2
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Estimates of Champsocephalus gunnari density (in numbers of fish per km?) by age class and cohort from the four trawl surveys at Heard Island. Estimates of

Table 4:
density for age classes 1 and 6 are treated as ‘absent’ (designated by - ) when none were detected. For the other age classes non-detection is taken to be an
estimate of zero density.
1990 Survey
Stratum Agel Age2 Age3 Aged Ageb Ageb6
1989 Cohort 1988 Cohort 1987 Cohort 1986 Cohort 1985 Cohort 1984 Cohort
Density ~ Std Error | Density  Std Error | Density  Std Error | Density  Std Error | Density  Std Error | Density  Std Error
Gunnari R. - - 0.0 0.0 158.0 396.0 4 779.0 12 039.0 41730 12 516.0 - -
Plateau 74.9 40.3 0.0 0.0 35.8 10.1 35.8 19.1 80.4 23.1 - -
Shell - - 0.0 0.0 2450 52 000.0 137.0 187.0 0.0 0.0 - -
1992 Survey
Stratum Agel Age?2 Age3 Aged Ageb Ageb
1990 Cohort 1989 Cohort 1988 Cohort 1987 Cohort 1986 Cohort 1985 Cohort
Density ~ Std Error | Density = Std Error | Density = Std Error | Density  Std Error | Density = Std Error | Density  Std Error
Gunnari R. - - 44 430.0 28 658.0 1314.0 1 518.0 0.0 0.0 0.0 0.0 852.0 1920.0
Plateau 1976.0 1 828.0 167.0 60.0 24.9 13.4 21.6 13.2 0.0 0.0 0.0 0.0
Shell 17.6 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 370.0 251.0
1993 Survey
Stratum Agel Age?2 Age3 Aged Ageb Ageb
1991 Cohort 1990 Cohort 1989 Cohort 1988 Cohort 1987 Cohort 1986 Cohort
Density ~ Std Error | Density  Std Error | Density  Std Error | Density  Std Error | Density  Std Error | Density  Std Error
GunnariR. | 1237.0 821.0 4 371.0 2 388.0 3 192.0 2 118.0 15.5 29.9 1 044.0 1 006.0 - -
Plateau 20.5 175.0 0.0 0.0 92380 11 198.0 0.0 0.0 682.0 3 585.0 - -
Shell - - 10 231.0 151470 | 10 126.0 23 551.0 0.0 0.0 0.0 0.0 - -
1997 Survey
Stratum Agel Age?2 Age3 Aged Ageb Ageb
1996 Cohort 1995 Cohort 1994 Cohort 1993 Cohort 1992 Cohort 1991 Cohort
Density ~ Std Error | Density  Std Error | Density  Std Error | Density  Std Error | Density = Std Error | Density  Std Error
Gunnari R. - - 10 650.0 8 538.0 3 517.0 2 982.0 62.2 43.3 0.0 0.0 - -
Plateau 30.5 12.1 0.0 0.0 | 34 899.0 8 157.0 | 21 833.0 12 410.0 80.5 97.6 - -
Shell 1 - - 0.0 0.0 29.7 44.3 23320 1682.0 0.0 0.0 37.8 21.8
Shell 2 - - 0.0 0.0 0.0 0.0 | 27 2540 21 316.0 0.0 0.0 615.0 523.0
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Table 5.  Estimates of cohort strengf;th (recruits, in millions of fish) referred to age 2 for the Heard
Island plateau and Shell Bank from 1985 to 1995.
Cohort Heard Plateau Shell Bank
Abundance Std Error Ccv Abundance Std Error Ccv
(millions) (millions)
1985 11.11 16.13 1.452 191 1.30 0.678
1986 3.46 5.34 1.543 0.64 0.87 1.365
1987 17.60 84.60 4.803 0.25 53.9 212.2
1988 0.53 0.33 0.617 0.00 0.00 -
1989 161.0 178.1 1.106 15.80 36.60 2.333
1990 15.70 13.20 0.841 0.01 - -
1991 0.84 2.56 3.037 8.86 10.68 1.205
1992 1.42 1.72 1.212 0.00 0.00 -
1993 258.3 146.8 0.568 68.9 51.70 0.750
1994 279.4 64.70 0.232 0.03 0.04 1.492
1995 5.54 4.44 0.802 - - -
Table 6:  Parameters for the von Bertalanffy growth curves estimated for Heard
Island plateau and Shell Bank.
Parameter Plateau Shell Bank
Value Std Error Value Std Error
tg 0.571 0.072 0.170 0.303
k 0.410 0.036 0.445 0.097
L., 410.990 12.230 391.640 18.160
Table 7:  Size at which >50% of Champsocephalus gunnari are mature.
Location Date Size at First
Spawning
mm TL)
Gunnari Ridge/Plateau September 1993 258
Gunnari Ridge/Plateau August 1997 275
Shell Bank April 1997 258
Table 8:  Lengths of first capture and median size of catch for two types of fishing gear and a
range of codend mesh sizes.
Net Mesh Size Location Smallest Size Size at which 50%
{mm) Caugrht of Fish are Caught
(mm TL) (mm TL)
Champion 60 Shell Bank 250 307
Champion 60 Plateau 160 299
Champion 101 Shell Bank 260 289
Champion 101 Plateau 230 285
Champion 110 Plateau 220 285
Gloria 110 Shell Bank 240 288
Gloria 110 Plateau 230 291
Gloria 129 Shell Bank 240 287
Gloria 129 Plateau 220 282

89



de la Mare et al.

Table 9:  Input parameters for projections of the generalised yield model for Champsocephalus gunnari on the
plateau at Heard Island.
Category Parameter Trial 1 Trial 2 Trial 3 Trial 4
Agecomposition Minimum age instock 2 2 2 2
Maximum age (plus class) 6 6 6 6
Years in plus class 5 5 5 5
Times within Number ofincrements 360 360 360 360
year
Natural mortality | Mean annual M 0.3-0.64 0.3-0.64 0.3-0.64 0.3-0.64
Fishing mortality | Recruitment to fishery at afge 3 3 3 2
Reasonable quer bound for annual 5.0 5.0 5.0 5.0
fishing mortality
Tolerance (error) for determining 1E-05 1E-05 1E-05 1E-05
fishing mortality in each year
Fishing season All year All year All year All year
von Bertalanffy Time0 0.57 0.57 0.57 0.57
growth L. 411 mm 411 mm 411 mm 411 mm
K 0.410 0.410 0.410 0.410
Weight-length a 2.629E-10 | 2.629E-10 | 2.629E-10 | 2.629E-10
(W=aLb) b 3.515 3.515 3.515 3.515
Spawning First age of maturity 3.0 years 3.0 years 3.0 years 3.0 years
biomass Date when spawning occurs 15 Sep 15 Sep 15 Sep 15 Sep
Number of Increments in spawning 1 1 1 1
season
Recruitment Vector of recruitments 11.11, 3.46, | 11.11, 3.46, 11.11, 3.46,
(millions of fish) 17.60, 17.60, 17.60,
0.527, 0.527, 0.527,
161.0, 15.7, | 161.0, 15.7, 161.0, 15.7,
0.842, 1.42, | 0.842, 1.42, 0.842, 1.42,
258.3, 258.3, 258.3,
2794, 5.54 | 2794, 554 2794, 5.54
Vector of standard errors 16.13, 5.34, 16.13, 5.34,
associated with respective 84.6, 0.325, 84.6, (0.325,
recruitments (millions of fish) 178.1, 13.2, 178.1, 13.2,
2.56,1.72, 2.56,1.72,
146.8, 64.7, 146.8, 64.7,
4.44 4.44
Log.-domain u 16.25117
Log, -domain standard error of pu 0.641358
Log, -domain standard deviation 2.12714
Proportion of median SBy when 0.0
depletion begins to occur
Simulation Number of runs to test each 5001 5001 5001 5001
characteristics catch level
Replicates in formulating median 5001 5001 5001 5001
SBy in each run
Years to project stock before start 1 1 1 1
of projections
Vector of real catches for projecting 0 0 0 0
over known catch period
Number of years to project stock 20 20 20 20
following known catch period
Decision rules Proportion of median SBy 0.2 0.2 0.2 0.2

considered to be level of depletion
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Table 10: Inputparameters for projections of the generalised yield model for Champsocephalus gunnari on Shell
Bank at Heard Island.

Category Parameter Trial 1 Trial 2 Trial 3 Trial 4
Agecomposition | Minimum age in stock 2 2 2 2
Maximum age (plus class) 6 6 6 6
Years in plus class 5 5 5 5
Times within year | Numberofincrements 360 360 360 360
Natural mortality { Mean annual M 0.3-0.64 0.3-0.64 0.3-0.64 0.3-0.64
Fishing mortality | Recruitment to fishery at age 3 3 3 2
Reasonable upper bound for 5.0 5.0 5.0 5.0
annual fishing mortality
Tolerance (error) for determining 1E-05 1E-05 1E-05 1E-05
fishing mortality in each year
Fishing season All year All year All year All year
von Bertalanffy Time 0 0.1698 0.1698 0.1698 0.1698
growth L. 391.64 mm | 391.64 mm | 391.64 mm | 391.64 mm
K 0.4474 0.4474 0.4474 0.4474
Weight-length a 2.629E-10 | 2.629E-10 | 2.629E-10 | 2.629E-10
(W =aLb b 3.515 3.515 3.515 3.515
Spawning First age of maturity 3.0 years 3.0 years 3.0 years 3.0 years
biomass Date when spawning occurs 15 Apr 15 Apr 15 Apr 15 Apr
Number of Increments in spawning 1 1 1 1
season
Recruitment Vector of recruitments 1.91, 0.64, 1.91, 0.64, 191, 0.64,
(millions of fish) 0.254, 0.0, | 0.254, 0.0, 0.254, 0.0,
15.8, 0.012, | 15.8, 0.012, 15.8, 0.012,
8.86, 0.0, 8.86, 0.0, 8.86, 0.0,
68.9,0.025 | 68.9, 0.025 68.9, 0.025
Vector of standard errors 1.30, 0.87, 1.30, 0.87,
associated with respective 53.9, 0.0, 53.9, 0.0,
recruitments (millions of fish) 36.6, 0.0, 36.6, 0.0,
10.68, 0.0, 10.68, 0.0,
51.7, 0.037 51.7, 0.037
Log,.-domain 15.23216
Loge -domain standard error of p 0.4121
Log, -domain standard deviation 1.30328
Proportion of median SBy when 0.0 0.0 0.0
depletion begins to occur
Simulation Number of runs to test each catch 5 001 5 001 5001 5 001
characteristics level
Replicates in formulating median 5 001 5 001 5 001 5 001
SBg in each run
Years to project stock before start 1 1 1 1
of projections
Vector of real catches for 0 0 0 0
projecting over known catch period
Number of years to project stock 20 20 20 20
following known catch period
Decision rules Proportion of median SBy 0.2 0.2 0.2 0.2

considered to be level of depletion
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Table 11: The effects of different catch levels on escapement and probability of depletion of Champsocephalus gunnari at Heard Island.
Area Trial Catch (tonnes) Yield
0 100 150 175 200 225 250 (tonnes)
Plateau Recruitment — bootstrap; Escapement 0.980 0.957 0.954 0.950
Age 3 selection p(depletion) 0.461 0.502 0.510 0.519 178
Recruitment — parametric Escapement 0.981 0.956 0.952 0.948 0.940
bootstrap; Age 3 selection p(depletion) 0.519 0.560 0.568 0.573 0.588 180
Recruitment —lognormal; Escapement 1.000 0.976
Age 3 selection p(depletion) 0.281 0.341 83
Recruitment —~ parametric Escapement 0.981 0.944 0.941 0.931
bootstrap; Age 2 selection p(depletion) 0.519 0.568 0.574 0.589 83
0 10 15 20 25 Yield
Shell Bank Recruitment —bootstrap; Escapement 1.000 0.984 0.978 0.969
Age 3 selection p(depletion) 0.543 0.574 0.587 0.601 17
Recruitment — parametric Escapement 1.007 0.979 0.969 0.956
bootstrap; Age 3 selection p(depletion) 0.623 0.664 0.679 0.691 18
Recruitment —lognormal; Escapement 1.007 0.985 0.978 0.971
Age 3 selection p(depletion) 0.020 0.038 0.046 0.055 >25
Recruitment - parametric Escapement 1.007 0.978 0.965
bootstrap; Age 2 selection p(depletion) 0.623 0.659 0.669 22
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Figure 1:  Chart showing the survey strata and station locations for the Champsocephalus gunnari survey conducted
at Heard Island in August 1997.
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Figure2:  Scatterplot comparing the estimates of cohort abundance on the Heard Plateau and Shell Bank
in the same years.
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length-density analyses for the Heard Plateau and for Shell Bank.
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Crincox Tadsuig

OneHkH yuciaeHHOCTH (B ToHHAX) Champsocephalus gunnari Ha OCHOBE TpeX TPAJIOBBIX CHEMOK,
HpoBeIeHHbIX B pailone o-Ba Xepn B 1990-1993 rr. (u3 Williams and de la Mare, 1995).
PacdeTHble BeJIMUMHB! 1 95%-Hble NOBEPHTEJIBHBIC HHTEPBAJIBI OBLIIM MOJIYUYCHB C [TOMOLIBIO
JeJI6Ta-JIOTHOPMAJTIBHOM OUEHKH HanGOJIBIIEro NpaBaoNof00Hs.

TLomags MopcKoro aHa (B KM?) Mo TIYOUHHBIM CHOSM, PACCUUTAHHAS OIS PA3JIMUHBIX ChEMOK.

OueHKHU YHMCJACHHOCTH M JOBEepHUTeJibHBIC HHTepBaabl ans Champsocephalus gunnari no
pe3yJibTaraM CheMKH, NPOBEACHHOI B paiioHe 0-Ba Xepa B 1997 r.

Ouenkn naotnocrn Champsocephalus gunnari (B KostauecTBe ppid/KM?) 0 BO3PACTHBIM KJIaccam
U KOropTaM, paCcCUUTAHHbIE HO PE3yJIbTaTaM YETHIPEX TPAJIOBBIX ChEMOK B pailoHe o-Ba Xepj.
OueHKY MJIOTHOCTH BO3PACTHBIX KJaccoB 1-6 cuuTaroTcs ToTrcyTcTByromuMuY (0003HAYEHBI
3HAKOM - ), KOFJa HU OJHOr'O M3 3THUX KJIACCOB OOHAPYXKEHO He OBLIO. oraa APYrMX BO3PACTHBIX
KJ1aCCOB HE BCTPEYATIOCH, CUUTACTCS, YTO UX NIJIOTHOCTD PaBHSIETCS HYJTO.

OueHKH MOUHOCTH KOropT (0codu MOMOJIHEHUS B MHUJLJTHOHAX PHIO), YCJIOBHO MPHIMCAHHBIX K
BO3pacty 2 a1 miaro o-sa Xepa u 6auxu Hlenn 3a neprog ¢ 1985 no 1995 r.

Tlapamerps! KpuBbix pocra mo dou Beprananddu, paccunTaHHbIX OIS MU1aTO 0-Ba XepA U OaHKu
Hlenn.

Pasmep, npu koTopoM >50% ocobeit Champsocephalus gunnari JOCTUTAIOT HOJIOBO3PEJIOCTH.

JlnuHbl NpU TIEPBO# MOMMKE W MeIHaHHBII pasMep YJ0BOB [IJIsi ABYX THIOB Opyiuil JIOBa U
Pa3JIMYHBIX Pa3MEPOB sIUeH B KyTKe.

[TapameTpsl fs19 TPOroHoB 0000WeHHOl Mode/d BeUIOBA B npuMeHeHun K Champsocephalus
gunnari B BOAAX IUTATO 0-Ba XEPH.

[Tapamerpsl A5 OpPOroHoB 0000LIeHHO Moae/ M BbIJIoBa B nmpuMenerun K Champsocephalus
gunnari 8 Bogax 0auku ey o-Ba Xepx.

BiigsiHHe pa3JIdHBIX YPOBHEH BBUIOBA Ha HEOOJIABJTHBAEMBIH pe3epB H BEPOATHOCTD HUCTOILEHHUS
Champsocephalus gunnari B paiione o-Ba Xepn.
CHHCOK PUCYHKOB

T'siyOuHHBIE CJIOHM U MECTONOJIOXKeHUe CTaHIuil B xone cbeMKku Champsocephalus gunnari,
IpOBENCHHOI B pafiode 0-Ba Xepa B aBrycre 1997 r.

CpaBHeHHE OLEHOK YWCJICHHOCTH KOropT B Bofax riaro Xepn u 6anku Hlerma B ognu ¥ Te Xe
rOfbI.

Kpurrie pocra no ¢on beprananddu, nogorHaHHbie K pa3MeEPHO-BO3PACTHLIM AAHHBIM,
[IOJIYYEHHBIM B Pe3yJIbTaTe aHaM3a JAHHBIX MJIOTHOCTH-JIMHBE 115 r1aTo XepA u Ganku Mlesu.

[osim nonoBo3pesibix peld KaX a0l OJMHBL B PSAJ/ie HEPECTOBBIX CE30HOB B paifonax xpelOTa
T'yrnapu u 6anku esn.

KyMyJSITHBHOE pacnpedesieHHe [JIMH B yJIOBaX [IJIS Pa3/IMUYHBIX Pa3MEpoB sSued B KyTke: (a) B
Bomax xpebdra I'yurapn; u (b) B Bogax Ganku [len.

CpaBHeHne KyMYJ/ISTHBHOTO PACTIPEeSICHUsT UTHH B yJI0Bax ceThio “Topust” ¢ pasMepoM siued B

110 MM # CIPOrHO3UPOBAHHOI O KYMYJISITABHOI'O paclpeAesieHusl AJIMH PBIO B BO3pacTte 3+.

KymynstusHoe pacnpefesieHne ppid B Bo3pacTax 2 (HenmpepbiBHAS JIMHHS) M 3 (IIyHKTHpHAA
JIAHAS) B TEYESHHE HEPECTOBOTO CE30Ha.
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Assessment of Mackerel Icefish off Heard Island

CHARACTERISTICS OF THE VESSEL AND GEAR USED IN
THE HEARD ISLAND CHAMPSOCEPHALUS GUNNARI SURVEY

Description of vessel:

Name Austral Leader

Type Factory stern trawler

Dimensions 85.2 m LOA x 13.6 m breadth x 5.5 m draft

Tonnage 2154 gross, 646 net

Fishing winches Electric/hydraulic self-tensioning with 2 x 3 000 m of 28 mm warp
Electronics Marelec computer trawl winch control

Furuno CNIO net monitor

2 x netlinks — net position indicator
3 x Furuno colour sounders

2 x Furuno GPS and plotters

Fishing gear 4 x 1 800 kg polyvalent trawl doors
4 x ‘Champion’ bottom trawl nets
37-m long headline
67-m ground line with 300-mm diameter bobbins
Sweep plus bridles, length 135 m
Horizontal opening ~ 22 m
Vertical opening ~7.5 m
Codend mesh size 60 mm, diamond meshes

APPENDIX
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