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1. Executive summary 

This paper reviews the stock assessment of hake in New Zealand waters. The fisheries 
for hake are briefly described and the data on which the stock assessments are based 
are surnmarised. Hake are currently managed as three separate stocks: HAK 1 (mainly 
the Southland and Sub-Antarctic QMAs), HAK 4 (Chatham Rise), and HAK 7 
(west coast of the South Island). Each stock was assessed separately. 

The MIAEL estimation technique was used for these assessments. For HAK 1 and 
HAK 4 age data and abundance indices from trawl surveys were available. For HAK 7 ' 
there were no biomass indices though age data were available. In addition, CPUE 
indices were available for the first time for stock assessment in HAK 4 and HAK 7. 

The stock assessments were all uncertain; biomass estimates on all stocks could be 
determined only within wide ranges and the MIAEL information indices were low. 

2. Introduction 

2.1 Description of the fishery 

Hake are widely distributed through the middle depths (200-800 m) of the New 
Zealand EEZ south of latitude 40" S. They are taken mainly by large trawlers,' often as 
bycatch in fisheries targeting other species such as hoki and southern blue whiting, 
though some target fisheries also exist. Present management practices divide the 
fishery into three fish stocks (Figure 1): (a) the Challenger QMA (HAK 7), (b) the 
southeast (Chatham Rise) QMA (HAK 4), and (c) the remainder of the EEZ 
comprising the Auckland, Central, southeast (Coast), Southland and Sub-Antarctic 
QMAs (HAK 1). In addition, a fish stock has been established for the Kermadec QMA 
(HAK 10). 

The largest fishery is off the west coast of the South Island (HAK 7) where the largest 
catch (17 000 t) was recorded in 1977, before the establishment of the EEZ (Table 1). 
The 1997-98 TACC for HAK 7 was 6855 t out of a total for the EEZ of 13 997 t 
(see Table 2). Reported landings from HAK 7 in 1996-97 were 61 19 t. This fishery 
has generally consisted of bycatch in the much larger hoki fishery, but it has 
undergone a number of changes during the last decade. These include changes to the 
TACCs of both hake and hoki, and also changes in fishing practices such as gear used, 
tow duration, and strategies to limit hake bycatch. In some years, notably in 1992 and 
1993, there has been a hake target fishery in September after the peak of the hoki 
fishery is over; over 2500 t of hake were taken in this target fishery during September 



1993. Since then, however, there has been no significant target fishery in September. 
Bycatch levels of hake early in the season in 1994-95 and 1995-96 were relatively 
high and the overall catch in each of these years (8840 t and 8657 t respectively) 
exceeded the TACC of 6855 t, although the overall reported catch in 1996-97 
dropped to slightly below the TACC. 

Figure 1: Fishery Management Areas for hake in the New Zealand EEZ. 

In HAK 1 (where most of the catch originates from the Southern Plateau) and HAK 4 
(Chatharn Rise), hake have been caught mainly as bycatch by trawlers targeting hoki. 
However, in both areas some targeting for hake occurs; increases in TACCs from 
2610 t to 3500 t in HAK 1, and from 1000 t to 3500 t in HAK 4, from the 1991-92 
fishing year allowed the fleet to increase their landings of hake from these fish stocks. 
Catches have since risen to the levels of the new TACCs. 

2.2 Literature review 

Previous assessments of hake over the past few years include those by Colman et al. 
(1991) for the 1991-92 fishing year, Colman & Vignaux (1992) for the 1992-93 
fishing year, and Colman (1997) for the 1997-98 fishing year. 



Since 199 1, time series of trawl surveys for inclusion in hake stock assessments have 
been carried out from the R.V. Tangaroa in HAK 1, in November and December 
1991, 1992, and 1993 (Chatterton & Hanchet 1994, Ingerson & Hanchet 1995, 
Ingerson et al. 1995) and in April-May 1992 (Schofield & Livingston 1994a), 
September-October 1992 (Schofield & Livingston 1994b), May-June 1993 (Schofield 
& Livingston 1994c), and April 1996 (Colman 1 996), and in HAK 4 in January 1992 
to 1997 (Horn 1994a, 1994b, Schofield & Horn 1994, Schofield & Livingston 1995, 
1996, Schofield 1997). Where these trawl surveys constitute comparable series the 
results are used as indicators of relative stock abundance in this assessment. 

Since the 1997 stock assessment, Horn (1997) has documented a method of age 
determination from reading otoliths and provided estimates of mortality and growth 
parameters. Colman (1998) described the spawning areas and size and age at maturity 
of hake from research trawl data and observer data. Kendrick (1998) investigated the 
feasibility of deriving CPUE indices for hake, and presented indices for the HAK 4 
and HAK 7 stocks. 

3. Review of the fishery 

3.1 TACCs, catch, landings and effort data 

Reported catches from 1975 to 1987-88 are shown in Table 1; reported landings for 
each fish stock since 1983-84 and TACs since 1986-87 are shown in Table 2. Catches 
in the last two years were at their highest recorded levels in HAK 1 and in HAK 4. In 
HAK 7, catches in 1994 to 1996 were exceeded only in 1977. The TACC was 
exceeded in HAK 1 by about 300 t, while catches in HAK 4 were close to the TACC. 
In HAK 7, while catches exceeded quota in 1995 and 1996, the 1996-97 quota was 
under-caught by 736 t. 

Standardised CPUE indices (Kendrick 1998) for HAK 4 and HAK 7 stocks are shown 
in Table 3. Indices for HAK 1 are not available due to inadequate data. The years 
where the total number of tows was below 30 have been excluded from the 
standardised analyses. Two CPUE series are available for HAK 7; one based on the 
target hake fishing data, and the other on the combined hokihake fishing data. The 
target HAK 7 CPUE series shows little trend, whilst the combined fishery CPUE 
series shows a sharp increase from 1994-96, with a sharp decrease in 1997. Kendrick 
(1998) concludes that "It is not clear . . . that either series is indexing abundance of 
hake." 

The HAK 4 CPUE series shows a steady decline since the start of the series in 1991. 
Kendrick (1998) considered that the change in the proportion of zero tows is more 
consistent with CPUE indexing abundance. 

3.2 Recreational and Maori customary fisheries 

The recreational fishery for hake is negligible. The amount of hake caught by Maori is 
not known but is believed to be negligible. 



Table 1: Reported hake catches (t) from 1975 to 1987-88. Data from 1975 to 1983 from MAF; 
data from 1983-84 to 1985-86 from FSU; data from 1986-87 to 1987-88 from QMS 

New Zealand Foreign licensed 
Fishing year Domestic Chartered Total Japan Korea USSR Total Total 
1975 ' 0 0 0 382 0 0 382 382 
1976 ' 0 0 0 5 474 0 300 5 774 5 774 
1977 0 0 0 12 482 5 784 l 200 19 466 19 466 
1978-79 ' 0 3 3 398 308 585 1291 1 294 
1979-80 ' 0 5 283 5 283 293 0 134 427 5 710 
1980-8 1 ' No data available 
1981-82 0 3 513 3 513 268 9 44 32 1 3 834 
1982-83 ' 38 2 107 2 145 203 53 0 255 2 400 
1983 ' 2 1 006 1 008 382 67 2 45 1 1 459 
1983-84 196 1212 1 408 522 76 5 603 2011 
1984-85 265 1318 1 583 400 35 16 45 1 2 034 
1985-86 24 1 2 104 2 345 465 52 13 530 2 875 
1986-87 ' 229 3 666 3 895 234 I I 236 4 131 
1987-88 122 4 334 4 456 23 1 1 I 233 4 689 

Calendar year ' April l to March 3 1 ' April 1 to Sept 30 
Oct I to Sept 30 

Table 2: 

Fish stock 
QMAW 

Reported landings (t) of hake by fish stock from 1983-84 to 1995-96 and actual 
TACs (t) for 198647 to 1995-96 

HAK 1 HAK 4 HAK 7 HAK 10 Total 
1,2,3,5,6,8, & 9 4 7 10 
Landings TAC Landings TAC Landings TAC Landings TAC Landings TAC 

886 - 180 - 945 - 0 - 2011 - 
670 - 399 - 965 - 0 - 2 034 - 

1 047 - 133 - 1 695 - 0 - 2 875 - 
1 022 2 500 200 1000 2 909 3 000 0 10 4 131 6510 
1381 2500 288 1 000 3019 3000 0 10 4689 6510 
1487 2513 554 1000 6 835 3 004 0 10 8 876 6 527 
2115 2610 763 l 000 4903 3310 0 10 7 783 6930 
2 635 2610 743 I000 6 189 3310 0 10 9 567 6930 
3156 3500 2013 3 500 3 027 6 770 0 10 8 196 13 780 
3 525 3 501 2 545 3 500 7 154 6 835 0 10 13224 13846 
1803 3501 2 587 3 500 2 973 6 835 0 10 7363 13847 
2 572 3 631 3369 3500 8 840 6 855 0 10 14781 13997 
3956 3631 3 466 3 500 8 660 6 855 0 10 16082 13997 
3 540 3 631 3 524 3 500 6119 6855 10 13183 13997 

' FSU data. 
' QMS data. 

Table 3: The CPUE indices ' for HAK 4 and HAK 7 used for stock assessment 

Year HAK 4 HAK 7 
(target hake) 

HAK 7 
(combined hoki & hake) 

1.000 
0.899 
0.891 
0.402 
0.696 
0.64 1 
1.434 
2.177 
1.497 

' ' The '-' represent those values that were not used in the stock assessment process 
as they were derived from a total of less than 30 tows 



3.3 Other sources of fishing mortality 

There is some evidence, from comparison of catches from vessels carrying observers 
with those not carrying observers, to suggest that catches of hake were not always 
fully reported in the past - particularly in HAK 7 in 1988-89 to 1990-91 when 
actual catches were probably considerably higher than reported catches. For these 
years the ratio of hake to hoki in the catch of vessels carrying observers was 
significantly higher (Colman & Vignaux 1992) than in the catch of vessels not 
carrying observers. The actual hake catch in this fishery for these years was estimated 
by multiplying the total hoki catch (which was assumed to be correctly reported by 
vessels both with and without observers) by the ratio of hake to hoki in the catch of 
vessels carrying observers. Reported and estimated catches for 1988-89 were 
respectively 6835 t and 8696 t; for 1989-90,4903 t reported and 8741 t estimated; and 
for 1990-91, 6189 t reported and 8246 t estimated. More recently, the level of 
misreporting has not been estimated and is not known. 

There is likely to be some mortality associated with escapement from trawl nets, but 
its level is not known. 

4. Research 

4.1 Biology 

Horn (1997) validated the use of otoliths to age hake. Readings of otoliths from hake 
have been used to develop age-length keys to scale length frequency distributions for 
hake collected on a number of trawl surveys in HAK 1 and HAK 4 and by observers 
on vessels fishing in the HAK 7 fishery. The resulting age frequency distributions, 
scaled to the population sampled in the trawl surveys in HAK 1 and HAK 4, and to 
the total catch for the season in HAK 7, are shown as Figures 2, 3, and 4. The New 
Zealand hake reaches a maximum age of about 25 to 30 years. Males, which rarely 
exceed 100 cm total length (TL), do not grow as large as females, which can grow to 
120 cm TL or more. Both sexes reach sexual maturity between 6 and 10 years of age, 
at lengths of about 67 to 75 cm TL (males) and 75 to 85 cm TL (females). Coleman 
(1998) concluded that hake reached 50% maturity at between 6 and 8 years for HAK 
1, and 7-8 years for HAK 4 (see Table 4). 

Natural mortality (M) was estimated from the equation M = (log1 00)/maximum age, 
where maximum age is the age to which 1% of the population survives in an 
unexploited stock. Using maximum ages of 23 years for females and 21 years for 
males, M equalled 0.20 for females and 0.22 for males (Colman et al. 1991). (These 
are similar values to those proposed by Horn (1997) who determined the age of hake 
by counting zones in sectioned otoliths, and concluded that it was likely that M is in 
the range 0.20-0.25 for hake.) 

Data collected by observers on commercial trawlers and from trawl survey data 
suggest that there are at least three main spawning areas for hake. The best known 
area is off the west coast of the South Island, where the season can extend from June 
to October, usually with a peak in September. Spawning is also known to occur to the 



west of the Chatham Islands during a prolonged period from at least November to 
January. Spawning on the Campbell Plateau, primarily to the northeast of the 
Auckland Islands, can occur from September to February, but usually with a peak in 
September-October. Spawning has also been recorded occasionally on the Puysegur 
Bank, with a seasonality similar to that on the Campbell Plateau. 

Juvenile hake have been taken in coastal waters on both sides of the South Island and 
on the Campbell Plateau. They reach a length of about 15-20 cm TL at one year old, 
and about 35 cm TL at 2 years. 

Biological parameters relevant to the stock assessment are given as Table 4. 

Table 4: Estimates of biological parameters 

Fish stock 
I .  Natural mortaliry (M) 

HAK 7 

Estimate Source 

Males 
0.22 

Females 
0.2 (Colman et al. 1991) 

2. Weight = ~ { l e n ~ t h ) ~  (Weight in g, length in cm) 
Males Females 

HAK I a = 0.00160 b = 3.36 a = 0.00150 b = 3.37 Ministry of Fisheries (unpublished data) 
HAK 4 a=0.00510 b=3.11 a = 0.00450 b = 3.11 Ministry of Fisheries (unpublished data) 
HAK 7 a = 0.00275 b = 3.23 a=0.00133 b=3.41 (Colmanetal.l991) 

3. von-Bertalanfi growth parameters 
Males Females 

K t0 Linr K b Linr 
HAK I 0.259 -0.06 92.5 0.185 -0.18 115.5 (Horn 1997) 
HAK 4 0.294 0 88.8 0.181 -0.21 1 16.1 (Horn 1997) 
HAK 7 0.308 0 83.5 0.194 -0.16 111.1 (Horn1997) 

4. Age at 50% maturity 
Males 

HAK 1 6-7 
HAK 4 7 

Females 
7-8 Kolman 1998) 

4.2 Stock structure 

There are three known hake spawning areas; off the west coast of the South Island, on 
the Chatham Rise, and on the Campbell Plateau. Juvenile hake are found in all three 
areas, there are differences in size frequency of hake between the west coast and other 
areas, and differences in growth parameters between all three areas (Horn 1997). 
There is some reason, therefore, to believe that at least three separate stocks may exist 
in the EEZ. 

Analysis of morphometric data (Ministry of Fisheries, unpublished data) shows no 
significant differences between hake from the Chatharn Rise and from the east coast 
of the North Island, but show highly significant differences between these fish and 
those from the Sub-Antarctic, Puysegur, and the west coast. The Puysegur fish are 
most similar to those from the west coast South Island, although, depending on which 
variables are used, they cannot always be distinguished from the Sub-Antarctic hake. 



For the purposes of stock assessment modelling, the HAK 4 stock was considered to 
include the whole of the Chatham Rise (including the western end currently forming 
part of the HAK 1 management area). The HAK 1 stock was considered to contain 
hake in the Southland and Sub-Antarctic management areas; although fisheries 
management areas round the North Island are also included in HAK 1, catches of hake 
in these areas are very small. The Challenger Fisheries Management Area (HAK 7) 
was also treated as a separate stock. 

4.3 Resource surveys 

Trawl surveys have been carried out at depths of 300-800 m in HAK 1 and HAK 4 
since 1991 by the NIWA research vessel Tangaroa with the same gear and similar 
survey designs. In HAK 4 there have been seven surveys at the same time of the year 
(January-February 1992-98). However, although the survey designs for 1996-98 were 
similar, a reduced number of deeper stations were sampled. In HAK 1 the three 
surveys were carried out in November-December 199 1, 1992, and 1993 but the series 
was then terminated; there was evidence that hake in particular might be aggregated 
for spawning at that time of the year and that spawning aggregations had a high 
probability of being missed during a survey. Surveys in April 1992 and May 1993 
formed the basis for a second series, repeated in April 1996, at which time of the year 
hake appear to be more evenly distributed through the survey area. 

Estimates of relative abundance from these trawl surveys are shown in Table 5, with 
assumptions about availability and vulnerability. The survey in HAK 1 in April 1996 
(TAN9605) covered a depth range of 300-1000 m to include the full depth range of 
hake, but only the hake in depths of 300 to 800 m are reported here in order to 
maintain comparability with the earlier surveys. 

Table 5: Biomass indices (t) and coefficients of variation (c.v.) from R.V. Tangaroa trawl surveys 
in depths of 300 to 800 m. (Assumptions: areal availability, vertical availability and 
vulnerability = 1) 

Fish stock (Area) Voyage code Date Biomass c.v. Reference 
HAK 1 TAN9 105 Nov-Dec 9 1 5 686 0.43 (Chatterton & Hanchet 1994) 
(Southland and TAN92 1 1 Nov-Dec 92 1 944 0.12 (Ingerson e! al. 1995) 
Sub-Antarctic) TAN93 10 Nov-Dec 93 2 572 0.12 (Ingerson & Hanchet 1995) 

TAN9204 April 92 5 000 0.18 (Schofield & Livingston 1994a) 
TAN9304 May 93 3 600 0.14 (Schofield & Livingston 1994~) 
TAN9605 April 96 2 013 0.13 (Colman 1996) 

HAK 4 TAN91 06 Jan-Feb 92 4 180 0.15 (Horn 1994a) 
(Chatham Rise) TAN92 12 Jan-Feb 93 2 950 0.17 (Horn 1994b) 

TAN940 1 Jan-Feb 94 3 353 0.10 (Schofield & Horn 1994) 
TAN9501 Jan-Feb 95 3 303 0.23 (Schofield & Livingston 1995) 
TAN960 1 Jan 96 2 457 0.13 (Schofield & Livingston 1996) 
TAN970 1 Jan 97 2 810 0.17 (Schofield 1997) 
TAN9801 Jan 98 2 870 0. 18 Ministry of Fisheries (unpublished data) 

4.4 Biomass estimates 

Estimates of midseason virgin biomass (Bo), 1998 midseason biomass (Bmid98), 

estimates of 1999 beginning of year biomass (Bbeg99), and 1999 midseason biomass 
(Bmid99) were obtained using the least squares and MIAEL estimation techniques of 



Cordue (1995), using the single stock model as detailed in Cordue (1998). A summary 
of the input data and modelling procedure for each stock is given below. 

Relative abundance indices were available for HAK 1 and HAK 4 from the results of 
trawl surveys (see Section 4.3). In addition, CPUE indices were available for HAK 4 
and HAK 7. 

Catch data were available for each year since 1975. Because there is evidence that 
hake on the western end of the Chatham Rise should be included with the rest of the 
Rise, catches in HAK 1 and HAK 4 have been adjusted by moving catches recorded 
from the western end of the rise from HAK 1 into HAK 4. This has the effect of 
raising the recorded catches in HAK 4, and reducing them in HAK 1, by an average of 
about 250 t per year. Catch histories used in the stock assessments are given in 
Table 6 .  
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Figure 2: Age freque'ncies of hake taken in trawl surveys in HAK 1, 1990-96. 
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Figure 3: Age frequencies of hake taken in January trawl surveys in HAK 4, 1992-98. 
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Figure 4: Age frequencies of hake in the HAK 7 trawl fishery, 1990-97. 



Table 6: 

Year 

Catch histories (tonnes per year) for HAK 1 (excluding the western end of the 
Chatham Rise), HAK 4 (including the western end of the Chatham Rise), and HAK 7 
used in stock assessments. The split between home and spawning grounds was 
estimated as a ratio of 2:3 for HAK 1 and HAK 4. In HAK 7, the entire catch was 
assumed to have been taken on the spawning ground 

HAK 1 HAK 4 HAK 7 
Home Spawning Home Spawning Home Spawning 

48 72 76'  115 0 7 1 

' The 1998 figures are based on the TACCs for 1997-98, with those for HAK 1 and HAK 4 adjusted by adding 250 t to 
HAK 4 and subtracting 250 t from HAK I.  

Estimates of biological parameters and of model parameters used in the assessments 
are given in Table 4 and Table 7 respectively. The steepness parameter is from the 
Beverton and Holt stock-recruitment relationship. The proportion spawning is 
assumed to be 1.0 in the absence of data to estimate this parameter. To the extent that 
this is an overestimate (the real figure is likely to be less than 1.0) the assessment will 
be conservative. 

The maximum exploitation rate is assumed to be 0.4 on the home ground (rhm ,,) for 
HAK 1 and HAK 4, and 0.6 on the spawning ground (rsp ,,). For HAK 7, where 
fishing is more intensive on both pre-spawning and spawning aggregations, a value of 
0.8 was assumed for both rates. The values of rh,,, and rsp-,, determine Bmin, the 
lowest value of Bo that is consistent with the catch history. 

The minimum exploitation rates (rhm-mmx and rSp-,,,) are the lowest values that the 
exploitation rates are believed to have been in the year that the catch was highest, and 
are shown in Table 7. Assumptions about rh, ,,, and rSp-,,, determine the value of 
B,, - the highest level that is believed to be feasible for Bo. Moreover, the values of 
Bmin and B,, are used as bounds for estimates of Bo. 

The maturity ogive represents the proportion of fish at each age which are estimated to 
be mature and recruited to the fisheries. Maturity values at age for HAK 1 and HAK 4 
were assumed, based on preliminary fits to the HAK 7 fishery using the observer data 



and an assumption of an annual year class strength of 1 (see Table 7). As there were 
catch at age data available from the commercial fishery, the maturity ogive for HAK 7 
was estimated within the stock model concurrently with estimates of year class 
strengths. 

The selectivity ogive represents the proportion of fish at each age that are vulnerable 
to the fishing process. A separate selectivity ogive is assumed for both the home 
ground (for all fish) and spawning ground (for mature fish), and for mature male and 
female fish in HAK 7. A lower proportion of mature female fish compared with males 
was found in the samples collected by observers in HAK 7 (see Figure 4), and the 
selectivity ogives were adjusted to reflect this difference. Reasons for this difference 
are not known, but may reflect the different lengths of time that males and females 
spend on the spawning grounds. The assumed selectivity ogives for each stock are 
given in Table 7. 

The mean c.v. for trawl surveys was assigned a value of 0.35 for HAK 1, and either 
0.25 or 0.35 for HAK 4 (depending on whether or not the trawl survey in a particular 
year was optimised for hake). Observer age frequency data (HAK 7) was assigned a 
c.v. of 0.35. For HAK 1 and HAK 7, the c.v. was adjusted for the number of stations 
occupied. CPUE indices were assigned a c.v. of 0.35. 

Table 7: Model input parameters, HAK 1,4, and 7 

Parameter 
Steepness 
Recruitment variability 
Proportion spawning 
Spawning season length 
M Male 

Female 
Maximum exploitation on the home ground 
(rI""-"d 
Maximum exploitation on the spawning ground 
( r W - , 4  
Minimum exploitation at highest catch rate on home ground 
(rhm-~nJ 
Minimum exploitation at highest catch rate on spawning ground 
(rW--J 
Maturity ogive (for ages 4, 5,6, 7, 8, and 9+) Male 

Female 
Ageing error 
Home ground selectivity (for ages I, 2, 3.4, 5,6, 7, 8, and 9+) 

Spawning ground selectivity (for ages 5, 6, 7, 8, 9, and I N )  
Male 
Female 

Model C.V. for trawl surveys 

Model c . v .  for observer age data 
Model C.V.  for CPUE indices 

Fish stock 
HAK1,4and7 
HAK1,4and7 
HAK1,4and7 
HAK l ,4and7  
HAK l ,4and7 
HAK1,4and7 
HAK 1.4 
HAK 7 
HAK 1,4 
HAK 7 
HAK 1,4 
HAK7 
HAK 1,4 
HAK 7 
HAK I and4 
HAK 1 and4 
HAK 1.4 and7 
HAK 1 and4 
HAK 7 
HAK I and 4 
HAK 7 

HAK I 
HAK 4 

HAK 7 
HAK 4 and 7 

Value 
0.90 
1 .o 
1 .o 
0.333 
0.22 
0.20 
0.4 
0.8 
0.6 
0.8 
0.01 
0.1 
0.05 
0.1 
0.02,0.05,0.26,0.68, 1.00, 1.00 
0.02,0.06,0.03,0.41,0.74, 1.00 
i 15% for ages 2 3 
0.01,0.05,0.1,0.2,0.4,0.6,0.8,0.9, 1.0 
0.10,0.10, 0.2,0.5,0.8, 1.0, 1.0, 1.0, 1.0 
1.0, 1.0, 1.0, 1.0, 1.0, 1.0 
1.0, 1.0, 1.0, 1.0, 1.0, 1.0 
1.0, 1.0, 1.0, 0.9.0.7.0.5 
0.35 
0.25 (1991-1994, 1997 surveys) 
0.35 (1995, 1996 surveys) 
0.35 
0.35 
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4.4.1 Biomass estimates for HAK 1 (Southland and Sub-Antarctic) 

For HAK 1, abundance indices and population age structure were available from the 
results of trawl surveys (see Table 5). No CPUE indices are available for this stock. 
Trawl data were incorporated into the models to estimate year class strength and the 
least squares estimate of Bo. Total catch for the home and spawning ground were not 
available separately, so spawning ground catch was assumed to be 60% of the total 
catch with home ground catch making up the remainder. Estimates of year class 
strengths are shown in Table 8 and subsequent estimates of biomass in Table 9. The 
MIAEL estimates of biomass were estimated with the year class strengths set at the 
values in Table 8. No sensitivity analyses were carried out on this assessment. 

Current biomass (Bmid98) is estimated to be only 22% Bo (range 1 2 4 5 % )  but the 
information index is only 1%. The low estimated current biomass is caused by poor 
estimated recruitment from 1980 to 1989 (averaging only 0.6 normal strength). This 
apparently poor recruitment is a result of incorporating the results of trawl survey 
biomass estimates which show a sharp drop in biomass but which cover a relatively 
short time period. Because of uncertainty in assumptions of M and other biological 
parameters and an information index near zero, the uncertainty associated with this 
assessment should be considered to be high. The biomass trajectory is shown as 
Figure 5. 

Table 8: 

Year 

Estimates of year class strengths (YCS)', HAK 1, HAK 4, and HAK 7 

HAK 1 HAK 4 HAK 4 HAK 7 HAK 7 
(base) (base) , (sensitivity) (base) (sensitivity) 

3.18 1.46 1.20 - - 
0.05 0.72 1.17 0.97 1.22 
0.58 0.84 0.99 1.15 1.36 
0.19 0.62 0.50 1.29 1.46 
0.56 0.81 0.44 0.90 1 .09 
0.04 0.27 0.37 1 .OO 1.28 
0.27 0.42 0.30 0.70 1.42 
0.03 0.40 0.13 0.45 0.73 
1.33 0.79 0.71 1.88 5.46 
0.1 I 0.43 0.09 0.39 1.10 
2.26 0.97 0.70 2.81 5.28 

- 2.44 1.44 0.70 5.08 
- 1.65 - 3.07 10.00 
- 1.55 - - - 
- 2.20 - - - 

Mean YCS 0.78 1.04 0.67 1.28 2.96 

' Year class strengths not estimated were assumed to be I .  
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Table 9: Least squares (LSQ) and MIAEL estimates of biomass (in tonnes), and information 
indices . 

Estimate Fish stock 

Bo HAK I (base) 
HAK 4 (base) 
HAK 4 (sensitivity) 
HAK 7 (base) 
HAK 7 (sensitivity) 

BbW HAK I (base) 
HAK 4 (base) 
HAK 4 (sensitivity) 
HAK 7 (base) 
HAK 7 (sensitivity) 

B d u a  HAK 1 (base) 
HAK 4 (base) 
HAK 4 (sensitivity) 
HAK 7 (base) 
HAK 7 (sensitivity) 

&id99 HAK I (base) 
HAK 4 (base) 
HAK 4 (sensitivity) 
HAK 7 (base) 
HAK 7 (sensitivity) 

Bounds (Bmi. - Bmu) Information 
Index (%) 

1 
21 
20 
7 
7 

1 
2 1 
21 
7 
8 

I 
17 
19 
7 
8 

2 
17 
19 
7 
8 

4.4.2 Biomass estimates for HAK 4 (Chatham Rise) 

For HAK 4 abundance indices and population age structure were available from the 
results of trawl s w e y s  (see Table 5). CPUE indices from the Chatham Rise trawl 
fishery were available for 1991 to 1996. A sensitivity analysis for HAK 4 was carried 
out using data from the first four trawl surveys only, due to concerns that the adult 
(over 9 years old) population may not have been sampled in a comparable way during 
the three most recent surveys, however, biomass estimates (see Table 9) and estimates 
of year class strengths (see Table 8) from the sensitivity analysis did not show any 
substantive differences from the base case. 

As with HAK 1, the total catch for the home and spawning grounds were not available 
separately, so spawning ground catch was assumed to be 60% of the total catch, with 
home ground catch making up the remainder. 

Current biomass (Bmid98) is estimated to be 23% Bo (range 11-55%; information index 
17%). As with HAK 1, the estimated recruitment to this stock appears to have been 
poor since a strong year class in 1979 but, again, this results from fitting data from a 
relatively short series of trawl surveys which show a decline in biomass. Because of 
uncertainty in assumptions of M and other biological parameters and the low 
information index, the uncertainty associated with this assessment should be 
considered to be high. 
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4.4.3 Biomass estimates for HAK 7 (west coast South Island) 

For HAK 7 catch at age data (1990-97) were available from data collected by 
scientific observers on commercial vessels (see Figure 4). All catch was assumed to 
have been on the spawning ground. 

CPUE indices were available as two series (see Table 3): the first used the CPUE of 
hake target tows (targeted CPUE), and the second used the CPUE of the combined 
hoki and hake tows in which hake was caught (combined CPUE). 

Year class strengths (see Table 8) and the maturity ogives (see Table 10) were 
estimated separately for both series. While both CPUE time series appeared to be 
worth investigating, the model estimates obtained from the combined CPUE analysis 
did not appear credible, and are presented only as a sensitivity analysis (see Table 3). 
The base case results presented here are those using the targeted CPUE series. 

The MIAEL estimate of Bo (see Table 9) was 85 064 t (range 42 400-1 85 500 t, with 
an information index of 7%). Bbegg9 was estimated at 126 4 4 4  (range 49 495- 
373 524 t; information index 7%) and for Bmid9* the estimate was 46% Bo (range 26- 
99%; information index 7%). 

Estimated recruitment from 1980 to 1991 averaged 1.3 - slightly higher than average 
strength. The information indices associated with the biomass estimates for HAK 7 
are low, and the bounds for biomass estimates are wide. Because of uncertainty in 
assumptions of M and other biological parameters as well as the lack of biomass 
indices for this stock, the uncertainty associated with this assessment should be 
considered to be high. 

The sensitivity run, using the combined CPUE indices, shows the considerable impact 
that the large increase in the index in recent years (rising from 0.64 in 1994, to 2.1 8 in 
1996) has on the stock assessment (Figure 5). 

Table 10: Estimated maturity ogives for HAK 7 for each analysis 

Analysis Ages Estimated ogive 
HAK 7 (base) Male 4, 5.6 ,  7, 8, 9 0.01, 0.09, 0.02, 0.99, 0.74, 1.00 

Female 4, 5, 6, 7, 8 ,9  0.01,0.08,0.01,0.38,0.99, 1.00 
HAK 7 (sensitivity) Male 4, 5,6,7, 8.9 0.01,0.04,0.03,0.99, 0.74, 1.00 

Female 4, 5, 6, 7, 8 ,9  0.01, 0.04,0.02,0.30,0.99, 1.00 

4.5 Yield estimates 

4.5.1 Estimation of Maximum Constant Yield (MCY) 

The method used to estimate MCY was MCY = pBo, where p-is determined for each 
stock using the simulation method of Francis (1992) such that the biomass does not go 
below 20% Bo more than 10% of the time. Bo is estimated by the MIAEL method of 
(Cordue 1995), with associated information indices indicating how well MCY is 
estimated within the given range of values. Estimates of MCY for each area are given 
in Table 1 1. 



Table 11: Estimates of B M ~ ~  (as % Bo), MCY (as %Bo) and MCY(t) 

Fish stock B~cu(%Bo), MCY(%Bo) Range MCY MIAEL Information 
(Bo) Index (%) 

HAK I (base) 55.2 6.3 1 280 - 5 037 2 335 37 180 I 
HAK 4 (base) 55.4 6.4 1531-5715 2 822 44 009 21 
HAK 4 (sensitivity) 55.0 6.4 1 640 - 5 950 3 129 48 640 20 
HAK 7 (base) 56.0 6.5 2 754 - 12 047 5 524 85 064 7 
HAK 7 (sensitivity) 56.6 6.5 2 019- 12 070 5 460 83 794 7 

4.5.2 Estimation of Current Annual Yield (CAY) 

The simulation model of Francis (1992) was used to estimate CAY (where 
CAY=FWf * Bbeg99) from the MIAEL estimates of current biomass (Bbee9) given in 
Table 9. Estimates are given in Table 12. In addition, estimates of equilibrium 
biomass for MCY and MAY (as a proportion of Bo) are also given in Table 11 and 
Table 12. 

Table 12: Estimates of BmY, MAY (as %Bo) and CAY(t) 

Fish stock B ~ a y  (%&) MAY (%Bo) CAY range CAY MIAEL Information 
(Bbep99) Index (%) 

HAK I (base) 36.1 9.3 1 381 - 10 242 3 195 35 979 1 
HAK 4 (base) 37.7 9.5 2029-10393 4 769 53 086 21 
HAK 4 (sensitivity) 35.8 9.5 1849-10994 4539 51316 21 
HAK 7 (base) 36.2 9.4 4414-33 155 I 1  282 126444 7 
HAK 7 (sensitivity) 36.6 9.5 8 555 - 75463 28 065 322 192 8 

5. Management implications 

The above assessments are all uncertain; the information indices are low, and the 
range of possible values of biomass estimates are wide. In addition, the amount of 
information available from the age frequencies for HAK 1, HAK 4, and HAK 7 may 
be low. 

Under the assumptions specified in this report and assuming the age frequency data 
are adequate, the model suggests that provided that recruitment improves from the 
recent low levels, the stocks should be able to sustain catches at the levels of the 
current TACCs. However, if recruitment continues to be poor it is likely that these 
stocks will decline further. 
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