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HOKI STOCK ASSESSMENT 1990 

K.J. Sullivan and P.L. Cordue 

1. INTRODUCTION 

1.1 Overview 

This paper reviews the stock assessment of hoki resources in New Zealand. A summary of the 
1989 fishing season is presented and the results of research studies canied out in the last year 
are outlined. These include random trawl surveys of the Southern Plateau and Chatham Rise 
areas carried out from October to December 1989, a further acoustic survey of the west coast, 
South Island spawning hoki, analysis of catch and effort data from vessels which canied 
Scientific Observers, and monitoring of length and age distributions from commercial catches 
from the west coast and Cook Strait. A stock reduction analysis based on the trawl survey 
results was used to model the historical changes in biomass of hoki and to estimate long-term 
sustainable yields from the resource. 

1.2 Description of the fishery 

The hoki fishery was developed by foreign fishing vessels in the early 1970s. Catches 
increased to almost 98 000 t in 1977, but were subsequently reduced in 1978 following the 
declaration of the EEZ, and the introduction of quota limits. Since 1978 the fishery has mainly 
been operated by chartered vessels fishing for New Zealand companies, with small catches by 
domestic and foreign licensed vessels. The fishery has grown considerably since 1986, 
following the increase in the Total Allowable Catch (TAC) to 250 000 t. Total catch increased 
to a maximum of about 255 000 t in 198748 but declined to about 210 000 t in 1989-89. In 
the last few years surimi vessels have dominated the catches in the fishery. 

The major hoki fishery operates on the west coast spawning aggregations. The hoki spawning 
season extends through July and August in most years, but may begin in June and extend to 
September. The aggregations are mainly found in 300-700 m depth around the Hokitika 
Canyon and further north, but more fish was taken in deeper water in 1989. Mid-water and 
bottom trawl gear are used in the fishery by the large freezer trawlers, which process their catch 
at sea, and smaller domestic trawlers, which land their fish whole, mainly to the port of Nelson. 
In 1989 most of the domestic catch was taken fmm the Cook Strait area. 

1 3  Recent papers 

Sullivan and Livingston (1988) and Sullivan and Coombs (1989) reviewed the stock assessment 
and fishery for hoki, and provided background information and analyses which are not repeated 
here. Cordue (1989) compared the results from acoustic surveys completed in 1985 and 1988 
on the west coast, and in 1987 and 1988 in Cook Strait. Papers still in preparation include a 
review of stock structure in hoki (Livingston, in prep.), and an account of productivity in hoki 
(Sullivan, in prep.). Other relevant reports published in the last year include Fenaughty and 
Uozumi (1989) on a trawl survey in March 1983 of the Chatham Rise, Hatanaka 4 (1989a) 
on a trawl survey of the Southern Plateau in October-November 1983, Hatanaka a (1989b) 
on a trawl survey of the Chatham Rise in November-December 1983 and Murdoch and 
Chapman (1989) on spawning of hoki in Cook Strait. The results of the 1989 trawl surveys are 
described in Hurst and Schofield (1990). 



2. HOKI FISHERY 

2.1.1 Total allowable catch 

The current gazetted TAC for hoki is 250 000 t, which applies to all areas of the EEZ, except 
the Kermadec Fishery Management h a  (where a 10 t TAC is gazetted). A small quantity of 
hoki has also been allocated by the Quota Appeal Authority (QAA). 

Chartered vessels are prevented from fishing inside the 12-mile Tenitorid Sea In addition, in 
celtain areas vessels over 43 mems axe prevented from fishing within 25 miles of the coast. 
On the west coast, South Island the 25-mile line closes much of the hoki spawning area in the 
Hokitika Canyon and most of the area south to the Cook Canyon. In Cook Strait the spawning 
area is closed to vessels over 43 metres. 

2.13 Landings, catch and effort data 

Estimates of the annual catches of hoki are given in Table 1. There are some discrepancies 
between figures reported to the Quota Management System (QMS) and the actual catches. 
These mainly arise from the use of low conversion factors to convert surimi product weight to 
pnweigh t  of hoki caught (see section 2.1.8 below). Reported catches from 1986-89 have 
been corrected to allow for this difference and throughout this paper the estimated total catch of 
hoki will be used rather than the reported catches. 

Figure 1 shows the estimated catch in the hoki fishery from 1969-89 for all areas combined and 
the amount of fish taken from the east coast, South Island each year. The large increase in 
catch since 1986 has been from the west coast fishery. In 1987-88 when total catch reached a 
maximum of about 255 000 t, 220 000 t was taken from the west coast. 

The total catch of hoki reported to the QMS on Quota Management Reports in 1988-89 was 
182 000 t (Table lb). However this under-estimates the catches by surimi vessels due to the 
conversion factors used. As detailed catch data were not available from the QMS to determine 
the total catch by surimi vessels, total catch is unknown. An approximation has been made by 
assuming that 60% of the total WCSI catch was taken by the surimi fleet. On this basis the 
use of the gazetted conversion factor of 4.3 rather than 5.8 (average 1989 conversion factor) 
resulted in total catch being under-reported by about 28 000 t. Total EEZ catch of hoki wiis 
estimated at about 210 000 t of which 185 000 t came from the WCSI. The 16 swimi vessels 
took about 110 000 t in 1989 compared to 146 000 t taken by the same number of vessels in 
1988. 

2.13 1989 west coast hoki fishing season (Jundeptember 1989) 

The 1989 season refers to the period from June to September 1989; catches in this season fall 
in the 1988-89 fishing year. Figure 2 shows the catch of hoki by vessels which carried 
Scientific Observers throughout the spawning season for the years 1986 to 1989. The catch for 
each season is plotted as the pmpoxtion landed each day. The total area under the curve adds up 
to 100% of the catch taken during the spawning season in each year. These figures indicate 
that the timing of the spawning season has been very consistent from year to year. 

In 1989 the season appeared to start in late June, as in the three previous years. After som.e 
good initial catches, hoki catches were poor for about 2 weeks in mid-July, a period when 
catches are generally expected to be near their peak. The fleet fished over a wide area of The 
west coast during this period searching for hoki aggregations. At the end of July hoki catches 
improved when the fleet fished a large aggregation in deeper water. Figure 3 shows the 
proportion of the catch taken in, each 100-mem depth strata in 1988 and 1989, by vessels 
which carried Observers. The proportion of the catch taken where bottom depth exceeded 700 



metres increased from 6% in 1988 to 30% in 1989. This suggests there may have been a 
change in distribution of the hoki between the two years. Late season catches were similar to 
previous years in the northern grounds and the season ended in late August+arly September. 

In the last week of August and first week of September, the area southwest of Solander Island 
was fished by part of the fleet. For the vessels which carried Observers, the dashed line in 
Figure 2d shows the amount of fish taken in this area relative to that taken on the WCSI. 

The timing and duration of the season in 1989 was similar to previous years, but total catch 
was lower than 1988. It is not known whether this was the result of changes in distribution 
or changes in abundance of hoki. 

2.1.4 Cook Strait fishery 

In 1989 the domestic fleet fished mainly in Cook Strait, although some hoki was taken from the 
west coast. Accurate catch figures are not available for these areas. Over 3000 t of hoki is 
likely to have been taken in Cook Strait. In the period from July to September, high catch 
rates were reported in the Cook Strait Canyon where large aggregations of hoki were located, 
as in the previous 2 years. 

2.15 Catch-per-unit-effort 

Catch and effort data are not yet available for the whole fleet in the WCSI fishery. However 
for those vessels which carried Observers catch rates are available; Table 2a shows the average 
catch rate each year from 1986 to 1989 for two categories of trawlers (surimi and non-surimi 
vessels separately). The catch-per-unit-effort (CPUE) of each vessel was calculated as the total 
catch over the whole season divided by the totd number of hours fished. The variability 
between the mean vessel catch rates within each year means that the change in catch rates is 
not statistically significant. However the average of the individual vessel CPUE values 
decreased by 33% for non-surimi trawlers and by 24% for surimi vessels from 1986 to 1989. 
The latter figure is thought to underestimate the true decline in catch rates as 3 of the 4 surimi 
vessels which were monitored in 1989 were the larger units with higher catch rates (based on 
1988 data). In earlier years the whole surimi fleet was monitored by Observer coverage. 

A problem with comparing the catch rates of observed vessels above is that different vessels 
were covered each year. The variable fishing power of these vessels means that the data are 
not standardised to equivalent units of fishing effort. A better comparison is to compare the 
same vessels from year to year, to remove vessel effects from the analysis. A small subset of 
vessels which had Observer coverage in consecutive years is available from the period 1986-89. 
Table 2b shows catch rates from 2 sets of surimi vessels from 1987 to 1989. In this case the 
same vessels are used in each set to allow direct comparison of catch rates. The average catch 
rate varies from year to year, increasing from 1987 to 1988 by 17% but decreasing by 32% in 
1989. It is possible that the availability of fish changed in 1989, and too much significance 
should not be assigned to a decline in CPUE from just one year. 

CPUE in a spawning fishery such as the WCSI hoki fishery may not necessarily indicate change 
in abundance, as catch rates may be maintained despite a decrease in total stock size. However 
there are indications of some decline in catch rates, particularly in 1989. 

By-catch rates in 1989 were determined from vessels which canied Observers. It appears that 
reporting of by-catch from other vessels is irregular and is likely to under-represent the true 
catch Table 3 shows the rate of by-catch of the major species in the west coast hoki fishery 



for the last few years. The rate of by-catch of hake is much higher from non-surimi vesse:ls 
than from s u m  trawlers. The proportion of hake and ling in catches increased in 1989 for 
both categories. The variable catch rates of hoki early in the season and the increased 
proportion of fishing in deeper water may have resulted in a greater by-catch of hake. In 1989 
the by-catch rates of silver wmhou were less than in 1988, when the TAC was exceeded by 
63%. This also may have been because more fishing in 1989 was in water deeper than 50Cl 
metres (Figm 3). 

2.1.7 Incidental mortality of fhr seals 

In the 1989 hoki season there was an increase in the reported number of seals drowned in trawl 
nets during the west coast hoki fishery. A Technical Working Group was established with 
membership by representatives fmm MAF, the Department of Conservation and the fishing 
industry to investigate this,large increase. Anon. (1990) reviews the incidence of seal catch, 
makes recommendations on fishing practices designed to minimise such mortality, and also 
outlines the research needed to address this problem. 

2.1.8 Conversion factors 

In the 1989 season Observers estimated conversion factors for 4 of the 16 surimi vessels in the 
fishery. Conversion factors ranged from 5.5 to 6.2 for individual vessels, with an overall 
weighted mean of 5.8 for the season. This value is the same as recorded in 1988 for the whole 
surimi fleet, but higher than in 1987 when the conversion ratio was estimated at 5.3 tonnes of 
hoki to produce 1 tonne of s h n i .  

The conversion factor of 4.3 was used to report surimi catches from the spawning season in 
1989. The conversion factor has now been increased to 5.8, however 4.4 is proposed as a more 
appropriate value for hoki taken at other times of the year @. Robertson, pers.comm.). 

2.2 Other information 

2.21 Size composition of commercial catches 

In 1989 Scientific Observers aboard a number of surimi and other trawlers continued the 
random sampling programme to determine the length and age distribution of the hoki catch on 
the west coast (Sullivan and Coombs 1989). A total of 371 length frequency samples of hcki 
were taken together with small otolith samples from the same catches. 

4 and 5 show combined1 weighted length frequencies for males and females separately 
for each year from 1986-89. These are based on stratification using 2 separateareas and 110 
time periods throughout the season. The length frequency samples taken aboard the vessels 
have been scaled up firstly to the total weight of the sampled catch, and secondly to the total 
weight of the catch by the whole fishery in each stratum. Results from each stratum were 
summed to give the length frequency distribution of the catch in each year. The 1986 results 
are more variable as they are based on a smaller number of samples. The main differences in 
the length frequency distributions seem to be the proportion of smaller fish taken in each year. 
There appears to be evidence of a strong year class entering the fishery in 1988 which results in 
a decrease in average size for both male and female hoki. There does not appear to be a 
marked decline In the proportion of larger hoki in the catch during these years although this 
may be expected to occur gradually over a longer period. 

Analysis of length frequency data previously showed that the average size of hoki taken in 
commercial catches decreased throughout the season. The appearance of smaller fish later in the 



fishery each year could relate to different rates of movement by fish of different sizes to the 
spawning grounds, later maturation of gonads in smaller fish, or some other factor which results 
in small adult hoki aggregating later in the season. Samples from the Hokitika Canyon in 1989 
showed a further decrease in average size of both male and female hoki from this area early in 
the season (Figure 6). 

Figure 7 shows the length frequency of fish sampled from the Puysegur area in late August and 
early September. The hoki were smaller than fish taken from the west coast at the same time 
of the season, but were in spawning condition. 

F i p  8 shows the size distribution of hoki taken from Cook Strait in 1988 and 1989. Smaller 
nets are used in this fishery by the domestic vessels fishing the aggregations. This may mean 
that the sampled fish may not be representative of the total hoki population length distribution 
in this area. However samples taken from Cook Strait appear to be smaller in average size than 
hoki from the WCSI. No decrease in size throughout the season appeared in samples from 
Cook Strait. . 

2 3  Non-commercial fishery 

There is no significant recreational or traditional fishery for hoki, which are generally found in 
deep water (over 200 m). 

3. HOKI RESEARCH 

3.1 Stock separation 

Hoki are currently managed as a unit stock, and the TAC applies to all areas of the fishery. 
The occurrence of spawning in areas outside the WCSI suggests the possibility of separate 
stocks, however it is difficult to determine the importance of spawning in these areas in relation 
to the west coast grounds. The Chatham Rise is the only known major nursery ground for 
juvenile hoki; however, the relationships between adult hoki in different areas is unknown. 
Sullivan and Coombs (1989) assessed hoki stocks split into the following two components 
following the proposal of Livingston (in prep.):- 

(a) The west coast of the North and South Island and the area south of New Zealand 
including Puysegur, Snares and the Southern Plateau was regarded as one stock unit. 

(b) The area of the east coast South Island, Mernoo Bank, Chatham Rise, Cook Strait and 
up the east coast of the North Island to North Cape was regarded as the other stock 
unit. 

3.2 Resource surveys 

3.2.1 Trawl surveys 

A full list of trawl survey abundance estimates from research and commercial data from 
197686 is presented in Hurst a & (1988). These surveys were used previously to estimate the 
minimum biomass of hoki found in the EEZ as a basis for estimation of annual yield. 

In 1989 two further trawl surveys were completed using the vessel Amaltal Explorer, covering 
the area of the Southern Plateau (including Stewart and Snares shelf, Campbell Plateau and 
Bounty Plateau) in Oct-Nov and the whole Chatham Rise in Nov-Dec in depths of 200-800 m. 
The results of these surveys are described in Hurst and Schofield (1990). Estimates from the 
earlier surveys have been revised in Hurst and Schofield (1990) to make them comparable to 



the most recent m e y  results. This revision results in strata in depths less than 200 m being 
excluded and a deem of 15% in biomass estimates on Shinkai Maru surveys to correct for 
underestimation of the doorspmul. 

Biomass estimates of hoki for Shinkai Maru and Amaltal Explorer surveys are shown in 
Table 4a. The biomass index for hoki in the southern area showed a 71% decline from 1983 to 
1989 while the equivalent decline for all species (excluding hoki) was 53%. Hurst and 
Schofield concluded that the sulvey results were not directly comparable because the Shinkai 
Maru probably had a greater fishing power than the Amaltal Explorer. They estimated the 
difference in fishing power between the two vessels to be about 2.1 in the southern area, based 
on the assumption that the abundance of by-catch species should not have changed significantly 
in the period between the two surveys. However if some of the by-catch species had in fact 
declined during this period, the relative difference in fishing power would be less. 

Increasing the hoki biomass estimate of the Amaltal Explorer in the southern area by a factor of 
2.1 results in a decline in relative abundance of 39% from 1983 to 1989. For the purposes of 
modelling the change in hoki biomass using the stock reduction model (see section 3.4.1 below), 
a range of 1.9 to 2.3 was used to cover the likely range of differences in fishing power between 
the two vessels. Corrected biomass indices for hoki are shown in Table 4b for this range of 
values. Declines of 45% and 33% in hoki biomass indices were found for the values 1.9 and 
2.3 respectively. Using a value of 2.33 or less for the difference in fishing power between the 
two vessels results in a significant decline in hoki biomass from 1983 to 1989. 

Figure 9 shows the length frequencies of male and female hoki sampled during the trawl 
surveys of the southern area. The samples have been weighted up to total catch, scaled up by 
the ratio of area swept to stratum area and then combined. There appears to be little difference 
between the size distributions in 1983 and 1989, however the relative abundance of larger fish 
in both surveys seems lower than seen in catches by the commercial fishery (cf. Figures 4 and 
5). 

Figures 10 and 11 show the length frequencies of hoki taken from trawl surveys on the 
Chatham Rise. Most of the distribution are juvenile fish, and the variable year class strength of 
the cohorts is apparent. The largest fish are mainly female, a feature common to al l  the surveys 
of this area. 

The biomass indices from the Chatham Rise a m  also showed major declines from 1983 to 
1989 (Table 4a shows comparable estimates for hoki from Area D, the area of the Chatham 
Rise east of longitude 176" E). The biomass index for hoki decreased by 36% from 1983 to 
1989, while for all species (except hoki) the biomass index decreased by 52% (Hurst and 
Schofield 1990): Correcting the hoki index in 1989 by a factor of 2.1 to account for 
differences in fishing power results in a relative increase in hoki abundance of about 35% in 
area D of the Chatham Rise. The increase was not statistically significant, but these results; 
suggest that recent exploitation rates of hoki on the Chatham Rise are much lower than in the 
southern area, where stock size is thought to have declined. 

333 Acoustic surveys 

An acoustic survey of the west mast South Island spawning hoki stock was carried out dwing 
July and August 1989 with thm cruises of the James Cook on the west coast. 

A number of biomass snapshots were taken, with each snapshot using randomly allocated 
parallel transects within strata cavering the same survey area as in 1988. The first cruise was 
in late June, when one snapshot was taken and hoki marks were seen only in Hokitika Canyon. 
In the second cruise from mid-July to early August, three complete snapshots and one partial 
snapshot were taken Hoki marks were seen over all strata with good marks consistently 
appearing both in and south of Hokitika Canyon, primarily inside the 25-mile closed area. A 



final snapshot w& taken in mid-August on the last cruise. Good hoki marks in and south of 
Hokitika Canyon were again present. As the high density marks were found consistently inside 
the closed area, stratum 5 (Hokitika Canyon) was divided into 2 substrata for analysis of the 
1989 results. Detailed results of the s w e y  are given in Tables 5 to 8. These results are 
provisional pending completion of a review of previous system calibrations and the calibration 
of the cables used in both the 1988 and 1989 sweys. 

The estimate previously made for 1985 (Cordue 1989) is not presented for comparison with the 
latest estimates. There are numerous problems in comparing the 1985 estimate with those from 
1988 and 1989. In particular the different survey designs and the different levels of commercial 
fishing effort make comparisons very difficult. Karp (1989) recommended that the 1985 data 
not be considered for stock assessment purposes. 

The estimate for 1988 previously presented in Cordue (1989) has also been adjusted for changes 
in the hoki biological parameters and in the calibration constant used in the estimates: These 
changes have had a minor and major impact respectively on the estimate. More swimbladder 
data has been collected and the estimate of target strength has been updated. The estimates of 
mean fish length for 1988 are now taken from catch data of the commercial fishery collected by 
Scientific Observers, rather than from trawl data collected on the James Cook. The larger 
sample size obtained make this data more reliable, however the biomass estimates are not 
sensitive to moderate changes in mean length (Cordue 1989). Further adjustment of the 1988 
and 1989 figures may be needed depending on the re-calibration results. 

In comparing the 1988 and 1989 estimates the model used by Cordue (1989) is applied. This 
model assumes that the biomass within the survey area climbs from zero to a peak level 
("plateau height") which is maintained for a period of time ("plateau length") before it again 
drops to zero. Estimating season length and specifically plateau length is difficult. Based on 
the information available, there is no reason to believe that these parameters have varied widely 
between 1988 and 1989. Assuming that these parameters are indeed constant, and that the 
mean residence time of hoki is also constant, the estimate of plateau height can be used as a 
biomass index. 

In 1988 only one estimate of plateau height is available from a snapshot completed from 27 
July to 5 August. In 1989, five estimates are available throughout the season (Table 6). 
Comparing the average value in 1989 with the one estimate in 1988 shows a decrease of 39% 
(95% confidence interval 1% - 76%) in relative abundance. 

In 1989 about 30% of the commercial catch was taken from depths in excess of those covered 
by the acoustic survey (Figure 3). These deepwater catches suggest that the distribution of hoki 
was different from that in previous years. Examination of the abundance estimates in 1989 
(Table 6) shows a decrease at the end of July (snapshots 4 and 5), compared to the snapshots - - 
before and after. This decline in apparent abundance coincides with the time when the 
commercial vessels had good catch rates in deeper water (over 700 m depth). Therefore @e - .  - 
lowered acoustic estimates may merely-p@ct _m_o~cenwf frakoutside th-asurveyed 
(deeper than 700 m) and may nofiiidicate a real decline in abundance on the west coast. In 
this case the decrease in relative abundance of 39% from 1988 to 1989 probably over-estimates 
the difference between the 2 years. However the highest acoustic estimate from the snapshots 
in 1989 is still 18% less than the 1988 figure. 

L 

33.1 Natural mortality -.- - 
Natural mortality (M) has been estimated by andysissf catch curves for male and female hoki 
using 1988 data (Sullivan, in prep.). The age frequency'disuib'~ti0ns of male and female hoki 
were determined from the length frequency distributions by use of-agc-length keys. --. 

1. . 
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Instantaneous rates of M estimated from the catch curves (regression of the logarithm of 
frequency on age) were 0.33 per year for males and 0.28 per year for females. These values 
are slightly higher than those presented by Sullivan and Coombs (1989). 

Based on the longevity of hoki from ageing studies the true values of natural mortality are 
likely to lie in the range 0.25 to 0.35 for males and 0.2 to 0.3 for females. Higher rates an= 
consided unlikely, as hoki have been aged to a maximum of 25 years (Kenchington and 
Augustine, 1990), and the age frequency distribution shows many fish up to 15 years of age 
(Sullivan, in prep.). 

3.4 Biomass estimates 

3.4.1 Population modelling 

The biomass of hoki in the west coast and southern stock was assessed using the stock 
reduction analysis model (SRA), described by Mace and Doonan (1988). A preliminary 
estimate of biomass for the eastern stock was also derived by comparison of trawl survey ~ s u l t s  
in the two areas. 

(i) West coast and southern stoc:k 

In the SRA model the decline in stock size of hoki from 1983 to 1989 in the west coast and 
southern stock was assumed to have been from 3345% (using the trawl survey results 
described earlier). The stock was assumed to have been at the level of virgin biomass in 1'982, 
and the stock was projected forward from 1983 to 1989 to estimate the cumnt biomass. The 
growth and mortality parametem used weE taken from Sullivan and Coombs (1989). The 
model considered the 2 sexes separately and used diffemt parameter values for each sex. 

The following values were used. in the modd; 

Male hoki Female hoki 

Natural mortality 0.3 0.25 
Age of recruitment 4 5 
'Age of maauity 4 5 
Lid 90.29 97.57 
K 0242 0.210 
k .-- --- -0 -.- 578 4.897 - L d w t  p-metera 0.006 0.006 

--TZ&?-parameter b 2.85 2.85 
Stock recruitment 

/ - ; c - - ~ e i o ~ p ~ s ~ p n e s s )  --- = 0.95 
- ,- ----- -- 

F0.1 was set at 0.36, which is the average of the male and f e m a l e ~ ~ i n ~ m i f i t h e  
yiel-r-recruit md!d h Sulhai and &"aranak (2989). QuiIibrtt~m yield and biomass were 
estimated from the d e I  by pmjecting forward frolrm the virgin biamass with mmta 
recruitment and a fishing mortality set equal to 0.36 per year. The long-term equilibrium - 

biomass occurs at a mid-season biomass of about 32% of the unexploited level. - 
/- _ __CI 

Table 9 shows the results d the SFt(B. raamid using the mid m e y  %=.--The catch history 
up to 1989 was used im dBe m&& and! ca@ks in P4L9Q w a e  assumed to be at the level of the --- 
c m n t  TAC (2.S OW mmesJi Fmim 1991 a nwk1 wwptojected forward under this constant 
catch level to d e e  &tt psxible trajea~ry of-the<tock under the current quota levels 
(Figure 12). 4 

/==-' 
/ 



In the case where stock size is assumed to have decreased by 33% from 1983 to 1989 
(Table 9a), the virgin biomass was estimated at about 1.5 million tonnes. Stock size would be 
still over half the virgin biomass in 1990, but would fall below this level in 1991 and below 
the long-term equilibrium by 1994. 

In the case where stock size has decreased by 45% (Table 9b) virgin biomass was estimated at 
about 1.1 million tonnes. Under this model projection the biomass would already be below half 
the virgin level in 1990, and would fall below the equilibrium level in 1991. 

Long-term yields from the stock ranged from 128 000 to 172 000 tonnes (Table 10). 

(ii) Eastern stock 

A stock reduction model could not be applied to the biomass indices from the Chatham Rise 
suweys as there was no decline appamt in the biomass indices, once they were corrected for 
fishing power differences. Only minor catches have been taken from this stock and the biomass 
index of hoki in 1989 was 35% higher than in 1983. 

It is possible however, from the results of the model in the southern area to determine a range 
for the catchability uxfficient of the Shinkai Maru, which relates the abundance index 
measured by the surveys to the total biomass of hoki estimated in the stock reduction model. 
The biomass index in 1983 for the southern survey area was 208 437 tonnes, while the range of 
stock sizes estimated by the model in 1983 was 1 475 000 to 1 100 000 tonnes. This gives a 
possible range of catchabilities of 0.14 to 0.19 (which means that stock biomass was roughly 5 
to 7 times the survey estimate). 

This range was applied to the Shinkai Maru biomass s w e y  indices of the Chatham Rise area to 
estimate the likely size of the eastern stock. In 1983 the biomass index of adult hoki from the 
Nov/Dec survey of area D on the Chatham Rise was 53 284 tonnes. This estimate was 
adjusted by a 50% increase (based on the March 1983 survey results in Table 4) to allow for 
hoki found on the Chatham Rise outside area D. The preliminary estimate of biomass for the 
eastern stock is 420 000 to 570 000 tonnes. 

3.4.2 Sensitivity analysis 

The stock reduction analysis used to assess the west coast and southern stock assumes that the 
decline in biomass was caused by fishing. The major uncertainties in the model are the relative 
change in biomass from 1983 to 1989, and the rate of natural mortality (M). The uncertainty in 
the biomass indices from the trawl surveys was taken into account in the previous section by 
taking a range of values for the decline in relative biomass. This results in a wide range of 
possible stock sizes for hoki; however it is thought to cover the likely range of stock size. 

In this section the sensitivity of the model to uncertainty in the value of M is considered. With 
a higher rate of M, stocks are likely to be more productive and a higher rate of exploitation is 
possible. Rates of M were varied in the model from 0.25 to 0.35 for males and from 0.2 to 
0.3 for females. Table 10 shows the virgin biomass, equilibrium biomass and yield for the 
combinations of M used; the value of F0.1 used was the average of the male and female values 
from the yield-per-recruit model. Using the same relative decline of 3345% from trawl survey 
data, the effect of decreasing M is to increase the stock size but reduce the equilibrium yield 
estimates. The stock size does not appear to be very sensitive to these changes, but yield 
appears to be directly proportional to changes in M. 



35  Yield estimates 

35.1 Maximum Constant Yield (MCY) 

Maximum Constant Yield was estimated using Method 1 in Annala (1990). 

F0.1 was taken as 0.36 and estimates of virgin biomass taken from section 3.4.1 above. 

For the west coast and southern, stock this gives a range of values from 99 000 to 135 000 
tonnes for MCY. 

For the eastern stock MCY was, estimated at 38 000 to 51 000 tonnes. 

35.2 Current Annual Yield (CAY) 

(a) West coast and southern stock 

Current annual yield for 1989-90 and 1990-91 was estimated using the catch equation 
(Method 1 in Annala 1990) with fishing mortality equal to F0.1 and estimates of mid-season 
biomass for each year. 

CAY for 1989-90 ranged from 188 000 to 303 000 tonnes. 

To estimate CAY for 1990-91, catches at the level of the TAC were assumed for the 1989-90 
fishing year, CAY for 1990-91 ranged from 148 000 to 249 000 t. 

As the CAY estimates are larger than long-term equilibrium yields using this analysis the 
fishery would appear to still be in a fishing down phase of the accumulated biomass in 19910. 
However for the most conservative assessment, stock size in 1991 falls below the equilibrium 
level. 

(b) Eastern stock 

No estimate of CAY was made. 

4. DISCUSSION 

In 1989 m a r c h  efforts continued on many different aspects of the fishery to determine the. 
status of hoki stocks. These studies showed the following: 

(a) A comparison of acoustic surveys in 1988 and 1989 on the WCSI showed a decrease 
of 39% in the relative estimate of hoki biomass, using the model proposed in Cordue 
(1989). 

(b) A trawl survey of the Southern Plateau indicated a likely decrease in hoki abundance. 
Assuming the difference in fishing power between the vessels used in the 1983 and 
1989 sweys was within the range 2.3 to 1.9, the biomass index of adult hoki in the 
southern area shows a decrease of 3345%. 

(c) CPUE data from vessels monitored by Scientific Observers in the WCSI spawning hoki 
fishery showed declines from 1987 to 1989. 



(d) Total catch of hoki on the WCSI in 1989 was lower than in 1988 despite a similar 
level of fishing effort. 

The assessment of hoki stocks presented in this paper depends critically on the interpretation of 
the trawl s w e y  results and the assumptions made in comparing different surveys by different 
vessels. Other data sources also indicate possible declines in abundance but have not been used 
to quantify the stock size of hoki. 

Based on the SRA model results, the long-term yield of hoki from this stock is likely to be 
from 125 000 to 180 000 tonnes, the fishery has been fishing down the accumulated biomass in 
the last few years and the current stock size is still above the equilibrium level likely to sustain 
this level of catch. However, estimated long-term equilibrium yields are lower than the current 
TAC, and therefore catches wiU need to be reduced to the sustainable level at some stage. 
Assuming the minimum virgin stock size of 1.1 million tonnes used in this analysis, catches 
equal to the TAC of 250 000 t would reduce the biomass to below the equilibrium level by 
1991. Even using the most optimistic figure presented, the long-term yield and MCY estimates 
are less than the TAC. 

5. MANAGEMENT IMPLICATIONS 

In addition to the uncertainty about the status of the hoki stocks, economic considerations such 
as the catch rate in the fishery must be considered. With further reductions in total biomass 
catch rates may also be expected to fall below current levels. 

It would be prudent to consider reducing the catches of hoki on the west coast on the basis that 
sustainable yields will be lower than current catches. 

In contrast biomass estimates suggest that the eastern hoki stock is likely to be under-exploited 
at current catch levels. 
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TABLE 1: ( a )  Annual t r a w l  ca t ches  ( t)  of hoki  from t h e  New Zealand EEZ, 
1969 t o  1983 by ca lendar  year ,  1983-84 t o  1987-88 by f i s h i n g  
y e a r  (Oct-Sept) .  (Source: F i s h e r i e s  S t a t i s t i c s  Uni t )  

0 

Foreiqn l i c e n s e d  N e w  Zealand 
5 Year U.S.S.R. Japan South Korea Domestic Char te red  T o t a l  

* Catches f o r  f o r e i g n  l i c e n s e d  and New Zealand c h a r t e r e d  v e s s e l s  from 1978 
t o  1984 a r e  based on e s t ima ted  ca t ches  from v e s s e l  logbooks. Few d a t a  
a r e  a v a i l a b l e  f o r  t h e  f i r s t  3 months of 1978 because t h e s e  v e s s e l s  d i d  
no t  beg in  complet ing t h e s e  logbooks u n t i l  1 A p r i l  1978. 

# Sov ie t  hoki  ca t ches  a r e  t aken  from t h e  e s t ima ted  c a t c h  r eco rds  and d i f f e r  
from o f f i c i a l  MAF s t a t i s t i c s .  Est imated ca t ches  a r e  used because of t h e  
l a r g e  amount of hoki  conver ted  t o  meal and no t  recorded a s  processed  
f i s h .  

Table  1: (b)  Catches (t) repo r t ed  t o  t h e  Quota Management System (QMS), 
e s t ima ted  t o t a l  c a t c h  (t) and TAC (t) 

Est imated 
Year Stock QMS T o t a l  t o t a l  c a t c h  TAC 

1986-87 HOK 1 158 171 t 175 000 t 250 000 t 

1987-88 HOK 1 216 206 t 255 000 t 250 000 t 

1988-89** HOK 1 182 000 t 210 000 t 250 000 t 

** P r o v i s i o n a l  



Table  2 .  Ca tch-per -un i t -e f fo r t  ( tonnes /hour  f i s h e d )  of h o k i  WCSI, 1986 t o  
1989. The c o e f f i c i e n t  o f  v a r i a t i o n  o f  t h e  mean CPUE i s  i n  
b r a c k e t s .  

( a )  A l l  t r a w l e r s  w i t h  S c i e n t i f i c  Observers  

Non-Surimi Sur imi  
Mean CPUE No. o f  v e s s e l s  Mean CPUE No. o f  V e s s e l s  

(b) S e l e c t e d  surj-mi t r a w l e r s ;  t h e  same v e s s e l s  are u s e d  f o r  
comparison in e a c h  set. 

Group No. o f  v e s s e l s  1987 1988 1989 

S e t  1 3 11.60 (0.16) 13.53 (0.06) - 
S e t  2 3 - 14.85 (0 .09)  10.17 (0.20) 

T a b l e  3 .  By-catch r a t e s  on observed  v e s s e l s  i n  t h e  w e s t  c o a s t  h o k i  f i s h e r y  
1987-89. The p e r c e n t a a e  v a l u e s  i n  t h e  t a b l e  a r e  o f  t h e  t o t a l  h o k i  
c a t c h  t a k e n  by- t h e s e  v e s s e l s .  

( a )  Sur imi  v e s s e l s  

S p e c i e s  

Hoki 
Hake 
L ing  
S i l v e r  warehou 
Gemfish 
B a r r a c o u t a  

1987 s e a s o n  
Weight I t )  % 

(b )  Other  t r a w l e r s  

1987 s e a s o n  
S p e c i e s  Weight ~ ( t  % 

Hoki 26 103 
Hake 934 3.58 
L ing  209 0.80 
S i l v e r  warehou 204 0.78 
Gemfish 123  0.47 
B a r r a c o u t a  8 4 0.32 

1988 season  
Weight (t) % 

1988 s e a s o n  
no d a t a  

1989 s e a s o n  
Weight (t) % 

1989 season- 
Weight (t ) % 



Table 4a. Relative biomass estimates of hoki (over 65 cm in length) from trawl surveys 
1982-89. Co-efficient of variation as a percentage of each survey estimate is in 
bracket.. Details of these sweys may be found in Hurst and Schofield (1990). 

Southern area 

Vessel 

Shinkai Maru 

Shinkai Maru 

Amaltal Explorer 

Chatham Rise and area D 

Vessel 

Shinkai Maru 

Shinkai Mam 

Shinkai Maru 

Amaltal Explorer 

Date 

Mar-Apr 1982 

Oct-NOV 1983 

Oct-NOV 1989 

Biomass estimate (t) 

215 741 (9) 

208 437 (10) 

60 553 (20) 

Biomass estimates (t) 

Date Chatham Rise Area D 

March 1983 106 377 (1 1) 68 847 (12) 

Nov-Dec 1983 - 53 284 (14) 

July 1986 84 776 (14) 74 940 (15) 

Nov-Dec 1989 . 48 618 (10) 34 192 (18) 

Table 4b. Biomass indices for the southern area adjusted by a range of values for relative 
fishing power. 

Vessel Date Original Estimate Estimate 
estimate * 1.9 * 2.3 

Shinkai Maru Oct-Nov 1983 208 437 

Amaltal Explorer Oct-Nov 1989 60 553 115 051 139 272 

Decline 1983 to 1989 71% 45% 33% 



Table 5. Acoustic estimates of plateau height for the hoki spawning season WCSI 1989 

Snapshot 2 3 4 5 6 Average 

Period of 15-7 to 21-7 to 24-7 to 30-7 to 11-8 to 
season 2 1-7 24-7 3&7 3-8 15-8 

Estimate 
(1000's t) 169.9 214.8 138.1 87.6 223.5 166.8 

Std. error 
of measurement 
(1000's t) 39.9 37.5 27.7 21.5 71.1 19.3 

Table 6. Acoustic estimates of plateau height for the hoki spawning season WCSI 1989, by snapshot 
and stratum (1000's t). Stratum 5 (Hokitika Canyon) was split into two substrata inside 
and outside the 25 n.lm. line. (Bracketed values were obtained by interpolation between 
snapshots within stratum) 

Snapshot Str 1&2 Str 4 Str 5 Str 6 Str 7 Total 
inside outside 

Average 10.8 ;!3.6 62.3 16.4 49.0 4.9 166.8 

Table 7. Fish parameters used to estimate biomass indices for the hoki spawning population WCSI 
1988 and 1989. 

Mean length 
Year Mean fish length (cm) ratio Mean intensity Mean weight 

Male Female malelfem . ratio (e-4) (kg) 



Table 8. Acoustic estimates of plateau height for the hoki spawning season WCSI 1988 and 1989, 
(1000's t). 

Year Hateau Std. emr  of 95% C.I. C.V. % 
height estimate 

- 
7 

Table 9. Model projections for west coast and southern stock, with catch levels for 1990 and 
1991 assumed at the level of the current TAC. 

(a) Biomass decrease 1983-89 of 33% 

Year Catch F 

@) Biomass decrease 1983-89 of 45% 

Year Catch F 

Mid-year 
biomass 

1 490 000 
1 475 000 
1 444 000 
1 417 000 
1 373 000 
1 277 000 
1 120 000 

986 000 
858 000 
727 000 

Mid- year 
biomass 

1 115 000 
1100000 
1 069 000 
1 042 000 

998 000 
900 000 
742 000 
608 000 
477 000 
340 000 

Comment 

Assumed Bo 

Biomass below 0.5 Bo 

Comment 

Assumed Bo 

Biomass below 0.5 Bo 
Biomass below Bq 



Table 10. Sensitivity analysis of the model to changes in the rate of natural mortality. 

(a) Biomass decrease 1983-89 of ,45% 

Natural 
mortality Avers-ge 

Male Female 
Bo 

Fo. 1. 

(b) Biomass decrease 1983-89 of 33% 

Natural 
mortality Average 

Male Female F0.I 

511 000 147 COO 

473 000 172 COO 

437 000 196 ClOO 
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Figure 1. Total New Zealand hokl catch estimated from repolted landlngs for calendar years 1969-83 and fishing years 1983-89. (N.B. 1989 figures 
are provisional) 
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Catch (t) =: 50 106 
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Proportion of annual west coast, South Island catch taken each day through the 
season, by vessels with Scientific Observers. The dashed line in Figure 2d 
represents fish taken from the Puysegur area in late August and early September 
1989. 
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Figure 3. Depth distribution of hoki catches in 1988 and 1989 from observed vessels. 
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Length frequency of male hoki taken in commercial catches west coast, South 
Island, sampled by Scientific Observer programme 1986-89. 
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Rgure 5. Length frequency of female hoki taken in commercial catches west coast, South 
Island, sampled by Scientific Observer programme 198689. 
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Figure 6. Changes in mtm length throughout the season in the area of the Hckitika 
Canyon, for male and female hoki 1987-89. 
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Figure 7. Length frequency of hoki taken from Puysegur area late August to early 
September 1989. 
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Figure 8. Length frequency of hoki taken in commercial catches Cook Strait, sampled by 
Stock Monitoring Programme 1988-89. Number of landings 1988 = 10, 
1989 = 16. 
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Figure 9. Length frequency of hoki caught in random trawl surveys of the Southern 
Plateau: 

(a) Shinkai Maru Oct/Nov 1983 
@) Amaltal Explorer Oct/Nov 1989 
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Figure 10. Length frequency of male hoki caught in random trawl surveys of the Chatham 
Rise: 

(a) Shirlkai Maru March 1983 
(b) Shinkai Maru July 1986 
(c) Am.altal Explorer Nov/Dec 1989 
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Figwe 11. Length frequency of female hoki caught in random trawl suweys of the Chatham 
Rise: 

(a) Shinkai Maru March 1983 
(b) Shinkai Maru July 1986 
(c) Amaltal Explorer Nov/De.c 1989 



82 84 86 88 90 92 94 

Year 

Figure 12. Biomass estimates from the stock reduction model. The upper line repmsents 
the model where biomass decreased by 33% from 1983 to 1989 while the lower 
line follows the stock trajectory for a decrease of 45% over the same period. 
Catches for each year from 1990 onwards from this stock are assumed to be 
235,000 t per year. 


