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1. Executive summary 

This paper c o n f m  the drop in abundance of old hake on the Chatham Rise (HAK 4) since 1995. 
It was proposed at the 1998 Fishery Assessment Plenary that the apparent change in age 
distribution may have been a result of the change in trawl survey design in 1996. Hence, time 
series of biomass indices for hake on the Chatham Rise were considered unreliable. We use 
simulation to demonstrate that the change in design alone could not have caused the drop in the 
observed proportion of old hake. Further, the drop in age is evident in every survey stratum - 
even those which the design change did not affect - and is also shown in observer data. 

2. Introduction 

The work presented in this report addresses activity 1 of objective 3 in project MID9801: 
To examine the effect of changed survey design on samples of young [and old] hake on the 
Chatham Rise. 

Trawl surveys of the Chatham Rise have been conducted every January since 1992. The series 
was primarily intended to derive indices of abundance of juvenile hoki, but also produces indices 
for hake, recruited hoki, and ling. All seven surveys were carried out by RV Tangaroa using the 
same gear and standardised gear deployment procedures. 

The trawl survey results show a sharp drop in the number of old hake in 1996. The numbers of 
old fish remained low in 1997 and 1998. Data from 1999 were not available at the time of this 
analysis. 

The change in age distribution coincided with a change in the design of the trawl surveys. From 
1996 on, several strata were merged and there was a reduction in the number of stations in most 
strata. The total number of stations was reduced from 165 in 1994 and 123 in 1995 to 88 in 1996. 
The objective of the change was to reduce costs while still maintaining the precision of biomass 
estimates within target levels. 

It has been suggested that the observed change in age distribution was an artefact of the change in 
survey design, caused by reduced coverage of strata where older hake are abundant (particularly 
areas where hake are believed to spawn). If so, the trawl survey time series for abundances of 
younger and older hake should not be used for stock assessment. 

This study was designed to determine whether the observed change in age distribution was 
genuine; specifically, whether the change in survey design was sufficient to produce the observed 
change in age distribution, if no real change had occurred. 

This report includes a descriptive analysis of trawl s w e y  and observer data and a simulation 
experiment based on survey data. We first briefly describe the fishery. 



3. The HAK 4 fishery 

Hake (Merluccius australis) are widely distributed through the middle depths (200-800 m) of the 
New Zealand EEZ south of latitude 40" S (Anderson et al. 1998). They are taken mainly by large 
trawlers, often as bycatch in fisheries targeting other species such as hoki and southern blue . 
whiting. The fishery is currently divided into four fish stocks: (a) the Chatham Rise QMA (HAK 
4), (b) the Challenger QMA (HAK 7), (c) the Kermadec QMA (HAK lo), (d) the remainder of 
the EEZ (HAK 1). Figure 1 shows the Fishery Management Areas for hake. 

In HAK 4, hake are caught mainly as bycatch by trawlers targeting hoki, though some targeting 
for hake occurs. The TAC was increased from 1000 t to 3500 t in the 1991-92 fishing year and 
catches have since risen to the level of the new TAC. 

The west end of the Chatham Rise is in HAK 1 rather than HAK 4. In previous assessments 
(Colman 1997, Dunn 1998), hake on the Chatham Rise were considered to form a single stock 
and so hake catches from the west end of the rise have been included with the rest of the rise. 
Recent data show that catches on the western Chatharn Rise were underestimated in those stock 
assessments as 250 t per fishing year. 

Table 1 gives the reported landings and TACs of hake in HAK4 and reported landings from the 
western Chatharn Rise in HAK 1, from 1998-89 to 1997-98. 

Table 1: Reported landings (t) and TACs (t) of hake in HAK 4 and reported landings (t) 
from hake catches on the western Chatham Rise in HAK 1, from 1988-89 to 1997-98 

Landings from 
Fishing year HAK4 
1988-89 554 
1989-90 763 
1990-9 1 743 
1991-92 2 013 
1992-93 2 545 
1993-94 2 587 
1994-95 3 369 
1995-96 3 466 
1996-97 3 524 
1997-98 3 523 

TAC for 
HAK4 

1 000 
1 000 
1 000 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 
3 500 

Landings from 
western rise 

49 
1 64 
199 
332 
202 
357 
609 

1 112 
1 075 

765 

Total landings from 
Chatham Rise 

603 
927 
942 

2 345 
2 747 
2 944 
3 978 
4 578 
4 599 
4 288 

4. Trawl surveys 

4.1 Strata and stations 

Trawl surveys of the Chatham Rise have been conducted every January since 1992. The surveys 
were of a two-phase stratified random design (afrer Francis 1984). Phase 1 station allocation was d 

optimised for 2+ and adult hoki and was predicted to provide adequate precision for hake and 
ling. Phase 2 stations were allocated during the survey to improve c.v.s for juvenile hoki (except 
for a phase 2 station in TAN9801 which was allocated for hake). Stations were allocated 
randomly within strata. 

Table 2 lists the trawl surveys conducted in HAK 4 since 1992. The reports cited in Table 2 give 
vessel specifications, gear specifications, and trawling procedures, which were constant over the 
survey series. 



Table 2: Trawl surveys in HAK 4 since 1992 

Voyage code 
TAN9106 
TAN9212 
TAN940 1 
TAN9501 
TAN9601 
TAN9701 
TAN9801 

Calendar year 
1992 
1993 
1994 
1995 
1996 
1997 
1998 

Dates 
28 Dec-1 Feb 
30 Dec-6 Feb 
2 Jan-3 1 Jan 
4 Jan-27 Jan 
28 Dec-13 Jan 
3 Jan-22 Jan 
3 Jan-22 Jan 

Strata 
24 
25 
25 
25 
20 
20 
2 1 

No. of 
Stations 

184 
194 
165 
123 
88 

103 
92 

Reference 
Horn 1994a 
Horn 19941, 
Schofield & Horn 1994 
Schofield & Livingston 1995 
Schofield & Livingston 1996 
Schofield 1997 
Bagley & Hurst 1998 

A figure showing where research trawls have caught hake is given in Anderson et al. (1998). 

The hake catch at each station was weighed. In most tows the entire hake catch was measured and 
sexed, but when the catch was large, a random subsample of 50-100 fish was taken. A 
nonrandom subsample was selected from the random sample for detailed biological analysis and 
otolith removal. (Over 80% of the hake that were measured were also subsampled for biological 
analysis.) Otoliths were analysed by the validated method described by Horn (1997). We do not 
have weight data for all fish, so we predicted weight from length using the length-weight 
relationship from that survey. 

The defined survey area covered about 140 000 krn2, including the entire Chatham Rise. It was 
divided into strata by depth (200-400, 400-600, 600-800 m) and longitude. There were 2&25 
strata in each survey. Strata numbers change between years, so we used the strata numbers from 
the surveys with the maximum number of strata (TAN9501, TAN9401 and TAN9212) to name 
the strata (Figure 2). Strata 10, 11, and 25 are believed to be spawning areas for hake (Colman 
1998). Few running ripe females have been recorded on the Chatham Rise outside those areas. 
Spawning has been observed in November, December, and January, but the full extent of the 
season is not known. 

There were 24 strata in TAN9106. In TAN9212, stratum 10 was divided into strata 10 and 25. 
Stratum 25 was intended to be a 'hake stratum'. For 'hake surveys' (TAN9212, TAN9401, 
TAN9501, TAN9801) it was separated from other strata, while in other years (TAN9106, 
TAN9601, TAN9701) it was merged with strata 10 or 11. In TAN9601 there was a major 
reorganisation: strata 2 and 3 were merged to form stratum 2, strata 4 and 5 merged to 4, strata 8 
and 9 merged to 8, strata 16 and 17 merged to 16, strata 11 and 25 merged to 11; stratum 21 was 
renamed as 3,22 renamed as 5,23 renamed as 9, and 24 renamed as 17. In TAN9801, stratum 11 
was split into 11 and 25, along the original 11/25 boundary. Small adjustments were made to 
strata boundaries throughout the series on the basis of improved information about seafloor 
contours: the only substantial change was a reshaping of strata 13 and 21 in TAN9401. 

The TAN9601 redesign also included a change in the number of stations in each stratum, with an 
overall reduction in the number of stations. 

The numbers of stations per stratum in each survey are given in Table 3. 



Table 3: Number of stations by stratum in each survey. Both phases are included. Stratum 
names are stratum numbers from TAN9212TAN9501. Strata in the same row cover the 
same region 

* Two entries for the same stratum. Number of stations shown are the actual numbers of stations in the two parts of the 
stratum. 

4.2 Age distribution 

We used age 10 as an arbitrary cut off to separate 'old' and 'young' hake. We classified males at 
least 86 cm long and females at least 100 cm long as at least 10 years old, based on the age- 
length keys for hake in Horn (1996). 

Table 4 shows the success of this method in predicting otolith-based ages of fish from Chatham 
Rise trawl surveys. (The classification rates are calculated for aged fish only and are not scaled by 
the total length frequencies.) The classification rates are high and do not show a trend across 
surveys. 

Table 4: Rates of correct classification for age classification using length limit, by sex and 
length class and by survey (males 2 86 cm and females 2 100 cm are classified as 2 10 years) 

Over size limit 
Under size limit 

Correct classification rate (%) 
Male Female 

86 88 
87 89 



Survey 
TAN9106 
TAN92 12 
TAN9401 
TAN9501 
TAN9601 
TAN9701 
TAN9801 

Correct classification rate (overall) (%) 
78 
88 
91 
89 
95 
94 
87 

We estimated a weight for each fish in each length sample using the length-weight relation from 
the appropriate survey. The length-weight relations are of the form: weight(g) = a x l engh(~m)~.  
Table 5 gives the constants a and b for each survey. 

Table 5: Length-weight relation constants 

Survey 
TAN9 106 
TAN92 12 
TAN940 1 
TAN9501 
TAN9601 
TAN9701 
TAN9801 

We estimated the percentage (by weight) of each catch which was above the length cut off. We 
could then get biomass estimates for "o ld  and "young" hake as if they were two different 
species, using the usual method (Francis 1984). The standardised approach was used (Francis 
1989), with vulnerability, vertical availability, and areal availability all equal to 1. 

The distributions by year of old and young hake are shown in Figures 3 and 4. Clearly the age 
distribution varies by area. 

Table 6 shows the biomass estimates for young, old and total hake in HAK4, the percentage of 
old hake, and the mean percentages of old hake for 1992-95 and 1996-98. 

Table 6: Calculation of change in average percentage of old hake: 
Biomass estimate (t) and C.V. (9%) of young, old and total hake in HAK 4, percentage of old 
hake, and mean percentage of old hake for 1992-95 and 1996-98 

Biomass 
Survey Young Old Total % old hake 
TAN9 106 1352 (22) 2809 (13) 4160 (15) 67 
TAN9212 913 (9) 1968 (23) 2882 (17) 68 Mean: 66% 
TAN940 1 1219 (12) 2087 (10) 3306 (10) 63 
TAN9501 1159 (18) 2129 (27) 3288 (23) 65 
TAN9601 1643 (15) 814 (23) 2457 (13) 33 
TAN9701 1462 (1 1) 1349 (26) 281 1 (17) 48 Mean: 43% 
TAN9801 1532 (17) 1341 (25) 2873 (18) 47 

Difference: 23% 

There was a clear decrease in the proportion of old hake from 1996 on, with a difference of 23% 
between the average percentages of old hake in 1996-98 and in 1992-95. The change seems to 



have been a result of a large decrease in the biomass of old hake, as well as a smaller increase in 
the biomass of young hake. The data are plotted in Figure 5. 

Otolith-based age frequencies for Chatham Rise hake taken in the trawl survey series are shown 
in Figure 6. Again, the proportion of old hake can be seen to drop from TAN9601 onwards. 

The change can also be seen in the raw length frequencies of hake. For each survey, mean lengths 
were calculated for each stratum, and survey mean length was calculated as an average of the 
stratum mean lengths, weighted by stratum biomasses (Table 7). 

Table 7: Mean lengths of hake by survey 

Survey Mean length (cm) 
TAN9106 90.3 
TAN92 12 85.8 
TAN940 1 83.1 

Table 8 shows the change in age distribution in each stratum, by averaging the percentage of old 
hake over all stations in each stratum, before and after the survey design change of TAN9601. 

Table 8: Percentage of old hake in surveys before and after the design change, and 
difference, by stratum 

% old biomass 
Stratum before change after change Difference 
1 3 1 25 6 
2 53 33 20 
3 74 62 12 
4 73 23 50 
5 69 50 19 
6 27 31 -4  
7 34 7 27 
8 40 7 33 
9 62 47 14 
10 75 68 8 
11 79 58 22 
12 64 42 22 
13 64 60 4 
14 5 8 39 19 
15 35 18 18 
16 42 0 42 
17 18 9 9 
18 27 6 21 
19 8 0 8 
20 57 8 49 
2 1 60 48 13 
22 59 2 1 37 
25 78 68 10 
(Note, stratum numbers refer to TAN9501. Strata 23 and 24 were excluded because no hake were caught 
there in 1992-95 .) 



There was a drop in the proportion of old fish across the entire survey area. In 22 out of 23 strata, 
the proportion of old fish was less in 1996-98 than in 1992-95. The design change did not 
substantially decrease the number of stations in some of those strata, so the apparent drops in 
proportion of old fish in those strata were not a result of the design change. 

5. Observer data 

The observer database contains length, sex, and gonad stage data for fish caught by trawls made 
by commercial vessels carrying observers. We used catches taken in the area 42.5"45.0° S by 
173"E-175' W, which contains the Chatham Rise. Most data were for hake as bycatch in trawls 
targeting hoki (Table 9): the volume of data from hake-targeted trawls is probably not enough to 
draw strong conclusions (Table 10). 

Table 9: Proportion of old hake in commercial tows targeting hoki: difference in proportion 
between1991-95and1995-98 

No. observed 
Fishing year Trips Tows Fish % old hake (by weight) 
1991-92 4 165 3299 48 
1992-93 7 32 289 60 Mean: 39% 
1993-94 11 79 70 1 33 
1994-95 9 68 626 16 
1995-96 11 117 2020 12 
1996-97 7 43 532 22 Mean: 15% 
1997-98 11 387 4023 14 

Difference: 24% 

Table 10: Proportion of old hake in commercial tows targeted at hake: difference in 
proportion between 1991-95 and 1995-98 

No. observed 
Fishing year Trips Tows Fish % old hake (by weight) 
1991-92 1 3 67 67 

72 Mean: 66% 

1996-97 1 13 324 43 Mean: 48% 
1997-98 2 4 95 52 

Difference: 18% 

The distributions by year of observer samples of male and female hake are shown in Figure 7 to 
indicate the locations of observer coverage. The trawls targeted at hoki were year-round but 
mostly February to May: the trawls targeting hake were from October to January. 

The observer data show a reduction in the proportion of old hake in 1993-94 and a large, 
sustained reduction from 1994-95 on. This result suggests a real change in age distribution but 
could also be caused by changes in fishing methods or locations. 



6. Simulations 

6.1 Methods 

We tested the hypothesis that the proportion of old hake (by weight) within each stratum, and the t 

distribution of hake over the strata, did not change over the period from 1991-92 to 1997-98. (If 
this hypothesis was correct, then the observed change in the estimated proportion of old hake was 
caused by the change in survey design.) The method used was nonparametric bootstrap 
simulation. The summary measure was the mean percentage of old hake (by weight) over the 
surveys TAN9 106, TAN9212, TAN9401, TAN9501, minus the mean percentage of old hake (by 
weight) over the surveys TAN960 1, TAN9701, TAN980 1. 

We assumed further that phase 2 stations are simple random (since they are not targeting hake). 
We did not assume that the total hake biomass in the area is unchanged, because our summary 
measure uses proportions of total biomass so is unaffected by overall changes in abundance. 

The bootstrap procedure was as follows. 

1. Calculate Table 6 using the observed data ("Calculation of change in average percentage of old 
hake"). 

Repeat steps 2 and 3 1000 times: 

2. Replace every station's results with the results from another station in the same area. 
Replacement stations were chosen at random from all years, on the hypothesis 
that there is no difference between years. They were selected from the same 
stratum, using the TAN9501 definition of strata. Where a station was in a stratum 
which corresponds to two strata in a different year (e.g. stratum 2 in TAN9801 
corresponded to strata 2 and 3 in TAN9501), the replacement station was 
sampled from one of the two strata, with sampling probabilities proportional to 
the areas of the two strata. 

3. Recalculate Table 6 using the simulated data. 

4. Compare the 1000 simulated differences in average percentage of old hake with the actual 
difference as shown in Table 6. 

S+ software was used for analysis (for documentation see MathSoft (1997)). 

6.2 Results 

The hypothesis of no change was rejected (p < 0.001), showing that the age distribution of hake 
has changed over the period 1992-98 (andlor the spatial distribution of hake has changed). 2 

Over 1000 bootstrap simulations, the difference ranged from -13% to 13%, never reaching the 
observed value of 23%. This shows that the change in survey design would not have been enough 5 

(in the absence of changes in the hake agefspatial distributions) to produce the large change in 
observed age distribution. It also indicates that the change in survey design would have been very 
unlikely to produce heavily biased proportions at age. 



7. Discussion 

We conclude from the bootstrap analysis that the age distribution of hake was genuinely different 
after 1996. (The other possibility is that the fish have drastically changed their spatial distribution 
within the survey area, i.e. moved en masse to areas with low sampling coverage. This seems 
implausible.) 

The vessel, gear, and methods used in the trawl survey series were consistent through the 1991- 
98 period so are not the cause of the apparent change. Because the surveys TAN9601 to 
TAN9801 included fewer trawl stations than TAN9106 to TAN9501, they were completed more 
quickly, and so the samples were taken (on average) earlier in the season. However, the mean 
difference is small (about 5 days). Older fish should be more available for surveys later in the 
season, once they have dispersed after spawning, so if the time lag did cause a difference in age 
distribution, it should be in the opposite direction to that observed. 

The result is supported by a breakdown of the age distribution by stratum, which shows a 
consistent drop in the proportion of old fish in every area. 
Observer data also confm the change in age distribution. They show a large drop in the 
proportion of old hake in hoki-targeted tows. The observer data also suggest that the drop in age 
occurred 1-2 years earlier than the trawl surveys indicate. 

The confirmation that the decrease in the amount of old fish is real allows the time series of 
biomass of hake in HAK 4 to be used in stock assessment. 

The trawl survey data show both an increase in the amount of young fish (i-e., a period of higher 
recruitment) and a decrease in the amount of old fish. We do not have a definite explanation for 
the absence of old fish. Possible contributing factors include the increase in hake catch on the 
western Chatham Rise since 1994-95, or a behavioural change such as a shift in the location of 
spawning, or an increase in natural mortality. 
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Figure 1: 



Figure 2: Chatham Rise stratum boundaries used in TAN9501. 
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Figure 3: Catch rates ( k g . ~ 2 )  of old hake (females 2 100 cm, males 2 86 cm). Circle 
area is proportional to catch rate. 
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Figure 3 - continued 



I Old males 1992 
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Figure 3 - continued 
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Figure 3 - continued 
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Figure 4: Catch rates (lcg.w2) of young hake (females < 100 cm, males < 86 cm). Circle 
area is proportional to catch rate. 
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Figure 4 - continued 
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Figure 4 - continued 
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Figure 4 - continued 



Figure 5: Biomass estimates of 'T'otal, 'O'ld and 'Y'oung hake. 
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Figure 6: Age frequencies of hake taken in Chatham Rise trawl surveys 
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Figure 7: Numbers of female and male hake in observer samples, 1991-92 to 1997-98. 
Circle area is proportional to number. Tows targeting hake and hoki are included. 
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Figure 7 - continued 
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/ Observer samples 1994-95 males 

Figure 7 - continued 



Observer samples 1995-96 males 

Maximum number measured per tow = 100 

/ Observer samples 1996-97 males 

I Observer samples 1997-98 males 

Figure 7 - continued 


