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1. EXECUTIVE SUMMARY 

A new standardised CPUE analysis for black ore0 in OEO 3A provided abundance 
indices for stock assessment in 1999. Soviet and New Zealand CPUE were analysed 
separately because the Soviet fleet targeted black ore0 but New Zealand vessels 
generally did not. Zero catch and positive catch data were initially analysed separately 
and their abundance indces were combined into one index series. Coefficients of 
variation (c.v.) for the indices were estimated using a jacknife technique. The Soviet 
combined index declined from 1979-80 to 1987-88 and had an overall mean C.V. of 
36%. The New Zealand combined index was variable but declined from 1991-92 to 
1997-98 with an overall mean C.V. of 5 1%. 

2. INTRODUCTION 

A standardised analysis of smooth ore0 CPUE formed the basis of the stock 
assessment for OEO 3A smooth ore0 from 1995 to 1998. A similar analysis was 
carried out for black ore0 for the first time in 1998-99 and is reported below. 

2.1 Literature review 

This analysis closely follows that of Doonan et al. (1995). The method used by 
Vignaux (1994) was used to provide a technique to analyse the zero catch component 
of the data. 

3. DATA 

Tow by tow data from trawl catch effort returns were used, including those derived 
from the FSU before 1988 and from the Ministry of Fisheries Catch and Effort 
database from 1988 on. Initial data comprised all tow by tow records in OEO 3A 
where ore0 (black oreo, BOE; smooth oreo, SSO; or oreo, OEO) was targeted or 
caught. The tow data included start position, catch by species, target species, depth, 
vessel, distance towed, time of day, and date. Nationality and tonnage were recorded 
for each vessel. 

An area which enclosed most of the black ore0 caught by Soviet and New Zealand 
vessels in OEO 3A was defined as the study area. The same area was used for the 
Soviet and the New Zealand analyses (see Figures 1 and 5). 



All data were grouped by fishing year, i.e., 1 October to 30 September. For convenience 
we defined each year as that including the greater part of the fishing year, e.g. 1980 = 
1979-80. 

3.1 Descriptive CPUE 

The OEO 3A black ore0 fishery was described by Hart et al. (1998). They showed that 
from 1979-80 to about 1986-87 the fishery was dominated by Soviet vessels and 
from 1987-88 to 1996-97 by New Zealand vessels. From 1979-80 to 1986-87 about 
50% of the Soviet tows targeted black oreo, but only about 10% of the New Zealand 
tows from 1987-88 to 1996-97 targeted black oreo. Most of the New Zealand black 
ore0 catch was taken in tows that targeted either smooth oreo, unspecified ore0 
(OEO), or orange roughy. 

Since 1988, Global Positioning System (GPS) has replaced satellite navigation, and 
there are now better echo sounders, net monitors, doors, and nets. The fleet has changed 
from foreign licensed, to foreign charter, to New Zealand. The experience and 
knowledge of people doing the fishing has increased. These factors are likely to have 
increased the efficiency of fishing for oreos. Consequently, ore0 catch rates should have 
increased if the stock size has remained constant. 

3.2 Choice of CPUE measure 

Catch per tow (tonnes per tow) was chosen as the index of density rather than catch 
per kilometre and follows the Deepwater Working Groups preference for the smooth 
ore0 standardised CPUE analysis (Doonan et al. 1995). 

3.3 Data combinations 

The Soviet and New Zealand fisheries were analysed separately because they appeared 
to be different, i.e., the New Zealand vessels generally did not target black ore0 and 
also appeared to fish independently of other vessels. Consequently, the Soviet analysis 
used only data for target black ore0 fishing, but the New Zealand analysis used data 
from target fishing for black oreo, smooth oreo, and unspecified oreo. Each analysis 
captured more than 50% of the black ore0 catch from each fishery. 

4. METHODS 

The standardised CPUE analysis was similar to that described by Doonan et al. (1995) 
and used a two part model which separately analysed the tows on which black ore0 
were caught using a log-linear regression (referred to as the positive catch regression) 
and a binomial part which used a Generalised Linear Model with a logit link for the 
proportion of successful tows (referred to as the zero catch regression). The binomial 
part used all the tows but considered only whether or not some black ore0 was caught 
and not the amount caught. The yearly indices from the two parts of the analysis were 
multiplied together to give a combined index (Vignaux 1994). 



Predictor variables in the regressions were all designated as categorical. Numeric 
variables, e.g., depth, were converted into categorical variables by splitting the range 
into eight bins. Bin widths were chosen to ensure that tow numbers in each bin were 
similar. Eight bins were chosen to model any dependencies in the data while ensuring 
that the resultant models were not over parameterised. A stepwise selection of 
predictor variables was followed with a cut off when the predictors (Table 1) failed to 
account for at least 1% of the overall sum of squares (or for the GLM 1% of the null 
deviance). This procedure selected models with first order terms. Interactions among 
the selected first order terms (second order interactions) were also examined to 
determine if any were able to notably lower the residual sum of squares values. 

Annual c.v.s for the combined indices were estimated using a jackknife technique 
(Doonan et al. 1995). 

Details of the mathematical technique used for the standardised CPUE analysis are 
provided in Appendix 1. 

5. RESULTS 

Unstandardised CPUE analysis 

Soviet data 
Mean catch per tow and mean catch per hour declined from 1979-80 to 1988-89. The 
proportion of zero tows increased steadily from 1979-80 to 1985-86 (Table 2). 

New Zealand data 
Mean catch per tow and mean catch per hour were variable from 1986-87 to 1990-91, 
then declined to 1997-98. The proportion of zero tows remained about 30% from 
1986-87 to 1997-98 (Table 3). 

Standardised CPUE analysis 

Soviet CPUE 
Catch and effort data from 1979-80 to 1988-89 from tows that targeted black ore0 in 
the CPUE study area were used in the analysis. The CPUE study area contained 99% 
of the OEO 3A target black ore0 catch (Figure 1 and Table 4). About 20% of the tows 
caught no black ore0 (see Table 2). 

Results of the positive catch regressions and the zero catch GLM are given in Table 5. 
The final model for positive catch used vessel and year and that for zero catch used 
year and vessel. 

Combined index 
The abundance index results from each model are given in Figure 2 and Table 6. The 
combined index declined from 1.8 in 1979-80 to about 0.4 in 1988-89. 

Interactions of second order terms 



Vessel-fishing year interactions were important and consequently the sensitivity of the 
combined indices to the data contributed by each vessel was investigated by re- 
estimating the combined indices after removing the data from one vessel at a time. 
This showed some variation in 1979-80 but little in the other years (Figure 3). The 
final analysis included data from all the vessels. Interactions of second order terns 
were not included in the final models. 

Confidence intervals 
Mean C.V. by year for the combined indices calculated using a jackknife analysis are 
given in Figure 4 and Table 6. The overall mean C.V. estimate was 36.4%. 

New Zealand CPUE 
Catch and effort data from 1986-87 to 1997-98 from tows that targeted black oreo, 
smooth oreo, and unspecified ore0 (OEO) in the CPUE study area were used in the 
analysis. The CPUE study area contained 81% of the OEO 3A black ore0 catch for 
tows that targeted black oreo, smooth oreo, and unspecified ore0 (Figure 5 and 
Table 7). 

Results of the positive catch regressions and the zero catch GLM are given in Table 8. 
The final model for positive catch used vessel, depth, year, and longitude and that for 
zero catch used vessel, depth, and year. 

Combined index 
The abundance index results from each model are given in Figures 6 and Table 9. The 
combined index fluctuated initially but declined from 1.6 in 1991-92 to 0.8 in 1997- 
98. 

Interactions of second order terms 
Vessel-fishing year interactions were important and the sensitivity of the combined 
indices to the data contributed by each vessel was investigated by re-estimating the 
combined indices after removing the data from one vessel at a time. This showed 
variation in 1986-87 and 1987-88 and one vessel had a considerable impact on the 
index in 1990-91, 1991-92, and 1992-93 (Figure 7). All the data were retained in the 
analysis. 

Confidence intervals 
Mean C.V. by year for the combined indices calculated using a jackknife analysis are 
given in Figure 8 and Table 9. The mean C.V. estimate was 5 1.3%. 

6. DISCUSSION 

This is a first analysis and future alternative approaches for this study might: 
consider other CPUE measures, e.g., t/km, or combinations of Qfferent measures 
for different depths or areas 
examine systematic changes in fishing practice for the New Zealand fishery, e.g., 
introduction of GPS; change from target fishing for smooth ore0 to target fishing 



for black and smooth oreos; depth and area changes such as abandoning a 
particular area or depth; change from "flat" to "hill" fishing. 

The Soviet data series is probably a relatively homogeneous set because the Soviet 
vessels target fished for black ore0 and all the vessels fished in a similar way with 
similar equipment. The reliability of Soviet CPUE data has been questioned by some 
members of the Deepwater Stock Assessment Working Group. It is known that small 
catches were aggregated and often declared as one catch in the catch effort logbooks, 
sometimes in a different area from where the fish was taken (P. McMillan, pers. obs., 
Kalinovo, 1981 and Kaltan, 1982). Also over a 24 hour period very large catches were 
sometimes spread over small and zero tows, apparently to make the catches look more 
even. However, the daily catch totals were credible. These practices were probably 
widespread amongst the Soviet fleet. 

The New Zealand domestic fleet data are much less homogeneous and there are 
probably systematic changes that have taken place in the fishery over the 11 years of 
the CPUE study, e.g., the introduction of GPS in the early 1990s and more retention of 
black oreo. The New Zealand data series is mainly from catches where either smooth 
ore0 or generic ore0 (OEO) was the declared target species rather than black oreo. 
There were too few data to base a CPUE analysis on black ore0 target fishing alone, 
i.e., under 10% of the black ore0 catch was from target fishing. 

The important predictor variables were vessel and year plus depth for the New 
Zealand data. This is similar to the smooth ore0 standardised CPUE (Doonan et al. 
1995). 
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Table 1: Summary of non-year variables that could be selected in the regression models. All are 
categorical variables. "df" is the number of parameters to be estimated for that variable 

Variable d f 
Latitude 8 
Longitude 8 
Depth 8 

Season 8 
Time 8 

Target 3 

Vessel - 

Description 
Latitude at start of tow. 
Longitude at start of tow. 
Depth at start of a tow. Bins are defined to 
contain about the same number of tows 
The fishing year divided into 8 periods 
Time of day when a tow started, blocked 
into 8 periods. 
Target species for the tow (black, smooth, or generic oreo, OEO). 
Applied only to New Zealand data 
A parameter estimated for each vessel. 

Table 2: Raw catch per unit effort from all trawls by Soviet vessels that targeted BOE within the 
study area 

Year 
1979-80 

No. of tows 
740 

1 723 
852 

1 353 
1 342 

5 87 
212 
583 
490 
177 

No. of 
vessels 

8 
16 
10 
11 
11 
9 
7 
6 
7 
4 

Catch (t) 
3 990 

11 650 
5 450 
6 310 
4 230 
1 470 

620 
1 770 

830 
400 

Mean catch per Mean catch per 
tow (t) hour (th) 

5.4 3.1 
6.8 4.8 
6.4 5.2 
4.7 2.2 
3.2 2.3 
2.5 2.7 
2.9 3.5 

3 2.8 
1.7 1.5 
2.3 1.3 

Zero catch 
tows (%) 

6 
5 

11 
18 
32 
37 
47 
27 
4 1 

8 

Table 3: Raw catch per unit effort from all trawls by New Zealand vessels that targeted BOE or 
SSO or OEO within the study area 

Year 
1986-87 
1987-88 
1988-89 
1989-90 
1990-9 1 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 

No. of tows 
182 
525 
682 

1 062 
1 246 

379 
92 1 

1 006 
837 

1 595 
1 064 

517 

No. of 
vessels 

10 
10 
15 
16 
17 
16 
20 
16 
18 
22 
18 
15 

Catch (t) 
380 
930 
910 

1 480 
3 030 
1 580 
3 300 
2 840 
1 440 
2 610 
2 330 

650 

Mean catch per Mean catch per Zero catch 
tow (t) hour (th) tows (%) 

2.1 1.6 30 
1.8 2 33 
1.3 1 3 1 
1.4 1.7 35 
2.4 2 35 
4.2 2.4 18 
3.6 2.6 34 
2.8 1.6 19 
1.7 1.7 35 
1.6 1.6 36 
2.2 1.9 29 
1.3 1.4 29 



Table 4: 

Year 

1979-80 
1980-8 1 
1981-82 
1982-83 
1983-84 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 

Soviet catches of black oreo (t) from OEO 3A inside and outside the CPUE study area 
from 1979-80 to 1988-89 from trawls which targeted black oreo 

No. of tows 

742 
1 724 
863 

1 375 
1 373 
601 
213 
585 
49 1 
177 

Black ore0 catch 
CPUE study area Rest of OEO 3A 

3 990 5 
11 650 5 
5 450 23 
6 310 11 
4 230 129 
1 470 58 
620 0 

1 770 6 
830 0 
400 0 

Table 5: Stepwise selection of variables for the positive catch regression and the zero-catch 
GLM for Soviet black oreo CPUE from 1979-80 to 1988-89. New variables were 
added one a t  a time until R2 (%) or its equivalent failed to increase by more than 1 %. 
At each iteration the variable that increased RZ the most was added. Variables 
considered for the positive and zero catch analyses are given in Table 1 

(a) Positive catch model R2 values (%) 
Iteration 

Variable 1 2 3 
Vessel 18.2 
Year 15.3 28.7 
Season 3.6 . 19.3 29.5 

Improvement in RZ 18.2 10.5 0.8 

(b) Zero-catch GLM R2 values (%) (GLM equivalent) 

Variable 
Year 
Vessel 
Depth 

Iteration 
1 2 3 

11.3 
11.0 16.7 
2.0 11.7 17.6 

Improvement in R2 11.3 5.4 0.9 

Table 6: 

Year 
1979-80 
1980-81 
1981-82 
1982-83 
1983-84 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 

Combined index estimates by year and jackknife C.V. for the Soviet black oreo CPUE 
analysis of zero and positive catch 

Combined index 
1.82 
1.45 
1.30 
1 .oo 
0.64 
0.46 
0.4 1 
0.44 
0.15 
0.44 

Jackknife C.V. (%) 
53.7 
18.3 
14.5 
0 

6.0 
37.2 
61.2 
45 .O 
31.9 
17.6 



Table 7: 

Year 

1986-87 
1987-88 
1988-89 
1989-90 
1990-9 1 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 

Table 8: 

New Zealand catches of black oreo (t) from OEO 3A inside and outside the CPUE 
study area from 1986-87 to 1997-98 from trawls which targeted black oreo, smooth 
oreo, and unspecified oreo 

No. of tows 

243 
57 1 
765 

1 200 
1 584 

877 
1 268 
1 341 
1116 
1917 
1 835 
1 083 

Black ore0 catch 
CPUE study area Rest of OEO 3A 

3 80 42 
930 13 
9 10 22 

1 480 100 
3 030 827 
1 580 1 172 
3 300 444 
2 840 445 
1 440 441 
2 610 369 
2 330 794 

650 223 

Stepwise selection of variables for the positive catch regression and the zero-catch 
GLM for the New Zealand black oreo CPUE from 1986-87 to 1997-98. New 
variables were added one at a time until R' (%) or its equivalent failed to increase by 
more than 1%. At each iteration the variable that increased R~ the most was added. 
Variables considered for the positive and zero catch analyses are given in Table 1 

(a) Positive catch model R~ values (%) 

Iteration 
Variable 1 2 3 4 5 
Vessel 14.0 
Depth 10.6 18.6 
Year 9.2 18.4 21.9 
Longitude 3.9 16.8 19.8 23.1 
Latitude 4.7 15.4 19.2 22.5 23.8 

Improvement in R2 14.0 4.6 3.3 1.2 0.7 

(b) Zero-catch GLM R2 values (%) (GLM equivalent) 

Variable 
Vessel 
Depth 
Year 
Latitude 

Iteration 
1 2 3 4 

15.8 
3.8 19.1 
1.3 16.9 20.2 
4.9 16.5 19.5 20.6 

Improvement in R2 15.8 3.3 1.2 0.4 



Table 9: Combined index estimates by year and jackknife C.V. for the New Zealand black oreo 
CPUE analysis of zero and positive catch 

Year 
1986-87 
1987-88 
1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 

Combined index 
1.37 
1.54 
0.54 
1 .oo 
1.10 
1.55 
1.25 
1.20 
0.65 
0.90 
1.08 
0.78 

Jackknife c. v. (%) 
54.7 
71.6 
39.4 

0 
27.8 
76.5 
86.1 
33.4 
22.9 
33.2 
31.2 
38.6 



Figure 1: Catches of black ore0 from 1979-80 to 1988-89 in OEO 3A by Soviet vessels. Each 
dot is the start position of a trawl that caught black oreo. The CPUE study area is the 
polygon enclosing most of the catch in OEO 3A (99%). 



Figure 2: Soviet combined CPUE indices (solid line), with the zero catch regression index (large 
dashes) and the positive catch regression index (dots). 

Figure 3: Soviet combined CPUE index plots showing the effect of removing one vessel at a time 
from the analysis. 1982-83 is the reference year. 



Figure 4: Soviet combined CPUE index. Each years estimate has a confidence interval of 
+ 2 s.d. calculated using a jackknife technique. The confidence interval for 1979-80 
exceeds the y scale shown. 



Y Study area 

Figure 5: Catches of black oreo from 1986447 to 1997-98 in OEO 3A by New Zealand vessels. 
Each dot is the start position of a trawl that caught black oreo. The CPUE study area 
is the polygon enclosing most of the catch in OEO 3A (81 %). 



Figure 6: New Zealand combined CPUE indices (solid line), with the zero catch regression 
index (large dashes) and the positive catch regression index (dots). 

Figure 7: New Zealand combined CPUE index plots showing the effect of removing one vessel 
at a time from the analysis. 1989-90 is the reference year. 
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Figure 8: New Zealand combined CPUE index. Each years estimate has a confidence interval of 
+ 2 s.d. calculated using a jackknife technique. The confidence intervals for 1986437, 
198748,1991-92 and 1992-93 exceed the y scale shown. 



APPENDIX 1: Details of regression method 

Abundance indices can be obtained from a log regression of catch rate on year and other 
variables (Doonan 1991). Zero catches are usually excluded or a constant is added to all 
catch rates. If the proportion of zero catches is small then the results of the analysis are 
not affected much. If zero catches are more than 10% of the data, then a simple 
simulation1 showed that the indices became distorted after the abundance had dropped to 
some level, even if the proportion of zeros was constant. The higher the proportion of 
zero catches, the more pronounced the &stortion. 

The proportion of zero catches each year varied from 5% to 47%, with a me&an of 
about 30% (see Tables 2 and 3). These levels of zero catch cause problems in the 
abundance index if a log regression analysis is employed. To resolve this, the analysis 
was initially separated into two regressions; one for the proportions of zero catches and 
another for the positive catches. The year effects estimated from the two regressions 
were then transformed and combined to form an abundance index for each year. Details 
were given by Vignaux (1994). 

Regression for positive catches 

The regression for positive catches was based on: 

where Xii is the catch for tow j in year i, p is the grand mean in the log scale, Yi is the 
year effect for year i, and Fk(iJ3 is factor k evaluated for the (ij)-th tow. 

The variables considered for the regression (Table 1) were included only if they lowered 
R2 by more than 0.01 in a stepwise selection procedure, except for year which was 
always included. 

The contribution to the abundance index for year i relative to year r was 

1 
For each year, the mean catch and proportion of zero catches were specified so that there was a decline of 90% 
over the series, i.e., year was the sole variable in the decline. Zero catches were binomially distributed, positive 
catches had a lognormal distribution. Simulated catches were analysed by regressing log(catch + constant) on 
Year- 



Regression for zero catches 

We used the Generalised Linear Model (GLM) with a binomial distribution and a logit 
link for the proportions, i-e., 

where pq is the expected proportion of zero catches for tow j in year i, and the other 
terms correspond to those in the positive catch regression. Note that only the expected 
proportion of zero catches was transformed, not the data. In the positive catch 
regression, the data were transformed. 

Non-year variables were included only if they lowered the deviance so that the GLM 
equivalent of R2 increased by more than 1 % in a stepwise selection procedure. 

The contribution to the abundance index for year i relative to year r was 

where n; is some reference proportion of zeros from year r. 

Combined abundance index 

The combined abundance index was a product of the two parts 

Estimate of the C.V. for the abundance index 

The C.V. of the abundance index was calculated by a modified jackknife method, using 
vessel data as the subset, rather than carrying through the variances of the year effects 
from the regressions. 



For year i, pseudo-abundance indices (suppressing the index i) were generated by 

where yj is the abundance index when the data for vessel j were left out, yall is the 
abundance index with all data included, and k is the number of vessels in year i. In the 
usual application of the jackknife technique the number of data points left out would be 
the same for all vessels, but in our application the size of the data subsets varied so 
much that we needed to weight each jackknife pseudo abundance index b*,) in 
calculating the variance. The weights for y*, were the number of tows vessel j did in year 
i. Thus the variance of the index for year i is s*k, where 

n .  is the number of tows in year i for vessel j and 

This ignored the contributions from vessels that did not fish in year i, but which had an 
influence on the estimated effects of variables, e.g., depth, and through them an 
influence on the index for year i. Similarly, the effects of vessels that fished mainly in 
the reference year were not included as that year always had an index of 1, by definition. 


