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EXECUTIVE SUMMARY 

Coburn, R.P.; Doonan, I.J.; McMillan, P.J. (2006). Smooth oreo OEO 3A abundance estimates 
from standardised catch per unit of effort data, 1979-80 to 2002--03. 

New Zealand Fisheries Assessment Report 2006/35. 38 p. 

This new standardised CPUE analysis of OEO 3A smooth oreo used regression based methods very 
similar to those used in previous oreo CPUE analyses, and produced positive catch, zero catch, and 
combined indices. Data were divided into pre- and post-GPS series as in other recent oreo 
standardised CPUE analyses. The pre-GPS combined index (1980-81 to 1988-89) declined to about a 
quarter of the first year value during the nine year series. The rate of decline in the first few years was 
not as steep as observed in previous standardised CPUE analyses that analysed the Soviet data in the 
early fishery (1982-83 to 1987-88). The post-GPS combined index declined to about a third of the 
first year value in the first nine years of the series (1992-93 to 2000-01), but then increased in the last 
few years, probably because of different fishing patterns caused by catch level changes that started in 
1999-2000. 

The data quality, quantity, and experimental design (vessel by year) are suitable for this type of 
standardised analysis and are at least as good as those used for other oreo stock assessments. We 
therefore recommend each series and the associated jackknife c.v. for stock assessment analysis. 
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1. INTRODUCTION 

1.1 Objective 

This work addresses the following objectives III the MFish project "Oreo stock assessment" 
(OE02003/02). 

Overall objective 
1. To carry out a stock assessment of black oreo (Allocyttus niger) and smooth oreo (Pseudocyttus 

maculatus), including estimating biomass and sustainable yields. 

Specific objective 
3. To carry out a stock assessment for smooth oreo in OEO 3A, including estimating biomass and 

sustainable yields. 

1.2 Overview 

The first standardised CPUE analysis for OEO 3A smooth oreo was carried out in 1995 (Doonan et al. 
1995). Indices were developed using log-regression based techniques for non-zero catches and a 
Generalised Linear Model with a binomial distribution for the zero catches. The non-zero and zero 
catch indices were multiplied together to produce a combined index. The un standardised CPUE data 
were split into a Soviet vessel series that covered the early years of the fishery (1982-83 to 1987-88) 
and a New Zealand vessel series (1986-87 to 1993-94). Both series of combined indices declined. 
The two series were used as indices of abundance for the first stock assessment of OEO 3A smooth 
oreo. That analysis used an age-structured stock reduction analysis (PMOD) and also the MIAEL 
model for estimating biomass and yields (Doonan et al. 1995). The New Zealand vessel standardised 
CPUE indices and the stock assessment were updated in 1996, 1997 and 1999 (Doonan et al. 1996, 
1997, 1999). The Soviet vessel series was unchanged because there were no Soviet vessels involved 
in the fishery in later years. 

Recent oreo stock assessments have used separate time series of standardised CPUE based upon the 
adoption of Global Positioning System (GPS) navigation, i.e., a series before the arrival of GPS (pre
GPS, up to and including 1988-89) and a series after the arrival of 24 hour GPS coverage (post-GPS, 
from and including 1992-93 onwards). These stock assessment, e.g., OEO 4 smooth oreo (Doonan et 
al. 2003), Southland smooth oreo (Coburn et al. 2003) also used a CASAL population model 
employing Bayesian statistical techniques (Bull et al. 2003). 

The purpose of this study was to provide a new standardised CPUE analysis for OEO 3A smooth oreo 
to enable a new CASAL stock assessment to be carried out, replacing the 1999 assessment. The 
CASAL stock assessment is presented in a separate document. 

1.3 General 

Coburn et al. (2005) provided a descriptive study of catch and effort for OEO 3A smooth oreo as well 
as for the other New Zealand oreo fisheries, e.g., OEO 3A black oreo. Recent smooth oreo 
standardised CPUE studies include those in Southland (Coburn et al. 2003) and OEO 4 (Coburn et al. 
2001). 

The study aims to provide a standardised CPUE index that may be employed as an index of 
abundance in a stock assessment of smooth oreo in OEO 3A. Smooth oreo and black oreo are 
managed together despite the two species having different population size and life histories. They 
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have extensively overlapping depth and geographic distributions and fishers preference for one over 
the other has not been constant. Target species is commonly recorded as the generic OEO 
(unspecified oreo) and it is not generally possible to fish one species without substantial bycatch of 
the other. At various times one or other species is believed to have been discarded in volume (in 
particular small fish). Catches have typically been recorded by species, but the generic OEO code was 
used extensively in the first few years and also to some extent more recently. These factors make a 
successful oreo CPUE study a more difficult task than for a typical single species target fishery. 

Standardisation is designed to take out the effects of changes in the fishery, e.g., it may be that catch 
rates are better in deeper water. If there was a trend over time toward a greater or lesser proportion of 
fishing in deeper water, then an unstandardised measure of CPUE will be less than optimal. The linear 
models employed are able to identify these sorts of effects and to take account of them quantitatively, 
thereby providing an index that better reflects underlying fish abundance. However, the models are 
unable to explain major changes in the fishery. Separate series of CPUE may be required through the 
history of the fishery. 

2. METHODS 

2.1 Definitions and abbreviations 

All data are grouped by fishing year, 1 October to 30 September. Abbreviations used are: SSO, smooth 
oreo; BOE, black oreo; OEO, unspecified oreo; ORR, orange roughy; FSU, Fisheries Statistics Unit; 
TAC, total allowable catch; CPUE, catch per unit effort; c.v., coefficient of variation; GPS, global 
positioning system; GLM, generalised linear model. 

2.2 Data 

Tow-by-tow data from trawl catch effort returns were used, including those derived from the FSU 
from 1977-78 and from the Ministry of Fisheries Catch and Effort database from 1988 on. These data 
were checked for systematic errors and gross outliers and for consistency over the time series. 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. 

Although oreo catch is not always reported separately by species, estimates of catch by species have 
been made based on some assumptions (Table 1). Until 1983-84, black oreo was the main catch in 
OEO 3A, but since then smooth oreo typically exceeded black oreo until 1998-99 when black oreo 
catch again predominated. 

This study depends on tow-by-tow estimates of catch and all further reported catches or catchrates are 
directly from these data and not adjusted to declared catches. 

Data included all tow-by-tow records of fishing in OEO 3A where smooth oreo was either reported as 
the target species or where smooth oreo was reported among the top five species caught. This means 
there are records with a zero catch of smooth oreo, but these occurred only when the target species 
was smooth oreo. Other options would be: to use only tows that targeted smooth oreo; to use all 
fishing where the target species was one where there is a reasonable expectation that some smooth 
oreo might be part of the catch, e.g., target OEO, BOE, SSO, ORH; consider all fishing within the 
habitat, e.g., depth range or a prescribed area of smooth oreo. 

Restricting the data included to those tows that targeted smooth oreo would drastically reduce the 
dataset as most smooth oreo was caught when unspecified oreo was the target species. Widening the 
data included to those tows where the target species included species other than smooth oreo was 
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trialled in a recent study of smooth oreo in OEO 4 (Coburn et al. 2001) where most smooth oreo was 
caught as a bycatch during orange roughy fishing, but these trial results were not adopted by the 
Deepwater Working Group for use in the stock assessment. 

The standardising method can work only with the variables provided. An attempt was made in this 
study to extend the range of predictors offered to the model. In addition to predictors directly 
available from the fishing records we also derived the altitude of the sun above or below the horizon 
and the illumination provided by the moon for each data record. Also, because fishers often comment 
that the currents during fishing are either favourable or not, a prediction of current magnitude for each 
record from an independent NIW A tide model was also derived and offered as a predictor. 

2.3 CPUE measure 

Catch-per-tow (kg-per-tow) was chosen as the index of abundance rather than catch-per-kilometre and 
follows the Deepwater Working Group's preference in previous smooth oreo standardised CPUE 
analysis (Doonan et al. 1995, 1996, 1997, 1999). 

Other choices could be catch per kilometre or hour (these are roughly equivalent as most trawling 
occurs at a pretty standard speed) or possibly a mix of the catch per kilometre and catch per tow as 
was used for orange roughy (Francis 2001). Fishing for smooth oreo employed a mix of fishing on 
flats, rolling ground, and drop-offs, and some hill fishing, each of which might be expected to have a 
different optimal unit of effort. Another option is catch per vessel day, but this would involve 
collapsing much of the potential useful information provided on a tow-by-tow basis, for example, 
depth and target species. 

2.4 Study area 

The study area was defined to enclose the main fishery. Figure 1 shows our choice of study area 
(vertices are at: 45° 14.5' S, 172° 21.3' E; 44° 36.4' S, 171° 57.1' E; 44° 20.5' S, 172° 34.8' E; 44° 
22.9' S, 1730 22.5' E; 440 22.9' S, 173° 34.4' E; 44° 21.6' S, 1740 29.6' E; 44° 34.0' S, 174° 35.2' E; 
44° 21.9' S, 174° 41.9' E; 44° 19.5' S, 175° 10.1' E; 44° 5.6' S, 176° 6.1' E; 45° 8.0' S, 176° 7.7' E; 
45° 14.3' S, 175° 10.9' E; 45° 21.3' S, 174° 19.3' E; 45° 7.7' S, 173° 33.6' E; 45° 12.4' S, 172° 39.6' 
E). Table 2 shows the annual catches from the study area compared to those on the north Chatham 
Rise and those further south that have been identified as the Southland oreo fishery (see Coburn et al. 
2002). In total, 84% of smooth oreo catch from OEO 3A was from the study area. It is not known 
what degree of mixing might occur between smooth oreo populations in the study area with those 
outside it. 

2.5 Standardised CPUE 

Predictor variables that were offered for selection in the regression models are listed in Table 3. Three 
innately categorical predictors were used: vessel had a category for each vessel having at least 50 
records in the regression, those vessels with less than 50 records were lumped into an aggregate 
category; target species had categories for SSO, BOE, OEO, and ORH, and all other target species 
were lumped into an aggregate category; subarea had a category for subareas of the study area (Figure 
2) (year is also in the model as an innately categorical variable, but it is not a standardising predictor). 
The other predictors were innately continuous, e.g., depth. They were converted to categorical by 
splitting the data into eight evenly filled bins (the break points between bins were chosen so that the 
bins had a similar number of records). Eight bins were chosen as sufficient to model any dependencies 
in the data without prejudice to the shape of any dependency, while ensuring that the resulting models 
were not over-parameterised. 
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Three extra predictors were included. Sun is the altitude of the sun with respect to the horizon (zero 
being sunrise or sunset) for each trawl and was calculated from the location, date, and start time of 
each trawl. It was hoped it would be a better predictor of any diurnal effect than the hour of the day. 
Moon is the fraction of the moon surface that is visible, ranging from 1 for a full moon to near zero 
for a slither of a new moon. No account is given for whether the moon is above or below the horizon 
or of any cloud cover. This might allow detection of lunar cycle effects if moon illumination was 
important. In retrospect, moon phase might also have been usefully offered to the model. Current was 
obtained from a NIW A tide model that models tidal current within the EEZ. This model can provide 
current magnitude and direction, also sea height relative to a mean level and whether the tide is rising 
or falling. To keep things simple only current magnitude was included in this study. A possible 
deficiency in the current data is that the tide model is only two-dimensional. In other words it knows 
nothing of differences in current throughout the water column but (presumably) takes an average 
value. The complex interaction between tidal currents and land mass means that current, and moon 
illumination do not provide the same information. 

2.6 Pre- and post-GPS standardised CPUE 

The standardised analysis was split into two time series. A pre-GPS (up to 30 September 1989), and a 
post-GPS (from 1 October 1992) series, because 24 h availability of GPS gradually became available 
to, and was adopted by, the fishing fleet between these times. Coburn et al. (2001) provided the 
rationale for this and included an approximate schedule of GPS availability and adoption. If 
information was available about GPS use on a tow-by-tow basis, it might have been possible to 
include this in the standardising model but this information is not available retrospectively. 

2.7 Inclusion of years in the standardised models 

Years were admitted to the standardised analysis only providing (a) there were at least 50 non-zero 
catches of smooth oreo in the year and (b) that the records for a year were not dominated by a single 
vessel (defined as more than 80% of the year's records). 

In addition, it was necessary to have linking by vessels across the years in the analyses. This was not 
clearly codified, but any years that were totally 'unlinked', i.e., no vessels from that year fished in any 
other year, were excluded as there is no way the model can distinguish between year effect and the 
vessel effects (in fact this model would be ill determined and have no unique solution). In general, the 
more evenly the data fill the matrix of cells defined by the intersection of year and vessel, the better 
the model will be able to reliably fit the data. In this study, one year (1979-80) was poorly linked. No 
vessel had at least 10 tows in both 1979-80 and any other year (see Table 4). Therefore 1979-80 was 
excluded from the standardised analyses. 

A further requirement to have at least three years' data before considering analysis was met by both 
the pre- and post-GPS series. 

2.8 Two part models 

Separate regression models were used to model the tows where there was a non-zero catch of smooth 
oreo (the positive catch regression) and all the tows, but where it is the success (i.e., a non-zero catch) 
only that is modelled (the zero catch regression). The zero catch regression knows nothing about how 
much smooth oreo was caught, only whether there was some or none. 
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The positive catch regression is a log linear model where 10g(CPUE) is regressed against the predictor 
variables. The zero catch regression is a generalised linear regression employing the logit link 
function where the response is a logical variable that is true for a non-zero catch and false for a zero 
catch. It fits as the probability of a non-zero (i.e., successful) catch. Mathematical details of the 
models were given by Vignaux (1994). 

Year effects were extracted from the models with the method outlined by Coburn et al. (2003). The 
same method is used to extract the non-year effects. For example, the effect for target species X is the 
mean predicted value of the regression when the input data are altered so that the target predictor 
takes the value X in every row. For the positive catch model, the exponential of this mean was taken 
to convert back to the original scale of the CPUE data. There was no need to do this for the zero catch 
model as it modelled the fraction of success without transformation. 

The standardising models are built up stepwise where predictor terms are added one at a time to a 
base model until R2 (expressed as a percentage) fails to increase by more than one unit. For the GLM 
regression, an R2 equivalent is defined as (1 - deviance/null-deviance)* 100. The base model has only 
the year term and is the minimum model required from which we can extract a year effect (termed the 
null model). The year indices of the positive catch null model are the geometric means of the CPUE 
data for each year. For the zero catch model, the year effect from the null model is the proportion of 
successful catches in each year. As additional terms are added to either model the year effect is 
progressively 'standardised', the index dropping in some years but rising in others. In the positive 
catch model the weighted geometric mean of the indices remains constant from step to step where the 
weightings are provided by the number of records in each year. 

2.9 Jackknife c.v. 

An estimate of confidence interval on the year effects was calculated using a jackknife method based 
on estimation of year effect from each of n models, where there are n vessel categories in the 
regression. Each of the n models was fitted to those data from all vessels except one in turn (see 
Doonan et al. (1995) for more mathematical detail). 

2.10 Year interactions 

We examined spatial interactions with year in order to establish whether a spatially structured stock 
assessment model was indicated by these data. Spatial predictors are subareas (approximately east to 
west) and depth (approximately north to south). Other possible interactions were not examined. 

The method of extracting year effects was extended to models with a year interaction term. If, for 
example, there is a depth-year interaction where depth is a categorical variable that can be either 
shallow or deep, the year effect for depth "shallow" and year "X" is obtained from the predicted 
values where each row of the data is set to "shallow" for the depth predictor and year "X" for the year 
predictor and in all other respects is the same as outlined above for other effects. 

The addition of a year interaction term therefore allows us to examine a year index from each of the 
interaction levels (in this example "shallow" and "deep"). We are interested in whether trends are 
similar among the different spatial levels. If the year effects have contrary trends among the spatial 
levels, a spatially structured stock assessment model may be appropriate. 
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2.11 Examining model assumptions 

For the positive catch model the residuals were examined for both normality and homoskedasticity. 
Normality was examined with a quantile-quantile plot (i.e. , quantiles of the residuals are plotted 
against quantiles of a normal distribution: if the residuals are normal the points will plot along a line 
through the origin with a slope of one). Homoskedasticity (the assumption that all partitions of the 
data have residuals that are drawn from a common distribution) was examined using a simple two
sided randomisation test. The vessel category was used to provide partitions of the data, and the 
standard deviation was used as the test statistic. The standard deviation of the residuals from each 
vessel category was compared to standard deviations from 1000 random samples (of size n, where 
there were n records by this vessel in the regression) taken from the set of all model residuals. The 
number of cases where the data standard deviation exceeds the sample standard deviation is recorded 
(N). The test is significant at the 1 % level if N <= 5 or N >= 995. 

3. RESULTS 

3.1 Unstandardised CPUE 

3.1.1 General description 

Unstandardised CPUE from the study area is provided in Table 5. There were about 1000 tows per 
year without clear trends, except that from 1997-98 onwards there was a drop to fewer than 200 tows 
in 2002-03. The number of vessels fluctuated around 20, except for the initial and most recent years 
where it was less. The catch of smooth oreo was initially variable but there was a long period 
(approximately 1982-83 to 1998-99) of catches of about 2000-4000 t. Since then catches were about 
1000 t. Mean catch per tow had extremes of 7.8 in the first year and a low of 1.8 tJtow in 1999-2000. 
From 1982-83 to 1998-99 they were 2.5-5.8 tJtow. Long-term trends were not seen, but since 1999-
2000 mean catch per tow increased. Composite tJh (that is, total catch divided by total hours) is 
broadly similar to mean catch-per-tow. The fraction of tows in the dataset with zero catch was 
generally less than 10% except for 1986-87 to 1992-93 when it averaged about 16% (the dataset can 
have a zero tow only when the target species is smooth oreo, see section 2.2). The fraction of tows 
that targeted smooth oreo varied from a low of 6% (1999-2000) to a high of 85% (1990-91). In 
general, a higher fraction occurred from the mid 1980s to early 1990s. Mean target catches ranged 
from a low of 1.9 in 1994-95 to 1996-97 to 15.5 t in the initial year. 

The year-cross analysis showed that 1979-80 was not linked to any other year, otherwise linkages are 
good over the complete series without any conspicuous abrupt changes, i.e., the fleet generally 
changed gradually over time (Table 4). 

3.1.2 Vessel, year structure 

The pre-GPS data were selected according to the methods above. The progression of vessels through 
the fishery was unexceptional (Table 6); 29 vessels fished in at least 3 years in this series. This gives 
rise to a well filled year cross table (Table 7). Overall mean cross linkages are 3.4 (mean of right hand 
column). The only detectable weakness was in the first two years where mean vessel linkage to other 
years is less than two. The post-GPS data were selected according to the methods above. The 
progression of vessels through the fishery is unexceptional (Table 8); 34 vessels fished in at least 3 
years in this series. This gives rise to a well filled year cross table (Table 9) with no notable weakness. 
Overall mean cross linkages are 3.9 (mean of right hand column). Mean vessel linkage to other years 
exceeds two for every year in the series. 
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3.2 Pre-GPS standardised model 

3.2.1 Selection of the model 

For the positive catch regression, the selected standardising predictors were (in the order of selection) 
vessel, target, and depth with a total R2 of 38.1 % (null model 2.4%) (Table 10). For the zero catch 
model, the selected standardising predictors were (in the order of selection) target and vessel with a 
total R2 of 35.8% (null model 6.7%) (Table 11). 

3.2.2 Year indices 

The year indices for the pre-GPS analysis are given in Table 12 along with the positive catch index, 
zero catch index, and the combined index. Year indices are shown in Figure 3. The zero catch index 
has a slight downward trend, the positive catch index trends down, is fairly linear, and falls to about 
one third its initial level over the 8 year period. The combined index follows the trend of the positive 
catch index (this is a consequence of the slight trend in the zero catch index). 

3.2.3 Jackknife c.v. 

The effect on the combined index of dropping the data from each vessel in the analysis one at a time 
is shown in Figure 4. The trend in CPUE is evident despite the vessel-to-vessel variation, most of 
which is in the early years of the series. The jackknife estimate of c.v. was derived from this set of 
indices and is shown in Figure 3 at two standard errors (see Table 12 for the numeric values). 

3.2.4 Index steps 

Table 12 shows the positive catch index for each step of the standardising process. The zero step is the 
null model with only the year included and no standardising terms. These step indices are plotted in 
Figure 5, showing the effect of each standardising step. The null model has no overall trend and step 1 
effects most of the standardising. Raw mean catch per tow trends upward (Figure 5) in contrast to the 
standardised index trend. Raw medians are mostly close to the null model index. 

3.2.5 Non-year effects of positive catch model 

There is a positive depth effect, with catch rates in the deepest bin about twice those in the shallowest 
(Figure 6). 

There is a wide difference between the weakest and strongest vessel effect, but most vessels fall into a 
narrow range. Seven vessels had effects that might be considered outliers, and one of these was 
extreme (Figure 7). 

The target effect broadly meets reasonable expectation. Catch rates were well above average when 
smooth oreo was the target and below average for other species and when black oreo was targeted 
(Figure 8). 
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3.3 Post-GPS standardised model 

3.3.1 Selection of the model 

For the positive catch regression, the selected standardising predictors were (in the order of selection) 
vessel and depth with a total R2 of 26.0% (null model 4.0%) (Table 13). For the zero catch model, the 
selected standardising predictors were (in the order of selection) target and vessel with a total R2 of 
49.3% (null model 6.9%) (Table 14). 

3.3.2 Year indices 

The year indices for the post-GPS analysis are given in Table 15, along with the positive catch index, 
zero-catch index, and the combined index. Year indices are shown in Figure 9; the zero catch index 
has a slight downward trend, and the positive catch index trends downward from the start of the series 
to 2000-01, falling to about one third of its initial level over these eight years. Since 2000-01, the 
trend is upward to nearly match the initial year in 2002-03. 

3.3.3 Jackknife c.v. 

The effect on the combined index of dropping the data from each vessel in the analysis one at a time 
is shown in Figure 10. The trend in CPUE is evident despite the vessel-to-vessel variation, most of 
which is in the early years of the series. The jackknife estimate of c.v. was derived from this set of 
indices and is shown in Figure 9 at two standard errors (see Table 15 for numeric values). 

3.3.4 Index steps 

Table 15 shows the positive catch index for each step of the standardising process. The zero step is the 
null model with only the year included and no standardising terms. These step indices are plotted in 
Figure 11 and show the effect of each standardising step. The null model has a similar trend to the 
final model though with a little more year-to-year variation. Step 1 effects most of the standardising. 
The raw mean catch per tow, in contrast to the pre-GPS analysis, has trends broadly consistent with 
the standardised model. The raw medians are mostly close to the null model index. 

3.3.5 Non-year effects of positive catch model 

In general there is a positive depth effect although it is less than for the pre-GPS analysis. The 
exception is the shallowest depth bin that breaks the pattern (Figure 12). 

The vessel effect is similar to, but more restrained than, the pre-GPS analysis (Figure 13). 

3.4 Year interactions 

3.4.1 Year-depth interaction models 

For the positive catch models only, an alternative model was created that had a year-depth interaction 
term that replaces the first order depth term. Here depth was categorised as either shallow or deep 
depending on whether each value was deeper or shallower than the median depth. For the pre-GPS 
series the median depth is 950 m, and for the post-GPS series the median is 921 m. The partition of 
the data by depth and year for the pre-GPS series is given in Table 16 and for the post-GPS series in 
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Table 17. These partitions are reasonably well filled with a minimum of 51 records in the pre-GPS 
1981-82 deep cell. In order to include the interaction in the model it is necessary to drop the first 
order depth effect, otherwise the model will be singular (this is because the depth level (deep/shallow) 
effectively duplicates information contained in the depth bins, i.e., by knowing the bins you already 
know ifthe tow is deep or shallow). 

In both the pre- and post-GPS models catch rates are better in the deep, but the trends are not different 
from those in the shallow zone (Figures 14 & 15) as a constant multiplier would suffice to make the 
deep index look much like the shallow index. 

3.4.2 Year-subarea interaction models 

For the positive catch models only, an alternative model was created that added a year-subarea 
interaction term where the subareas are as in Figure 2 (in these cases, unlike for depth interaction 
above, there is no first order subarea term to drop). 

The partition of the data by year and subarea is shown in Table 18 for pre-GPS and Table 19 for the 
post-GPS. Because there are some empty cells in the pre-GPS case (subareas F & G) they were 
combined with those from subarea E for that model. Some cells had low counts and these will not 
provide reliable estimates of the year effects. The year indices showed no evidence of different trends 
over the subareas in either the pre- (Figure 16) or post-GPS (Figure 17) analyses. The noisy indices 
are a consequence of the lightly filled cells. 

3.5 Model assumptions 

Regression residuals for both the pre- and post-GPS positive catch models showed deviation from 
normality, especially in the negative residuals (left hand tail, Figures 18 and 19). Positive residuals 
conformed to normality more closely in the pre-GPS model. 

The randomisation test of the null hypothesis 'that residuals from vessel partitions of the data were 
from the same distribution as the overall regression' was rejected at the 1 % level for 21140 vessels in 
the pre-GPS analysis and for 14/23 in the post-GPS analysis (Tables 20 & 21). The analysis is 
therefore heteroskedastic with respect to vessel. 

4. DISCUSSION 

The OEO 3A smooth oreo CPUE data quality, quantity, and experimental design (vessel by year) are 
suitable for this type of standardised analysis and are at least as good as those used for other oreo 
stock assessments (Coburn et al. 2001, Doonan et al. 2001) giving some confidence in these results. 
The resulting CPUE indices from 1980-81 to 2000-01 are broadly consistent with the trends in 
biomass determined from previous stock assessments, e.g., Doonan et al. (1995). The decline in the 
pre-GPS index in the present analysis is not as steep as the decline in the previous CPUE analyses 
where the Soviet (1982-83 to 1987-88) index value in the last year was about an eleventh that in the 
first year (Doonan et al. 1995). The differences between the analyses are principally due to the 
different data selected for each. The 1995 study analysed Soviet data where only smooth oreo was 
listed as the target species while the New Zealand data included those tows where smooth oreo and 
the generic code OEO was listed as the target. The present study data included tows where smooth 
oreo was the target or was reported among the top five species in the catch. The 1995 study split the 
data into two series depending on the nationality of the vessels (Soviet or New Zealand), while in the 
present study the split was into pre- and post-GPS time series. 
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A voluntary agreement between the fishing industry and the Minister of Fisheries to limit catch of 
smooth oreo from OEO 3A to 1400 t (of the total oreo TAC of 6600 t) was implemented in 
1998-99. Subsequently the total OEO 3A TAC was reduced to 5900 t in 1999-2000, 4400 t in 
2000-01,4095 t in 2001-02, and 3255 tin 2002-03. The introduction of a catch limit for smooth oreo 
resulted in more target fishing for black oreo and consequently more smooth oreo was taken as 
bycatch rather than as a target catch. Therefore the increase in the post-GPS index since 1999-2000 
may more realistically reflect a mode change in the fishery rather than an increase in abundance, and 
should be treated with caution. If the increase of the index in the last few years (approximately 
doubled) was really a doubling of abundance, then a noticeable large pulse of smaller fish would be 
expected, but this was not observed in the fishery length frequencies. An alternative explanation, that 
there has been a substantial immigration of fish from another area, with a matching size structure, 
seems unlikely. 

Linear models may not cope successfully with changes in fishing practice such as the adoption of new 
fishing methods or radical changes in fishing objectives (for example perhaps to target small fish 
where previously the desire was for large), as these can involve interacting effects between several 
predictors that linear models can not unscramble. Therefore it may be more appropriate to start a new 
CPUE series for the recent low catch period. Ultimately, whether or not these standardised CPUE 
series index population abundance cannot be ascertained from this study. External information is 
required; a stock assessment rich in other independent data should address this question. 

The selection of predictors in the regression models was consistent between the pre- and post-GPS 
analyses. Vessel and depth were the most important predictor variables followed by target. These 
results are also similar and consistent with previous oreo CPUE studies, e.g., Coburn et al. (2001), 
Doonan et al. (2001). 

Tidal effects were not significant in explaining CPUE; however, the use of these data was 
preliminary. From this initial analysis it is probably safe to say that there is not a gross effect. An 
effect might be restricted to seamounts or some other subset of the data that would be swamped in this 
study by the bulk of the other data. 

The positive catch models are the important ones for the present study and largely determined the 
combined model results. The small trends in the zero catch models had little influence. This is 
consistent with the trends in the raw data where the fractions of zero catch tows were low, i.e., the 
pre-GPS data had only 2 out of the 9 years with more than 10% zero-catch tows and the post-GPS 
data had only lout of 11 years with more than 10% zero-catch tows. 

Examination of the CPUE indices from the models with interactions of year with subarea, and year 
with depth, show that trends in CPUE were broadly consistent over the study area whether it was 
divided into east/west subareas or north/south (by depth). This suggests that a single area stock 
assessment model is suitable, i.e., a more complex model with multiple areas is not required. 

Residuals deviated somewhat from normality overall. However, the analysis of residuals by vessel 
showed that the assumption of homoskedasticity was violated. We think this violation means that the 
standard statistical estimates of standard error that we could calculate from the positive catch models 
would be misleading (too small) and this justifies the use of a jackknife technique. This failure may 
also have ramifications in the way that CPUE indices are used in stock assessment models (see 
Francis 1999, p. 22). The jackknife method hopefully gives an adequate estimate of the variance of 
the year index. It has been suggested (D. Gilbert, NIW A, pers. Comm.) that a model where standard 
deviations are estimated for each vessel might better model these data. 

We conclude that the pre- and post-GPS standardised CPUE indices that were produced by these 
analyses are at least as good, if not better, than those produced by previous OEO 3A smooth oreo 
standardised analyses. The analyses used very similar methods and data series to other recent oreo 
standardised CPUE analyses that were used for stock assessment analyses. We therefore recommend 
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each series and the associated jackknife c.v. for stock assessment analysis. It may be worth dropping 
the last four years of the post-GPS series, perhaps as a sensitivity, because of changes in fishing 
practice in those years. 

5. ACKNOWLEDGMENTS 

This research was carried out for the Ministry of Fisheries under Project OE02003102. Thanks to 
Derek Goring and Michele Wild for providing the tidal data. Thanks to Susan Kim for reviewing the 
manuscript and Kevin Sullivan for useful comments. Thanks to Murray Smith for algorithms to derive 
sun and moon predictors and to Mike Beardsell for editing. 

6. REFERENCES 

Annala, I.H.; Sullivan, KJ.; Smith, N.W.McL.; Griffiths, M.H.; Todd, P.R; Mace, P.M.; Connell, 
AM. (Comps.) (2004). Report from the Fishery Assessment Plenary, April 2004: stock 
assessments and yield estimates. 690 p. (Unpublished report held in NIW A library, Wellington.) 

Bull, B.; Francis, RI.C.C.; Dunn, A; Gilbert, D.I.; Smith, M.H. (2003). CASAL (C++ algorithmic 
stock assessment laboratory): CASAL User Manual v2.01-2003/08/01. NIWA Technical Report 
124.223 p. 

Coburn, RP.; Doonan, I.J.; McMillan, PJ. (2001). Smooth oreo abundance indices from standardised 
catch per unit of effort data for OEO 4. New Zealand Fisheries Assessment Report 2001111. 39 
p. 

Coburn, RP; Doonan, I.J.; McMillan, P.I. (2002). CPUE analyses for the Southland black oreo and 
smooth oreo fisheries, 1977-78 to 1999-2000. New Zealand Fisheries Assessment Report 
200213.28 p. 

Coburn, RP.; Doonan, I.J.; McMillan, P.I. (2003). Stock assessment of smooth oreo in the Southland 
fishery (OEO 1 and 3A) for 2003. New Zealand Fisheries Assessment Report 2003162. 32 p. 

Coburn, RP.; Doonan, I.J.; McMillan, PJ. (2005). Descriptions of the black oreo and smooth oreo 
fisheries in OEO 1, OEO 3A, OEO 4, and OEO 6 from the 1977-78 to the 2002-03 fishing 
years. New Zealand Fisheries Assessment Report 2005148. 63 p. 

Doonan, I.J.; McMillan, P.I.; Coburn, RP.; Hart, AC. (1996). Assessment of Chatham Rise smooth 
oreo (OEO 3A and OEO 4) for 1996. New Zealand Fisheries Assessment Research Document 
96/17.21 p. (Unpublished report held in NIW A library, Wellington.) 

Doonan, I.J.; McMillan, P.I.; Coburn, RP.; Hart, AC. (1997). Assessment of Chatham Rise smooth 
oreo (OEO 3A and OEO 4) for 1997. New Zealand Fisheries Assessment Research Document 
97/21. 26 p. (Unpublished report held in NIW A library, Wellington.) 

Doonan, I.J.; McMillan, PJ.; Coburn, RP.; Hart, AC. (1999). Assessment of Chatham Rise OEO 3A 
smooth oreo for 1999. New Zealand Fisheries Assessment Research Document 99/45. 21 p. 
(Unpublished report held in NIW A library, Wellington.) 

Doonan, I.J.; McMillan, PJ.; Coburn, RP.; Hart, AC. (2001). Assessment of OEO 4 smooth oreo for 
2000-01. New Zealand Fisheries Assessment Report 2001121.37 p. 

Doonan, I.J.; McMillan, P.I.; Coburn, RP.; Hart, A.C. (2003). Assessment of OEO 4 smooth oreo for 
2002-03. New Zealand Fisheries Assessment Report 2003150. 55 p. 

Doonan, I.J.; McMillan, PJ.; Coburn, RP.; Hart, AC; Cordue, P.L. (1995). Assessment of smooth 
oreo for 1995. New Zealand Fisheries Assessment Research Document 95/12. 31 p. 
(Unpublished report held in NIW A library, Wellington.) 

Francis, RI.C.C. (1999). The impact of correlations in standardised CPUE indices. New Zealand 
fisheries assessment research document 99/42. 30 p. (Unpublished report held in NIW A library, 
Wellington.) 

Francis, RI.C.C. (2001). Orange roughy CPUE on the South and East Chatham Rise. New Zealand 
Fisheries Assessment Report 2001126.30 p. 

14 



Vignaux, M. (1994). Catch per unit effort (CPUE) analysis of west coast South Island and Cook Strait 
spawning hoki fisheries, 1987-93. New Zealand Fisheries Assessment Research Document 94111. 
29 p. (Unpublished report held in NIWA library, Wellington.) 

15 



Table 1: Reported catch (t) by species (smooth oreo, SSO; black oreo, BOE) from OEO 3A from 1978-79 
to 2002-03 (Taken from the oreo section, table 3, p. 381 of Annala et al. (2004).). 

Year 
1978-79* 
1979-80* 
1980-81* 
1981-82* 
1982-83* 
1983-83# 
1983-84"1 
1984-85"1 
1985-86"1 
1986-87-1 
1987-88"1 
1988-89"1 
1989-90"1 
1990-91"1 
1991-92"1 
1992-93"1 
1993-94"1 
1994-95"1 
1995-96"1 
1996-97-1 
1997-98"1 
1998-99"1 
1999-00"1 
2000-01"1 
2001-02"1 
2002-03"1 

SSO 
o 

5075 
1522 
1283 
2138 

713 
3594 
4311 
3135 
3186 
5897 
5864 
5355 
4422 
6096 
3461 
4767 
3589 
3591 
3063 
4790 
2367 
1 733 
1648 
1 769 
1395 

BOE 
o 

5588 
8758 

11419 
6438 
3693 
5524 
3897 
2 184 
4026 
3 140 
2719 
2344 
4177 
3176 
3957 
4016 
2052 
3361 
3549 
1623 
3 147 
3943 
3005 
2378 
1636 

Source: FSU from 1978-79 to 1987-88 and MFish from 1988-89 to 2002-03. 

* 1 April to 31 March. #,1 April to 30 September. "I ,1 October to 30 September. 
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Table 2: Smooth oreo estimated catch (t) from tow-by-tow records in OEO 3A. North is north of and 
including 44° S, South is south of 45° S, excluding the study area, see Figure 1. Figures are rounded to the 
nearest lOt. 

Study area North South Sum 
1979-80 5870 0 10 5880 
1980-81 1970 20 0 2000 
1981-82 710 90 0 800 
1982-83 2 190 110 0 2290 
1983-84 3350 170 10 3530 
1984-85 3480 310 30 3820 
1985-86 2240 350 60 2640 
1986-87 2940 160 10 3110 
1987-88 4320 1560 20 5900 
1988-89 4690 1 160 20 5870 
1989-90 4710 680 70 5470 
1990-91 4150 400 20 4560 
1991-92 2590 210 3350 6150 
1992-93 2640 280 760 3680 
1993-94 4080 130 590 4800 
1994-95 3270 90 350 3710 
1995-96 3020 60 440 3520 
1996-97 2600 120 330 3040 
1997-98 3730 80 290 4100 
1998-99 2050 110 100 2250 
1999-00 1 120 80 10 1220 
2000-01 1 180 100 10 1290 
2001-02 1080 l30 60 1270 
2002-03 740 80 60 880 

Sum 68720 6480 6600 81 780 

Table 3: Summary of non-year variables that could be selected in the regression models. All were 
categorical variables. Df is the number of parameters to be estimated for that variable; -, not available: it 
depends on the dataset. 

Variable 
Target 
Depth 

Season 
Time 
Latitude 
Vessel 

Subareas 
Moon 
Sun 
Current 

Df 
4 
7 

7 
7 
7 

6 
7 
7 
7 

Description 
Target species, SSO, BOE, OEO, ORR, or other. 
Depth at start of a tow. Bins were defined to contain about the same number 
of tows. 
The fishing year blocked into 8 periods. 
Time of day when a tow started, blocked into 8 periods. 
Latitude of start of tow, blocked into 8 bins. 
A parameter estimated for each vessel with at least 50 tows. Vessels with 
fewer than 50 tows were grouped together. 
Subareas of the study area see Figure 2. 
Moon illumination, blocked into 8 bins. 
Altitude of the sun, blocked into 8 bins. 
Tidal current, blocked into 8 bins. 
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80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

00 

01 

02 

03 

Table 4: Year-cross table for 1979-80 to 2002-03 from the study area for all fishing that targeted or 
caught smooth oreo. The symmetric part shows the number of vessels that 'link' each pair of years, e.g., 4 
vessels link 1981-82 to 1980-81. A link was established where a vessel made at least ten tows in each of 
the paired years. The rightmost column lists the row means. 80, 1979-80; 81, 1980-81, etc. 

80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 

* 
* 
4 

5 

3 

2 

1 

4 

* 
4 

2 

1 

2 

2 

5 

4 

* 
6 

4 

3 

5 

3 

3 

2 

6 

* 
7 

4 

4 

3 

4 

7 

* 
8 

3 

3 

2 

2 

2 

2 2 

353 

443 

833 

* 7 6 

7 * 12 

6 12 * 
5 9 

6 9 

4 8 

3 5 

3 4 

4 4 

4 5 

3 3 

2 

2 

3 

2 

2 

2 2 

I I I I 

5 6 4 3 

998 5 

* II 9 6 

II * 10 7 

9 10 * 10 

6 7 10 * 
4 7 8 7 

4 6 8 6 

5 6 8 6 

3 5 7 7 

3 

2 

2 

4 6 

4 3 

3 2 

18 

7 

3 

2 

3 4 4 3 

4 4 5 3 

4 4 5 3 

7 6 6 5 

8 8 8 7 

7 6 6 7 

* 8 6 7 

8 * 10 9 

6 10 * 10 

7 9 10 * 
5 7 

3 2 

2 2 

7 

3 

3 

9 

5 

5 

2 

3 

2 

2 

3 

3 

4 

6 

7 

5 

7 

7 

9 

* 
6 

6 

2 

2 

2 

I 

2 

2 

4 

3 

3 

3 

2 

3 

5 

6 

* 
9 

6 

6 

4 

5 

2 

2 

2 

3 

2 

2 

2 

2 

3 

5 

6 

9 

* 
5 

2 

2 

6 

5 

* 
5 7 

4 5 

5 6 

3 

2 

6 

5 

7 

* 
5 

6 

4 

4 

5 

5 

* 
5 

2 

0.00 

0.65 

0.70 

1.30 

1.35 

1.30 

1.61 

3.13 

3.65 

2.91 

3.61 

3.78 

3.04 

3.00 

3.09 

3.22 

3.52 

2 3.13 

5 2.78 

5 2.61 

6 1.52 

6 1.57 

5 1.17 

* 1.43 



Table 5: Unstandardised CPUE for all tows in the study area that targeted or canght smooth oreo from 
1979-80 to 2002-03. N is the number of tows; N. vessel the number of vessels; Catch is rounded to the 
nearest 10 t; Composite tJh is the annual catch divided by the sum of hours fished; %zero is the fraction 
of tows with no smooth oreo catch reported; %target is the fraction of tows where the target species was 
reported as smooth oreo. Mean target catch is the mean catch per tow from tows where smooth oreo was 
the target species. '*' indicates those years that are not used in the standardised analyses (see text). 

Mean.catch. Mean target 
N N.vessel Catch (t) (tltow) Composite tlh %zero %target catch (t) 

*1979-80 750 10 5870 7.8 8.8 3 22 15.5 
1980-81 916 16 1970 2.2 1.2 0 8 4.7 
1981-82 257 8 710 2.8 2.2 2 14 3.2 
1982-83 582 14 2190 3.8 1.9 5 24 8.5 
1983-84 1 160 21 3350 2.9 2.2 9 36 3.6 
1984-85 696 24 3480 5.0 4.2 7 46 7.5 
1985-86 545 25 2240 4.1 2.8 6 61 5.0 
1986-87 981 23 2940 3.0 2.3 11 49 4.1 
1987-88 1244 29 4320 3.5 2.5 17 58 4.2 
1988-89 1064 28 4690 4.4 2.7 9 51 5.8 

*1989-90 1274 24 4710 3.7 4.0 23 81 3.3 
*1990-91 1640 20 4150 2.5 2.3 28 85 2.6 
*1991-92 449 20 2590 5.8 3.7 4 41 8.2 

1992-93 796 21 2640 3.3 2.6 18 49 2.5 
1993-94 1031 18 4080 4.0 2.4 7 18 2.5 
1994-95 753 23 3260 4.3 4.0 5 22 1.9 
1995-96 1065 22 3010 2.8 2.7 6 17 1.9 
1996-97 1072 21 2600 2.4 2.2 6 19 1.9 
1997-98 1 186 24 3730 3.1 3.8 9 39 3.4 
1998-99 771 20 2050 2.7 2.2 3 16 2.5 
1999-00 639 14 1120 1.8 1.5 1 6 4.3 
2000-01 616 14 1180 1.9 2.3 2 14 3.4 
2001-02 428 10 1080 2.5 2.3 1 10 6.1 
2002-03 190 11 740 3.9 4.9 1 11 6.3 
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Table 6: Number of tows by fishing year for vessels in the pre-GPS analysis dataset. Each row is a vessel; 
only vessels that fished in more than one year are shown. The vessels were sorted on their year of first 
(primary key) and last (secondary key) appearance. -, indicates zero tows. 

1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 
10 26 
12 73 82 
67 38 186 
5 2 

42 14 41 3 
76 35 39 19 

221 16 34 142 1 22 114 
83 29 118 49 16 30 57 
7 28 26 34 53 186 3 
9 7 40 25 35 

4 14 23 29 
60 37 61 119 143 
90 112 36 4 

3 13 4 6 79 
6 12 6 7 21 

10 1 
9 15 

289 167 27 
5 16 

54 2 6 5 
2 9 81 105 
2 14 3 8 29 

92 126 1 5 
49 23 

3 3 
5 15 
2 27 

24 19 
57 22 1 

3 42 49 55 
1 58 156 53 

44 82 
81 168 95 
18 24 32 4 
1 7 

17 33 11 
3 5 

10 15 
1 5 

34 43 81 
5 76 

37 29 57 
17 4 
10 3 
22 57 91 
32 138 119 

14 31 
4 44 

12 40 
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Table 7: Year-cross table for the pre-GPS analysis dataset. The symmetric part shows the number of 
vessels that 'link' each pair of years, e.g., 4 vessels link 1981-82 to 1980-81. A link was established where 
a vessel made at least ten tows in each of the paired years. The rightmost column is the row means. 80, 
1979-80; 81, 1980-81, etc. 

81 82 83 84 85 86 87 88 89 
81 + 4 5 3 2 1 1.9 
82 4 + 4 2 1 2 2 2.0 
83 5 4 + 6 4 3 5 3 3.8 
84 3 2 6 + 7 4 4 3 3.8 
85 4 7 + 8 3 3 2 3.5 
86 1 3 4 8 + 7 6 1 3.8 
87 2 2 5 4 3 7 + 12 5 5.0 
88 2 3 3 3 6 12 + 9 4.9 
89 2 5 9 + 2.3 
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Table 8: Number of tows by fishing year for vessels in the post-GPS analysis dataset. Each row is a vessel; 
only vessels that fished in more than one year are shown. The vessels were sorted on their year of first 
(primary key) and last (secondary key) appearance. -, indicates zero tows. 

1992- 1993- 1994- 1995- 1996- 1997- 1998- 1999- 2000- 2001- 2002-
93 94 95 96 97 98 99 00 01 02 03 
20 3 
16 90 22 
4 39 22 
2 1 1 

15 18 
24 60 19 19 20 
98 131 25 56 84 
7 68 20 26 10 

63 193 121 120 134 
56 47 7 76 94 81 
16 15 33 44 4 2 
7 28 62 123 102 65 

136 31 1 
214 221 279 185 63 37 14 1 

11 39 165 271 235 179 85 
25 27 14 16 

8 4 1 
50 22 5 2 10 
27 12 5 
20 2 8 

2 8 
53 31 
27 11 
14 9 7 
19 10 
1 2 
5 310 384 468 184 71 22 9 12 

13 6 4 34 
40 7 

4 15 119 43 
2 18 11 2 

21 34 
28 8 64 45 40 79 41 17 

2 
70 10 
11 42 56 29 30 23 11 

54 6 22 29 
1 

1 3 3 5 1 
88 62 67 45 44 26 

40 3 3 
2 11 
9 101 125 93 25 

1 26 6 
5 5 
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Table 9: Year-cross table for the post-GPS analysis dataset. The symmetric part shows the number of 
vessels that 'link' each pair of years, e.g., 8 vessels link 1993-94 to 1992-93. A link was established where 
a vessel made at least ten tows in each of the paired years. The rightmost column is the row means. Note 
that column/row labels 93, 1992-93; 94, 1993-94 etc. 

93 94 95 96 97 98 99 00 01 02 03 
93 + 8 6 7 5 3 2 1 3.5 
94 8 + 10 9 7 2 2 3.8 
95 6 10 + 10 7 3 3 3.9 
96 7 9 10 + 9 5 5 2 3 2 5.3 
97 5 7 7 9 + 6 6 2 2 2 4.7 
98 3 2 3 5 6 + 9 6 6 4 5 4.9 
99 2 2 3 5 6 9 + 5 5 4 5 4.6 
00 2 2 6 5 + 7 5 6 3.4 
01 3 2 6 5 7 + 5 6 3.5 
02 4 4 5 5 + 5 2.6 
03 2 2 5 5 6 6 5 + 3.2 

Table 10: R2 (%) values for the stepwise model selection of variables for the positive catch regression for 
the pre-GPS analysis. New variables were added one at a time until R2 failed to increase by more than 1 
unit. At each iteration the variable that increased R2 the most was added. Variables considered for the 
regression are given in Table 3. The last step shown is that at which R2 failed to improve by more than 1 
unit. 

Step 1 Step2 Step3 Step4 
Vessel 31.3 
Target 18.7 35.5 
Depth 13.6 34.9 38.1 
Subarea 10.8 33.4 36.8 38.9 
Improvement 28.9 4.3 2.6 0.9 

Table 11: R2 equivalent (%) values for the stepwise model selection of variables for the zero catch GLM 
regression for the pre-GPS analysis. New variables were added one at a time until R2 equivalent failed to 
increase by more than 1 unit. At each iteration the variable that increased R2 equivalent the most was 
added. Variables considered for the regression are given in Table 3. The last step shown is that at which 
R2 equivalent failed to improve by more than 1 unit. 

Step 1 Step2 Step3 
Target 30.3 
Vessel 21.2 35.8 
Depth 9.5 31.2 36.6 
Improvement 23.6 5.5 0.8 
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Table 12: Positive catch, zero catch, combined index estimates by year, and jackknife c.v. estimates on the 
combined index from the pre-GPS analysis. Also provided are mean kg/tow from the positive catch model 
data and the index for the steps of the positive catch model. The steps are 'null', '1st', & '2nd'. 

Positive Positive Positive 
Positive Jackknife catch catch catch 
Catch (kg) zero catch Combined cv% Mean kg Null model 15t step 2nd step 

1980-81 2693 0.95 2564 26.7 2 151 1450 2332 2772 
1981-82 2295 0.91 2099 26.2 2805 1546 2185 2367 
1982-83 1926 0.96 1854 62.3 3963 1239 1695 1 888 
1983-84 1663 0.92 1525 60.9 3 171 1411 1917 1658 
1984-85 1956 0.94 1 848 22.0 5366 2496 2515 2208 
1985-86 1635 0.96 1565 18.8 4371 2223 2112 1669 
1986-87 1291 0.92 1 182 16.1 3364 1668 1241 1263 
1987-88 1224 0.87 1070 16.3 4181 1373 1 120 1 168 
1988-89 749 0.90 675 27.6 4859 1 164 671 716 

Table 13: R2 (%) values for the stepwise model selection of variables for the positive catch regression for 
the post-GPS analysis. New variables were added one at a time until R2 failed to increase by more than 1 
unit. At each iteration the variable that increased R2 the most was added. Variables considered for the 
regression are given in Table 3. The last step shown is that at which R2 failed to improve by more than 1 
unit. 

Step 1 Step2 Step3 
Vessel 24.8 
Depth 6.0 26.0 
Subarea 10.2 25.4 27.0 
Improvement 20.8 1.2 1.0 

Table 14: R2 equivalent (%) values for the stepwise model selection of variables for the zero catch GLM 
regression for the post-GPS analysis. New variables were added one at a time until R2 equivalent failed to 
increase by more than 1 unit. At each iteration the variable that increased R2 equivalent the most was 
added. Variables considered for the regression are given in Table 3. The last step shown is that at which 
R2 equivalent failed to improve by more than 1 unit. 

Step 1 Step2 Step3 
Target 45.2 
Vessel 25.1 49.3 
Subarea 8.0 46.3 50.2 
Improvement 38.3 4.1 0.9 
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Table 15: Positive catch, zero catch, combined index estimates by year, and jackknife c.v. estimates on the 
combined index from the post-GPS analysis. Also provided are mean kg/tow from the positive catch 
model data and the index for the steps of the positive catch model. The steps are 'null', & '1st'. 

Jackknife Positive catch Positive catch 
Positive catch Zero catch Combined cv% Mean kg Null model 151 step 

1992-93 1 511 0.97 1461 34.9 4032 1652 1551 
1993-94 1460 0.93 1358 46.5 4240 1244 1522 
1994-95 1 164 0.96 1 112 81.4 4585 1447 1207 
1995-96 872 0.92 799 52.6 3018 1049 906 
1996-97 994 0.90 890 66.6 2596 1058 1006 
1997-98 1078 0.93 1001 25.4 3448 1240 1071 
1998-99 836 0.93 781 18.4 2740 724 801 
1999-00 726 0.92 665 42.3 1 775 592 686 
2000-01 594 0.87 519 15.6 1948 508 566 
2001-02 900 0.85 766 18.3 2559 738 853 
2002-03 1265 0.94 1 188 33.1 3951 1001 1214 

Table 16: The number of records by depth range and fishing year for the pre-GPS positive catch analysis 
with a year, depth interaction. 

1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 
Shallow 562 202 420 579 220 225 422 599 413 
Deep 347 51 l31 476 427 286 451 412 550 

Table 17: The number of records by depth range and fishing year for the post-GPS positive catch analysis 
with a year, depth interaction. 

Year 1992-93 1993-94 1994-95 1995-96 1996-97 1997-98 1998-99 1999-00 2000-01 
Shallow 379 568 356 370 487 466 433 347 296 
Deep 275 395 356 627 514 617 313 286 308 

Year 2001-02 2002-03 
Shallow 220 89 
Deep 202 99 
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Table 18: number of records by subarea and fishing year for the pre-GPS positive catch analysis with a 
year, subarea interaction. (See Figure 2 for subareas). 

A B C D E F G 
1980-81 180 127 243 357 2 0 0 
1981-82 18 48 18 120 49 0 0 
1982-83 8 106 248 135 47 3 4 
1983-84 22 271 415 113 206 27 
1984-85 25 97 98 285 138 3 
1985-86 55 173 101 94 75 12 
1986--87 67 178 341 196 61 13 17 
1987-88 90 253 269 304 72 10 13 
1988-89 79 419 177 91 125 19 53 

Table 19: The number of records by subarea and fishing year for the post-GPS positive catch analysis 
with a year, subarea interaction. (See Figure 2 for subareas). 

A B C D E F G 
1992-93 51 157 145 98 151 5 47 
1993-94 133 227 173 149 168 13 100 
1994-95 22 219 152 134 82 6 97 
1995-96 86 332 114 252 121 11 81 
1996-97 91 226 118 124 104 33 305 
1997-98 105 219 66 116 137 162 278 
1998-99 26 81 108 113 237 62 119 
1999-00 61 161 122 97 145 29 18 
2000-01 15 130 170 106 129 28 26 
2001-02 18 48 128 99 95 9 25 
2002-03 18 42 38 23 36 9 22 
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Table 20: The number of records (n), standard deviation of residuals (sd) and the number of cases where 
the data standard deviation exceeds the sample standard deviation (N) of 1000 random resamples for 
each of the vessel categories used in the pre-GPS positive catch analysis. Each row is a vessel, they have 
been ordered by vessel effect from least to greatest. *, the aggregate vessel group. 

n sd N 
82 1.08 243 
78 1.13 390 
67 0.88 4 

162 0.75 0 
287 1.15 433 
482 1.04 4 

72 0.55 0 
62 1.36 960 

166 0.95 
77 lAO 980 

147 1.12 330 
79 1.01 95 
86 1.50 998 

161 1.79 1000 
182 1.69 1000 
62 1.07 249 

125 0.68 0 
516 0.91 0 
100 0.83 0 
160 1.56 1000 

* 641 1.32 1000 
61 1.03 169 

156 0.99 9 
67 0.95 30 

296 1.18 625 
204 1.06 53 
121 2.03 1000 
230 1.51 1000 

95 1.59 1000 
183 0.85 0 
358 0.92 0 
322 0.90 0 
308 0.96 
72 0.93 24 
98 1.19 617 
70 1.04 193 

100 1.11 356 
52 0.97 79 
54 1.60 999 

132 1.03 75 
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Table 21: The number of records (n), standard deviation of residuals (sd) and the number of cases where 
the data standard deviation exceeds the sample standard deviation (N) of 1000 random resamples for 
each of the vessel categories used in the post-GPS positive catch analysis. Each row is a vessel, they have 
been ordered by vessel effect from least to greatest. *, the aggregate vessel group. 

n sd N 

141 1.27 12 
82 1.31 101 
89 1.05 1 
57 0.91 0 

373 1.47 490 
96 1.60 894 

974 1.79 1000 
123 1.64 972 

* 666 1.64 1000 
145 1.63 968 
320 1.64 998 
118 1.77 999 
96 1.88 1000 

611 1.26 a 
62 1.35 205 

320 1.48 622 
322 1.51 768 

1459 1.25 0 
333 1.32 2 
344 1.65 1000 

85 0.91 a 
202 1.79 1000 
985 1.23 0 
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Figure 1: Locations of all tows in OEO 3A with a reported catch of smooth oreo from 1979-80 to 2002-03. 
Shown also is the study area and the line chosen to split the north and south Chatham rise catches (see 
Table 2). 
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Figure 2: Catches of smooth oreo from the study area and nearby (inside dotted polygon). Catch from 
1979-80 to 2002-03 were summed over a grid 5 km by 5 km and plotted with a circle (centered on the 
grid cells) area proportional to the catch. Also shown are the subareas of the study area and depth 
contours at 750, 1000 & 1250 m. (labelled 75, 100, 125). 
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Figure 3: Positive catch (long dashes, LH axis), zero catch (dashes, RH axis) and combined index (solid, 
LH axis) with 2 standard error jackknife confidence interval (dotted) from the pre-GPS analysis. 
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Figure 4: Combined CPUE index plots for the pre-GPS analysis showing the effect of removing one vessel 
at a time from the analysis. 
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Figure 5: Mean catch per tow (solid line) and median catch per tow (x) from the positice catch model 
data. And the indexes from the standardizing steps for the pre-GPS analysis of positive catches. '0' is the 
null model (i.e., just year), '1' is the first standardizing predictor (vessel), '2' is the second standardizing 
predictor (target). The dotted line is the final standardised index from the positive catch model (includes 
the final predictor, depth). 
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Figure 6: The depth effect from the pre-GPS positive catch model. Steps show the effect value at each of 
the eight bins. 
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Figure 7: The vessel effect from the pre-GPS positive catch model. Horizontal lines show the effect value 
for each vessel category. The width of each step is proportional to the number of records in each category. 
The * marks the aggregate vessel group. 
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Figure 8: The target effect from the pre-GPS positive catch model. Horizontal lines show the effect value 
for each target category. The width of each step is proportional to the number of records in each 
category. 
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Figure 9: Positive catch (long dashes, LH axis), zero catch (dashes, RH axis) and combined index (solid, 
LH axis) with 2 standard error jackknife confidence interval (dotted) from the post-GPS analysis. 
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Figure 10: Combined CPUE index plots for the post-GPS analysis showing the effect of removing one 
vessel at a time from the analysis. 
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Figure 11: Mean catch per tow (solid line) and median catch per tow (x) from the positive catch model 
data. And the indexes from the standardizing steps for the post-GPS analysis of positive catches. '0' the 
null model (i.e., just year), '1' first standardizing predictor (vessel). The dotted line is the final 
standardised index from the positive catch model (includes the final predictor, depth). 
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Figure 12: The depth effect from the post-GPS positive catch model. Steps show the effect value at each of 
the eight bins. 
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Figure 13: The vessel effect from the post-GPS positive catch model. Horizontal lines show the effect 
value for each vessel category. The width of each step is proportional to the number of records in each 
category. The * marks the aggregate vessel group. 
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Figure 14: Year indices from the positive catch model for the pre-GPS analysis with a year-depth 
interaction. The solid line is the index for deep (greater than and including 950 m) and the dotted line 
index for shallow (less than 950 m). 
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Figure 15: Year indices from the positive catch model for the post-GPS analysis with a year-depth 
interaction. The solid line is the index for deep (greater than and including 921 m) and the dotted line 
index for shallow (less than 921 m). 
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Figure 16: Year indices from the positive catch model for the pre-GPS analysis with a year-subarea 
interaction. (See Figure 2 for subareas). 
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Figure 17: year indices from the positive catch model for the post-GPS analysis with a year-subarea 
interaction. (See Figure 2 for subareas). 
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Figure 18: Normal probability plot of residuals from the pre-GPS positive catch regression. 
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Figure 19: Normal probability plot of residuals from the post-GPS positive catch regression. 
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