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EXECUTIVE SUMMARY 

Dunn, M.R.; Anderson, O.F. (2008). Analysis of catch per unit effort and length frequency data 
for the Mid-East Coast (ORR 2A South, ORR 2B & ORR 3A) orange roughy stock. 

New Zealand Fisheries Assessment Report 2008123. 21 p. 

This report describes the analyses of orange roughy catch per unit effort (CPUE) and length 
frequency data for the Mid-East Coast stock, which covers the area from the Ritchie Bank, 
east of Hawke's Bay, south as far as Banks Peninsula, and includes the QMAs ORR 2A 
South, ORR 2B, and ORR 3A. 

The standardised catch per unit effort analyses excluded data from the spawning season, and 
split the time series in 1996- 97 to give an early time series using both the Catch Effort and 
Landing Return (CELR) summary forms and the more detailed Trawl Catch Effort Processing 
Return (TCEPR) forms, and a later time series using only the TCEPR forms. The final CPUE 
indices showed a decline between 1983-84 and the mid 1990s, followed by a small increase. 

The length frequency samples were patchy in time and space, and were used to estimate two 
length frequency distributions, one for the southern fishery (ORR 2B & ORR 3A), and one 
for the northern fishery (ORR 2A South). The length frequency distributions for the two 
fisheries were different, with the southern fishery including a higher proportion of small fish. 
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1. INTRODUCTION 

Orange roughy are the focus of an important deepwater fishery in New Zealand, and have 
been fished for over 20 years (Ministry of Fisheries Science Group 2007). The Mid-East 
Coast (MEC) orange roughy stock covers an area off the east coast of the North Island from 
the Ritchie Bank, east of Hawke's Bay, south to Banks Peninsula (Figure 1). It consists of the 
orange roughy Quota Management Areas (QMAs) ORH 2A South (the part of ORH 2A south 
of 38° 23' S), ORH 2B (Wairarapa), and ORH 3A (Kaikoura). These areas have been treated 
together as a separate stock since 1995. Before that, the stock assessment area also included 
the northern part of ORH 2A. This area, known as the "East Cape stock", is now assessed 
separately (Ministry of Fisheries Science Group 2007). 

This report addresses parts of objectives 2 and 4 of the Ministry of Fisheries project 
ORH2006/02 that deal with the Mid-East Coast orange roughy fishery: 

"To update the unstandardised and standardised catch per unit effort analyses with the 
inclusion of data up to the end of the 2005106 fishing year ... " and "To update the stock 
assessment, including reviewing and summarising historical biological data collected by the 
MFish Observer Programme and other sources ... " 

This report specifically addresses the estimation of catch per unit effort indices and length 
frequency distributions from the commercial fishery, as used in stock assessment research 
completed in February-April 2007 (Ministry of Fisheries Science Group 2007). The fishery is 
described in detail by Dunn & Anderson (2008). 

2. DATA SOURCES AND METHODS 

2.1 Catch per unit effort 

The collation and error-checking of catch and effort data were described in detail by Dunn & 
Anderson (2008). Catch and effort data were used from both the Trawl Catch Effort 
Processing Return (TCEPR) and Catch, Effort and Landing Return (CELR) forms for 1983-
84 to 2005-06. The fishing year 1988-89 and the ORH 3A subarea were excluded because of 
errors and missing data, and possible misreporting respectively, as in previous analyses (Dunn 
2005). TCEPR and CELR data were combined by summarising the TCEPR records into a 
CELR equivalent daily format (Dunn 2005). 

Only tows which targeted orange roughy were used in the analyses. Tows with a recorded 
duration of zero were changed to 0.1 hour. In order to adequately estimate predictor effect in 
the model, a continuity rule was applied for the predictors vessel, vessel nation, and subarea 
(subarea being the Ministry of Fisheries statistical area). For each level of each predictor, at 
least 10 tows must have been completed in 4 or more years. For example, data were restricted 
to records associated with vessels that completed at least 10 tows per year in each of at least 4 
fishing years. 

The standardised CPUE analyses were carried out by fitting a generalised linear model to 
CPUE, using the stepwise multiple regression technique described by Francis (2001). The 
units of CPUE used were kg per tow. Because the proportion of tows with a zero catch was 
trivial (1-11 % per year), only a normal model was used, with a normal error distribution and 
identity link function. So that the residuals approximated a normal distribution, the predictand 
used was CPUEO. 11

• The predictor variable fishing year was forced into the model, and other 
variables were tested for inclusion (Table 1). A stepwise forward procedure was used to select 
predictor variables, and they were entered into the model in the order which gave the 
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maximum decrease in the Akaike Information Criterion (AIC). Because it is possible that 
CPUE trends were different for each subarea, or month, interactions between these variables 
and fishing year were also tested for inclusion in the model. Predictor variables were accepted 
into the final model if they explained at least 0.5% of the deviance and their predicted effects 
were sensible. 

Table 1: Predictor variables used included in the standardised CPUE analysis. 

Variable Type Comment Variable Type 
Fishing Categorical Forced into the Bottom 3rd order 
year model depth polynomial 
Vessel Categorical Vessel key Duration 3rd order 

polynomial 
Subarea Categorical MFish statistical Kw 3rd order 

area polynomial 
Month Categorical Tonnes 3rd order 

polynomial 

2.2 Observer length frequency samples 

Comment 

Vessel engine 
power 
Gross tonnage of 
vessel 

These data are described in detail by Anderson (2008). Orange roughy biological data were 
collected by Observer Programme observers hosted aboard commercial fishing vessels. The 
observers took measurements from random samples of fish (range N = 1-400) per trawl, from 
up to eight trawls a day. The standard length (SL) and sex of these fish, and reproductive 
condition of female fish, were recorded along with the weight of the sample and of the entire 
orange roughy catch. 

Each observed tow was assigned to a subarea. These were defined as: 
• Ritchie Bank: The subarea enclosed by the polygon with bounds x = 178.31°, 178.42°, 

178.5°, 178.5° E and y = 39.53°, 39.27°, 39.27°, 39.53° S. 
• Rockgarden: The subarea > 178.05° E and <178.3°E, and 39.9°S and 40.1 ° S. 
• Kaikoura: The subarea enclosed by the polygon with bounds x = 174.2°, 174.8°, 175.3°, 

174.2°, 173.2° ,172° E and y = 41.2°, 41 °, 41.6°,43.4°,43.8°,43.5° S. 
• Tolaga: The subarea > 177.5° E and <180°, and 38.383°S and 39.2° S. 
• Wairarapa: The subarea > 175.3° E and <177.5°E, and 42.167°S and 40.5° S. 
• Other: not in any of the above 5 subareas. 

The overall mean length of orange roughy from each tow was calculated as the mean of the 
mean length of males and the mean length of females. The overall length frequency for the 
area was calculated as the mean of the catch weighted total numbers at length for males and 
females. Tows were excluded where fewer than 20 fish were measured. 

3. STANDARDISED CATCH PER UNIT EFFORT 

3.1 Influence of season 

The MEC fishery started offWairarapa in 1981-82 (Figure 1, Dunn & Anderson 2008). By 
1983-84 the fishery operated throughout the year (this year is the earliest used in the CPUE 
indices). The non-spawning fishery was always considerably bigger than the spawning 
fishery, which took place in June and July. The fishery on the spawning aggregations on the 
Ritchie bank started in 1984-85, and this fishery increased markedly in the late 1980s, and 
then declined in the early 1990s. In 1993-94 the spawning fishery shifted north to East Cape 
(outside the MEC), and in 1995-96 there was a large drop in the Total Allowable Commercial 
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Catch (TACC) for the MEC, and this was associated with a further decline in the spawning 
fishery on the Ritchie Bank. As a result, there was a peak in catches and effort for the MEC in 
the late 1980s and early 1990s because of the Ritchie Bank spawning fishery. 

1979-80 to 1983-84 
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Figure 1: The distribution of orange roughy catches on the Mid-East Coast by season (left panels, 
spawning (June & July); right panels, non-spawning (August-May), and by fishing year. Catches 
are shown as expanding symbols (max. = 121 t). The black dots mark known seamounts. Solid 
lines denote the QMA boundaries. 
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Figure 1 (cont.): The distribution of orange roughy catches on the Mid-East Coast by season (left 
panels, spawning (June & July); right panels, non-spawning (August-May), and by fishing year. 
Catches are shown as expanding symbols (max. = 121 t). The black dots mark known seamounts. 
Solid lines denote the QMA boundaries. 

Catches and effort during the spawning period have persisted on the Ritchie Bank, and also 
the Rockgarden area just to the south. By 2005--06, the seasonality of the fishery had become 
more sporadic, but with a recent increase in the amount of the catch taken in June (Dunn & 
Anderson 2008). The areas fished in June and July have remained much the same since the 
mid 1980s, but the non-spawning fishery became more extensive. 
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The catches, effort and catch rates of the spawning fishery changed substantially over time 
(Table 2). The TCEPR unstandardised catch rates increased for the first 6 years, to a peak in 
1989-90, and then declined, reaching a low in 1999-2000. Since the mid 1990s the catch 
rates have been variable, and perhaps even cyclical, with peaks occurring every 4 years, in 
1997-98, 2001-02, and 2005-06. The CELR unstandardised catch rates for the spawning 
fishery peaked a little earlier, in 1987-88, and reached a low about the same time, in 2000-
01, but the index doesn't show the same cyclical trend. In recent years most fishing has been 
recorded on TCEPR forms, and there were few CELR records for the spawning fishery since 
2002-03. 

The non-spawning fishery has covered a much wider area (Figure 1), and has been the larger 
fishery (Table 2). The TCEPR unstandardised catch rates peaked in 1982-83, and then 
declined, reaching a low in 1995-96, at less than 10% of the peak value. Catch rates then 
remained low until 2000-01, after which they increased to a higher level, with catch rates in 
2005-06 the highest since 1993-94. The CELR unstandardised catch rates peaked in their 
first year, 1983-84, and then decreased to a low point in 1995-96, the same year as the 
TCEPR data. There was also a recent increase in CELR catch rates, starting in 2000-01, a 
year earlier than the TCEPR data. Whilst the TCEPR catch rates remain relatively low in 
recent years, the CELR catch rates were similar to those from the mid 1980s, and since 2000-
01 they were also consistently higher than the TCEPR catch rates. 

Table 2: The fishing effort (tows), catch (t), and unstandardised catch rate (titow), for the non
spawning (Aug-May) and spawning (Jun-Jul) fishery on the Mid-East Coast, by form type and 
fishing year. Unstandardised catch rate has only been calculated for 10 or more tows. The fishing 
year is shown as year ending (i.e., 1980 is 1979-80). 

______________________ ~T~C=E~PR= CELR 
______ --'-'A""-uQ,.g-....,M"'a"+-y ________ --"J-""un.,..-..:<..J u=1 Aug-May Jun-Jul 
tows catch tltow tows catch tltow tows catch tltow tows catch tltow 

1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 

14 2 27 0 0 
2 10 0 0 0 

31 504 16.2 
82 1 799 21.9 

3 
9 

20 
102 

398 5650 
471 2891 
545 4068 
422 1 987 
383 3294 

1989 260 1 957 
1990 529 4 305 
1991 803 6364 
1992 1 137 6608 
199314115975 
1994 1 375 4637 
1995 1 042 2797 
1996 583 1 024 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 

591 1 348 
787 1 766 
939 1 800 
856 1 921 
531 1 101 
316 837 
333 776 
285 899 
387 1 220 
293 1003 

14.2 
6.1 
7.5 
4.7 
8.6 

11 75 6.8 
18 144 8.0 
69 625 9.1 
11 161 14.6 
47 1 039 22.1 

7.5 25 672 26.9 
8.1 39 1 194 30.6 
7.9 36 517 14.3 
5.8 95 1426 15.0 
4.2 165 1 876 11.4 
3.4 214 1464 6.8 
2.7 367 1 542 4.2 
1.8 91 546 6.0 
2.3 84 569 6.8 
2.2 35 327 9.4 
1.9 119 252 2.1 
2.2 181 309 1.7 
2.1 81 495 6.1 
2.6 73 546 7.5 
2.3 40 87 2.2 

3.2 22 60 2.7 
3.2 44 223 5.1 
3.4 38 382 10.0 

8 

o 
o 

121 747 
431 1571 
320 1698 
319 1379 
265 1344 

33 78 
425 1890 
362 1356 
256 437 
118 196 
150 311 
181 587 
44 56 
54 
37 
78 
72 
14 
17 

1 

2 
22 

41 

89 
134 
186 
138 
70 
79 
o 
8 

85 
192 

6.2 
3.6 
5.3 
4.3 
5.1 
2.4 
4.4 
3.7 
1.7 
1.7 
2.1 
3.2 
1.3 
1.6 
3.6 
2.4 
1.9 
5.0 
4.6 

3.9 
4.7 

o 
o 
o 

41 639 15.6 
81 803 9.9 
76 1 144 15.1 
43 800 18.6 
10 119 11.9 

111 1745 15.7 
86 1 241 14.4 
98 1 326 13.5 

167 1 101 6.6 
92 215 2.3 
69 177 2.6 
17 57 3.4 
25 
12 
20 
37 
13 
3 
o 
o 
o 
2 

42 
18 
66 
60 
12 
40 
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1.7 
1.5 
3.3 
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The spawning fishery was excluded when calculating CPUE indices to be used in the stock 
assessment. This was because (1) the catch rate increased for the first 6 years despite 
substantial fishing effort, and this would not be consistent with a biomass index measuring 
depletion of virgin biomass (it would have had to be assumed to be a "learning" period); (2) 
the catch rate was variable in recent years, with possibly cyclical trends; (3) the fishery 
targeted large spawning aggregations, and the utility of CPUE derived from fishing large 
aggregations is unclear; and (4) the majority ofthe data were for the non-spawning fishery. 

3.2 Influence of form type 

The unstandardised catch rate trend for the TCEPR and CELR combined data (where the 
TCEPR records had been summarised into CELR equivalent records) was similar to the trend 
obtained when using only TCEPR records (Figure 2). However, it was noted when 
completing preliminary standardised indices that the trends obtained after standardisation 
were different for the two different data sets (Figure 3). 
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Figure 2: The unstandardised catch rates from combined TCEPR and CELR data (circles and 
broken line), and TCEPR only data (solid line), by fishing year. Fishing year is shown as the 
year-ending (i.e., 1985 is 1984-85). 
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Figure 3: The standardised catch rates from combined TCEPR and CELR data (circles and 
broken line), and TCEPR only data (solid line), by fishing year. Fishing year is shown as the year 
ending (i.e., 1985 is 1984-85). The standardisation was similar in both cases, with the predictors 
fishing year, vessel, and subarea. 
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The reason for this difference was not studied in any detail, but the Ministry of Fisheries 
Deepwater Fisheries Assessment Working Group agreed to split the index into two parts, the 
first covering 1983-84 to 1996-97 and derived from combined TCEPR and CELR data, and 
the second covering 1996-97 to 2005-06 and derived from only TCEPR data. The reason for 
this split was primarily that there were substantial numbers of both TCEPR and CELR 
records in the earlier period, and so to ensure the data set was as representative as possible it 
was necessary to use both data sets combined. However, after the mid 1990s the number of 
CELR records decreased (to zero in 2002--03, see Table 2), and so for this period only the 
more detailed TCEPR records were used. In addition, it was uncertain to what degree the 
summarised TCEPR and CELR data were comparable. For example, it was possible that zero 
catch tows (e.g., where the gear came fast) would not be recorded in the CELR daily 
summaries, but would be recorded on the more detailed TCEPR forms. Such a bias in the 
reporting might explain the higher unstandardised catch rates from the CELR data for 
example (Table 2). Because the TCEPR forms were likely to be more detailed and more 
"correct", they were considered the preferred data source whenever possible. 

3.3 Final CPUE indices 

Two final CPUE indices were calculated, one using TCEPR and CELR data combined, and 
one using only TCEPR data. Both indices used only records from the non-spawning fishery 
(August to May). Each standardisation model used the data from the entire period (i.e., 1983-
84 to 2005-06), and then the index was truncated to the specified years, as discussed above, 
when used in the stock assessment. After data grooming and applying the data selection rules, 
21 vessels were included in the data set, with good overlap between vessels (Table 3). 

Table 3: Tows by vessel key and fishing year as used in the standardised CPUE analysis, after 
application of the data selection criteria. Fishing year is shown as the year-ending (i.e., 1985 is 
1984-85). Note that the fishing year 1988-89 was excluded. 

Vessel key 1984 1985 1986 1987 1988 1990 1991 1992 1993 1994 1995 
47002 40 65 45 18 56 
15342 21 22 55 52 
10019 80 71 7 12 10 11 18 28 29 52 
10212 61 18 33 41 38 27 50 50 85 107 74 
10065 59 13 32 10 25 39 51 48 71 76 75 
5468 49 34 61 10 
10208 36 3 3 11 7 5 16 
3036 52 44 51 13 11 15 
10167 11 33 23 54 
4665 5 20 14 26 49 9 
10121 22 19 49 100 111 96 30 
10173 41 2 2 37 63 110 76 16 
10021 46 5 10 48 26 2 15 30 2 70 
10168 19 29 63 41 47 
10155 43 4 15 86 134 135 131 96 
8590 20 
10248 36 
11338 
10142 137 150 
10256 24 
12600 
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Table 3 (cont.): Tows by vessel key and fishing year as used in the standardised CPUE analysis, 
after application of the data selection criteria. Fishing year is shown as the year-ending (i.e., 1985 
is 1984-85). Note that the fishing year 1988-89 was excluded. 

Vessel key 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 
47002 
15342 
10019 
10212 
10065 13 
5468 
10208 4 8 27 
3036 22 2 
10167 6 4 
4665 
10121 10 7 13 7 6 4 2 2 3 
10173 15 29 25 43 
10021 14 13 25 42 34 21 17 12 3 
10168 8 13 14 27 15 
10155 70 85 159 161 148 141 52 
8590 19 21 7 18 24 
10248 7 21 69 50 17 
11338 14 22 58 26 
10142 6 2 1 49 83 66 9 55 39 105 66 
10256 51 44 88 96 103 43 20 24 7 23 30 
12600 22 40 33 15 27 24 46 45 19 

For the combined data set, the final model explained 23% of the deviance, and none of the 
interactions were selected for inclusion (Table 4). The fit of the model was good (Figure 4). 

Table 4: Predictor and percentage of deviance explained for the final normal model fit to the 
combined TCEPR and CELR data set. Df, degrees of freedom; AIC, Akaike Information 
Criterion; % dev. expl., % of deviance explained; Add % dev. expl., additional % deviance 
explained. 

Predictor Step Df Ale % dey. expl. Add % dey. expl. 
Fishing year I 20 16084 14.9 14.9 
Vessel 2 20 17693 22.3 7.4 
Subarea 3 4 17866 23.0 0.8 

-4 -2 o 2 4 

Quantiles of standard normal 

Figure 4: Normal quantile plot for the fit of the final CPUE model using the combined TCEPR 
and CELR data set. 
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The model indicated a steady decline in CPUE, and then an increase, with a low point around 
1998-99, a roughly 6-fold difference in catch rate between vessels, with one vessel 
performing particularly well, and a roughly 1.5-fold difference in catch rate between subareas, 
with higher catch rates in subareas 14 and 204, with subarea 204 including the Ritchie Bank 
and Rockgarden, and subarea 14 being the area inshore of this (Figure 5). 
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Figure 5: Model predictions by fishing year (labelled as year ending, i.e., 1991 means 1990-91) 
vessel, and subarea, for the normal model fitted to the combined TCEPR and CELR data set, 
made with all other predictors set to the median (fixed) values. 

For the TCEPR only data set, the final model explained 26.6% of the deviance when the 
interaction term between vessel and month was included (Table 5). Examination of the 
interaction revealed a deficient fit, meaning that data were not available for every 
combination of month and vessel, and also that including the interaction made no visible 
difference to the estimated year effect after 1996-97 (the focus of our interest). Therefore, for 
simplicity, the interaction term was not included in the final model. The final model therefore 
explained 22.9% of the deviance. The fit ofthis model was good (Figure 6). 

Table 5: Predictor and percentage of deviance explained for the final normal model fit to the 
combined TCEPR and CELR data set. Df, degrees of freedom; AIC, Akaike Information 
Criterion; % dev. expl., % of deviance explained; Add % dev. expl., additional % deviance 
explained. *, the interaction term between vessel and month was not included in the final model. 

Predictor Step Df Ale % dey. expl. Add % dey. expl. 
Fishing year 1 20 13952 15.7 15.7 
Vessel 2 15 14703 19.8 4.1 
Tow duration 3 3 15031 21.5 1.7 
Subarea 4 4 15 181 22.3 0.8 
Month 5 9 15299 22.9 0.7 
Vessel: Month * 6 120 15816 26.6 3.6 
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Figure 6: Normal quantile plot for the fit of the final CPUE model using the TCEPR only data 
set. 

The model indicated a steady decline in CPUE, and then an increase, with a low point around 
1998-99, a roughly 3-fold difference in catch rate between vessels, with the same one vessel 
performing particularly well, a roughly 2.5-fold difference with duration, with longer tows 
having higher catch rates, a roughly 1.5-fold difference in catch rate between subareas, with 
higher catch rates again in subareas 14 and 204, and a roughly l.4-fold difference in catch 
rate between months, with relatively high catch rates in November and January, and low catch 
rates in April and May (Figure 7) . 
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Figure 7: Model predictions by fishing year (labelled as year ending, i.e., 1991 means 1990-91) 
vessel, tow duration (hours), subarea and month, for the normal model fitted to the TCEPR only 
data set, made with all other predictors set to the median (fixed) values. 
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The final indices, as used in the stock assessment, are shown in Table 6. The coefficients of 
variation (c.v.s) estimated by the model were found to be low at about 0.02-0.06. The 
Ministry of Fisheries Deepwater Fisheries Assessment Working Group agreed that these were 
too low, and that they should be set at the higher level of 0.1 in the stock assessment model. 

Table 6: CPUE indices and c.v.s as used in the 2007 assessment of the Mid-East Coast orange 
roughy stock. The complete indices are shown, although those values labelled # were not used. 

Fishing year 
1983-84 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-2000 
2000-01 
2001-02 
2002-03 
2003-04 
2004-05 
2005-06 

TCEPR& CELR 
2.72 
1.37 
1.48 
1.28 
1.90 

1.45 
1.16 
0.80 
0.67 
0.52 
0.35 
0.33 
0.56 

0.27# 
0.25# 
0.26# 
0.29# 
0.56# 
0.63# 
0.76# 
0.53# 
0.68# 

c.v. 
0.1 
0.1 
0.1 
0.1 
0.1 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0.1# 
0.1# 
0.1# 
0.1# 
0.1# 
0.1# 
0.1# 
0.1# 
0.1# 

4. OBSERVER LENGTH FREQUENCIES 

TCEPRonly 
1.92# 
1.91# 
1.61# 
0.86# 
1.38# 

1.70# 
1.55# 
0.95# 
0.70# 
0.40# 
0.24# 
0.22# 

0.43 
0.23 
0.17 
0.18 
0.23 
0.45 
0.37 
0.44 
0.32 
0.53 

c.v. 
0.1# 
0.1# 
0.1# 
0.1# 
0.1# 

0.1# 
0.1# 
0.1# 
0.1# 
0.1# 
0.1# 
0.1# 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

Assessment models for the Mid-East Coast stock completed in 2001 either treated the area as 
a single fishery (Anderson et al. 2002), or split the area into two fisheries (Branch 2002). 
When the stock assessment was updated in 2004, a single fishery was assumed because the 
additional complexity of the two fishery model didn't seem to substantially change estimates 
of stock status (Dunn 2005). 

Branch (2002) found clear differences in length structure in the northern subarea (ORH 2A 
South and ORH 2B) and southern subarea (ORH 3A), with smaller fish being more prevalent 
in the southern subarea, and reported no clear seasonal or spatial patterns within these 
subareas. The Branch (2002) assessment model therefore assumed a single stock area, with a 
logistic vulnerability ogive for the northern fishery, and a dome-shaped vulnerability ogive 
for the southern fishery. Because the spatial differences in length structure were so clear, in 
2007 the Ministry of Fisheries Deepwater Fisheries Assessment Working Group agreed to re
introduce the two-fishery model. 

4.1 Spatial and temporal patterns 

The length frequency data were re-examined to see if there were any clear spatial or temporal 
patterns. There were seasonal trends in the time of year sampled, becoming earlier in the year 
from 1994-95 to 1998-99, and later in the year from 1999-2000 to 2004-05 (Figure 8). 
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Whilst almost all samples from June and July were above the overall mean length, whether 
there is a seasonal effect remains unclear, as only rarely were samples collected from more 
than one period (probably a single trip) within each year. 
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Figure 8: Mean length of observer samples for orange roughy from the Mid-East Coast, by 
fishing day (day 1 is 1 October), and fishing year. The broken vertical lines mark the spawning 
season (June and July), and the horizontal vertical lines mark the mean length over all samples. 

Consistently smaller fish were sampled south of Castlepoint (which is at roughly 41.3 0 S), 
and consistently larger fish were sampled from Castlepoint northwards (Figure 9). The 
samples from the south of the region were more variable, although samples from the north 
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were also notably variable, and included more small fish, in 1999- 2000 and 2002-03. There 
was little sampling of the same area throughout the year, but where this was available there 
was no clear evidence of seasonal changes in mean length in a single area, for example in 
ORR 2A South in 1989-90 (around 39--40° S in the top panel of Figure 9). 
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Figure 9: Mean length of observer samples for orange roughy from the Mid-East Coast, by 
latitude and fishing year. The broken vertical lines mark the boundaries between ORB 3A and 
ORH 2B (Jeft line), and ORB 2B and ORH 2A South (right line), and the thin horizontal lines 
mark the mean length over an samples in an years. +, June & July; 0, May & August; x, 
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Figure 10: Box and whisker plots of mean length from observer samples for orange roughy, by 
fishing vessel and fishing year, for ORH 2A South (which includes the Ritchie bank and 
Rockgarden areas). The thin horizontal lines mark the mean length over all samples in all years. 

The mean length of orange roughy sampled was relatively consistent both within and between 
vessels from 1989-90 to 1994-95 (Figure 10). This may be, in part, because the focus of the 
fishery (and the sampling) during this period was the spawning aggregations on the Ritchie 
Bank and Rockgarden. The pattern of mean length for vessel 17 suggests that mean length 
after this period was more variable, both within each year and between years, and that there 
was a decrease in mean length between 1996-97 and 2001-02. The samples from vessel 9 
suggest substantially smaller fish were caught in 2002-03 compared to 1989-90 and 1990-
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91. The mean length shows no clear trends over time in the Wairarapa and Kaikoura (Figure 
11). For the Ritchie Bank, the mean length remained similar until 1995-96, after which it 
declined by about 5 em, to a low in 2003-04, before increasing in 2004-05. 
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Figure 11: Mean length (SL) of orange roughy from observer samples of the Wairarapa 
(ORR 2B, left panel), Kaikoura (ORR 3A, centre panel), and Ritchie Bank (ORR 2A South, right 
panel), fisheries, by fishing year. Fishing year is labelled as the year ending, i.e., 1990 is 1989-90. 
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Figure 12: Annual orange roughy catch-weighted length frequency distributions for ORR 2A 
South, by fishing year. Fishing year is labelled as year ending, i.e., 1997 is 1996-97. The vertical 
broken lines are added for reference, and mark the lengths at 50% (left) and 95% (right), 
maturity, estimated using the age at maturity and growth parameters given by McKenzie 
(NIW A, unpublished results). 
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The length distributions for ORH 2A South varied substantially from year to year, not only in 
mean length (Figure 11), but also in length range, and the shape of the length frequency 
distribution (Figure 12). It is therefore unclear if the length distribution of the stock in this 
area had really declined, or whether the decline was an artefact caused by, for example, 
unrepresentative sampling or changes in catchability. 

4.2 Final length frequency distributions 

The stock assessment model assumed constant vulnerability ogives for the northern and 
southern fisheries. The model, therefore, would interpret a decline in mean length as a change 
in the age structure of the population. It seemed unlikely that the decline in mean length in 
ORH 2A South was caused by a change in age structure for two reasons. First, it was a large 
decline (about 5 cm in 6 years), which would imply a very large change in age structure had 
taken place, given the growth rate and longevity of orange roughy. This is unlikely, and 
would not be consistent with the stable mean length in earlier years, when the fishery was 
much larger. Second, the inadequate spatial and temporal coverage of the samples made it 
quite possible that the trend was caused by inconsistent sampling. Therefore, the Ministry of 
Fisheries Deepwater Fisheries Assessment Working Group agreed to use a single length 
frequency distribution for each of the two areas (ORH 2A South and ORB 2B combined, and 
ORH 3A), allocated to the year from which most samples were collected (Table 7). 

Table 7: Final catch-weighted length frequency distributions estimated for the two subareas of 
the Mid-East Coast orange roughy stock. The estimates were attributed to 1995 (ORR 2A South 
& ORR 2B) and 1997 (ORR 3A). 

Length (SL) ORH 2A South ORH3A Length (SL) ORH 2A South ORH3A 
&ORH2B &ORH2B 

15 0.000000 0.000120 32 0.068331 0.078980 
16 0.000014 0.000051 33 0.098894 0.062783 
17 0.000068 0.000115 34 0.135392 0.058586 
18 0.000246 0.000214 35 0.138890 0.041207 
19 0.000259 0.000742 36 0.126724 0.031983 
20 0.000169 0.002386 37 0.118785 0.027923 
21 0.000317 0.003695 38 0.090460 0.014802 
22 0.000569 0.007188 39 0.061494 0.009196 
23 0.000449 0.014851 40 0.039195 0.008787 
24 0.001041 0.023116 41 0.019304 0.004249 
25 0.001610 0.039746 42 0.009084 0.002506 
26 0.002670 0.069753 43 0.004373 0.000625 
27 0.003615 0.075213 44 0.001470 0.000004 
28 0.004639 0.103738 45 0.000029 0.000000 
29 0.007763 0.109903 46 0.000126 0.000000 
30 0.018149 0.108557 47 0.000029 0.000000 
31 0.045841 0.098981 48 0.000001 0.000000 

5. DISCUSSION 

The standardisation of CPUE did not explain a large proportion of the deviance (less than 
10% after the year effect was removed), and consequently the trend shown by the 
standardised CPUE was not substantially different from that shown by the unstandardised 
CPUE (compare Figures 2 & 3). The selection of data may therefore have a greater influence 
on the trend than the specification of the CPUE model. Three issues concerning CPUE data 
were raised during these analyses. 
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• There may have been cyclical trends in the spawning season CPUE. This might be an 
artefact, or could perhaps be caused by cycles in the proportion of the mature stock which 
migrates to the spawning grounds each year (intermittent spawning behaviour). The 
pattern of low and high years of CPUE was consistent with the relative biomass estimates 
from research surveys in 2001 and 2003. The acoustic biomass estimates from surveys of 
the spawning plume in the Spawning Box also show signs of a cyclical trend (ORH 3B, 
Dunn 2007). 

• There were concerns that the TCEPR and CELR data were not strictly comparable. A bias 
could result when they were combined if the proportion of records of each type showed a 
trend over time. It seems prudent to use only the more detailed TCEPR data where 
possible. 

• The CPUE seemed to increase in a step in 2001- 02. This could be associated with a 
change in the dominant vessels in the fishery, although the overlap between vessels 
operating before and after 2000--01 was good, and so the model should have been able to 
adequately estimate the vessel effect. Nevertheless, it may be worth examining whether 
there were any other changes to the vessels (fishing pattern, new technology?) which 
were not available as potential predictors to the model, and which might account for this 
step. 

The length frequency distributions show some complex patterns. The decline in mean length 
in the northern area was not explained in these analyses, but did appear to be associated with 
an expansion of the fishing area over the same period (see Figure 1). Research trawl surveys 
have shown that smaller orange roughy were found on the flat grounds in the area (Grimes 
1996). The present analysis showed that they were rare in commercial catches earlier in the 
time series. An increase in fishing area, from a focus on seamounts to a wide area, might 
therefore result in greater catches of smaller fish. This would imply a finer-scale spatial 
structure than has been previously assumed or was investigated during these analyses, but it 
could help explain the observed decline in mean length, and potentially explain the 
observation of cryptic biomass in the stock assessment (Dunn 2005). 
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