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EXECUTIVE SUMMARY 

Anderson, O.F.; Gilbert, D.J.; Clark, M.R. (2001). Fish discards and non-target catch in the 
trawl fisheries for orange roughy and hoki in New Zealand waters for the fishing years 1990-91 
to 1998-99. 
New Zealand Fisheries Assessment Report 2001/ 16. 57 p. 

Catch and discard data from the Scientific Observer Programme covering the period 1990-:91 to 
1998-99 for the orange roughy (Hoplostethus atlanticus) and hoki (Macruronus novaezelandiae) 
trawl fisheries were extracted from W i s h  databases. Commercial landings data were also obtained 
from W i s h  for each of these fisheries. 

Observer data were used to explore the effects of various factors on discards and non-target catch in 
these fisheries. Discards and non-target catch of commercial species and non-commercial species 
were examined separately, as were discards of the target species. Logistic regression modelling was 
used to examine the probability of a discard or non-target catch event, and linear modelling was used 
to determine relative levels of discards and non-target catch. 

Observer data with appropriate stratification were used to produce estimates of the ratio of discards 
and non-target catch to the total retained catch. Variances for these ratios were calculated using 
bootstrapping methods. These ratios were applied to commercial landings data, similarly stratified, to 
produce estimates of total annual non-target catch and discards. 

In almost every model run, vessel was the most critical factor for determining the probability or level 
of discards and non-target catches. Differences in catching ability, fishing methods, and processing 
practices among vessels overshadowed the influence of any other variable in both fisheries. In the 
orange roughy fishery, fishing year and area were the next most important factors affecting both 
discards and non-target catch in each species category, and tow duration had a large influence on the 
discards and non-target catch of non-commercial species. Fishing year, area, and also vessel 
nationality were important factors in the hoki models, with tow-type (bottom or midwater) 
influencing the level of non-target catch. 

Total discards and non-target catch varied between year in both fisheries, with no trend of either 
increasing or decreasing levels. Total annual discards were generally about 900-2000 t for the orange 
roughy fishery, and 6000-12 000 t for the hoki fishery. Total annual non-target catch was generally 
about 7000-15 000 t for the orange roughy fishery, and 15 000-40 000 for the hoki fishery. 

Appropriate levels of observer coverage required to achieve a range of target precision values for the 
estimation of discards and non-target catch were derived from the variance around total discard and 
non-target catch ratios calculated for the most recent years of observer data. We recommend where 
possible an approach that estimates a sample size per fishery which sets the level of uncertainty as an 
absolute quantity of discards. This would achieve the most precise estimates of total discard quantity 
while taking into account both the size of the fishery and the magnitude of the discardnon-target 
catch ratios. 



1. INTRODUCTION 

Some level of non-target catch and discarding is common to virtually every commercial fishery. 
Target and non-target marketable species are retained for sale, and species for which there is no 
market, or which cannot economically be brought to market, are discarded, i.e. thrown back into the 
sea. Discards in commercial fisheries have become an increasingly important issue in fisheries 
management over the last decade or two, as the world fishery harvest approaches theoretical 
maximum sustainable yields, and studies on levels of discarding have revealed the magnitude of the 
problem. The issues have been most emphasised in shrimp trawl and drift-net fisheries which have 
been widely publicised, but the same problems exist with finfish trawling and lining. There is an 
extensive literature, which was sumrnarised by Alverson et al. (1994). 

On a global scale, annual discards are in the millions of metric tonnes. The most recent summary 
indicated annual discards in commercial fisheries in 1988-90 of 27 million tonnes, and a bycatch of 
non-target species amounting to about 29 million tonnes, out of a total harvest of around 80 million 
tonnes (Alverson et al. 1994). More recently, Alverson (1998) admitted that this may have been an 
overestimate, without providing a revised figure, and suggested that a significant reduction i n  global 
discards has occurred in the early 1990s, due mostly to the actions of fishery managers and to better 
utilisation of bycatch. Most discards were attributed to shrimp fisheries. Bottom trawls (together with 
longline and pot fisheries) ranked second, then drift-net and seine fisheries, with pelagic trawls and 
targeted purse-seine having the lowest ratios of discard to target catch. 

The Ministry of Fisheries (Wish) is responsible for determining the impacts on associated or 
dependant species, including non-target fish species, taken as bycatch during normal fishing 
operations. Previous W i s h  research projects on this topic include a detailed analysis of discards in 
the fisheries for southern blue whiting (Micromesistius australis), oreos (Pseudocyttus maculatus and 
Allocyttus niger), hoki (Macruronus novaezelandiae), and orange roughy (Hoplostethus atlanticus) 
(Clark et al. 2000). Discard levels were found to be to be relatively low in these fisheries, with most 
discarding occurring as a result of gear failure with very large catches. Some of the discard estimates 
made in that study are re-estimated here. Some aspects of bycatch and discards have been examined 
for hoki fisheries off the west coast of the South Island (Ballara & Hurst 1997) and for orange roughy 
in Challenger Plateau and Chatham Rise fisheries (e.g., Robertson 1986, Clark 1991, Francis e t  al. 
1993). 

The fisheries examined in this report are important for New Zealand. Reported catches in 1998-99 
totalled 245 000 t for hoki, and over 19 000 t for orange roughy (Annala et al. 2000). Fisheries of this 
scale have considerable potential to catch large amounts of non-target species, or of target species 
that are of unwanted size or are damaged. 

This report was prepared under the W i s h  project ENV1999102 'Estimation of non-target fish catch 
and both target and non-target fish discards in selected New Zealand fisheries" and addresses the 
following objectives. 

1. To estimate the quantity of non-target fish species caught in the trawl fisheries for hoki and 
orange roughy for the fishing years 1990-91 to 1998-99 using data from Scientific Observers, 
commercial fishing returns and from research trawl surveys. 

2. To estimate the quantity of target and non-target fish species discarded in the trawl fisheries for 
hoki and orange roughy for the fishing years 1990-91 to 1998-99 using data from Scientific 
Observers, commercial fishing returns and from research trawl surveys. 



3. To explore the effects of various factors on the total catch of non-target fish species and the 
discards of target and non-target fish species in the trawl fisheries for hoki and orange roughy for 
the fishing years 1990-91 to 1998-99. 

4. To recommend appropriate levels of observer coverage for estimation of non-target fish catch and 
discards of target and non-target fish species in the hoki and orange roughy fisheries. 

2. METHODS 

2.1 Definition of terms 

Discarded catch (or discards) are all the fish, both target and non-target species, that are returned to 
the sea as a result of economic, legal, or personal considerations (after McCaughran 1992). 
Discarded catch in this report includes estimates of any fish lost from the net at the surface. 

Non-target catch is all fish caught that were not the stated target species for that tow, whether or not 
they were discarded. Non-target catch is assumed in this report to be equivalent to non-target 
mortality, and therefore includes estimates of fish lost from the net at the surface. In other words, 
non-target catch is equal to the sum of the retained catch of non-target species plus the discarded 
catch of non-target species. 

2.2 Observer data 

Observer records of catch and discards were extracted separately from the W i s h  database 'obs' 
(Mackay 1995) for the fishing years 1990-91 to 1998-99. All records with target species "ORH 
(orange roughy), or "HOK" (hoki) were extracted. Discard information for the 1997-98 fishing year 
could not be provided by Wish ,  but non-target catch data were available, from tow summaries, for 
all years. Discard estimates made in this report for the 1997-98 fishing year are based on discard 
information from other years. 

For all records, the tow distance was calculated from start and finish positions, and duration of tow 
was calculated from start and finish times. These values were compared with each other to identify 
tows recorded with short length and long duration (and vice versa) that may contain errors. In the 
hoki fishery in particular the trawl path is often not straight and the finish position may be near the 
start position even on a relatively long trawl. Where there was a large discrepancy between duration 
and distance, with no obvious errors in recording of position or time, distances were re-estimated 
from fishing speed and duration. Similarly, any suspiciously short or long duration was re-estimated 
from fishing speed and distance. Two datasets were prepared for each fishery, one comprising discard 
data, and the other non-target catch data. 

The database table new-observergrocessed was used to determine the amount retained and 
discarded of each species. This table contains calculated catch weights and discard weights from 
processing data for all species caught, for each "processing group". The processing group is the level 
at which discard information is recorded, and the catch from two or more tows is frequently 
combined into a single processing group. This makes assigning tow parameter data to discard data 
problematic. In order to examine how discard levels varied with depth, area, fishing method, season, 
etc., it was necessary to summarise this data over all tows within a processing group. Hence catch and 
discards, and tow lengths and durations, were summed within each processing group. Usually, fishing 
year, area, season, and nation were constant between stations within a processing group, but often 
there was a mixture of tow types and a mixture of depths resulting in the assigning of many null 
values for these variables. Depth of tow was assigned to each processing group as a categorical 



variable. Processing groups made up of tows which were all shallower than the average tow depth 
(502 m for hoki, 950 m for orange roughy) were assigned 'shallow', those deeper than the average 
tow depth were assigned 'deep', and those with a mixture of tow depths were assigned "NULL". 

The table new-observer_greenweight was used to determine the non-target catch for each tow. This 
table contains estimated or measured weights for all species caught in each tow and therefore non- 
target catch can be estimated and related to tow parameter data for each tow. 

A season variable was assigned to each processing group and tow, based on the spawning season for 
the target species. The high season was defined as July-September for hoki and June-July for orange 
roughy. Each fishery was divided into a number of areas based on natural breaks in the fishery or 
known stock divisions and tows were assigned to one of these areas (see Figures 1 and 2). For the 
discard datasets, weights of fish caught and fish discarded were calculated for three species 
categories: 

the target species (HOWORH) 
other main commercial species combined (COM) 
all other species combined (OTH) 

For the non-target catch datasets, weights of fish caught were calculated for the same three 
categories. 

Summaries by species of the overall observed catch and percentage retained are tabulated for each 
fishery in Appendices 2 and 3. Species included in COM were defined as those non-target species 
which constituted greater than 0.1% of the total observed catch over the 9 year period and were either 
a quota species or species of which greater than 75% by weight was retained: 

Fishery Commercial species (ordered by decreasing percentage of total catch) 

HOK hake (Merluccius australis), ling (Genypterus blacodes), silver warehou (Seriolella 
punctata), jack mackerel (Trachurus murphyi, T. declivis, T. novaezelandiae), 
frostfish (Lepidopus caudatus), barracouta (Thyrsites atun), dark ghost shark 
(Hydrolagus novaezealandiae), ribaldo (Mora nzoro), arrow squid (Nototodarus 
sloanii & Nototodarus gouldi), oreos (Pseudocyttus maculatus, Allocyttus niger, 
Neocyttus rhomboidalis) 

ORH smooth ore0 (Pseudocyttus maculatus), black ore0 (Allocyttus niger), spiky ore0 
(Neocyttus rhomboidalis), cardinalfish (Epigonus telescopus), hoki (Macruronus 
novaezelandiae), ribaldo (Mora moro), alfonsino (Beryx splendens) 

When fish were lost from the net at the surface, observers estimated the amount lost. This amount 
was added proportionately to the total non-target catch and discards for that tow or processing group, 
for each species category, according to the relative amounts of those categories actually landed on 
that tow. Where the entire catch was lost at the surface (HOK 3 tows, ORH 5 tows), the estimated 
loss was split between the species categories according to the overall relative proportions calculated 
from all observer records for all years. A total of 21 580 tows and 11 605 processing groups for hoki 
and 13 034 tows and 4913 processing groups for orange roughy were available for analysis. 



2.3 Commercial fishing return data 

Tow-by-tow records from commercial fishing returns were obtained from W i s h  databases for each 
fishery. This included all fishing recorded on TCEPR and CELR forms. The recorded target species 
was used to define each fishery: HOK for hoki, ORH for orange roughy. 

2.4 Examination of factors influencing discards and non-target catch 

Because of the large number of processing groups with no discards recorded, this analysis was 
approached in two ways: 1; Examination of factors influencing the probability of a discard event, and 
2; Examination of factors influencing the level of discards when a discard event occurs. The first 
approach used a logistic regression where the response variable is a binomial vector of discards in 
two categories. For each record this variable was assigned "1" if no discard was recorded and "0" if a 
discard was recorded. The second approach used a 1inear.regression with a log transformation to 
provide an approximately normal distribution in the values of the response variable. In both model 
types a stepwise regression was run forwards and backwards testing each variable for exclusion or 
inclusion at each step. The variables tested in the models are shown in Table 1. Because tows were 
combined within processing groups, variables such as headline height and vessel speed could not be 
tested and duration and distance of tow were the only continuous variables tested. Variables were 
added to the model if they produced at least a 0.5% decrease in the residual deviance. Both models 
were run in turn for discards of the target species (ORWHOK), other commercial species (COM), 
and non-commercial species (OTH). Each of the variables selected as significant by the model 
process was examined with the use of a spreadsheet. The average weighted value of the coefficients 
for each variable was inserted into the model function to produce an average discard probability or 
level depending on the model. By then replacing, for example, the weighted area coefficient with the 
individual coefficient for each area in turn, the function returns the expected discard probability or 
level for each area. 

Table 1: Summary of variables tested in each discards model (hoki and orange roughy). 

Variable 

ORHZERO (orange roughy only) 
HOKZERO (hoki only) 
COMZERO 
OTHZERO 
IogORHdisc (orange roughy only) 
1ogHOKdisc (hoki only) 
logCOMdisc 
IogOTHdisc 
Year 
Vessel 
Nation 
Company 
Area 
Season 
Depth 
Duration 
Distance 
Towtype (hoki only) 

Type 

dependant 
dependant 
dependant 
dependant 
dependant 
dependant 
dependant 
dependant 
categorical 
categorical 
categorical 
categorical 
categorical 
categorical 
categorical 
continuous 
continuous 
categorical 

Description 

binomial (0,l) ORH discards 
binomial (0,l) HOK discards 
binomial (0,l) COM discards 
binomial (0,l) OTH discards 
log ofORH discards 
log of HOK discards 
log of COM discards 
log of OTH discards 
fishing year 
vessel callsign 
country of registration 
company owning or chartering vessel 
area in which tow@) occurred 
high or low 
deep or shallow 
combined duration of tows (minutes) 
combined distance of tows (nmiles) 
bottom or midwater 



The use of tow by tow data in the analysis of non-target catch allowed more variables to be tested 
than in the analysis of discards, including more continuous variables (Table 2) and more individual 
records were available to the model. In addition, because discard information was not required, data 
were available for the 1997-98 fishing year. Modelling was otherwise carried out in a similar way to 
that for discards. A log transformation was again used on the response variables in the linear 
regressions to provide a symmetrical distribution, and variables were added to the model if they 
produced at least a 0.5% decrease in the residual deviance over the model without that variable. 
These models were run in turn for non-target catch of other commercial species (COM), and non- 
commercial species (OTH). 

Table 2: Summary of variables tested in each non-target catch model (hoki and orange roughy). 

Variable Type Description 

COMZERO 
OTHZERO 
log COMass 
logOTHass 
Year 
Vessel 
Nation 
Month 
Headline height 
Area 
Season 
Depth 
Speed 
Duration 
Distance 
Towtype (hoh only) 

dependant 
dependant 
dependant 
dependant 
categorical 
categorical 
categorical 
categorical 
continuous 
categorical 
categorical 
continuous 
continuous 
continuous 
continuous 
categorical 

binomial (0,l) COM non-target catch 
binomial (0,l) OTH non-target catch 
log of non-target catch weights of COM 
log of non-target catch weights of OTH 
fishing year 
vessel callsign 
country of registration 
month of year 
headline height of net (m) 
area in which tow occurred 
high or low 
average depth of tow (m) 
speed of vessel during tow (knots) 
duration of tow (minutes) 
distance of tow (nmiles) 
bottom or midwater 

2.5 Calculation of discard and non-target catch ratios 

Discard ratios were calculated for each fishery area and year, and for each of the three species 
categories, ORWHOK, COM, and OTH. 

Observer data were combined, so that discards and the total catch were summed within each of these 
h 

fishery, species category, area, year strata. This gives the "Discard ratio", R , which is defined as the 
ratio of discarded catch to total catch: 

where nz processing groups are sampled from a stratum, di is the weight of the species discarded from 
the ith processing group sampled, and li is the weight of the target species caught in the ith processing 
group sampled. This "ratio of means" estimator was preferred over the alternative "mean of ratios" 
estimator (which would consider the mean of discardhon-target catch ratios calculated separately for 
each processing group or tow) for two reasons. Firstly, the latter may give too much weight to small 
catches of the target species and too little to large catches and, secondly, because we multiply the 



total estimated landings by the calculated ratio to obtain total discardslnon-target catch, if we were 
able to sample the entire fishery, the ratio of means estimator would give the true total discardslnon- 
target catch and the mean of ratios estimator would not. Ideally the discard ratio calculated for the 
commercial species category would have used the total catch of that category as the denominator. 
However, good estimates of catch of all the species in this category are unavailable from commercial 
fishing returns, which record estimated landed weights of only the top five species in each tow. All 
discard ratios are therefore based on the total catch of the target species. Assumptions are made that 
all trips and all tows within a trip are sampled with equal probability. These assumptions, the former 
in particular, may not always hold true, but the spread of observed tow positions compared with all 
recorded tow positions from each fishery (see below) shows that there has been fairly representative 
coverage and therefore the assumptions may be reasonably approximated. 

A 

For each of the two fisheries, estimates of R for each stratum were derived from the surnmarised 
observed processing data, as described above. Bootstrap analysis of the same dataset was used to 

derive the variance of the estimates of R . This involved sampling at random (with replacement) 500 
or 1000 sets of pairs (depending on computing limitations) of ratio values from each stratum. Each of 
the sets was the same length as the number of records in each stratum. This resulted in 500 or. 1000 

A 

estimates of R from which, providing they were approximately normally distributed, variances and 
confidence intervals could be calculated. The discard ratio calculated for each stratum was then 
multiplied by the total estimated catch of the target species in the stratum to estimate total 

A 

discards D: 

L j = i x ~  

where L is the total catch of the target species in the stratum. 

Non-target catch estimates were calculated in a similar manner to discards but differed in three ways. 
Because discard data were not required to estimate non-target catches, it was possible to use tow by 
tow data and hence a different (and larger) set of records were used for calculating ratios and 
bootstrapping. Ratios were estimated for each area and year where possible, but for only two species 
categories, COM and OTH. Because discard data were not required, independent data were available 
for each year including 1997-98. Bootstrapping was carried out using procedures in "New S" 
(Becker et al. 1988). 

2.6 Calculation of observer sample sizes required for specified.levels of precision 

We estimated the variance of the mean discard ratio by resampling from the observer records of 
discards from processing groups. The variance of the mean varies in proportion to lln, where n is the 
number of records. Hence, we estimated the sample size that would achieve the target precision by 
choosing an appropriate value for n. 

The variance of the discards was typically very high for these fisheries. Hence, it was necessary to 
take as large a dataset as possible to achieve a good estimate of it for each fishery. We also wished to 
ensure that the estimates corresponded to current practice by using only recent data. We therefore 
carried out the bootstraps on all available discard data from 1996-97 onwards, and for all species 
categories combined, to obtain variance estimates for each area. 

Three alternative approaches to precision were adopted. The precision targets were specified values 
for (1) the C.V. of the estimated discard ratio, (2) the standard error (s.e.) of the estimated discard 
ratio, and (3) the s.e. of the estimated discard quantity. 



Let ŝ  be the estimated standard error of the estimated mean discard ratio i , 
let n be the sample size, 
let T be the total annual target catch, 
let t l ,  tz,. and t3 be the alternative target precisions. 

Then the estimated sample size, n*, to achieve a C.V. of the estimated discard ratio equal to tl is given 
by 

Values for tl of 0.1,0.2,0.3 and 0.4 were used. A drawback with this approach is that as much effort 
may be expended achieving the target for a fishery with a mean discard ratio of 0.5% as for one with 
a mean discard ratio of 15%, when the discards in the latter were 30 times greater. 

The estimated sample size, n*, to achieve a s.e. of the estimated discard ratio equal to tz is given by 

This approach sets the level of uncertainty as a proportion of the target catch. An estimate of discards 
is sought that has a fair chance of being within 2%, say, of the target fishery catch, irrespective of 
whether the discard ratio is high or low. Values for tz of 0.02, 0.04, and 0.06 were used. A drawback 
with this approach is that as much effort may be expended achieving the target for a fishery with total 
discards of 20 t as for one with total discards of 1000 t even though the discards in the latter were 50 
times greater. 

The estimated sample size, n*, to achieve a s.e. of the estimated discard quantity equal to t3 is given 
by 

This approach sets the level of uncertainty as an absolute quantity of discards. An estimate of 
discards is sought that has a fair chance of being within 100 t, say, of the actual discards. Values for 
t3 of 100 t (for ORH) and 500 t (for HOK) were used. We recommend this as the preferred approach. 
Sampling according to this approach would achieve the most precise estimates of total discard 
quantity. Small fisheries and fisheries with very low discard ratios would tend to be sampled lightly, 
whereas large fisheries and those with high discard ratios would tend to be sampled intensively. 
Exactly the same methodology was applied to the non-target catch data to calculate the coverage 
required (this time in terms of number of tows) for the same set of precision targets. 



3. RESULTS 

3.1 Distribution of observer data 

3.1.1 Orange roughy 

The positions of the observed tows in the target orange roughy fishery are shown along with positions 
of a random subset of all tows from the target orange roughy fishery from 1990-91 to 1998-99 in 
Figure 1. There is a good spread of observer coverage in most areas, both within and outside the New 
Zealand Exclusive Economic Zone (EEZ). The Lord Howe Rise (HOWE), Northwest Challenger 
(NWCHAL), and Challenger (CHAL) areas in the northwest are particularly well covered, as are the 
smaller fisheries on the Louisville Rise (LOUIS), the South Tasman Rise (STR), and the southern 
part of Quota Management Area ORH 3B (3BOTH). The only area with poor coverage is the small 
fishery in the Cook Canyon (COOK) off the west coast of the South Island. Tows recorded in areas 
outside those defined by the boxes in Figure 1 (including outliers with probable position errors) were 
combined into a single OTHER area category. 

The annual number of observed tows was low in the first two years  a able 3) but increased to over 
2000 in 1992-93 and remained at this level until 1995-96 when only 509 tows were observed. After 
this, coverage has remained steady at 1100 to 1500 per year. In all but the 1995-96 year, observer 
coverage exceeded 10% of the total estimated target fishery catch, and reached a high of 20% in 
1993-94. 

Figure 1: Distribution of tows recorded by observers on vessels targeting orange roughy between 1 October 1990 and 
30 September 1999 (black dots), and a representative selection of commercial tows from the same period (grey dots). 
Area divisions are those used in the analyses; some positional errors such as eastern hemisphere tows recorded as west 
and tow positions on land are retained in this plot. For reasons of commercial sensitivity, all points have been plotted 
with a small random error applied to the co-ordinates. 



Table 3: Number of tows and fraction of catch observed in the orange roughy target trawl fishery, by 
year. 

Observed catch (9% of 
Fishing year Tows observed target fishery catch) 

3.1.2 Hoki 

The positions of observed tows in the target hoki fishery, from 1990-91 to 1998-99, are shown in 
comparison with a representative selection of all tows from the target hoki fishery, from the same 
period, in Figure 2. 

Figure 2: Distribution of tows recorded by observers on vessels targeting hoki between 1 October 1990 and 30 
September 1999 (black dots), and a representative selection of commercial tows from the same period (grey dots). 
Area divisions are those used in the analyses; some positional errors such as eastern hemisphere tows recorded as west 
and tow positions on land are retained in this plot. For reasons of commercial sensitivity, all points have been plotted 
with a small random error applied to the co-ordinates. 



The data are well spread over the main fishery areas on the Chatham Rise (CHAT), Sub-Antarctic 
(SUBA), and west coast South Island (WCSI). There are fewer data for the Cook Strait (COOK) and 
Puysegur (PUYS) fisheries, although overall effort in the Puysegur fishery has decreased over the 
period examined to where it is now a relatively minor fishery. Tows recorded in areas outside the five 
shown in Figure 2 (including outliers with probable position errors) were combined into a single 
OTHER area category. 

The annual number of observed tows ranged from a low of 1242 in 1996-97 to a high of 3534 in 
1998-99 (Table 4) and was at a reasonably constant level of 2000-3000 for most other years. 
Coverage was well over 10% of the target fishery catch in all years except for 1996-97, and in 1993- 
94 almost a quarter of the fishery was observed. 

Table 4: Number of tows and fraction of catch observed in the hoki target trawl fishery, by year. 

Fishing year 

90-9 1 
91-92 
92-93 
93-94 
94-95 
95-96 

'96-97 
97-98 
98-99 

Tows observed 
Observed catch (% of 

target fishery catch) 

3.2 Factors influencing discards in the'orange roughy fishery 

3.2.1 Overview of raw discard data 

Raw discard data were initially examined by plotting total discards in each processing group against 
the available variables to get a first impression of what factors may be important (Figure 3). In each 
figure the discards are plotted on a logarithmic scale. A general relationship is evident from the plot 
between discards and total tow distance (also plotted on a log scale), and a simple correlation was 
calculated to be 0.31. Discards were quite even across areas, with ORH 1 standing out with slightly 
lower discards than other areas. There is a suggestion of some variation between nation also, but for 
some of the nations plotted (eg. Australia, Denmark, and Faroes) there were data from only a few 
processing groups. In comparison, discards by fishing year do not appear to vary much, with median 
discards per processing group from about 100 to 500 kg and there is a suggestion of decreasing values 
over time. Discards by company show considerable variation and this factor, or the related variable 
vessel (of which there were too many to show in a plot), looks likely to explain much of the overall 
variation in discards. 
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Figure 3: Orange roughy. Total discards per processing group plotted against some of the available 
variables (processing groups with no discards excluded). Discards and distance are plotted on a log scale. 
The box and whisker plots show medians and lower and upper quartiles in the box, whiskers extending up 
to IS* the interquartile range, and outliers individually plotted beyond the whiskers. 



3.2.2 Regression modelling of discard data 

(a) OTH (non-commercial species) 

Logistic regression 

The initial model chosen by the regression included the variables vessel, year, area, season,, depth, 
company, and duration in that order of importance. The variable company added little power to the 
model after the inclusion of vessel, and had many missing fields that reduced considerably the 
number of records available for the regression. The model was therefore rerun without company, 
increasing the number of records used from 3403 to 4133. This produced a model with a similar set 
of variables; vessel, year, area, season, duration, and depth. 

The model coefficients were then used to examine the effect of each variable separately. Firstly, a 
weighted average of the coefficients for each variable was calculated and input into the model to 
produce an overall probability of a discard event. Thus for the average vessel, in the average year, 
between seasons, and at an average duration and depth, the probability of some discarding of non- 
commercial species is 0.78 for this model. By then substituting in turn the model coefficient for each 
year (or vessel, area etc.) while holding the other coefficients at the weighted average value, the 
effect of that variable was examined. 

The variable with the greatest influence is vessel, which shows a very wide range of discard 
probabilities from less than 0.01 in 4 vessels to more than 0.99 in 18 vessels. That means that for 
those 18 vessels the model predicts a 99% chance that a discard will result from a processing group. 
This probably reflects not only a difference in processing practices between vessels but may also 
reflect some variation in the level of recording effort by observers. 

There is a wide variation in probabilities between areas with COOK at over 0.99 and ORH 1 at under 
0.01. All areas other than ORH 1 show a probability greater than 0.50 of a discard of OTH occurring 
in any given processing group. 

Discards of OTH were much more likely to occur in 1992-93 and 1996-97 where the probability was 
greater than 0.90, than in 1990-91 where the probability of a discard event was very low (less than 
0.20). 

Examination of the variable season shows discards to be more likely during the low season than the 
high season (0.62 compared with 0.85) and discards of OTH are more likely to come from deeper 
than average tows (0.81) than from shallower than average tows (0.74). Tow duration had only a 
small effect on discards of OTH. Doubling the average duration of the tow in the model added only a 
5% increase to the probability of a discard, and halving the average duration decreased the 
probability of a discard by less than 3%. See Appendix 1 for more detail of model output. 

A logistic model of discards over 1000 kg was considered, to remove the effect of frequent, small 
discard events. For OTH there were 137 such discards out of 4913 records or 2.8%. For COM and 
ORH categories these occurrences were rarer still, occurring in 1% and 0.5% of records respectively. 
These occurrences were too few to consider a formal analysis of these larger discard events. 

Log-linear regression 

Records with no discards of OTH were excluded for this model, leaving 2944 records. The variable 
nation was excluded from the model as 93% of records were from New Zealand registered vessels. 



Company was also excluded because of the many missing values and a high correlation with vessel. 

This model selected the variables vessel, duration, area, year, depth, and season in that order and 
explained a reasonable amount of the variation in discards with a reduction in residual deviance from 
the null model of 36% which is highly significant (close to zero in a chi square test). 

The effect of each variable was tested in the model in a similar fashion described for the logistic 
model. The model predicts that an average vessel, with average tow durations, etc. will discard 83 kg 
of OTH per processing group. This is equivalent to the mean discard weight calculated from the raw 
data. The largest variation in discards was again between vessels where mean discards per processing 
group ranged from 11 to 450 kg. When total tow duration was halved in the model, discards of OTH 
reduced from 83 kg to 70 kg per processing group and increased to 116 kg per processing group when 
duration was doubled. The model indicated a decrease in discards of OTH over time giving the 
highest value of 27 1 kg per processing group for 1990-9 1, and the lowest value (57 kg per processing 
group) for 1998-99. Area was the next variable included in the model. Areas with the lowest discards 
of OTH were ORH 1 (21 kg per processing group), and 2A2B, HOWE, and NWCHAL (48-52 kg per 
processing group). Areas with the highest discards of OTH were 3BOTH, KAIK, and SCHAT which 
all had values of over 120 kg per processing group. Season had only a small influence on discard 
levels (slightly greater in the high season) and similarly deeper tows had very slightly greater discard 
levels of OTH. See Appendix 1 for more detail of model output. 

(b) COM (non-target commercial species) 

Logistic regression 

The model selected four variables; vessel, year, area, and depth. The first three are in common with 
the analysis for OTH, with the addition of depth. The total reduction in the residual deviance from the 
NULL model (which considers no variables) is 25.8%. 

Fitting the weighted average values of the coefficients to the model gives a probability of a discard of 
COM for an average vessel in an average year and area at an average depth, of 0.13. By holding all 
other coefficients at this average level the effect of the- factors was examined. Examination of the 
vessel effect reveals little of use, with the 57 vessels in this dataset showing a wide spread of discard 
probabilities, from less than 0.001 in 3 vessels to more than 0.99 in 3 other vessels. The model was 
also quite sensitive to area, showing a greater than even probability of a discard occurring in KAIK 
but a less than 0.1 probability in 2A2B, NCHAT, ORH 1,3BOTH, and COOK. 

The 1992-93 and 1996-97 fishing years stood out with the highest probability of a discard of COM 
with 0.30 and 0.46 respectively, compared to 0.05-0.08 in 1990-91, 1993-94, 1994-95, and 1998- 
99. The variable depth, although included in the model, had very little influence on the probability of 
a discard of COM with shallower tows having a 2% greater chance of resulting in a discard. See 
Appendix 1 for more detail of model output. 

Log-linear regression 

Records with no discards of COM were excluded from the model leaving 880 records, considerably 
fewer than used for the OTH model. Nation was considered in the model in this case but was not 
selected. Cornpany was excluded because of the large number of missing values and a high 
correlation with vessel. 



This model selected the variables vessel, year, area, season, depth, and distance and showed a 
significant reduction in residual deviance from the null model of 37%. 

Holding vessel, year, area, season, depth, and distance at average values in the model produced a 
mean discard of COM species of 79 kg per processing group (compared with 83 kg per processing 
group for OTH). Vessel accounted for most of the variation in discards with.predicted discard values 
ranging from 7 kg to 24 t per processing group. The extreme values are the result of the model fitting 
to data from vessels that have only a few records in the model, and by chance (to some degree) had 
one or two large discard events. Mean discards were greatest in the first few years, in particular 
1991-92 (500 kg per processing group) and showed a drop after 1992-93 to less than 100 kg per 
processing group in each year, with a low of 11 kg per processing group in 1998-99. Discards varied 
considerably between area, with the lowest mean levels shown for KAIK, 2A2B, and ORH 1 (less 
than 55 kg per processing group) and the highest levels in LOUIS, STR, 3BOTH, and NWCHAL 
(over 120 kg per processing group). Season had a strong influence with a mean of 123 kg per 
processing group in the high season compared with 60 kg per processing group in the low season. 
Processing groups with shallower tows showed slightly greater discard levels than those with deeper 
tows. Doubling the tow distance in the model increased the mean discards of COM by only 6 kg, and 
halving the tow distance decreased discards by less than 3 kg. See Appendix 1 for more detail of 
model output. 

(c) ORH (target species discards) 

Logistic regression 

The model selected four variables; vessel, year, area, and distance.   he first three variables are the 
same as for the OTH and COM models, with the addition of distance (not used in the other two 
models) as a fourth variable. The reduction in the residual deviance from the NULL model is 33%. 

Discards of ORH were very rare, recorded in only 222 (less than 6%) of the processing groups. With 
so few discards the examination of the influence of each factor was not considered useful, but see 
Appendix 1 for details of model output. 

Log-linear regression 

The model was based on only 222 processing groups that recorded a discard of ORH, selecting three 
variables; vessel, year, and area. The reduction in the residual deviance after the addition of vessel to 
the model was 53%, increasing to 64% with the addition of year, and to 68% with the addition of 
area. 

The model predicts an average discard of 52 kg per processing group for those processing groups 
where some discard of ORH is recorded. With so few records used, there is less confidence in the 
actual values derived from the model, and mean weights are considered here in a relative sense only. 
The model shows the greatest mean discard weights occurred in 1991-92 and 1995-96, and the 
lowest in 1990-91, 1996-97, and 1998-99. Discards were least in areas LOUIS, HOWE, and 
NWCHAL, and greatest in ORH 1. See Appendix 1 for more detail of model output. 

A summary of the discard models for orange roughy, showing the order in which each variable is 
selected, is shown in Table 5. The most critical factors influencing discards in this fishery are clearly 
vessel, year, and area, which were selected in that order in five of the six models run. The variables 
depth, season, and duration were frequently selected but were generally of lesser importance. 



Table 5: Summary of regression modelling for discards in the orange roughy fishery. The number in each 
cell denotes the order in which the variable entered the model; x, not considered; -, not selected. 

Species 
category 

Model 
type Variable 

vessel year area depth season distance duration nation company towtype 
ORH Logistic 1 2 3  - - 4 - x x x 
ORH Linear 1 2 3  - - - - x x x 
COM Logistic 1 2 3  4 - - - x x x 
COM Linear 1 2 3  5 4 6 x x 
OTH Logistic 1 2 3  6 4 - 5 - x x 
OTH Linear 1 4  3 5 6 - 2 x x x 

3.3 Factors influencing non-target catch in the orange roughy fishery 

3.3.1 Overview of raw non-target catch data 

Raw non-target catch data were initially examined by plotting total non-target catch in each tow 
against the available variables to get a first impression of what factors may be important (Figure 4). 
In each figure the non-target catch is plotted on a logarithmic scale. There is little in the plot of non- 
target catch vs tow duration to suggest a relationship for short durations, but there is a hint of an 
increase in catch with increasing tow duration after about 50 minutes. Non-target catch plotted 
against tow distance showed a similar pattern and is not shown. There appears to be more variation in 
non-target catch between areas than was shown for discards (see Figure 3), but the pattern was 
similar, with a lower median for ORH 1. Median values are higher for 3BOTH and SCHAT. Many 
extreme values are shown for most areas, particularly where there are more data. Most tows are from 
New Zealand and Norwegian vessels, with Norwegian vessels showing a slightly lower median value. 

There is a suggestion of a decreasing non-target catch over time with the highest median in 1990-91 
and lower medians in 1995-96 and 1998-99. There were many extreme values in 1992-93 compared 
with other years. Many companies were represented in this fishery, and there is considerable 
variation between them. Three or four companies dominate the extreme values of non-target catch. 
The box ranges in the plot with month all overlap, suggesting little significant variation. This is more 
obvious for the first six months of the year, with a trend of increasing median values between June 
and December. 

3.3.2 Regression modelling of non-target catch data 

About 72% of all tows had some level of non-target catch of COM species, and 64% of tows a non- 
target catch of OTH species. With a significant fraction of tows recording no non-target catch a 
similar approach to that used for discards was used, with a logistic as well as a linear model 
developed. 

(a) COM (non-target commercial.species) 

Logistic regression 

A total of 12 904 records was used for this model, producing a model with seven variables; vessel, 
area, distance, year, morztlz, drrratiorz, and headline height. The reduction in residual deviance from 
the NULL model was 16% which is a relatively low value but still significant. 
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Figure 4: Orange roughy. Total non-target catch per tow plotted against some of the available variables. 
Non-target catch and duration are plotted on a log scale. The box and whisker plots show medians and 
lower and upper quartiles in the box, whiskers extending up to 1.5" the interquartile range, and outliers 
individually plotted beyond the whiskers. 



Weighted average values for the coefficients were calculated and inserted into the model, producing a 
probability of some non-target catch of COM for the average vessel, area, etc, of 0.77. Higher 
probabilities were calculated for areas COOK, SCHAT (over 0.90) and a lower value for ORH 1 
(0.26). Tow distance was the third most useful variable in this model, but halving the tow distance in 
the model while holding other variables at average levels only reduced the probability to 0.75, and by 
doubling tow distance, to 0.80. The probability of a non-target catch of COM varied little between 
years, with no apparent trend, from a low of 0.62 in 1990-91 to a high of 0.87 in the following year. 
There was also no pattern in the monthly probabilities, which ranged from 0.71 in July to 0.86 in 
October. The model weakly indicates an increased chance of a non-target catch of COM with 
.increasing tow duration and with decreasing headline height. See Appendix 1 for more detail of 
model output. 

Log-linear regression 

For this model only records recording a non-target catch of COM species, a total of 9421, were used. 
This model was run without the variable nation as there were too many missing values. The 
regression selected the following variables; area, vessel, month, year, depth, distance, and headline 
height, with a reduction in residual deviance of 44%. This model was unusual in that it was the only 
one of any of the discard and non-target catch regressions where vessel was not the variable first 
selected. 

The mean non-target catch of COM was calculated at 184 kg per tow. Area has the most influence on 
non-target catch of COM with the model showing a wide variation in values. Values for areas COOK, 
'2A2B, and CHAL are all less than 40 kg per tow, with the highest values shown for SCHAT (1219 kg 
per tow) and 3BOTH (603 kg per tow). Non-target catches of COM ranged between 5 and 700 kg per 
tow over the 65 vessels considered in the model, with more than half of the vessels giving values 
between 100 and 300 kg per tow. There was little variation between months, highest values being for 
September and October, and lowest values for June and July. Larger non-target catches of COM 
species were seen in .  the first three years examined (260-340 kg per tow) compared with all 
subsequent years (under 160 kg per tow). The model indicated a decreasing non-target catch of COM 
with increasing tow depth and (weakly) .with increasing tow distance and headline height. See 
Appendix 1 for more detail of model output. 

(b) OTH (non-target non-commercial species) 

Logistic regression 

A total of 12 904 records were used in this model, producing a model with the following variables; 
vessel, duration, area, year, month, depth, distance, and speed. The reduction in residual deviance 
was 18%. The average tow showed a 72% chance of recording some non-target catch of OTH. 

Much of the variation in the model was again explained by vessel, with duration being the next most 
critical factor with tows longer than 5 h having a 0.92 probability of a non-target catch of OTH. Area 
ORH 1 had the lowest probability at 0.31 with a close to even probability in STR and HOWE, and 
over 0.85 in SCHAT, KAIK, and COOK. There was relatively little variation between fishing year, 
ranging between 0.59 in 1994-95 and 0.88 in 1998-99, and no trend of increasing or decreasing 
probability. There were similarly no strong monthly patterns of probabilities. The model shows that 
the probability of a non-target catch of OTH increases with increasing tow depth, tow distance, and 
towing speed. See Appendix 1 for more detail of model output. 



Log-linear regression 

For this model only records recording a non-target catch of OTH species, a total of 8445, were used. 
Nation was again excluded from the model due to an excessive number of missing values. The 
following variables were selected; vessel, duration, area, distance, year, month, headline height, 
depth, and speed, with a reduction in residual deviance of 34%. The mean non-target catch of OTH 
was 64 kg per tow. 

Non-target catches of OTH associated with the 65 individual vessels in the model ranged from 9 to 
180 kg per tow. The average duration was about 1 h and when half this value was inserted in the 
model the predicted non-target catch dropped to 55 kg per tow. For a 2-hour tow the model predicts a 
non-target catch of 82 kg. Non-target catches of OTH were lowest in CHAL, HOWE, and ORH 1 (all 
less than 40 kg per tow) and greatest in KAIK (168 kg per tow). The model also showed a positive 
relationship between tow distance and the non-target catch of OTH, although doubling the mean tow 
distance increased the non-target catch by only 11 kg. There is a trend of decreasing OTH non-target 
catch over time with a high of 94 kg per tow in 1990-91, decreasing to the lowest values of 52 then 
57 kg per tow in the last two years. The model also selected the variable month, but no clear annual 
pattern is evident and no single month stands out with values ranging from 53 to 75 kg per tow. There 
is a weak negative relationship between OTH non-target catch and headline height and also tow 
depth, and a weak positive relationship between OTH non-target catch and towing speed. See 
Appendix 1 for more detail of model output. 

A summary of the non-target catch models for orange roughy, showing the order in which each 
variable is selected, is shown in Table 6. The most critical factor influencing non-target catch in this 
fishery is again vessel. Area is the next most important, followed by year, month, and distance or 
duration which are all of roughly equal importance overall. 

Table 6: Summary of regression modelling for non-target catch of orange roughy. The number in each 
cell denotes the order in which the variable entered the model; x, not considered; -, not selected. . 

Species Model 
category type Variable 

vessel year area month head-ht nation season depth speed duration distance 
COM Logistic 1 4  2  5 7 - - - - 6 3 
COM Linear 2 4 1  3  7 x - 5 - - 6 
OTH Logistic 1 4 3  5 - - - 6 8 2 7 
OTH Linear 1 5  3 6 7 x - 8 9 2  4  

3.4 Factors influencing discards in the hoki fishery 

3.4.1 Overview of raw discard data 

Exploratory plots were prepared to examine total discards per processing group (plotted on a log 
scale) with respect to the available variables (Figure 5). The relationship between tow distance (also 
plotted on a log scale) and total discards is less clear than the equivalent plot for ORH discards (see 
Figure 3), but a weak relationship does exist with a correlation of 0.24. Total discards look very even 
across areas, with the highest median associated with tows that fall into the general category OTHER. 
Area COOK appears to have the lowest median value. More extreme values are seen in SUBA and 
WCSI, but there are also more records available for these areas. There is much variability associated 
with vessel nationality. Vessels from Japan, Norway, New Zealand, and Russia dominate the records, 
with most of the extreme discard values coming from these vessels. Vessels from Poland and CIS 
show lowest median values, and those from China, NZKOR, and USA the highest median values. 
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Figure 5: Hoki. Total discards per processing group plotted against some of the available variables. 
Discards and distance are plotted on a log scale. The box and whisker plots show medians and lower and 
upper quartiles in the box, whiskers extending up to 1.5" the interquartile range, and outliers individually 
plotted beyond the whiskers. 



Fishing was spread over a large number of companies, with wide variations in both the mean and the 
spread of discard values. Median values are very similar for midwater and bottom tows, with 
midwater tows showing a wider spread of discard values. A large number of processing groups which 
contained tows in both categories, or tows which could not be assigned to a category, are also shown 
in this plot. 

3.4.2 Regression modelling of discard data 

The same approach as used for ORH discard modelling was used for HOK discards, with both 
logistic and linear models applied to the data to examine both the probability of a discard and the 
level of a discard with respect to the variables available. The variables tested in the models are shown 
in Table 1. Variables were added to the model if they produced at least a 0.5% decrease in the 
residual deviance. 

These models were run in turn for discards of hoki (HOK), other commercial species .(COM), and 
non-commercial species (OTH). The model coefficients produced were again used to examine the 
effect of each variable. 

(a) OTH (non-commercial species) 

Logistic regression 

The model selected the following variables; vessel, nation, year, area, duration, distance, and season 
and produced a 27% reduction in the residual deviance over the NULL model. The average 
processing group had an 85% chance of some level of OTH species discard. 

The model output showed that 18 out of 105 vessels had a probability of less than 0.10 of recording a 
discard of OTH in any processing group, while more than half of the vessels had a greater than 0.90 
probability of a discard of OTH. Discard probabilities were lowest for JAPAN vessels (0.15) and 
highest for KOREA, POLAND, CHINA, and NZRUS vessels (all over 0.94). The probability of a 
discard of OTH tended to increase over time with values ranging from 0.53 in 1990-91 to 0.93 in the 
last year examined. Areas COOK and OTHER had lower probabilities of an OTH discard compared 
to the four other areas, which showed very similar values (0.80-0.90). There was a slightly greater 
chance of an OTH discard from deeper than average tows than from shallower than average tows, and 
greater also from fishing during the high season than from fishing during the low season. 
Doublinghalving the tow duration increasedldecreased the probability of a discard of OTH by 4% or 
less. See Appendix 1 for more detail of model output. 

This model was run again to examine the probabilities of the occurrence of larger discards of OTH, 
over 1 t, which occurred in 803 out of 10598 processing groups (about 8%). In this case the model 
selected the variables vessel, area, duration, year, depth, and distance, with a reduction in the 
residual deviance of 33% over the NULL model. This differs from the previous model in that nation 
and season were not selected, but depth was. Large discards of OTH show a similar pattern over time 
to the above model, being more likely to occur in the years 1994-95, 1995-96 and 1998-99 than in 
other years. However, there were no such similarities between areas with discards more likely in 
CHAT and less likely in WCSI. 

Tow depth, duration and distance, although included in this model, had little influence on the 
probability of large discards of OTH. 



Log-linear regression 

Records with no discards of OTH were excluded for this model, leaving 8308 records. In this case all 
the variables tested provided a significant contribution to the model, allowing some examination of 
the effects of each. The variables were selected in this order; vessel, distance, nation, area, year, 
duration, depth, and season, with a reduction in the residual deviance of 41%. The model predicts 
that the average vessel in the average year etc would have had a discard of OTH of 119 kg per 
processing group. 

Vessel as usual was the most influential variable with mean discards ranging from 1 kg to 3 t per 
processing group for the 99 vessels. Distance was selected next, with discards increasing from 119 to 
150 kg per processing group with a doubling of the mean tow distance in the model, and reducing to 
107 kg per processing group with a halving of the mean tow distance. For some nations there were 
too few data for the model to calculate coefficients, but for the rest, NZKOR (5447 kg per processing 
group), and KOREA and NZRUS (-2000 kg per processing group) stood out with high discard levels 
of OTH. Lower levels of OTH discards were shown for NZJAP, NZOTH, POLAND (under 50 kg per 
processing group). Discards of OTH were lowest in area COOK (52 kg per processing group), and 
highest in area CHAT (189 kg per processing group). Discards of OTH were much higher in 1998-99 
(268 kg per processing group) than in other years, but there was no trend over time with a low value 
in the previous year (76 kg per processing group) and less than this in 1990-91 and 1991-92. 
Discards increased slightly with increasing tow duration, and were greater in shallower than average 
tow depths than deeper. Discards of OTH were also marginally greater in the low season than the 
high season. See Appendix 1 for more detail of model output. 

(b) COM (non-target commercial species) 

Logistic regression 

The following variables were selected from the regression; vessel, year, area, nation, season, and 
distance, with a reduction in the residual deviance of 41%. .In-the model the average vessel in the 
average year, area, etc, had an 11% chance of a discard for each processing group. 

Discard probabilities varied widely among vessels. Nine of the 105 vessels used in the model had a 
probability of greater than 0.90 of recording a discard of COM, and 30% of the vessels had a 
probability of less than 0.02 of a discard of COM. Year was also important with discard probabilities 
showing an increasing then decreasing trend over time. The probability of a COM discard was less 
than 0.07 for 1990-91, 1991-92, and 1995-96, and was highest for 1993-94 (0.27). Discards were 
less likely to be recorded in areas SUBA and OTHER than in CHAT and WCSI, and more likely to 
be recorded by vessels of nations KOREA and NZKOR, than by vessels of nations CIS, POLAND, or 
NZTAP. Discards were slightly more likely to occur during the low season than the high season, and 
doubling or halving the tow distance in the model had little effect on discard probabilities (c 1%). 
See Appendix 1 for more detail of model output. 

With barely 1% of all processing groups (141 out of 10 958) showing a discard of COM over 1 t, no 
modelling of large discards was attempted for COM. 

Log-linear regression 

Records with no discards of COM were excluded for this model, leaving 2637 records. The following 
variables were selected; vessel, depth, year, area, nntio~z, and distance. The reduction in residual 
deviance from the NULL model was 37%. 



The mean discard of COM where some discard was recorded by observers was 46.9 kg per 
processing group. Most of the explained variation was again provided by the vessel variable with a 
wide range of mean discard levels per processing group among vessels. The variable depth was more 
important in this model than in previous ones, with a mean of 31 kg per processing group in the 
deeper than average tows compared with 60 kg per processing group for shallower than average tows. 
There was no trend in discard levels of COM over time, with high values in 1991-92 and 1995-96 
(over 70 kg per processing group) and by far the lowest value in 1998-99 (13 kg per processing. 
group). Mean discards per processing group were low in area SUBA (19 kg) and high in OTHER (89 
kg). There were many nations with too few data for the model to calculate coefficients for, hence this 
factor was not reliably or fully described. Tow distance had only a weak positive relationship with 
discards of COM. See Appendix 1 for more detail of model output. 

(c) HOK (target species discards) 

Logistic regression 

The regression was first run with all variables considered producing a model with vessel and 
company the first variables selected. However company was not recorded in more than 20% of 
records, and because of a high correlation between company and vessel, the model was re-run without 
this variable allowing an extra 2393 records to be considered in the model. The variable towtype was 
not selected for this initial model and since there were a large number of missing values for towtype 
this too was excluded from the subsequent regression leaving a total of 10 958 records. 

The following variables were selected; vessel, year, nation, area, season, distance. The reduction in 
residual deviance was 63%. 

Although nation entered the model at the third iteration, nation data was poorly balanced with vessel 
data (some.nation categories being represented by a single vessel) and coefficients were not produced 
for these nations. When the nation effect was examined while holding the other variables constant at 
average levels, KOREA, NZKOR, CHINA, and NZRUS showed the highest probability of a discard, 
with JAPAN, NZJAP, CIS, and POLAND showing the lowest probabilities. With some doubt over 
the value of nation in the model it was rerun with this variable excluded to better examine the 
influence of the other variables. The remaining variables entered the model in the same order as 
previously, and the residual deviance was unchanged. 

The model predicts that a processing group on the average vessel in an average year and area, 
between seasons and with average tow lengths, will have a probability of 0.1 1 of producing some 
discard of HOK. Almost half of the 105 vessels had a probability of less than 0.05 of recording a 
discard, but there was a full range of probabilities with 18 vessels having greater than 0.90 
probability. Discard probabilities showed a decreasing trend over time, ranging from 0.22 and 0.37 in 
the first two years respectively, to less than 0.09 in the final two years. Four of the areas showed 
similar discard probabilities, and processing groups in COOK were far more likely to have a discard 
of HOK (0.58) than those in areas outside of the main fisheries (OTHER) (under 0.001). Discards of 
HOK were twice as likely during the main part of the hoki season than outside of this period. 
Doubling or halving the total tow distance in the model made a less than 1% difference to the chance 
of a discard. See Appendix 1 for more detail of model output. 

When the probability of large (over 1 t) discards of HOK is modelled in the same way, the effect of 
season is dropped and distance enters the model, the variables entering the model in the following 
order; vessel, year, depth, area, distance. The model has less power, with a reduction in residual 
deviance of 3 1%, which may be related to the fewer number of discards of this level (under 7%). The 



chance of a large discard was highest in 1990-91 (about 0.02) and showed an overall decline over 
time to less than 0.005 in the last three years, a similar trend to that shown for probabilities of 
discards of any amount. Area COOK stood out again with twice the chance of a large discard of any 
other area. The model showed that deeper than average tows were more likely to produce a large 
discard than shallower than average tows. 

Log-linear regression 

There were 3 161 processing groups (out of 11 601) with records of HOK discards. After records with 
missing values were deleted 2799 remained for the regression. The variable company was not 
removed in this case as less than 200 records held missing values for this variable. The following 
variables were selected; vessel, company, area, duration, depth, and year. The reduction in residual 
deviance from the NULL model was 44%. The model was then rerun without company as there were 
too few records for many companies and coefficients could not be produced. This model included the 
variables; vessel, nation, area, year, depth, and duration and had similar explanatory power with a 
42% reduction in the residual deviance. 

The average vesse1,discarded 245 kg of HOK per processing group. There was a wide range of mean 
discard values between vessels, with large discard events causing unrealistically high mean values for 
some vessels. A comparison between nations is more useful, with vessels from CHINA (907 kg per 
processing group), and JAPAN, NZ, and RUSSIA (300-500 kg per processing group) having the 
largest HOK discards. Vessels from KOREA, NZKOR, and NZRUS had less than 20 kg per 
processing group HOK discards. Discards of HOK by area'ranged from 139 kg per processing group 
in SUBA to over 270 kg per processing group for WCSI and CHAT. The 1998-99 year stood out 
from the others with at least three times the mean discard/processing group of all other years. Mean 
discards were lowest during the middle of the decade in 1993-94 and 1994-95. Shallower than 
average tows had 50% more discards of HOK than deeper than average tows, while doubling or 
halving the tow duration in the model had little effect, raising the mean discard level to 291 kg per 
processing group or lowering it to 226 kg per processing group respectively. See Appendix 1 for 
more detail of model output. 

A summary of the hoki fishery discard models is shown in Table 7. Vessel has the most influence on 
discards, being selected first in each model. Year was more important in the logistic than the linear 
models, although no consistent pattern was found. The trend of an increasing probability of a discard 
of OTH over time was not mirrored in the models for COM and HOK. Area and nation were of 
roughly equal importance, and depth and distance had a strong influence in some models. 

Table 7: Summary of regression modelling for discards of hoki. The number in each cell denotes the order 
in which the variable entered the model; x, not considered, -, not selected. 

Species 
category 

HOK 
HOK 
COM 
COM 
OTH 
OTH 

Model 
type 

Logistic 
Linear 
Logistic 
Linear 
Logistic 
Linear 

Variable 
vessel year area nation depth season distance duration company towtype 

1 2 4  3 - 5  6 - x - 
1 4 3  2  5 - - 6 x - 
1 2 3  4 - 5 6 - x - 
1 3 4  5 2 - 6 - x - 
1 3 4  2 - 7 6 5  x x 
1 5 4  3  7 8 2  6 x x 



3.5 Factors influencing non-target catch in the hoki fishery 

I 3.5.1 Overview of raw non-target catch data 

Raw non-target catch data were initially examined by plotting total non-target catch in each tow 
against the available variables (Figure 6). Logarithmic scales are used on the y-axes in each of these 
plots. Points in the plot of non-target catch with headline height fall into two general groups, one 
centred at about 4 m and the other centred at about 50 m headline height. The smaller headline 
heights relate to bottom tows and the larger headline heights to midwater tows. There is no obvious 
difference in the values of the non-target catches in each group, but there is more of a spread of 
values in midwater tows. Median non-target catch varies little between areas, apart from COOK 
which has a much lower median. There is much variation in non-target catch among nations and 
companies with low median values in particular for CHINA and CIS and higher values for JAPAN 
and NZJAP. Annual non-target catch medians show a slight decline then increase in the first five or 
six years, followed by more steady levels over the last four years. No monthly pattern in non-target 
catch is evident from the plot. 

3.5.2 Regression modelling of non-target catch data 

A non-target catch of COM species was recorded in 19 748 of the 20 860 tows used in the analysis 
(95%), and of OTH species in 92% of the tows. With these high proportions a logistic regression 
approach was not warranted and only factors influencing the level of non-target catch (and not the 
probability of a non-target catch) were examined. For this purpose a linear regression approach 
similar to that used in examining discards was applied, using only records where a non-target catch 
was recorded, and examining the two species categories COM and OTH separately. 

(a) COM (non-target commercial species) 

From the linear regression model of non-target catch of COM species the following variables were 
selected;. vessel,'duration, . month, year, .towtype, area, nation, distance, and headline height, with a 
reduction in the residual deviance of 34%. 

The mean non-target catch of COM (where such a catch was recorded) was 463 kg per tow. Again 
there was a large variation in non-target catch levels among vessels, with this variable having more 
power in the model than the other variables. Duration was more important than area or year, with a 
tow of 8 h having more than double the non-target catch of COM than a tow of 2 h. The mean tow 
duration was about 3.7 h. Time of year was also an important factor in this model, with three of the 
four highest non-target catch months being those of the spawning season, i.e. July, August, and 
September. Outside this period there was little pattern to the monthly variation in mean values. Year 
had less influence in this model, with no trend of increasing or decreasing non-target catches over 
time. The 1992-93 fishing year, however, had less than half the mean non-target catch of any other 
year, at just over 200 kg per tow. Bottom tows showed more than twice the COM non-target catch of 
midwater tows. Areas COOK and OTHER have less COM non-target catch (under 150 kg per tow) 
than in particular WCSI (680 kg per tow), and also PUYS and SUBA (420-460 kg per tow). 

Vessels from CIS and NZRUS had by far the largest non-target catches of any nation, and those from 
KOREA and POLAND had the smallest. Non-target catch was weakly and positively related to tow 
distance, and weakly and negatively related to headline height. See Appendix 1 for more detail of 
model output. 
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Figure 6: Hoki. Total non-target catch per tow plotted against some of the available variables. Non-target . 
catch and headline height are plotted on a log scale. The box and whisker plots show medians and lower 
and upper quartiles in the box, whiskers extending up to 1.5* the interquartile range, and outliers 
individualIy plotted beyond the whiskers. 



(b) OTH (non-commercial species) 

The log-linear model selected the following variables; vessel, area, towtype, duration, year, nation, 
month, depth, distance, and speed, with a reduction in the residual deviance of 44%. 

The mean non-target catch of OTH, based on the average weighted values of all coefficients in the 
model, was 208 kg per tow. Vessel again accounted for the largest portion of explainable variation in 
non-target catches of OTH. Area OTHER had the lowest mean non-target catch of OTH (96 kg per 
tow) and CHAT the highest (366 kg per tow), with little difference between the other four areas. 
Towtype was an important variable here, with bottom trawling catching more than three times the 
non-target catch of OTH of mid-water trawling. Duration was also important, with tows of twice the 
average duration catching 50% more non-target catch, while those of half the average duration still 
caught more than 80% of the average non-target catch. There was a trend of increasing non-target 
catch of OTH over time with the average of the first four years (147 kg per tow) a little over half the 
average of the last four years (278 kg per tow). 

Vessels of NORWAY and RUSSIA had greater non-target catch (over 700 kg-per tow) than those of 
other nations, particularly JAPAN and POLAND (under 120 kg per tow). The monthly variation in 
non-target OTH catch was slight, with no seasonal pattern obvious, and means ranging from 149 kg 
per tow in October to 263 kg per tow in May. There was a weak negative relationship between non- 
target OTH catch and the variables depth and speed, and a weak positive relationship between non- 
target OTH catch and distance. See Appendix 1 for more detail of model output. 

A summary of the hoki non-target catch models is shown in Table 8. After vessel it is less clear which 
variables are the most critical overall, with duration selected early in both models, and towtype, area, 
and year also with a relatively strong presence in the models. 

Table 8: Summary of regression modelling for non-target catch of hoki. The number in each cell denotes 
the order in which the variable entered the model; -, not selected. 

Species Model 
category type Variable 

vessel year area month head-ht nation season depth speed duration dist. towtype 
COM LIN 1 4 6  3 9 7 - - - 2 8 5 
OTH LIN 1 5 2  7 - 6 - 8 10 4 9 3 

3.6 Calculation of discards 

3.6.1 Orange roughy 

Modelling of factors affecting discard probabilities and levels showed that vessel, year, and area 
were usually the most critical. It was not, however, practical to use vessel to stratify discard 
calculations, because there were too many vessels to allow enough records in each stratum for the 
bootstrap, and also because applying the 'same stratification to the catch totals to estimate overall 
fishery discard levels would have been too complicated. Instead, discard ratio calculations were 
stratified by the factors that were shown by the modelling in the previous section to be useful, and 
also that would be practical. These were year and area. Model results were used to further reduce the 
number of area strata, by combining areas with similar coefficients in both the logistic and linear 
models (based mostly on the OTH category results, where most of the discards occurred). Areas 
2A2B, NWCHAL, and HOWE were combined into AREAN, areas SCHAT, NCHAT, and 3BOTH 
into AREA3B, and areas COOK and LOUIS into AREAX in this manner. Discard ratios were 



calculated for strata only where more than 50 records were available and, in consideration of the 
importance of vessel in discards, where data were derived from at least three vessels. Where these 
criteria were not met for a particular aredyear combination, either a ratio for that area based on all 
years or a ratio based on all areas and years was calculated. The mean ratio with its C.V. was derived 
from the bootstrap distribution of ratios where this distribution showed a normal or close to normal 
shape. Where bootstrap distributions were non-normal, a ratio based on all years (or all data) was 
calculated. Table 9 shows the number of processing groups and vessels in each stratum. AREA3B 
was the best represented with between 126 and 553 processing groups per year, but data for other 
areas were less even. Note that data were not available for the 1997-98 year. 

Table 9: Number of processing groups in each arealyear stratum with number of vessels in parentheses. 

AREA3B 
AREAN 
AREAX 
CHAL 
KAIK 
ORH 1 
OTHER 
STR 

The estimated catches from the target fishery were compared with the reported landings from the 
QMS in each year (Table 10). In each year the target fishery represented at least 92% of the total 
landings, so that the discards (and non-target bycatch) associated with the non-target portion of the 
orange roughy fishery would add very little to the estimates presented in this report for just the target 
fishery. 

Table 10: Estimated catch totals of orange roughy from the target trawl fishery, and all reported landings 
from the trawl fishery from the QMS, by year. 

Fishing 

9041  

year 

9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
97-98 
98-99 

authors data 

Target fishery 
estimated catch (t) 

33 072 
36 180 
34 521 
30 265 
33 915 
28 090 
18 845 
19 049 
21 472 

Total fishery 
reported catch (t)* 

34 521 
37 612 
36 123 
32 160 
36 827 
29 383 
19 882 
18 798 
19 298 

A summary of the discard ratios by species category and area is presented in Table 11 to show the 
range of values obtained. For brevity, only the default values (all years combined) for each area are 
shown. As expected, discard ratios for ORH are lower than for the other two species categories, with 
less than 1% of ORH discarded in all areas. Ratios are also low for COM species but in AREAX 
reach 2.4%. The ratios are highest, and also the most variable, for OTH species ranging from 0.5 to 
27% in areas ORH 1 and KAIK respectively. 



Table 11: Summary of sample sizes, discard ratios, and associated c.v.s used to calculate total discards in 
the ORH fshery; n, number of processing groups. 

Species category 

ORH 
ORH 
ORH 
ORH 
ORH 
ORH 
ORH 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
OTH 
OTH 
OTH 
OTH 
OTH 
OTH 
OTH 

Area 

AREA3B 
AREAN 
AREAX 
CHAL 
KAIK 
ORH 1 
STR 
AREA3B 
AREAN 
AREAX 
CHAL 
KAIK 
ORH 1 
STR 
AREA3B 
AREAN 
AREAX 
CHAL 
KAIK 
ORH 1 
STR 

C.V. (%) 

29 
3 8 
48 
24 
45 
53 
- 

14 
36 
20 
14 
3 1 
26 
95 
7 

10 
24 
10 
20 
24 
3 8 

Total discard estimates for each year were calculated by applying discard ratios for each arealyear 
combination to the target fishery estimated catches by area and year (Table 12 and Figure 7). The 
best estimates of discards of ORH range from 60 to 220 t per year for the entire target fishery. 
Discards of COM were higher, reaching almost 1500 t in 1993-94, but in most years were less than 
650 t. As expected, discards were greatest in the OTH species category, generally being several 
times the amounts estimated for the ORH and COM categories combined, ranging from 680 to 2100 t 
per year. 

Table 12: Estimates of discards (t) in the target ORH trawl fishery by year and species category, with 
95 % confidence intervals in parentheses. 

ORH 
130 (48-259) 
205 (97-35 1) 
218 (85427) 
173 (41-367) 
80 (28-155) 
74 (25-143) 
62 (21-115) 
86 (42-151) 

102 (47-182) 

COM 
248 (111445) 
643 (333-1 063) 
378 (202-642) 

1 479 (127-3 47 1) 
206 (133-303) 
355 (153-661) 
155 (93-233) 
198 (107-324) 
111 (73-162) 

OTH 
1 004 (704-1 398) 
1 162 (833-1 589) 
1420 (1 019-1 928) 
1 019 (696-1 470) 
1183 (839-1622) 

748 (513-1 073) 
1 132 (825-1 527) 

679 (507-910) 
2 105 (1 184-3 565) 

TOT 
1 382 (862-2 103) 
2 010 (1 262-3 003) 
2 015 (1 306-2 997) 
2 670 (864-5 307) 
1 469 (1 000-2 097) 
1 176 (691-1 877) 
1 349 (939-1 876) 

963 (656-1 385) 
2 317 (1 303-3 909) 



3.6.2 Hoki 

Modelling of factors affecting discard probabilities and levels in the hoki fishery showed that, as in 
the orange roughy fishery, vessel was the most critical factor with year and area the next most 
important overall. Again, discard ratios were calculated by the most practical strata, fishing year and 
area. In this case areas were not combined for the bootstrapping of discard ratios, and again ratios 
were calculated only for strata where more than 50 records were available and where.data were 
derived from at least three vessels. Where these criteria were not met for a particular areafyear 
combination, either a ratio for that area based on all years or a ratio based on all areas and years was 
calculated. The mean ratio and its C.V. were derived from the bootstrap distribution of ratios where 
this distribution showed a normal or close to normal shape. Table 13 shows the number of processing 
groups and vessels in each stratum. Areas CHAT, SUBA, and WCSI had the best coverage, with 
enough records for a separate discard ratio to be estimated for each year, but a separate estimate in 
COOK was possible only for 1998-99. Note that data were not available for the 1997-98 year. 

Table 13: Number of processing groups in each areatyear stratum with number of vessels in parentheses. 

CHAT 448(7) 277(8) 90(7) 718(13) 215(10) 474(14) 267(9) 831(14) 
COOK 0 0 1(1) 3x3) 0 41(7) 0 291(10) 
OTHER 3(3) 1(1) 8(5) 3(3) 0 7(3) 3(3) (33) 
PUYS 86(4) 53(6) 39(6) 34(4) 19(1) 60(4) 2(1) 
SUB A 401(6) 332(9) 208(11) 182(6) 1 19(5) 103(6) 55(4) 504(12) 
WCSI 887(14) 593(10) 666(15) 1181(15) 584(9) 754(15) 261(10) 740(14) 

Estimated catches of hoki in the target fishery in each year were compared with estimated catches for 
the entire hoki fishery (Table 14). In each year the target fishery represented more than 94% of the 
total fishery for hoki, so that discards associated with the non-target fishery (not estimated here) are 
likely to contribute only a small fraction of the total fishery discards. 

Table 14: ~stimated catch totals of hoki from the target trawl fishery, and $1 reported landings from the 
trawl fishery from the QMS, by year. 

Fishing year Target fishery Total fishery 
estimated catch (t) reported catch (t)* 

90-9 1 204 059 
9 1-92 200 459 
92-93 181 712 
93-94 178 667 
94-95 165 898 
95-96 194 848 
96-97 229 237 
97-98 250 279 
98-99 229 898 
From Annala et al. (2000); figure for 98-99 is unpublished 

A summary of the discard ratios by species category and area is presented in Table 15. For brevity, 
only the default values (all years combined) for each area are shown. Discard ratios are generally 
lowest for COM species, ranging from less than 0.01% for area COOK to 0.5% for area WCSI. 
Ratios for HOK are slightly greater overall, up to 3% in PUYS, and are greater again but more 



variable for OTH species, with a low value similar to HOK discard values for WCSI and a maximum 
of 6% in area CHAT. 

Table 15: Summary of sample sizes, discard ratios and associated c.v.s used to calculate total discards in 
the HOK fishery; n, number of processing groups. 

A 

Species category Area n C.V. (%) 

HOK CHAT 3 325 0.0118 11 
HOK COOK 368 0.0072 33 
HOK P W S  309 0.0335 3 1 
HOK SUBA 1906 0.0086 29 
HOK WCSI 5 666 0.0247 8 
COM CHAT 3 325 0.0022 12 
COM COOK 368 <0.0001 39 
COM PUYS 309 0.0002 34 
COM SUBA 1 906 0.0031 43 
COM WCSI 5 666 0.0051 22 
OTH CHAT 3 325 0.0638 4 
OTH COOK 368 0.0182 14 
OTH PUY S 309 0.0150 14 
OTH SUBA 1906 0.0386 10 
OTH WCSI 5 666 0.0080 5 

Estimates of total discards for each year and species category were derived by applying the calculated 
discard ratios to the target fishery estimated catches by area and year (Table 16). The best estimates 
of discards of HOK ranged from 2400 to 5600 t per year, with no apparent trend over time (see 
Figure 7). Discards of COM species were at considerably lower levels in each year ranging from 360 
to 760 t per year. Discards of OTH species were at roughly similar levels to discards of HOK, 
although higher in most years, ranging from 2200 to 7500 t per year. Discards of OTH have shown an 
increase in value in each year since 1993-94. 

Table 16: Estimates of discards (t) in the target HOKtrawl fishery by year and species category, with 
95 % confidence intervals in parentheses. 

HOK 
3258 (2 28 1-4 5 12) 
2397 ' (1 343-3 696) 
45 11 (3 069-6 305) 
3626 (2 572-4 897) 
5636 (4 010-7 517) 
2846 (1 820-4 200) 
2893 (1 781-4 413) 
4023 (3 135-5 114) 
2862 (2 159-3 816) 

COM 
458 (287-673) 
374 (223-580) 
359 (206-555) 
540 (398-713) 
625 (341-1 090) 
522 (330-805) 
567 (225-1 055) 
761 (505-1 142) 
600 (356-969) 

OTH 
5 462 (4 162-7 344) 
5 103 (4 125-6 232) 
2 232 (1 394-3 268) 
2 461 (1 968-3 05 1) 
4 634 (3 535-6 064) 
5 819 (4 636-7 127) 
6 024 (4 228-8 356) 
7 340 (6 5 15-8 353) 
7 500 (6 354-8 842) 

TOT 
(6 729-12 529) 
(5 691-10 507) 
(4 668-10 129) 
(4 939-8 662) 

(7 886-14 670) 
(6 786-12 133) 
(6 234-13 823) 
(10155-14 609) 
(8 869-13 627) 



3.7 Calculation of non-target catch 

3.7.1 Orange roughy 

Analysis of factors influencing non-target catch showed vessel, area, and year to be in general the 
most influential so the same stratification was applied to the bootstrapping with separate estimates of 
ratios made for each area and year where more than 50 records and three vessels were available. The 
area coefficients from the modelling were again used to combine similar areas in order to reduce the 
complexity of the process and increase the numbers in each strata for bootstrapping. In this case 
NCHAT, SCHAT, and 3BOTH were combined into a single area AREA3B, and HOWE, CHAL, 
NWCHAL, and LOUIS were combined into a single area AREAN. The association between these 
two groups of areas was strong in both the logistic and linear models for COM and OTH species 
categories. With vessel being a strong factor in all models, it may be that the same group of vessels 
tend to fish in these adjacent areas. These combined areas in general had large numbers of records in 
each year and up to 19 vessels represented (Table 17). Data were few from the smaller fisheries in 
2A2B and KAIK, and increased with increasing fishing effort in areas QRH 1 and STR in recent 
years. 

Table 17: Number of observed tows targeting ORH in each aredyear stratum with number of vessels in 
parentheses. 

90-91 91-92 92-93 93-94 , 94-95 95-96 96-97 97-98 98-99 

2A2B 46(1) 0 21(2) 54(5) 182(5) 22(1) 57(2) 43(2) 64(3) 
AREA3B 448(8) 520(7) 391(4) 1226(8) 997(8) 197(4) 639(7) 825(8) 192(7) 
AREAN 0 197(7) 2329(19) 1205(10) 854(8) 117(4) 3733) 328(5) 549(8) 
KAIK 0 2(1) 0 77(2) 2(1) 0 36(2) 2 1 )  36(3) 
ORH 1 0 0 0 15(1) 6(1) 166(3) 169(5) 118(3) 188(3) 
STR 0 0 0 0 0 0 0 169(4) 137(4) 

Non-target catch ratios are surnrnarised over all years for each area in Table 18. These are the values 
used where a. separate bootstrap was not possible for an arealyear stratum. For COM species non- 
target catch ratios ranged from 2% in 2A2B up to 58% in AREA3B. Ratios for OTH species were 
lower overall ranging from 1% in ORH 1 to 25% in KAIK. The c.v.s for these means were variable 
ranging from 4 to 35%. 

Table 18: Summary of sample sizes, non-target catch ratios and associated cv.s used to calculate total 
non-target catch in the ORH fishery; n, number of tows. 

Species category 

COM 
COM 
COM 
COM 
COM 
COM 
OTH 
OTH 
OTH 
OTH 
OTH 
OTH 

Area 

2A2B 
AREA3B 
AREAN 
KAIK 
ORH 1 
STR 
2A2B 
AREA3B 
AREAN 
KAIK 
ORH 1 
STR 

C.V. (96) 

27 
4 

11 
20 
32 
27 
13 
4 
5 

17 
35 
34 



The bootstrap process generally worked better for these data than for the discard data, producing 
more normal distributions of ratios. This is probably because of the larger sample sizes as well as a 
slightly less skewed distribution of raw data. Non-target catch ratios, and those associated with the 
confidence limits, were applied to the target fishery catch totals (as sumrnarised in Table 14) for each 
area and year, then summed to produce annual estimates for each species category COM and OTH 
(Table 19). Non-target catch was greater by an order of magnitude for COM species than for OTH 
species, with estimates ranging between 7000 and 14 000 t for COM and 600 to 2500 t for OTH per 
year. Total non-target catch was lowest in 1995-96 (7400 t) and was about twice this level in 1991- 
92 and 1993-94, with no trend of increasing or decreasing levels (see Figure 7). 

Table 19: Estimates of non-target catch (t) in the target ORH trawl fishery by year and species category, 
with 95 % confidence intervals in parentheses. 

COM OTH TOT 
90-9 1 7 186 (5 601-9 035) 1 427 (1 109-1 849) 8 614 (6 711-10 884) 
91-92 14 099 (11 816-16 690) 1167 (876-1545) 15 266 (12 692-18 236) 
92-93 10 665 (8 537-13 013) 1 386 (1 062-1 806) 12 05 1 (9 599-14 8 19) 
93-94 13 727 (10 906-17 334) 1 359 (1 033-1 800) 15 086 (1 1 939-19 134) 

3.7.2 Hoki 

Analysis of factors influencing non-target catch showed that vessel, area, and year were again the 
most critical, therefore separate estimates of ratios were made for each area and year where more than 
50 records and three vessels were available. For the fishery areas CHAT, SUBA, and WCSI there 
were large numbers of records available in each year (between 100 and 1600), but large numbers of 
observed tows were available only for the two most recent years in the COOK fishery (Table 20). 
Data from PUYS was variable with less coming from recent years. 

Table 20: Number of observed tows targeting HOK in each arealyear stratum with number of vessels in 
parentheses. 

90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 

CHAT 668(7) 481(8) 212(7) 902(13) 497(10) 750(14) 415(11) 1644(22) 1303(18) 
COOK 1(1) 0 14(1) 38(3) 0 41(7) 0 151(10) 297(10) 
P W S  88(4) 178(6) 122(6) 60(4) 21(1) 64(4) 32(2) 0 ' 29(4) 
SUBA 460(6) 799(9) 664(11) 358(6) 219(5) 227(6) lOO(4) 328(8) 797(14) 
WCSI 1277(14) 788(10) 1 292(15) 1 598(15) 813(9) 1 058(15) 689(12) 915(16) 1 103(14) 

Non-target catch ratios for COM species ranged from 0.6% in COOK to 18% in SUBA, and for OTH 
species from 2% in WCSI and COOK to 14% in CHAT (Table 21). The c.v.s for non-target catch 
ratios were low compared with those for discard ratios, ranging from 2 to 1570, and were lowest for 
areas with the greatest number of tows. 



Table 21: Summary of sample sizes, non-target catch ratios and associated c.v.s used to calculate total 
non-target catch in the HOK fishery; n, number of tows. 

Species category Area 

COM 
COM 
COM 
COM 
COM 
OTH 
OTH 
OTH 
OTH 
OTH 

CHAT 
COOK 
P W S  
SUBA 
WCSI 
CHAT 
COOK 
P W S  
SUBA 
WCSI 

Estimates of the non-target catch of COM species in the target hoki fishery ranged from 10 000 t to 
25 000 t per year (Table 22). Estimates of the non-target catch of OTH species showed a trend of 
increasing levels over time (see Figure 7). In each year up to 1995-96 they were about half the levels 
of COM species, but increased in the last three years to the point where levels in these categories 
were similar in 1998-99. The best estimates of total non-target catch ranged from 15 000 to 42 000 t 
per year and showed a decreasing then increasing trend over time. 

Table 22: Estimates of non-target catch (t) in the target HOK trawl fishery by year and species category, 
with 95 % confidence intervals in parentheses. 

COM 
21 878 (19 331-24 898) 
15 748 (13 692-18 019) 
15 838 (12 475-20 254) 
10 184 (8 541-12 086) 
12 499 (9 927-15 668) 
19 322 (15 907-23 649) 
24 307 (18 978-30 946) 
25 27 1 (22 046-29 005) 
18 650 (16 524-20 998) 

OTH 
9 090 (8 035-10 249) 
8 401 (7 254-9 747) 
6 034 (5 046-7 219) 
5011 (4160-6052) 
6 695 (5 654-7 9 15) 
9 247 (7 852-10 786) 

14 172 (11 862-17 115) 
17 443 (15 451-19 854) 
16 971 (15 439-18 695) 

TOT 
30 968 (27 366-35 147) 
24 148 (20 946-27 766) 
21 871 (17 521-27 474) 
15 196 (12 701-18 138) 
19 194 (15 580-23 583) 
28 569 (23 759-34 435) 
38 479 (30 840-48 061) 
42 714 (37 498-48 859) 
35 621 (3 1 963-39 693) 



ORH 1 

HOK I 

Figure 7: Annual discard and non-target catch estimates for the orange roughy and hoki target trawl 
f~sheries. Solid lines, target species discards; dotted lines, commercial species discardsinon-target catch; 
dashed lines, non-commercial species discardslnon-target catch. Error bars are 95 % confidence intervals. 

3.8 Calculation of observer sample sizes required for specified precision levels 

The number of observed processing groups by area required for specified precision targets for 
estimation of discards in the orange roughy fishery is sumrnarised in Table 23. Results are based on 
bootstraps of total discards in each processing group for all data after 1995-96. The analysis predicts 
that to achieve a precision where the discard ratio C.V. is 30% or less would require a significant 
increase (at least 70%) in annual observer coverage, but a C.V. of the discard ratio of 40% would be 
easily achievable at the current (1998-99) level of coverage. 

The second approach estimated the sample size required to achieve a s.e. of the estimated discard 
ratio of 0.04, and this would be achievable with a modest increase (about 30%) in annual observer 
coverage. To achieve a precision which would be likely to estimate discards to within 100 t of the 
actual amount in each area (the third approach) would require no more than 150 observed processing 
groups in any one area, and would be easily achievable with the current annual coverage. 

More sampling is required to estimate non-target catch in the orange roughy fishery to similar levels 
of precision to discards (Table 24). To achieve a C.V. of the non-target catch ratio of even 40% would 



require some increase in sampling, and the other two approaches require unrealistic sampling levels. 
The high numbers are mostly associated with areas that have high non-target catch ratios as well as 
high s.e.s such as SCHAT and 3BOTH, and stems from the mixed nature of the fishery in these areas 
where there is often a low catch of orange roughy and a high catch of non-target species, particularly 
oreos. A high degree of precision may not be possible for the non-target catch of orange roughy in 
some areas, and for these areas precision of discard estimates may be a better target. 

Table 23: Discard ratios and number of observed processing groups required for specified estimate 
precisions by area for the orange roughy fishery. n, number of processing groups used in the bootstrap. 

Area 
n 

Mean discard ratio 
s.e. mean ratio 
s.d. of ratios 
C.V. of ratios 
Avg. landings(3 yr) 
C.V. 10% 

C.V. 20% 

C.V. 30% 

C.V. 40% 

4% precision 

100 t 

98-99 coverage 

NCHAT SCHAT 3BOTH 2A2B NWCHAL HOWE 

263 141 210 50 104 87 
0.0775 0.1523 0.1690 0.0429 0.0585 0.1 134 
0.01 12 0.0425 0.0457 0.0236 0.0197 0.0398 
0.1816 0.5050 0.6628 0.1668 0.2007 0.3708 

2.3 3.3 3.9 3.9 3.4 3.3 
5 200 2400 1200 3 900 400 100 

549 1099 1539 1510 1 179 1068 

137 275 385 377 295 267 

61 122 171 168 131 119 

COOK LOUIS CHAL KAIK ORH 1 STR 

5 215 362 48 92 85 
0.1582 0.0340 0.0734 0.3415 0.0148 0.0833 
0.0562 0.0067 0.0089 0.0924 0.0037 0.0301 
0.1256 0.0983 0.1687 0.6405 0.0358 0.2772 

0.8 2.9 2.3 1.9 2.4 3.3 
300 2 100 1200 500 1000 800 
63 833 527 352 585 1 107 

16 208 132 88 146 277 

7 93 59 39 65 123 

Total 

Table 24: Non-target catch ratios and number of observed tows required for specified estimate precisions 
by area for the orange roughy f~hery.  n, number of tows used in the bootstrap. 

Area 
n 

Mean NTC ratio 
s.e. mean ratio 
s.d. of ratios 
C.V. of ratios 
Avg. landings(3 yr) 
C.V. 10% 

C.V. 20% 

C.V. 30% 

C.V. 40% 

6% precision 

100 t 

98-99 coverage 

NCHAT SCHAT 3BOTH 2A2B NWCHAL HOWE COOK LOUIS CHAL KAM ORH 1 STR Total 

624 487 545 164 214 171 10 30 837 74 475 306 - 
0.1910 1.4736 3.0999 0.1812 0.5767 0.8917 0.6494 0.1098 0.1396 0.3457 0.3915 0.4108 - 
0.0222 0.2083 0.5523 0.1038 0.2519 0.3249 0.2282 0.0812 0.0198 0.0728 0.1369 0.0959 - 
0.5550 4.5957 12.8929 1.3288 3.6847 4.2485 0.7216 0.4449 0.5722 0.6267 2.9834 1.6772 - 

2.9 3.1 4.2 7.3 6.4 4.8 1.1 4.1 4.1 1.8 7.6 4.1 - 
5 200 2400 1200 3 900 400 100 300 2 100 1200 500 1000 800 - 

845 973 1730 5 381 4083 2270 123 1641 1681 329 5 806 1667 26 527 

211 243 432 1345 1021 568 31 410 420 82 1452 417 6632 

94 108 192 598 454 252 14 182 187 37 645 185 2947 

53 61 108 336 255 142 8 103 105 21 363 104 1658 

86 5 867 46 174 491 3 771 5 014 145 55 91 109 2 472 781 65 055 

833 12 166 23 937 2686 217 18 5 87 47 10 890 18041075 

113 37 42 64 127 101 0 0 321 36 188 138 1 167 

The number of observed processing groups by area required for specified precision targets for 
estimation of discards in the hoki fishery is summarised in Table 25. The analysis predicts that to 
achieve a precision where the discard ratio C.V. is 30% would require no increase in the current 
annual observer coverage, but for a C.V. of 20% a doubling of coverage would be required. The 
second approach estimated the sample size required to achieve a s.e. of the estimated discard ratio of 
0.02, and this could be done with considerably less coverage than at present. To achieve a precision 
which would be likely to estimate discards to within 500 t of the actual amount in each area would 
require a tripling of the current observer coverage. This increase would focus on the west coast South 



Island fishery due to the high target species catch and high variance in discard ratios estimated from 
the bootstrap. 

In contrast to the orange roughy fishery, the coverage required to estimate non-target catch to the 
same level of precision to discards is generally less for the hoki fishery (Table 26). To achieve a C.V. 
of the estimated non-target catch ratio of 10% would require only half the current observer coverage, 
with a fairly even spread across areas. The second approach estimated the sample size required to 
achieve a s.e. of the estimated non-target catch ratio of 0.02, and this would also be easily achievable 
with the current observer coverage. However, to achieve a precision which would be likely to 
estimate non-target catch to within 500 t of the actual non-target catch in each area would require 
double the current observer effort. The large size of the hoki fishery in CHAT and WCSI has a large 
influence in this approach, and for these areas an estimate of non-target catch to within 500 t would 
constitute a very high level of precision. 

Table 25: Discard ratios and number of observed processing groups required for specified estimate 
precisions by area for the hoki fishery. n, number of processing groups used in the bootstrap. 

Area 
n 
Mean discard ratio 
s.e. mean ratio 
s.d. of ratios 
C.V. of ratios 
Avg landings(3 yr) 
C.V. 10% 
C.V. 20% 
C.V. 30% 
C.V. 40% 
2% precision 
500 t 
98-99 coverage 

CHAT 
1 100 

0.0633 
0.0042 
0.1382 

2.2 
65 000 

47 8 
119 
53 
30 
48 

323 
83 1 

COOK 
29 1 

0.0235 
0.0037 
0.0626 

2.7 
50 000 

713 
178 
79 
45 
10 
39 

29 1 

P W S  
18 

0.0919 
0.0425 
0.1803 

2.0 
3 000 

3 85 
96 
43 
24 
81 

1 
16 

SUBA 
560 

0.0633 
0.0242 
0.5734 

9.1 
21 000 

8 211 
2 053 

912 
513 
822 
580 
504 

WCSI 
1 001 

0.04 1 1 
0.0125 
0.3948 

9.6 
91 000 
9 217 
2 304 
1 024 

576 
390 

5 164 
740 

Total 
- 
- 
- 
- 
- 
- 

19 003 
4 751 
2 111 
1 188 
1351 
6 107 
2 382 

Table 26: Non-target catch ratios and number of observed tows required for specified estimate precisions 
by area for the hoki fishery. n, number of tows used in the bootstrap. 

Area 
n 
Mean discard ratio 
s.e. mean ratio 
s.d. of ratios 
C.V. of ratios 
Avg landings(3 yr) 
C.V. 10% 
C.V. 20% 

C.V. 30% 

C.V. 40% 

2% precision 
500 t 
98-99 coverage 

CHAT 
3 362 

0.2643 
0.0082 
0.4780 

1.8 
65 000 

327 
82 
36 
20 

57 1 
3 862 
1 303 

COOK 
448 

0.0297 
0.0029 
0.06 18 

2.1 
50 000 

433 
108 
48 
27 
10 
3 8 

297 

P W S  
6 1 

0.1230 
0.0282 
0.2199 

1.8 
3 000 

320 
80 
36 
20 

12 1 
2 

29 

SUB A 
1 225 

0.2134 
0.0084 
0.2942 

1.4 
21 000 

190 
48 
2 1 
12 

216 
153 
797 

WCSI 
2 707 

0.1361 
0.0057 
0.2975 

2.2 
91 000 

47 8 
120 
5 3 
30 

22 1 
2 932 
1 103 

Total 
- 
- 
- 
- 
- 
- 

1 748 
43 7 
194 
109 

1 139 
6 987 
3 529 



4. DISCUSSION 

Observer effort in the orange roughy and hoki fisheries was consistently high over the period 
examined, with only one fishing year in each fishery receiving less than 10% coverage and annual 
coverage exceeding 20% in one year in both fisheries. Problems with the recording of discards in the 
MFish observer databases experienced for the 1997-98 fishing year were resolved for the 1998-99 
data. Although many errors were found in the observer data, we are confident that these data are the 
best available for estimating discards and non-target catch for these fisheries. Doubts about the 
accuracy and completeness of the catch-effort data ruled out their use in directly estimating non- 
target catch, but these data were essential to the process of enhancing the accuracy of the estimates by 
stratification of the fisheries. Due to the amount and spread of the observer data, research trawl 
survey data were not required for any part of this project. In any case, previous research has shown 
that research fishing catches less of both the target and non-target species and in different proportions 
to commercial fishing (Anderson et al. 2000). 

Modelling of discards and non-target catch with the use of a. combination of logistic and linear 
regressions produced a clear picture of the critical factors influencing these -fishery by-products, by 
dealing with the issue of large numbers of records with no discard or non-target catch. The method 
splits the problem in two, allowing an examination of the factors contributing to not only the level of 
a discard or non-target catch but also the likelihood of it occurring at all. The overwhelmingly most 
important factor in the models for both fisheries was the fishing vessel itself. The probability of 
occurrence and the amount of discards and non-target catch are highly related to the diversity of the 
vessels in the fleet. Differences in vessel size and power, fishing tactics, processing ability and 
practices, and even differences between observers are likely to be responsible for much of the 
variability, and future research should attempt to focus on some of these variables. 

In the analyses of discards in the orange roughy fishery, fishing year was consistently the next most 
critical factor, with the annual level of discards of non-target species showing a decline over time. 
The same decline was shown for annual levels of non-target catch in this fishery, although the fishing 
year was of lesser importance in the non-target catch models. Fishing area was an.important factor in 
all discard and non-target catch models for the orange roughy fishery, with ORH 1 showing 
consistently lower probabilities and levels .of discards of non-target species. Many of the, mostly 
small, vessels fishing in this area are known to do little sorting of the catch at sea, with much of the 
catch put directly into the hold for chilling, with no discarding. The pattern of discards and non-target 
catch was more variable in other areas. In southern parts of ORH 3B (SCHAT and 3BOTH in this 
study) the target fishery is poorly defined, with a mixture of orange roughy and ore0 fishing. This 
was borne out in some of the model results, which predict very high levels of non-target commercial 
catch and discards in these areas. 

In the hoki fishery, fishing year was of similar value to fishing area in explaining variability in 
discards and non-target catch. There were few consistent trends over time, although there was an 
increase in both the probability of a discard and the level of the non-target catch of non-commercial 
species over the period. More discarding and non-target catch of non-commercial species was shown 
for area CHAT, as well as a high probability of a discard of commercial species and a high level of 
discards of hoki, compared to other areas. These results may be related to the known high level of 
species diversity on the Chatham Rise, and the higher prevalence of smaller hoki associated with this 
out of season fishery. That non-target catch and discards of non-commercial species increase with 
increasing tow duration (or distance) is not surprising. This species category is made up of a wide 
variety of less abundant fish species, which are likely to have a relatively even distribution over the 
main fishery areas. Vessel nationality had little influence on the level of non-target catch in the hoki 
fishery, but was an important predictor of the probability and level of discarding. Vessels recorded as 
JAP or NZJAP were generally less likely to discard fish in each of the species categories, and vessels 
recorded as KOREA, CHINA, or RUSSIA were generally more likely to discard fish in each 



category. Although strictly the nationality recorded by observers is meant to signify the country of 
vessel registration, this has not always been the case. Vessels recorded as, for example, NZJAP or 
NZRUS probably signify a joint venture or charter vessel operation between a New Zealand fishing 
company and a foreign vessel. With so many vessels involved, no attempt was made to standardise 
the definition of nationality in the data and the cause of much of the between-nation variability in 
discarding remains unresolved. It seems likely, however, that differences in fishing gear, fishing 
methods, processing equipment, and market requirements between vessels and crews of .different 
nations will all have some influence on the frequency and level of both unwanted catch and 
discarding. 

Estimates of annual discards of orange roughy were consistently low, particularly in the last five 
when they were generally less than 100 t per year. The estimates of orange roughy discards for 

the 1994-95 and 1995-96 fishing years were within 50 t of estimates made with similar methods but 
a much smaller dataset by Clark et al. (2000). Commercial species discards were generally in the 
order of 2-3 times orange roughy discards, but were much greater in 1993-94, when several large 
discard events in areas 2A2B, NWCHAL, and HOWE had a strong influence, contributing to a total 
of 1479 t for this year. Total annual discards were never more than 3000 t and frequently less than 
2000 t, which converts to an average for the nine years of 0.06 kg of discards per kilogram of orange 
roughy caught, ranking this fishery amongst the world's least wasteful (see Alverson 1996). 

The range of estimates of annual discards of hoki was quite narrow (2400-4500 t) and estimates for 
the 1994-95 and 1995-96 fishing years were at a similar level to those estimated by Clark et al. 
(2000): they estimated total discards of hoki for the two years combined at 933 1 t compared to 8482 t 
in this study. Unlike the orange roughy fishery, commercial species discards in the hoki fishery were 
much lower in all years than the target species discards, but were at similar general levels to 
commercial species discards in the orange roughy fishery. Non-commercial species discards were at 
similar levels to target species discards in the hoki fishery. An average of 0.05 kg of total discards per 
kilogram of hoki caught was calculated for the nine years, giving this fishery a similar efficiency to 
the orange roughy fishery. 

The coverage required for optimising estimates of discards and non-target catch in these fisheries is 
highly dependent on the choice of the precision statistic, the level of precision required, and the 
fishery concerned. Our preferred approach, which sets the target coverage according to both the size 
of the fishery and the discardnon-target catch ratios calculated here, works well for discards of 
orange roughy, but would require significant increases in observer coverage to achieve the precision 
targets chosen for estimation of non-target catch and for discards in the hoki fishery. On the other 
hand, setting coverage to minimise the standard error of the discardnon-target catch ratios would 
work well for the hoki fishery without increases in coverage, but does not cope well with the mixed 
orange roughyloreo target fishery in ORH 3B. Finally, a discardnon-target catch ratio C.V. target can 
be set to accommodate available observer effort, but this approach risks oversampling smaller 
fisheries. Some mixture or compromise between the three approaches, considering separately each 
fishery, area, and quantity to be estimated, can be applied to provide the best overall solution. 
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Appendix 1: Output from discard and non-target catch modelling. Discard probabilities and amounts are 
per processing group, non-target catch probabilities and amounts are per tow. 

Orange roughy/Discards/OTWLogistic 

10 Vessel discard probabilities I 

0.0 0.2 0.4 0.6 0.8 1.0 

Discard probability 

Fishing year 
90-9 1 
9 1-92 
92-9 3 
93-94 
94-95 
95-96 
96-97 
98-99 

Discard probability 
0.188 
0.781 
0.952 
0.585 
0.827 
0.737 
0.937 
0.676 

Area 
2A2B 
3B OTH 
CHAL 
COOK 
HOWE 
KAIK 
LOUIS 
NCHAT 
NWCHAL 
ORHl 
OTHER 
SCHAT 
STR 

Season 
High 
Low 

Tow depths 
Deep 
Shallow 

Discard probability 
0.891 

.. 0.738 
0.920 
1 .ooo 
0.865 
0.914 
0.618 
0.758 
0.907 
0.000 
0.653 
0.852 
0.98 1 

Discard probability 
0.622 
0.854 

Discard probability 
_0.814 
0.740 

Orange roughy/Discards/OTH/Linear 
Area 
2A2B 
3BOTH 

Vessel discard levels CHAL 
COOK 
HOWE 

u 
4 

L L  
KAIK 

2 ~~~ 0 0 100 200 300 400 500 LOUIS NWCHAL NCHAT 

Discards/processing group (kg) ORHl 

Duration (min) 
24 
47 
94 
188 
376 

Season 
High 
Low 

Tow depths 
Deep 
Shallow 

Discard amount (kg) 
64 
70 
83 

116 
228 

Discard amount (kg) 
91 
78 

Discard amount (kg) 
89 
76 

OTHER 
SCHAT 
STR 

Fishing year 
90-9 1 
9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
98-99 

Discard amount (kg) 
48 

123 
70 
6 1 
48 

139 
60 

117 
52 
21 

Discard amount (kg) 
27 1 
104 
157 
68 
68 

130 
8 8 
57 



Appendix 1- continued 

Orange roughy/Discards/COM/Logistic 

Vessel discard probabilities 
25 1 

0.0 0.2 0.4 0.6 0.8 1.0 

Discard probability 

Fishing year 
90-9 1 
9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
98-99 

Discard probability 
0.055 
0.187 
0.300 
0.078 
0.065 
0.104 
0.455 
0.082 

Area 
2A2B 
3BOTH 
CHAL 
COOK 
HOWE 
KAIK 
LOUIS 
NCHAT 
NWCHAL 
ORHl 
OTHER 
SCHAT 
STR 

Tow depths 

Deep 
Shallow 

Discard probability 
0.084 
0.052 
0.359 
0.003 
0:'10l 
0.553 
0.246 
0.083 
0.154 
0.079 
0.175 
0.107 
0.284 

Discard probability 
0.120 
0.137 

Orange roughy/Discards/COM/Linear 

Vessel discard levels 
50 7 

Area 
2A2B 
3B OTH 
CHAL 
HOWE 
KAIK 
LOUIS 
NCHAT 
NWCHAL 
ORH 1 
O T m R  
SCHAT 
STR 

Discards/processing group (kg) 

Discard amount (kg) 
5 1 

129 
73 
64 
50 

146 
63 

123 
54 
22 
7 1 

132 

Fishing year 
90-9 1 
9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
98-99 

Season 
High 
Low 

Discard amount (kg) 
139 
500 
159 
41 
63 
93 
86 
11 

Discard amount (kg) 
123 
60 

Tow distance (nmile) Discard amount (kg) 
4 7 8 
6 80 
8 82 
10 84 

Tow depths Discard amount (kg) 
Deep 65 
Shallow 96 



Appendix 1- continued 

Orange roughy/Discards/ORH/Logistic 

25 , Vessel discard probabilities 

0.0 

Fishing year 
90-9 1 
9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
98-99 

0.2 0.4 0.6 0.8 1.0 

Discard probability 

Discard probability 
0.00022 
0.00023 
0.00093 
0.00014 
0.00001 
0.00010 
0.00020 
0.00015 

Area 
2A2B 
3BOTH 
CHAL 
COOK 
H O W  
KAIK 
LOUIS 
NCHAT 
NWCHAL 
O W 1  
OTHER 
SCHAT 
STR 

Tow distance (nmile) 
1 .o 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 

Discard probability 
0.00033 
0.00006 
0.00019 

< 0.00001 
0.00001 
0.00019 
0.00090 
0.0003 1 
0.00003 

< 0.00001 
0.00019 
0.00018 
0.00003 

Discard probability 
0.00885 
0.00863 
0.00842 
0.00821 
0.00801 
0.00781 
0.00762 

Orange roughy/Discards/ORWLinear 
Area Discard amount (kg) 
2A2B 35 

30 1 Vessel discard le 
-- 

0 5000 10000 15000 OTHER 
Discards/processing group (kg) SCHAT 

Fishing year 
90-9 1 
9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
98-99 

Discard amount (kg) 
17 

67 1 
9 1 
86 

103 
889 

15 
25 



Appendix 1- continued 

Orange roughy/Non-target catchlOTWLogistic 

14 , Vessel non-target catch probabilities 

0.0 0.2 0.4 0.6 0.8 1.0 

Non-target catch probability 

Fishing year Non-target catch probability 
90-9 1 0.688 
9 1-92 0.721 
92-93 0.645 
93-94 0.717 
94-95 0.588 
95-96 0.696 
96-97 0.782 
97-98 0.785 
98-99 0.883 

Month 
Jan 
Feb 
Mar 

A P ~  
May 
Jun 
Jul 
Aug 
S ~ P  
Oct 
Nov 
Dec 

Non-target catch probability 
0.793 
0.690 
0.678 
0.747 
0.727 
0.706 
0.660 
0.588 
0.816 
0.806 
0.768 
0.7 16 

Area 
2A2B 
3BOTH 
CHAL 
COOK 
HOWE 
KAIK 
LOUIS 
NCHAT 
NWCI-IAL 
ORHl 
OTHER 
SCHAT 
STR 

Non-target catch probability 
0.771 
0.721 

.0.720 
0.999 
0.548, 
0.882 
0.651 
0.812 
0.705 
0.3 14 
0.495 
0.838 
0.520 

Tow duration (h) Non-target catch probability 
0.1' 0.662 
0.5 0.693 
1 .O 0.728 
2.0 0.791 
3.0 0.842 
4.0 0.883 

Tow depth (m) Non-target catch probability 
476 0.55 1 
952 0.718 
1905 0.917 

Tow distance (nmile) Non-target catch probability 
1.3 0.692 
2.6 0.718 
5.2 0.766 

Tow speed (knots) . Non-target catch probability 
1.5 0.673 
3.1 0.718 
6.2 0.796 



Appendix 1- continued 

Orange roughy/Non-target catchlOTWLinear 

l2 1 Vessel non-target catch levels 

0 

Fishing year 
90-9 1 
9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
97-98 
98-99 

Month 
Jan 
Feb 
Mar 

A P ~  
May 
Jun 
Jul 
A% 
S ~ P  
Oct 
Nov 
Dec 

Head-ht (m) 
3 .25 
6.50 
13.00 

50 100 150 200 

Non-target catch/tow (kg) 

Non-target catch amount (kg) 
94 
77 
7 1 
57 
64 
82 
63 
52 
57 

Non-target catch amount (kg) 
59 
75 
73 
59 
74 
64 
72 
69 
55 
53 
54 
56 

Non-target catch amount (kg) 
68 
64 
5 5 

Area 
2A2B 
3BOTH 
CHAL 
COOK 
H O W  
KAIK 
LOUIS 
NCHAT 
NWCHAL 
ORH 1 
OTHER 
SCHAT 
STR 

Tow duration (h) 
0.5 
1 .o 
2.0 

Tow distance (nmile) 
1.6 
3.2 
6.4 

Tow depth (m) 
482 
965 
1929 

Tow speed (knots) 
1.5 
3.1 
6.2 

Non-target catch amount (kg) 
67 
9 1 
34 

105 
35 

168 
43 
87 
3 7 
36 
21 

118 
116 

Non-target catch amount (kg) 
55 
64 
82 

Non-target catch amount (kg) 
59 
64 
75 

Non-target catch amount (kg) 
75 
64 
46 

Non-target catch amount (kg) 
58 
64 
77 



Appendix 1- continued 

Orange roughymon-target catch/COMnogistic 

Vessel non-target catch probabilities 
l4 1 

0.0 0.2 0.4 0.6 0.8 1 .O 

Non-target catch probability 

Area 
2A2B 
3BOTH 
CHAL 
COOK 
H O W  
KAIK 
LOUIS 
NCHAT 
NWCHAL 
ORHl 
OTHER 
SCHAT 
STR 

Month 
Jan 
Feb 
Mar 

A P ~  
May 
Jun 
Jul 

Aug 
S ~ P  
Oct 
Nov 
Dec 

Non-target catch probability 
0.598 
0.846 
0.682 
0.949 
0.709 
0.8 12 
0.561 
0.840 
0.708 
0.262 
0.390 
0.915 
0.7 12 

Non-target catch probability 
0.830 
0.797 
0.727 
0.737 
0.769 
0.741 
0.709 
0.766 
0.818 
0.863 
0.821 
0.770 

Fishing year 
90-9 1 
9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
97-98 
98-99 

Tow distance (n.mile) 
1.3 
2.6 
5.2 

Tow duration (h) 
0.4 
0.9 
1.7 

Head-ht (m) 
3.3 
6.6 
13.2 

Non-target catch probability 
0.620 
0.872 
.0.707 
0.798 
0.7 15 
0.653 
0.820 
0.775 
0.831 

Non-target catch probability 
0.748 
0.766 
0.799 

Non-target catch probability 
0.738 
0.766 
0.738 

Non-target catch probability 
0.787 
0.766 
0.721 



Appendix 1- continued 

Orange roughy/l\ion-target catcWCOMLinear 

Vessel non-target catch levels : 1 A 

0 

Area 
2A2B 
3BOTH 
CHAL 
COOK 
HOWE 
KAIK 
LOUIS 
NCHAT 
NWCHAL 
ORHl 
OTHER 
SCHAT 
STR 

Fishing year 
90-9 1 
91-92 
92-93 
93-94 
94-95 
95-96 
96-97 
97-98 
98-99 

200 400 600 

Non-target catchltow (kg) 

Non-target catch amount (kg) 
32 

603 
39 
30 
7 3 
46 
63 

200 
65 

107 
889 

1219 
3 16 

Non-target catch amount (kg) 
344 
323 
263 
157 
145 
133 
157 
140 
162 

Month 
Jan 
Feb 
Mar 

A P ~  
May 
Jun 
Jul 
Aug 
S ~ P  
Oct 
Nov 
Dec 

Tow depth (m) 
480 
960 
1920 

Tow distance (nmile) 
1.4 
2.9 
5.8 

Head-ht (m) 
3.3 
6.6 
13.1 

Non-target catch amount (kg) 
192 
252 
179 
184 
185 
140 
142 
206 
3 10 
322 
21 1 
173 

Non-target catch amount (kg) 
3 17 
184 
62 

Non-target catch amount (kg) 
187 
184 
179 

Non-target catch amount (kg) 
193 
184 
167 



Appendix 1- continued 

Hoki/Discards/OTHfLogistic 
Area 
CHAT 

Discard probability 
0.868 

Vessel discard probabilities COOK 0.326 
40 - OTHER 0.496 
35 - 
30 - P W S  0.822 

21 
25- SUBA 0.822 

a, 
3 20- WCSI 0.796 

Tow depths Discard probability 
Deep 0.844 

0.0 0.2 0.4 0.6 0.8 1.0 shallow 0.781 
Discard probability 

Fishing year 
90-9 1 
9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
98-99 

Nation 
CHINA 
CIS 
JAPAN 
KOREA 
NZ 
NZJAP 
NZKOR 
NZOTH 
NZRUS 
POLAND 
RUSSIA 

Season Discard probability 
Discard probability High 0.846 

0.527 Low 0.761 
0.587 
0.827 
0.758 Tow duration (min) Discard probability 
0.898 160 0.790 
0.888 320 0.813 
0.868 640 0.853 
0.93 1 

Discard probability 
0.941 
0.766 
0.150 
1 .ooo 
0.830 
0.490 
1 .ooo 
0.784 
0.964 
0.996 
0.864 



Appendix 1- continued 

Vessel discard levels 

50 1 
Nation 
CHINA 
CIS 
JAPAN 
KOREA 
NZ 
NZJAP 
NZKOR 

o 500 1000 1500 2000 2500 NZOTH 
Discards/processing group (kg) N m U s  

POLAND 
RUSSIA 

Fishing year 
90-9 1 
9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
98-99 

Discard amount (kg) 
7 1 
57 

108 
94 

102 
181 
76 

268 

Tow distance (nmile) Discard amount (kg) 
9 107 
17 119 
34 150 

Tow depth 
Deep 
Shallow 

Season 
High 
Low 

Area 
CHAT 
COOK 
OTHER 
PUYS 
SUBA 
WCSI 

Discard amount (kg) 
320 
282 
47 

207 3 
67 
25 

5447 
35 

25 82 
28 

318 

Discard amount (kg) 
109 
131 

Discard amount (kg) 
111 
130 

Discard amount (kg) 
189 
52 

165 
108 
114 
95 



Appendix 1- continued 

Hoki/Discards/COM/Logistic 

501 1 

Vessel discard probabilities 
Nation 
CHMA 

40 -1 I\ CIS 
JAPAN 
KOREA 
NZ 
WAP 

, NZKOR 

0.0 0.2 0.4 0.6 0.8 1.0 
NZOTH 
NZRUS 

Discard probability POLAND 

Fishing year 
90-9 1 
9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
98-99 

Tow distance (nmile) 
8.4 
16.8 
33.7 

Discard probability 
0.065 
0.056 
0.120 
0.272 
0.150 
0.060 
0.088 
0.108 

Discard probability 
0.103 
0.108 
0.118 

RUSSIA 

Season 
High 
Low 

Area 
CHAT 
COOK 
OTHER 
P W S  
SUBA 
WCSI 

  is card probability 
0.597 
0.002 
0.016 
0.739 
0.109 
0.005 
0.947 
0.012 
0.368 
0.000 

Discard probability 
0.080 
0.140 

Discard probability 
0.089 
0.067 
0.024 
0.063 
0.026 
0.196 

Hoki/Discards/COMLinear 
Fishing year 
90-9 1 
91-92 

100 - Vessel discard levels 92-93 
80 - 93-94 

0 5 60 1 94-95 
3 

p 40- 95-96 
LL 

20 - 
96-97 
98-99 

0 1 7 

Area 
CHAT 
COOK 
OTHER 
P W S  
SUBA 
WCSI 

Discard amount (kg) 
43 
72 
39 
37 
53 
85 
52 
13 

Discards/processing group (1) Tow distance (n.mile) Discard amount (kg) 

8.5 43 
Discard amount (kg) 16.9 47 

3 9 33.9 5 5 
5 4 
89 
30 Tow depth Discard amount (kg) 
19 Deep 3 1 
58 Shallow 60 



Appendix 1- continued 

Hoki/Discards/HOWLogistic 

=O 1 Vessel discard probabilities 

Discard probability 

Season Discard probability 
High 0.147 
Low 0.074 

Fishing year 
90-9 1 
9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
98-99 

Area 
CHAT 
COOK 
OTHER 
PUYS 
SUBA 
WCSI 

Discard probability 
0.224 
0.365 
0.043 
0.164 
0.146 
0.167 
0.089 
0.020 

Discard probability 
0.106 
0.576 

Distance (n.mile) Discard probability 
8.4 0.1 14 
16.8 0.110 
33.7 0.103 

Hoki/Discards/HOWLinear 

80 1 Vessel discard levels 

0 50 100 150 200 

Discards/processing group (t) 

Area Discard amount (kg) 
CHAT 287 
COOK 177 
OTHER 189 
PUYS 223 
SUBA 139 
WCSI 275 

Tow depth Discard amount (kg) 
Deep 189.2896455 
Shallow 293.0917375 

Nation 
CHINA 
JAPAN 
KOREA 
NZJAP 
NZKOR 
NZOTH 
NZRUS 
RUSSIA 

Fishing year 
90-9 1 
9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
98-99 

Tow duration (h) 
3 
6 
12 

Discard amount (kg) 
907 
422 

1 
70 

1 
42 
16 

316 

Discard amount (kg) 
209 
273 
246 
135 
191 
362 
372 

1130 

Discard amount (kg) 
226 
246 
29 1 



Appendix 1- continued 

Hoki/Non-target catch/OTH/Linear 

1 Vessel non-target catch levels 

Non-target catchltow (kg) 

Duration (hrs) 
1.9 
3.7 
7.5 

Nation 
CHINA 
CIS 
JAPAN 
KOREA 
NORWAY 
m 
NUAP 
NZKOR 
NZOTH 
NZPOL 
m u s  
PANAMA 
POLAND 
RUSSLA 

Tow speed (knots) 
2.1 
4.2 
8.4 

Non-target catch amount (kg) 
172 
208 
306 

Non-target catch amount (kg) 
292 
300 
116 
219 
720 
180 
109 
218 
119 
80 

880 
169 
110 
283 

Non-target catch amount (kg) 
233 
208 
166 

Tow distance (nmile) Non-target catch amount (kg) 
6 199 
12 208 
24 228 

Area 
CHAT 
COOK 
OTHER 
PUYS 
SUBA 
WCSI 

Tow-type 
Bottom 
Mid-water 

Fishing year 
90-9 1 
9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
97-98 
98-99 

Month 
Jan 
Feb 
Mar 
A P ~  
May 
Jun 
Jul 
Aug 
S ~ P  
Oct 
Nov 
Dec 

Tow depth (m) 
254 
507 
1014 

Non-target catch amount (kg) 

Non-target catch amount (kg) 
386 
112 

Non-target catch amount (kg) 
160 
128 
142 
159 
173 
243 
166 
372 
330 

Non-target catch amount (kg) 
237 
202 
253 
2 14 
263 
225 
229 
193 
209 
149 
163 
194 

Non-target catch amount (kg) 
276 
208 
118 



Appendix 1- continued 

Hokion-target catch/COM/Linear 

20 1 
Vessel non-target catch levels 

Tow duration (hrs) 
1.9 
3.7 
7.5 

Fishing year 
90-9 1 
9 1-92 
92-93 
93-94 
94-95 
95-96 
96-97 
97-98 
98-99 

Area 
CHAT 
COOK 
OTHER 
P W S  
SUB A 
WCSI 

1000 . 1500 2000 2500 3000 

Non-target catchltow (kg) 

Non-target catch amount (kg) 
366 
464 
745 

Non-target catch amount (kg) 
572 
460 
207 
425 
429 
593 
45 8 
61 1 
47 8 

Non-target catch amount (kg) 
31 1 
135 
149 
457 
428 
680 

Month 
Jan 
Feb 
Mar 

Apr 
May 
Jun 
Jul 

'4% 
Sep 
Oct 
Nov 
Dec 

Tow-type 
Bottom 
Mid-water 

Nation 
CHINA 
CIS 
JAPAN 
KOREA 
NORWAY 
NZ 
NZTAP 
NZKOR 
NZOTH 
NZPOL 
NZRUS 
PANAMA 
POLAND 
RUSSIA 

Tow distance (n.mile) 
6.0 
12.0 
23.9 

Head-ht (m) 
15.7 
31.4 
62.7 

Non-target catch amount (kg) 
342 
352 
365 
322 
393 
425 
526 
509 
692 
550 
326 
448 

Non-target catch amount (kg) 
679 
318 

Non-target catch amount (kg) 
485 

1223 
368 
232 
640 
46 1 
468 
375 
382 
159 

1184 
562 
265 
668 

Non-target catch amount (kg) 
446 
464 
50 1 

Non-target catch amount (kg) 
488 
464 
4 19 



Appendix 2: Species codes, common and scientific names, estimated catch weight, percentage of the total 
catch, and overall percentage retained, of the top 50 species by weight from all observer records for the 
orange roughy target fishery from 1 Oct 1990 to 30 Sep 1999. Records are ordered by decreasing 
percentage of catch, codes in bold are those species combined in the COM category. 

Species 
code 
ORH 
SSO 
BOE 
EPT 
BYX 
SOR 
DWD 
HOK 
RIB 
MIX 
BSH 
RAT 
SLK 
OEO 

ETM 
ETB 
SHA 
BEE 
BNS 
SND 
HAK 
PLS 
WSQ 
MOD 
JAV 
OSD 
CHI 
CSQ 
LCH 
WOE 
GSH 
CYP 
SPE 
EPL 
ETL 
HJO 
LrN 
SOP 
VCO 
BSL 
UNI 
SPD 
SB I 
SKA 
DWE 
RUD 
ETP 
GSP 
LEG 
SSK 

Common name 
Orange roughy 
Smooth oreo 
Black oreo 
Black cardinalfish 
Alfonsino & long-finned beryx 
Spiky oreo 
Any deepwater dogfish 
Hoki 
Ribaldo 
Mixed fish 
Seal shark 
Any rattail 
Any slickhead 
Oreos 

Baxter's dogfish 
Any shark 
Basketwork eel 
Bluenose 
Shovelnose spiny dogfish 
Hake 
Plunket's shark 
Warty squid 
Any morid cod 
Javelinfish 
Other sharks and dogs 

Leafscale gulper shark 
Long-nosed chimaera 
Warty oreo 
Dark ghost shark 
Longnose velvet dogfish 
Sea perch 
Bigeye cardinalfish 
Lucifer dogfish 
Johnson's cod 
Ling 
Pacific sleeper shark 
Violet cod 
Black slickhead 
Unidentified 
Spiny dogfish 
Bigscaled brown slickhead 
Skate 
Any deepwater eel 
Rudderfish 

Pale ghost shark 
Southern blue whiting 
Smooth skate 

Scientific name 
Hoplostethus atlanticus 
Pseudocyttus maculatus 
Allocyttus niger 
Epigonus telescopus 
Beryx splendens & B. decadactylus 
Neocyttus rhomboidalis 

Macruronus novaezelandiae 
Mora moro 

Dalatias licha 
Macrouridae 

Pseudocyttus maculatus, Neocyttus 
rhomboidalis, Allocyttus niger 
Etmopterus spp. 
Etmopterus baxteri 

Diastobranchus capensis 
Hyperoglyphe antarctica 
Deania calcea 
Merluccius australis 
Centroscymnus plunketi 
Moroteuthis spp. 

Lepidorhynchus denticulatus 

Chimaera spp. 
Centrophorus squanzosus 
Harriotta raleighana 
Allocyttus verrucosus 
Hydrolagus novaezealandiae 
Centroscymnus crepidater 
Helicolenus spp. 
Epigonus lenimen 
Etmopterus lucifer 
Halargyreus johnsonii 
Genypterus blacodes 
Somniosus pacificus 
Antimora rostrata 
Xenodermichthys copei 

Squalus acanthias 
Alocephalus australis 
Rajidae, Arhynchobatidae 

Centrolophus niger 
Etmopterus pusillus 
Hydrolagus sp. B2 
Micromesistius australis 
Raja innonzinata 

Estimated 
catch (t) 

30 462 
7 933 
3 277 
1 089 

220 
210 
192 
177 
156 
lo6 
93 
74 
44 
43 

36 
35 
34 
29 
22 
18 
17 
14 
10 
10 
7 
7 
5 
5 
5 
4 
4 
4 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 

% of 
catch 

68.556 
17.852 
7.374 
2.450 
0.494 
0.473 
0.432 
0.398 
0.352 
0.239 
0.209 
0.167 
0.098 
0.096 

0.080 
0.079 
0.076 
0.066 
0.050 
0.041 
0.039 
0.032 
0.022 
0.022 
0.016 
0.016 
0.012 
0.01 1 
0.011 
0.010 
0.008 
0.008 
0.008 
0.007 
0.007 
0.006 
0.006 
0.006 
0.004 
0.004 
0.004 
0.004 
0.003 
0.003 
0.003 
0.003 
0.002 
0.002 
0.002 
0.002 

% kept 
99.8 
99.5 
97.7 
96.3 
99.8 
82.7 
0.0 

97.9 
89.7 

1.3 
10.3 
1.8 
0.8 
7.4 

0.0 
0.0 
0.1 
0.5 

99.9 
11.7 
98.1 
0.1 
8.9 
2.9 

20.6 
10.5 
0.2 
0.0 
4.8 

62.5 
35.0 
0.0 

80.2 
0.5 
0.4 
0.0 

98.8 
0.0 
0.0 
2.0 
3.8 
0.0 
0.0 
3.5 
0.0 
1.1 
0.0 

42.3 
66.2 

1.2 



Appendix 3: Species codes, common and scientific names, estimated catch weight, percentage of the total 
catch, and overall percentage retained, of the top 50 species by weight from a11 observer records for the 
hold target fishery from 1 Oct 1990 to 30 Sep 1999. Records are ordered by decreasing percentage of . 
catch, codes in bold are those species combined in the COM category. 

Species 
code 
HOK 
HAK 
LIN 
SWA 
JMA 

SPD 
RAT 
FRO 
JAV 
MIX 
BAR 
GSH 
RIB 
SQU 
OEO 

LDO 
WWA 
SPE 
WAR 
DWD 
RCO 
RBM 
SND 
RSK . 
ORH 
ST A 
EMA 
SKI 
BNS 
GSP 
SKA 
BSH 
WSQ 
ETM 
OSD 
POS 
RBT 
BYX 
DEA 
SEW 
LCH 
SSI 
EPT 
SCH 
THR 
STU 
BBE 
SDO 
RE Y 
swo 

Common name 
Ho ki 
Hake 
Ling 
Silver warehou 
Jack mackerel 

Spiny dogfish 
Any rattail 
Fros tfish 
Javelinfish 
Mixed fish 
Barracouta 
Dark ghost shark 
Ribaldo 
Anow squid 
Oreos 

Lookdown dory 
White warehou 
Sea perch 
Common warehou 
Any deepwater dogfish 
Red cod 
Ray's bream 
Shovelnose spiny dogfish 
Basking shark 
Orange roughy 
Giant stargazer 
Blue mackerel 
Gemfish 
Bluenose 
Pale ghost shark 
Skate 
Seal shark 
Warty squid 

Other sharks and dogs 
Porbeagle shark 
Redbait 
Alfonsino & long-.finned beryx 
Dealfish 
Southern blue whiting 
Long-nosed chimaera 
Silverside 
Black cardinalfish 
School shark 
Thresher shark 
Slender tuna 
Banded bellowfish 
Silver dory 
Ruby fish 
Broadbill swordfish 

Scientific name 
Macruronus novaezelandiae 
Merluccius australis 
Genypterus blacodes 
Senolella punctata 
Trachurus declivis, T. murphyi, T. 
novaezelandiae. 
Squalus acanthias 
Macrouridae 
Lepidopus caudatus 
Lepidorhynchus denticulatus 

Thyrsites dun 
Hydrolagus novaezealandiae 
Mora moro 
Nototodarus sloanii & N. gouldi 
Pseudocyttus maculatus, Neo j t tus 
rhomboidalis, Allocyttus niger 
Cyttus traversi 
Seriolella caerulea 
Helicolenus spp. 
Seriolella brama 

Pseudophycis bachus 
Brama brama 
Deania calcea 
Cetorhinus maiimus 
Hoplostethus atlanticus 
Kathetostoma giganteum 
Scomber australasicus 
Rexea solandri 
Hyperoglyphe antarctica 
Hydrolagus sp. B2 
Rajidae, Arhynchobatidae 
Dalatias licha 
Moroteuthis spp. 
Etmopterus spp. 

Lamna nasus 
Emrnelichthys nitidus 
Beryx sple&ens & B. decadactylus 
Traclzipterus trachypterus 
Micronzesistius australis 
Harriotta raleighana 
Argerztina elongata 
Epigonus telescopus 
Galeorhinus galeus 
Alopias vulpinus 
Allotlzitnn~rs fallai 
Ccntriscops hutnerosus 
Cyttus novaezealandine 
Plngiogeneion riibigirlosris 
XipAins gladiris 

Estimated 
catch (t) 
230 193 

8 736 
4 291 
3 296 
2 188 

1517 
1 308 
1 179 
1 023 
725 
5 12 
434 
320 
306 
286 

244 
23 3 
223 
178 
165 
151 
148 
1 44 
142 
141 
128 
120 
110 
95 
94 
92 
77 
75 
73 
60 
5 8 
5 8 
43 
39 
37 
32 
3 0 
2 1 
16 
16 
15 
15 
13 
1 1  
10 

% of 
catch 
88.653 
3.364 
1.653 
1.269 
0.843 

0.584 
0.504 
0.454 
0.394 
0.279 
0.197 
0.167 
0.123 
0.118 
0.110 

0.094 
0.090 
0.086 
0.069 
0.064 
0.058 
0.057 
0.055 
0.055 
0.054 
0.049 
0.046 
0.042 
0.036 
0.036 
0.036 
0.029 
0.029 
0.028 
0.023- 
0.022 
0.022 
0.016 
0.015 
0.014 
0.012 
0.01 1 
0.008 
0.006 
0.006 
0.006 
0.006 
0.005 
0.004 
0.004 

9% kept 
98.42 
99.62 
99.88 
99.38 
89.80 


