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EXECUTIVE SUMMARY 

Duun, A (2003). Revised estimates of landings of hake (Merluccius aausnalis) for the west 
coast South Island, Chatham Rise, and sub-Antarctic stocks in the fishing years 1989-90 
to 2000-01. 

New Zealand Fisheries Assessment Report 2003L39.36 p. 

In late 2001, two vessel skippers pleaded guilty to charges of making false or misleading 
entries in their fishing returns. The charges related to the misreporting of hake fiom HAK 7 as 
catch on the Chatham Rise in the areas HAK 1 and HAK 4. Since then, two other vessel 
skippers have also pleaded guilty to similar charges relating to the area misreporting of hake. 
These convictions, and anecdotal reports of similar area based misreporting in previous years, 
raise doubts about the accuracy of the recorded landings of hake by stock 

This report reviews the reported landings for hake, by QMA and stock, investigates evidence 
for area misreporting from TCEPR records, and derives an alternative landings history for 
hake based on that evidence. The analysis assumes that the total annual hake landings have 
been recorded accurately, but that an adjustment in landings between areas is required to 
account for area misreporting of hake between HAK 7 and both HAK 1 and HAK 4. The 
analysis considers possible misreporting only since 1989-90. 

Area misreporting is assumed to have occurred on single trips by individual vessels only, and 
it is assumed that catch taken from the west coast South Island is misreported from either 
HAK 1 andor HAK 4 (i.e., either the sub-Ankctic, the Chatham Rise, or both). The TCEPR 
records for vessel trips that did not have the opportunity to misreport hake are used to 
estimate the catch that could have been misreported from the west coast South Island as catch 
on either the Chatharn Rise or sub-Antarctic. CELR records were not investigated for any 
possible misreportinglreporting errors, as any adjustment to the CELR recorded catches (less 
than 1% of the total reported landings of hake) would have an insignificant effect. 

A linear regression model of catch rates was used to estimate the expected catch fiom tows 
that possibly misreported hake catch. From this a median residual was calculated for each trip 
from all tows on that trip, and was used to iden* vessel trips where misreporting may have 
taken place. No method was found that clearly discriminated trips that may have misreported, 
and hence estimates of misreporting were based on a series of arbitrary cut-offs. Estimates 
from these suggested that a definition of cut-off, based on values of the median trip residual 
of values greater than 2.33 (equivalent to the 99% quantile under a standard normal 
distribution), provided the most reasonable estimate of misreporting. The analysis also 
suggested that significant levels of misreporting of catch from the west coast South Island to 
the Chatham Rise had occurred since 1994-95, but that there was little evidence of significant 
misreporting between the west coast South Island and sub-Antarctic. However, if vessels 
other than those either charged or convicted of misreporting were involved in rnisseporting of 
hake during 200041, or if the vessels that misreported hakecatch also falsified tow events, 
then the estimates of the levels of misreporting are likely to be conservative. 

The analysis suggested that the level of hake over-reporting on the Chatham Rise has been 
between 16 and 23% (700-1000 t annually) of landings since 1994-95, predominantly in the 
months of June, July, and September. Levels of misreporting before 1994-95 were estimated 
as negligible. 



1. INTRODUCTION 

In late 2001, the skippers and owners of two vessels pleaded guilty to charges of making false 
or misleading eniries in their fishing returns (Anon. 2001). The charges related to the 
misreporting of hake from HAK 7 as catch on the Chatham Rise in the areas HAK 1 and 
HAK 4. Since then, two additional vessel skippers have also pleaded guilty to similar charges 
relating to the misreporting of hake from HAK 7 as catch in HAK 1 and HAK 4 (Anon. 
2002). Similar charges against one other skipper were laid, but subsequently dropped by the 
Ministry of Fisheries. 

The effect of these court convictions for misreporting hake between QMAs has been to raise 
doubts about the accuracy of the recorded landings of hake by stock in the 200041 fishing 
year. Moreover, anecdotal reports of similar area misreporting of hake catch in earlier years 
prevail within the fishing industry (G. Backhouse, Ministry of Fisheries Serious Offences 
Unit, pers. cornm.), and have raised doubts about the historical records of landings of hake by 
stock 

This report reviews the reported landings for hake, by QMA and stock, investigates evidence 
for area misreporting (based on the mechanism of misreporting of vessels whose skippers 
who were convicted) from TCEPR records, and derives an alternative landings history for 
hake based on that evidence. The analysis assumes that the total annual hake landings have 
been recorded accurately, but that an adjustment in landings between areas is required to 
account for area misreporting of hake between HAJS 7 and both HAK 1 and HAK 4. (See 
Figure 1 for a plot of the QMA and stock boundaries.) The analysis considers possible 
misreporting only since 1989-90. 

The analysis assigns each TCEPR record that recorded a hake catch to one of three categories; 

(a) records where the vessel did not have an opportunity to misreport hake, 

@) records where the vessel did have an opportunity to misreport (possibly misreported), 
but recorded a catch that was consistent with the expected range of catch for that 
region at that time, or 

(c) records where the vessel did have an opportunity to misreport (possible misreported), 
and recorded a catch that was inconsistent with the expected range of catch for that 
region at that time (misreporting/reporting error). 

The TCEPR records in category (a) are used to identify records in either @) or (c), and 
further, used to "adjust" the catch of records in (c) to determine the catch histories of the 
respective hake stocks and hake QMAs. This process of assigning records to one of the 
categories and details of the methods to determine the revised landings by QMA and stock are 
described below. 

CELR records were not investigated for any possible misreportingkeporting m s ,  as any 
adjustment to the CELR recorded catches (less than 1% of the total reported landings of hake) 
would have an insignificant effect on adjustments to the total landings of hake by QMA or 
stock. 

This report is in partial fulfilment of Objective 8 of Project HAK2001101 'To review the 
catch and effort reporting of hake catches from 1989190 to 2000101". 



Figure 1: Quota Management Areas (QMAs) HAK 1,4,7, & 10; and the west coast South Island 
(light shaded region), Chatham Rise (dark shaded region), and sub-Antarctic (medium shaded 
region) hake stock boundaries within the New Zealand EEZ. 

2. METHODS 

The Ministry of Fisheries catch effort database system records catch data for vessels on 
individual trips on either Trawl Catch Effort Processing Return UCEPR) or Catch Effort 
Landing Returns (CELR). The TCEPR summarises both the estimated catch for individual 
tows (by latitude and longitude) and the daily processing summaries for each vessel for each 
day fished. The CELR summarises the estimated catch for each days fishing by Ministry of 
Fisheries Statistical Area, and the total landings by QMA for each vessel on each trip. 

Hake are predominantly taken in middle to deep water by large trawlers, which record the 
catch using TCEPRs. Only a small amount of the total catch is recorded using CELRs. Any 
catch of hake recorded by other returns, for example the Squid Jigging Catch Effort Returns, 
Tuna Longlining Catch Effort Retums, and respective High Seas Returns is ignored, as the 
total catch reported through these is negligible. 



The estimated catch for each vessel fiom each trip is recorded by the licensed permit holders 
on Catch Landing Returns (CLRs) by vessel and trip, while the total harvest, for quota 
management purposes, is recorded on the Quota Management Returns (QMRs). The QMRs 
form the basis (since 198-7) of the previously reported (i.e., "official'? landings for hake in 
each QMA. 

Regrettably, there is no direct link in the catch effort database system between the QMR and 
either the CLR or the TCEPWCELR returns - hence any adjustments made to 
TCEPWCELR data do not result in an adjustment of the QMR returns. Moreover, while the 
total catch recorded on the TCEPWCELR returns should (ideally) be equal to the total 
landings on the CLR returns and the total harvest on the QMR returns, some discrepancies do 
exist. These reasons for such discrepancies are complex, and relate to methods of recording 
data by permit holders as well as errors in the data captured by the Ministry of Fisheries. Such 
errors are ignored, and the ratio of reported hake catch fiom TCEPRs and CELRs to total 
landings from the QMRs, by year and QMA, is used as a correction factor to adjust the 
reported TCEPR and CELR catches - hence preserving the total reported QMR annual 
landings of hake. (Note that the analysis assumes no errors exist within the QMR returns.) 
The total of the TCEPR/CELR hake catch data then form the basis of calculations for the 
revised landings by QMA and stock 

The current stock hypothesis for hake suggests that there are three separate hake stocks, 
namely the west coast South Island stock (the area of HAK 7 on the west coast South Island), 
Chatham Rise stock (HAK 4 and the area of HAK 1 on the western Chatham Rise), and the 
sub-Antarctic stock (the area of HAK 1 that encompasses the Southern Plateau (Colrnan 
1998). The HAK 10 QMA exists for administrative reasons, and is not believed to contain 
hake in any quantity. Any catch of hake that was recorded outside the regions defined to be 
within the boundaries of the three hake stoclcs (i.e., Bay of Plenty, Tasrnan Bay, and the 
Taranaki Bight), is assigned to the stock "other" in this report. These have a negligible 
contribution to the total hake landings in any year. 

The process of data extraction for each of the TCEPWCELWQMR data sets, variable 
description, data error checking and correction, data matching, and the method of calculating 
the total landed catch by stock and QMA is described below. 

The analysis assumes that the only possible mechanism for misreporting of hake is limited to 
area misreporting fiom vessel trips that visit the west coast South Island (HAK 7), 
immediately before, during, or near the end of the spawning season for hoki and catch hake; 
further, that the catch of hake was not fully (or at all) reported as being caught on the west 
coast South Island, but instead recorded as a catch of bake either on the Chatham Rise or in 
the sub-Antarctic during valid tows by that vessel on that trip. Note that vessels, on individual 
trips, may visit either the Chatham Rise or sub-Antarctic before and after visiting the west 
coast South Island. 

Hence, the analysis assumes that area misreporting occurred only on single trips by individual 
vessels, and that catch taken from the west coast South Island is misreported fiom either HAK 
1 andlor HAK 4 (i.e., either the sub-Antarctic, the Chatham Rise, or both). 

Other possible pathways for (similar) area misreporting were the transference of catch 
between HAK 1 and HAK 4 - in particular across the HAK 1 and HAK 4 boundary on the 
Chatham Rise (at 176' E). However, area misreporting across the HAK 1/HAK 4 boundary on 
the Chatham Rise is unlikely to influence cwent stock assessments, as the stock catch 
histories for the Chatham h s e  and sub-Antarctic stocks would remain the same. 



2.1 Nomenclature 

In order to simplify some of the terminology used .in this report, I introduce some 
nomenclature to assist readability. 

1. QMA and stock: The QMA boundaries for hake (HAK 1,4,7, & 10) do not correspond to 
the currently assumed boundaries of the three hake stocks. We use the term QMA to refer 
to the actual QMA boundaries (as defmed by the respective Fisheries Acts and Fisheries 
Regulations), and the term stock to refer to each of the three hake stocks. The three hake 
stocks are the west coast South Island stock (comprising of the area of HAK 7 on the west 
coast South Island), Chatham Rise stock'(comprising all of HAK 4, the area of HAK 1 
north of HAK 4 and on the western Chatham Rise, and the area of HAK 7 east of Cook 
Strait), and the sub-Antarctic stock (comprising the area of HAK 1 that encompasses the 
Southern Plateau). The HAK 10 QMA exists for administrative reasons, and is not 
believed to contain hake in any quantity. See Figure 1 for a plot of the QMA and stock 
boundaries. 

2. The previously reported landings (Annala et al. 2002) by QMA (see later) are referred to 
as the original "official" landings by QMA. These may differ in detail from landings 
determined from source records by QMA (see "revised landings" below). 

3. The previously reported landings by stock (see later) are referred to as the original 
"official" landings by stock 

4. Revised estimates of landings by QMA determined fiom source records are referred to as 
the revised landings by QMA. 

5. Revised estimates of landings by stock are referred to as the revised landings by stock 

2.2 TCEPR data 

2.2.1 Data extraction, processing, and categorkation 

The analyses of TCEPR catch data used the individual tow records that were recorded by the 
Ministry of Fisheries l?om TCEPR returns. An extract of TCEPR catch data from all tows on 
all vessel trips that had at least one record that reported either targeting hake or a catch of 
hake between 1 October 1989 and 30 September 2001 was provided by the Data Management 
Group of the Ministry of Fisheries on 9 April 2002 W s t r y  of Fisheries Catch Effort Client 
Report No. 4126). Vessel registration data, recorded for all vessels present within the 
extracted TCEPR forms, were also obtained, and matched with individual TCEPR tow 
%cords for each year using the encrypted vessel key and !rip identification details. 

Table 1 shows the number of records extracted £rom the TCEPR database, along with the 
number of tows where hake was reported, the total catch of hake represented by these records, 
the number of unique trips, and the number of vessels. 

The TCEPR rehrms for two of the vessels on the trips where they were convicted of charges 
relating to area rnisreporting were included within the data supplied by the Minisw of 
Fisheries. Original (and hence mimeported) tow records were supplied for one vessel, for 
catch taken on the west coast South Island only. Data for the other vessel were revised catch 
records (based on the vessel skipper's recollection of catches). In that case, the original (and 
hence misreported) tow records were excluded. 



Table 1: Number of TCEPR records extracted by fishing year for 1989-90 to 2000-01. 

Fishing year Total records Hake tows Hake catch (t) No. trips No. vessels 

1989-90 21 238 8 209 8 953.3 294 93 
1990-91 22 963 9 391 8 341.2 352 88 
1991-92 28 098 10 055 7 680.7 367 109 
1992-93 30 263 10 420 10 778.5 378 88 
1993-94 29 647 7 100 6 515.3 418 95 
1994-95 33 008 9 959 13 432.1 464 105 
1995-96 34 987 10 725 14 274.9 524 98 
1996-97 41 567 13 539 11 449.8 706 110 
1997-98 45 977 15 376 12 291.2 737 106 
1998-99 44 758 13 398 13 398.5 770 98 
1999-00 44 330 13 454 11 654.0 706 83 
2000-01 42 175 13 996 11 988.5 688 86 
Total ' 419 011 135 622 130 757.9 6 090 305 

1. Totals may not add as some vessel trips span fishing years. 

2.2.2 Description of the variables 

The information extracted for each tow included the time, location, catch of hake, fishing 
gear, and vessel identification variables. Additional variables were calculated h m  the raw 
data provided in the TCEPR data. Most of the variables are self-explanatory; the list of 
variables and their descriptions are summarised in Table 2. 

Table 2: Types and descriptions of the variables extracted from the TCEPR data and calculated 
variables used in the analysis (calculated variables are distinguished from provided data by *). 
Variable Description 

Catch 
Target 
Longitude 
Latitude 
QU* 
Stock* 
Trip 
Stan date 
Finish date 
Stan time 
Finish time 

Catch of hake (t) 
Target species 
Longitude at the start of the tow 
Latitude at the start of the tow 
Quota Management Area 
Fish stock 
Trip identification number 
Date at the start of the tow 
Date at the end of the tow 
Time of day at the start of the tow 
Time of day at the end of the tow 

Bottom depth Depth in metres of the seafloor at the start of the tow 
Headline height Headline height in metres of the net at the start of the tow 
Net depth 
Gear type 
Gear width 
Speed 
Duration* 
Straight line distance* 
Distance* 
Verse1 

Depth in me& of the groundrope at the start of the tow 
Type of gear, either midwater or bottom trawl gear 
Wid& of the net doors at time of tow 
Speed (in knots) of the vessel at the start of the tow 
Duration of the tow in hours (difference between start and end time) 
Straight line (great circle) distance between the start and end of each tow 
Distance of each tow h m  multiplying speed by duration 
Unique vessel identification number (encrypted) 



2.2.3 Checking and correction of errors 

In general, the Ministry of Fisheries catch and effort data often contain errors, resulting either 
from errors on the forms supplied by fishers (transcription errors) or fiom data entry (data 
keying) errors. These are commonly in the form of invalid codes, and missing or implausible 
values. For example, tow locations can be recorded in positions that would be impossible for 
a vessel to visit in the time recorded as being available. 

Position data were checked by comparing the start and end positions of all tows (whether or 
not they reported a hake catch) on each day for each vessel. Possible errors in locations were 
identified by noting those records where the position data were not recorded, or had recorded 
a value where the vessel would have had to travel a distance (as determined fiom the start and 
end positions of a tow) greater than the maximum possible distance than was possible by 
travelling in a sbaight line at a speed of 10 knots for a period of time equal to the duration of 
the tow plus 1 hour. For these records, the locations were then assumed to have a value equal 
to the mean position of all other tows conducted by that vessel on that day. 

Simple range checks were implemented on the remaining variables (except hake catch). 
Variables with values that were deiined as out of range were set to missing. Duplicate 
records, identified by assuming that no vessel could record two or more tows on the same day 
at the same time, were deleted (339 tows). The average annual hake (reported) catch (median 
catch by 0.01" squares) for the error corrected locations of all hake tows reported on TCEPRs 
(1898-90 to 2000-01) within the New Zealand EEZ are shown in Figure 2. 

2.3 CELR catch landing data 

The CELR catch data used the catch landing data that were recorded by the Ministry of 
Fisheries on the bottom half of the CELR returns. An extract of the CELR data f?om all days 
on all vessel trips that had at least one record that reported either targeting hake or a catch of 
hake between 1 October 1989 and 30 September 2001 was provided by the Data Management 
Group of the Ministry of Fisheries on 9 April 2002 (Ministry of Fisheries Catch Effort Client 
Report No. 4126). 

Table 3 shows the number of records recorded on the CELR returns, along with the number of 
events where hake was reported, the total catch of hake represented by these records, the 
number of unique trips, and the number of vessels. 

Table 3: Number of CELR records extracted by Gshing year for 198%90 to 200041. 

Fishing year Total records Hake events Hake catch (t) No. trip ' No. vessels 

1989-90 668 33 1 52.2 219 66 
199C91 760 341 15.8 244 52 
1991-92 1 589 366 17.5 242 69 
1992-93 2 484 650 81.1 367 88 
1993-94 2 149 428 21.3 241 60 
1994-95 2 823 625 19.5 340 61 
1995-96 2 526 738 34.5 462 88 
1996-97 2 829 624 38.8 359 76 
1997-98 2 327, 695 38.4 403 70 
1998-99 2 995 852 66.4 447 61 
1999-00 2 262 669 96.9 414 50 
200W1 1 868 705 70.9 41 1 46 
Total ' 25 280 7 054 644.4 4 140 787 

1. Totals may not add as some vessel hips span fishing years. 



Figure 2: Density of mean annual catch (log scale) of aU hake tows from TCEPR records 1989-90 
to 2000-01, aggregated by O.O1° squares, and the west coast South Island, Chatham Rise, and 
sub-Antarctic bake stock boundaries within the New Zealand EEL Solid arrows show the 
pathways of area misreporting investigated in this analysis, while dashed arrows show the 
possible pathways of area misreporting that were not directly investigated. 

2.3.1 QMR data 

QMR (landings) data were extracted for hake for each year fiom 1989-90 to 200M1. The 
total landings of hake recorded by Fishserve Commercial Fisheries Services Ltd. fiom QMR 
returns is shown in the Appendix as Table 22 by fishing year and QMA. These differ in small 
amounts fiom the "official" landings reported by Annala et a1. (2002), shown in the Appendix 
as Tables 23 and 24. 

2.3.2 Landings by stock 

As the hake QMAs differ fiom the assumed stock boundaries used in current stock 
assessments (DUM 2001), estimated landings by stock are derived by assuming that the catch 



fiom HAK 4 and the area of HAK 1 on and to the north of the Chatham Rise are fiom the 
Chatham Rise stock, while the remaining landings in HAK 1 are fiom the sub-Antarctic stock 
Appendix Table 25 shows the previously reported landings by stock since 197475. 

2.3.3 Estimating landings by QMA and stock from TCEPR and CELR records 

Assuming that the recorded data on the TCEPR returns and the CELR returns is correct, then 
the contribution of each record to the total landings can be determined as, 

where QMA, is the total landings for QMA s in year y, TCEPR, is the total catch recorded by 
TCEPR records in QMA s in year y, CELR, is the total catch recorded by CELR records in 
QMA s in yeary, and a, is an adjustment factor applied to the sum of the TCEPR records and 
CELR records in QMA s in year y. Hence, by applying the appropriate adjustment factor a, 
to the TCEPR and CELR records, an estimate of the total landings by QMA, stock, or sub- 
group can be made by simply summing the TCEPRICELR records in that category. 

2.4 Determining TCEPR records that "did not misreport" 

2.4.1 Identification of QMAs and QMAs fished in a single trip 

The position data of each record for each vessel on each trip in the TCEPR records were used 
to determine the QMA where the related catch was taken. Each record was assigned to a 
QMA of either HAK 1, HAK 4, HAK 7, HAK 10, or assigned to be outside the New 
Zealand's Exclusive Economic Zone (EEZ). No record of hake catch was found to have 
occtured in HAK 10. Only those tows that reported a positive hake catch (irrespective of 
target species) inside the New Zealand EEZ were considered in further analysis. The total 
number of records extracted, and the number of records considered for furthe1 analysis is 
summarised in Table 4. 

Table 4: Number of TCEPR records extracted, and number of tows that reported a hake catch 
within the EEZ, total hake catch, and associated numbers of trips and vessels by fishing year for 
1989-90 to 2000-01. 

Fishing Total records Hake tows Tows inside the EEZ 
year HAK 1 HAK 4 HAK 7 Total 
1989-90 21 238 8 209 2 888 628 4 693 
1990-91 22 963 9 391 4 530 1 449 3 412 
1991-92 28 098 10 055 6 081 2 130 1 844 
1992-93 30 263 10 420 5 523 2 537 2 360 
1993-94 29 647 7 100 3 467 1415 2 218 
199495 33 008 9 959 4 092 2 353 3 514 
1995-96 34 987 10 726 5 071 1510 4 144 
1996-97 41 567 13 539 6 430 2 632 4 477 
1997-98 45 977 15 376 7 459 3 051 4 866 
1998-99 44 758 13 399 6 643 2 565 4 190 
199940 44 330 13 454 7 200 2 021 4 233 
200041 42 175 13 996 6 716 2 414 4 866 
Total ' 419 011 135 624 66 100 24 705 44 817 

1. Totals may not add as some vessel hips span fishing years. 



The list of QMAs fished by each vessel on each individual trip was then determined as the list 
of all QMAs that that vessel had reported any catch in, on each individual trip reported by that 
vessel. Hence trips were identified as those where a vessel had fished in only one, two, or 
three QMAs (Table 5). 

Table 5: Numbers of trips that reported tows of hake solely in HAK 1,4, or 7, and the numbers 
of trips that reported tows in combinations of HAK 1,4, and 7. 

Fishing QMA combination Total 
Yea 1 4 7 1-4 1-7 4-7 1 4 7  
198S90 55 3 112 41 
1990-91 90 1 110 55 
1991-92 110 17 62 77 
1992-93 97 8 77 99 
1993-94 126 18 85 70 
1994-95 121 18 90 94 
1995-96 150 15 61 103 
1996-97 187 9 109 139 
1997-98 193 13 114 141 
1998-99 181 15 129 158 
1999-00 208 17 126 146 
2000-01 183 25 165 135 
Total ' 1 622 159 1238 1 182 

1. Totals may not add as some vessel trips span fishing years. 

2.4.2 Identification of observed trips 

The Ministry of Fisheries Observer Programme places scientific observers on vessels that fish 
within New Zealand's EEZ. The Ministry of Fisheries supplied a list of all vessel trips that 
had an observer on at least a part of that trip. TCEPR and CELR records were matched with 
that list to determine those trips that had an observer present. 

Similarly, the Hoki Fishery Management Company Ltd. and the Orange Roughy Fishery 
Management Company Ltd. have operated an industry observer sampling programme for 
vessels catching hoki or orange roughy since late 1998-99. The number of trips by fishing 
year that had an observer present (either Ministry of Fisheries or industry observers) are 
summarked in Table 6. 

2.4.3 Classification of vessel trips that "did not misreport" 

Each vessel trip that had recorded a catch of hake was characterised as "did not misreport " if 
that trip for that vessel did not have the opportunity to area misreport hake catch from the 
west coast South Island as hake catch on either the Chatham Rise or the sub-Antarctic. Trips 
that did not have the opportunity to misreport were identified by five factors; 

a. Trips where an observer (either an industry observer or Ministry of Fisheries scientific 
obsem)  was present were classified as "did not misreport". 

b. Trips that fished only one QMA were classified as "did not misreport". These trips visited 
only a single QMA, and hence were unlikely to have misreported hake catch from one 
QMA taken in another QMA. 

c. Trips where nil catch was reported in either HAK 1 or HAK 4 were classified as "did not 
misreport". 

d. Trips that did not visit HAK 7 at any time were classified as "did not misreport". 



e. Trips that visited HAK 7 and either HAK 1 or HAK 4, but visited only the part of HAK 7 
that occurs in Cook Strait or to the northeastfeast of the South Island were classified as 
"did not misreport". 

Individual tow records were then classified as "did not misreport" if the associated trip was 
classified as "did not misreport". Tows that had a missing trip identification number were 
assumed to be "did not misreport". Otherwise tows were classified as "possibly misreported". 
The numbers of trips, tows, and the hake catch reported by vessel trips in each category, by 
fishing year, are summarked in Tables 7 and 8. 

Table 6: Numbers of trips observed by the Ministry of Fisheries Observer Programme or by 
industry observer programmes. 

Fishing year Not observed Observed Total 
Industry Ministry of Fisheries 

1989-90 273 0 20 293 
199&91 328 0 23 351 
1991-92 345 0 21 366 
1992-93 352 0 25 377 
1993-94 366 0 5 1 417 
199495 436 0 27 463 
1995-96 494 0 29 523 
1996-97 670 0 35 705 
1997-98 676 1 59 736 
1998-99 700 19 50 769 
1999-00 599 54 52 705 
200&01 547 67 73 687 
Total ' 5 536 130 424 6 090 

1. Totals may not add as some vessel hips span fishing years. 

Table 7: Number of trips and number of tows for the vessel trips classified as "did not misreport" 
and "possibly misreported" by Iishing year for 1989-90 to 2000-01. 

Classification 
Fishing Did not misreport Possibly misreported ' Total 
year  rip^ Tows   rips TOWS  rips TOWS 

1. Totals may not add as some vessel trips span fishing years. 



Table 8: Median catch per tow (t) and total catch (t) for the vessel trips classified as "did not 
misreport" and "possibly misreported" by fishing year for 1989-90 to 200041. 

Fishing 
Year 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-00 
2000-01 
Total 

Classification 
Did not misreport Possibly miweported ' - 

Median Total Median Total 
Total 

Median Total 

2.5 Determining the misreported catch 

The emected catch Wow) for tows on vessel trim that were classified as "uossiblv 
misrepo>ed" was dete&ned by calculating the expected catch from a linear regression base2 
model fitted to the tow data for vessel trim that did not misreuort. i.e., a linear model fitted to 
the catch rates for the did not mime+& vessels was applied the possibly misreported 
vessels in order to estimate the expected catch on those tows. 

The linear regression model was defined as 

log (catch) -year + poly (net depth,3) + poly(vessel length, 3) +target 

+method (gear width,3) + poly (headline height,3)) 

+statistical areal month 

The following method was used to determine records that either (a) possibly misreported, but 
had a catch that was consistent with records that did not misreport, and (b) possibly 
misreported, but had a catch rate that was inconsistent with the records that did not misreport. 
First, the linear regression model (determined from tow records from vessel trips that did not 
misreport) was applied to records ftom vessel trips that possibly misreported. The expected 
catch was calculated as the predicted catch fiom the linear regression model, i.e., 

where $ is the predicted value of I: = log(catchi) for tow i. 

Second, the median residual over all tows in each vessel trip that was categorised as possibly 
misreported, was calculated., i.e., 

rj = medianj (I; - ), for all tows i in trip j 

Third, those vessel trips with a median residual above an arbitrary cut-offp (i.e., 5 >fi), see 
later for the definition of p) were assumed to have misreported. The expected catch, 



determined by applying the linear regression model above, was then assumed to be an 
estimate of the actual catch for those records identified. The difference beween the expected 
catch and the recorded catch for the whole mp was then assigned, in equal proportions, to the 
tows from that vessel on that trip that were conducted on the west coast South Island. 

This method of assigning the expected catch to tow from vessels that have been categorised as 
misreported is based on the assumption that the vessels concerned continued to actively fish 
for hake during tows on either the Chatham Rise or the sub-Antaxctic, even if they were also 
assigning some previously caught fish from the west coast South Island to those tows. 

Hence, a total catch for each QMA, stock, or any other sub-group can be made by summing 
the recorded catch (for CELR records and TCEPR records that did not misreport) and the 
expected catch (for TCEPR records that possibly misreported), after correcting by the 
adjustment factor in Section 2.3.3. 

3. RESULTS 

3.1 Analysis of all areas, with the assumption of no misreporting 

The total landings by stock from TCEPR data, under the assumption that there was no 
mimeporting, but adjusting the TCEPR and CELR records so that their sum in each QMA and 
year is equal to the respective QMR values (see Section 2.5), is shown in Table 9. 

Similarly, Table 10 shows the total landings by QMA from CELR data, under the assumption 
that there was no misreporting, but adjusting the TCEPR and CELR records so that their sum 
in each QMA and year is equal to the respective QMR values. 

If the only misreporting that occurred was from those vessels that were either convicted or 
charged with misreporting of hake, then up to 742 t could have been misreported from the 
west coast South Island to the Chatham Rise. The vessel trips recorded a total of about 762 t 
of hake on the Chatham Rise in 2000-01, with most of the catch recorded in June 2001 (138 t 
in May and 624 t in June). 

Table 9: Total landings (t) by stock from TCEPRs, adjusted so that the total annual catch by 
QMA from TCEPRs and CELRs is equal to the total annual catch by QMA from the QMR 
returns, 1989-90 to 2000-01. 

Fishing Stock Total 
Year Sub-Antarctic Chatham Rise West coast S.I. Other 
1989-90 1923 950 4 886 0 7 759 
1990-91 2 370 959 6 116 0 9 445 
1991-92 2 743 2 415 3 001 0 8 160 
1992-93 3 263 2 798 7 014 0 13 075 
1993-94 1 448 2 948 2 920 2 7 318 
1994-95 1 844 4 081 8 807 0 14 733 
1995-96 2 820 4 501 8 606 0 15 927 
1996-97 2 282 4 768 6 006 0 13 056 
1997-98 2 626 4 650 7 310 45 14 631 
1998-99 2 787 4 385 8 002 0 15 174 
1999-00 3 008 3 670 6 719 2 13 399 
2000-01 2 939 3 456 7 581 0 13 975 



Table 10: Total landings (t) by QMA from CELRs, adjusted so that the total annual catch by 
QMA from TCEPRs and CELRs is equal to the total annual catch by QMA from the QMR 
returns, 1989-90 to 2000-01. 

Fishing QMA Total 
Year HAK 1 HAK 4 HAK 7 

3.2 Analysis of misreporting on the Chatham Rise, with the assumption that 
trips with arbitrary sued median residuals misreported 

This section outlines the results fiom an assumption that the only misreporting that occurred 
was fiom catches taken on the west coast South Island, and misreported as catch on the 
Chatham Rise. Possible misreporting to the sub-Antarctic is ignored. Figure 3 shows the 
distribution of all residuals fiom the linear regression model in Section 2.5, ordered by vessel 
trip (y-axis) for (top figure) vessel trips that were categorised as "did not misreport". The 
distribution of median (trip) residuals had 95% quantiles fiom - 1.40 to +1.26, with a median 
of 0.0. Similarly, Figure 3 (bottom figure) shows the distribution for possibly misreported 
median (trip) residuals, with 95% quantiles - 1.03 to +3.49, with a median of +0.37. 

Figure 4 shows the median trip residual by the median absolute deviance of all hake catches 
for both categories of records. Unfortunately, the analysis did not suggest that there was a 
natural cut-off to categorise vessel kips as either misreported or did not misreport. Hence the 
analysis proceeded wing five arbiirary cut-off values, set at levels defined so that the 
probability of observing a value under a standard normal distribution was less than 0.90,0.95, 
0.975,0.99, and 0.999 respectively. 



Did not misrewrt 

Residual 
Figure 3: Residuals plotted by trip for (top figure) tows that did not misreport hake, and mottorn 
figure) tows that possibly misreported hake. Dots represent tows within trips, and grey vertical 
lines indicate the thresholds for cut-offs at 0.90,0.95,0.975,0.99, and 0.999. 



Residual 
Figure 4: Median residuals by kip against median absolute deviance (MAD) for all tows by trip, 
for (a) tows that did not misreport hake (cross), and (b) tows that possibly misreported hake 
(circle). Grey vertical lines indicate the thresholds for cut-offs at 0.90,0.95,0.975,0.99, and 0.999. 

3.2.1 Misreporting assuming a cut-off defined by p > 0.90 (method A90) 

Table 11 shows the estimated landings by QMA, under the assumption that vessel trips with a 
median residual defined as the value under a standard normal wherep > 0.90 (i.e., median trip 
residual r j  > 1.28), and referred to as method A.90. The difference in the estimated landings 
by stock are shown in Table 12, and Table 13 shows the difference for the Chatham Rise 
stock by month and year. Note that totals by year may not add as some trips occur over 
fishing year boundaries, i.e., a catch taken in September on the west coast South Island of one 
fishing year may appear as a misreported catch in October on the Chatham Rise. The 
estimated landings by stock are shown in Table 26. 

Method A.90 included the trips by three of the five charged or convicted vessels (for the 
remaining two, one vessel supplied revised records and the other supplied only records iYom 
the west coast South Island). 

The Ministry of Fisheries (G. Backhouse, Ministry of Fisheries Serious Offences Unif pen. 
cornm.) have suggested that misreporting of hake may have been present since about 1994- 
95. Further, that most misreporting appeared to have taken place predominantly in May-July - - -  

(at the onset of the hoki spawning season) and again in ~ep&nbe&October (at the end of the 
hoki spawning season), where catch taken on the west coast South Island was declared as 
catch on the Chatham Rise. 

Method A.90 suggests that up to 36 vessels may have misreported on 120 trips, with 
substantial misreporting occurring after 1993-94 and 740-1900 t misreported annually since 
then. A total of 15 vessels were responsible for most (290%) of the catch reported on the 
identified trips. If the only vessels that misreported in 200041 were the convictedlcharged 
vessels, then this method overestimates the levels of misreporting in 200041 by one vessel. 
The estimated landings by stock and year, compared with estimated landings assuming no 
misreporting, are plotted in Figure 5. 



Table 11: Total landings (t) by QMA, adjusted for misreporting using method A.90, for hake 
1989-90 to 2000-01. 

Fishing QMA Total 
year HAK I HAK 4 HAK 7 

Table 12: Difference in total landings (t) by stock, adjusted for misreporting using method A.90, 
for hake 1989-90 to 2000-01. 

Fishing Stock Vessels Trips 
Year Sub-Antarctic Chatham Rise West coast S.I. Other 

Table 13: Difference in total landings (t) by month for the Chatham Rise stock, adjusted for 
misreporting using method A.90, for hake 1989-90 to 2000-01. 

Fishing Month 
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 



3.2.2 Misreporting assuming a cutoff defined by p > 0.95 (Method k95) 

Estimates of misreporting under the assumption that vessel trips with a median residual 
defmed as the value under a standard normal where p > 0.95 (i.e., median trip residual rj > 
1.64) are referred to as method A.95. 

Method A.95 included the trips by three of the five charged or convicted vessels (for the 
remaining two, one vessel supplied revised records and the other supplied only records from 
the west coast South Island) - with about 740 t of hake misreported from the west coast 
South Island to the Chatham Rise in 200041. 

Method A.95 suggests that up to 33 vessels may have misreported on 97 trips, with 
substantial misreporting occurring after 1993-94 and 740-1600 t misreported annually since 
then. A total of 14 vessels were responsible for most (290%) of the catch reported on the 
identified trips. If the only vessels that misreported in 2000-01 were the convictedlcharged 
vessels, then this method overestimates the levels of misreporting in 200041 by one vessel. 
Table 14 shows the difference in estimated landings between stocks, by year for method A95 
The total estimated landings by stock are shown in Table 27. 
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Year 
Figure 5: Landings by stock ('000 t) for hake 1989-90 to 2000-01 for (a) adjusted for 
misreporting using method A90 (black lines), and (b) unadjusted (grey lines), for the (c) 
Chatham Rise, (s) sub-Antarctic, and (w) west coast South Island stocks. 



Table 14: Difference in total landings (t) by stock, adjusted for misreporting using method A.95, 
for bake 198!3-90 to 2000-01. 

Fishing Stock Vessels Trips 
Year Sub-Antarctic Chatham Rise West coast S.I. Other 

3.2.3 Misreporting assuming a cut-off defined by p > 0.975 (Method A.975) 

Estimates of mimeporting under the assumption that vessel trips with a median residual 
defined as the value under a standard normal where p > 0.975 (i.e., median trip residual rj > 
1.96) are referred to as method A.975. 

Method A.975 included the trips by three of the five charged or convicted vessels (for the 
remaining two, one vessel supplied revised records and the other supplied only records 6om 
the west coast South Island) - with about 740 t of hake misreported from the west coast 
South Island to the Chatham Rise in 200041. 

Method A.975 suggests that up to 27 vessels may have misreported on 81 trips, with 
substantial misreporting occurring after 1993-94 and 700-1400 t misreported annually since 
then. A total of 14 vessels were responsible for most (290%) of the catch reported on the 
identified trips. If the only vessels that misreported in 2000-01 were the convictedhharged 
vessels, then this method over-estimates the levels of misreporting in 200041 by one vessel. 
Table 15 shows the difference in estimated landings between stocks, by year for method 
A.975 The total estimated landings by stock are shown in Table 28. 

Table 15: Difference in total landings (t) by stock, adjusted for misreporting using method A.975, 
for bake 1989-90 to ZODD-Ol. 

Fishing Stock Vessels Trips 
Ye* Sub-Antarctic Chatham Rise West coast S.I. Other 

1989-90 0 0 0 0 0 0 
1990-91 0 -52 51 0 2 2 
1991-92 0 -23 23 0 1 2 
1992-93 0 -42 41 0 1 1 
1993-94 0 -17 17 0 1 1 
199695 0 -705 702 0 10 11 
1995-96 0 -850 1 002 4 14 17 
1996-97 0 -1 319 1151 0 13 16 
1997-98 0 -1 093 1088 0 7 13 
1998-99 0 -1 152 1113 14 9 12 
1999-00 0 -732 723 0 6 6 
200(M1 0 -740 732 0 4 4 



3.2.4 Misreporting assuming a cutoff defined by p > 0.99 (Method A99) 

Estimates of misreporting under the assumption that vessel trips with a median residual 
defined as the value under a standard normal wherep > 0.99 (i.e., median trip residual 9 > 
2.33) are referred to as method A.99. 

Method A.99 included the trips by three of the five charged or convicted vessels (for the 
remaining two, one vessel supplied revised records and the other supplied only records from 
the west coast South Island) - with about 690 t of hake misreported from the west coast 
South Island to the Chatham Rise in 2000-01. 

Method A.99 suggests that up to 26 vessels may have misreported on 66 trips, with 
substantial misreporting occurring after 1993-94 and 700-1400 t misreported annually since 
then. A total of 14 vessels were responsible for most (290%) of the catch reported on the 
identified trips. If the only vessels that misreported in 2000-01 were the convictedlcharged 
vessels, then this method correctly identifies only these vessels as misreporting in 2000-01. 
Table 16 shows the difference in estimated landings between stocks, by year for method A.99. 
The total estimated landings by stock are shown in Table 29. 

Table 16: Difference in total landings (t) by stock, adjusted for misreporting using method A.99, 
for hake 1989-90 to 200041. 

Fishing Stock Vessels Trips 
Year Sub-Antarctic Chatham Rise West coast S.I. Other 
1989-90 0 0 0 0 0 0 
1990-91 0 -52 51 0 2 2 
1991-92 0 0 0 0 0 0 
1992-93 0 -42 41 0 1 1 
1993-94 0 -17 17 0 1 1 
199695 0 -699 697 0 9 9 
1995-96 0 -746 900 3 10 12 
1996-97 0 -1 077 912 0 12 14 
1997-98 0 -713 703 0 7 10 
1998-99 0 -1 013 991 14 8 10 
1999-00 0 -732 723 0 6 6 
2000-01 0 -692 685 0 3 3 

3.2.5 Misreporting assuming a cutoff defined by p > 0.999 (Method A999) 

Estimates of misreporting under the assumption that vessel trips with a median residual 
defined as the value under a standard normal where p > 0.999 (i.e., median trip residual rj > 
3.09) are referred to as method A.999. 

Method A.999 included the trips by only one of the five charged or convicted vessels -with 
about 250 t of hake misreported from the west coast South Island to the Chatham Rise in 
2000-01. Table 17 shows the difference in estimated landings between stocks, by year for 
method A.999 The total estimated landings by stock are shown in Table 30. 



Table 17: Difference in total landings (t) by stock, adjusted for misreporting using method A.999, 
for hake 1989-90 to 2000-01. 

Fishing Stock Vessels Trips 
Year Sub-Antarctic Chatham Rise West coast S.I. Other 

1989-90 0 0 0 0 0 0 
1990-91 0 0 0 0 0 0 
1991-92 0 0 0 0 0 0 
1992-93 0 0 0 0 0 0 
1993-94 0 -17 17 0 1 1 
1994-95 0 -527 526 0 5 5 
1995-96 0 -516 542 3 6 6 
1996-97 0 -814 780 0 9 10 
1997-98 0 -268 266 0 4 4 
1998-99 0 -956 934 14 7 8 
1999-00 0 -88 87 0 2 2 
200061 0 -248 246 0 1 1 

3.3 Assumption of misreporting on the sub-Antarctic, assuming that trips with 
arbitrary large median residuals misreported 

This section outlines the results from an assumption that the only misreporting that occurred 
was from catches taken on the west coast South Island, and misreported as catch on the sub- 
Antarctic. Possible misreporting to the Chatham Rise is ignored. And, while the Ministry of 
Fisheries (G. Backhouse, Ministry of Fisheries Serious Offences Unit, pers. comm.) have 
suggested that misreporting of hake occurred between the west coast South Island and the 
Chatham Rise, there have been no similar reports of misreporting of hake catch between the 
west coast South Island and the sub-Antarctic. 

Figure 6 shows the distribution of all residuals from the linear regression model in Section 
2.5, ordered by vessel trip @-axis) for (top figure) vessel trips that were categorised as "did 
not misreport". The disbiution of median (trip) residuals had 95% quantiles from -1.41 to 
+1.22, with a median of 0.0. Similarly, Figure 6 (bottom figure) shows the distribution of 
median (trip) residuals, with 95% quantiles -1.45 to +2.92, with a median of +0.12. 

Figure 7 shows the median trip residual by the median absolute deviance of all hake catches 
for both categories of records. Unfortmately, as with the Chatham Rise analysis, there was no 
natural cut-off to categorise vessel trips as either misreported or did not misreport. Hence the 
analysis proceeded using five arbitrary cut-off values (as earlier), set at levels defined so that 
the probability of observing a value under a standard normal distribution was less than 0.90, 
0.95,0.975,0.99, and 0.999 respectively. However, results for the sub-Antarctic are presented 
only for the two points @ > 0.90, andp > 0.99 respectively) as each of the analyses for the 
remaining cut-offs provided very similar results. 



lid not misrenort 

Residual 

Figure 6: Residuals plotted by trip for (top figure) tows that did not misreport hake, and (bottom 
figure) tows that possibly misreported hake. Dots represent tows within trips, and grey vertical 
Lines indicate the thresholds for cut-offs at 0.90,0.95,0.975,0.99, and 0.999. 
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Figure 7: Median residuals by trip against median absolute deviance (MAD) for all tows by trip, 
for (a) tows that did not misreport hake (cross), and (b) tows tbat possibly misreported bake 
(circle). Grey vertical Lines indicate the thresholds for eut-offs at 0.90,0.95,0.975,0.99, and 0.999. 

3.3.1 Misreporting assuming a cutoff defined by p > 0.90 (Method B.90) 

Table 18 shows the estimated landings by QMA, under the assumption that vessel trips with a 
median residual defmed as the value under a standard normal wherep > 0.90 (i.e., median trip 
residual rj > 1.28), and referred to as method B.90. The estimated landings by stock are shown 
in Table 31, with Table 19 showing the difference between stocks by year and Table 20 
showing the difference for the sub-Antarctic by month and year. 

Method B.90 suggests that up to 45 vessels may have misreported on 72 trips - with 
moderate levels of misreporting occurring in all years since 1989-90 totalled about 30-400 t 
misreported annually. Only 17 vessels were responsible for most (2 90%) of the catch 
reported on the identified trips. 

The estimated landings by stock and year, compared with estimated landings assuming no 
misreporting are plotted in Figure 8. 



Table 18: Total landings (t) by QMA, adjusted for misreporting using method B.90, for hake 
1989-90 to 2000-01. 

Fishing QMA Total 
Year HAK 1 HAK 4 HAK 7 

Table 19: Difference in total landings (t) by stock, adjusted for misreporting using method B.90, 
for hake 1989-90 to 2000-01. 

Fishing Stock Vessels Trips 
Year Sub-Antarctic ChathamRise West coast S.I. Other 

Table 20: Difference in total landings (t) by month for the sub-Antarctic stock, adjusted for 
misreporting using method B.90, for hake 1989-90 to 2000-01. 

Fishing 
Year 
198S90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
199596 
1996-97 
1997-98 
1998-99 
1999-00 
200w1 

Month 
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
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Figure 8: Landings by stock ('000 t) for hake 1989-90 to 2000-01 for (a) adjusted for 
misreporting using method A.90 (black Lines), and (b) unadjusted (grey Lines), for the (c) 
Chatham Rise, (s) sub-Antarctic, and (w) west coast South Island stocks. 

3.3.2 Misreporting assuming a cut-off defined by p s 0.99 (Method B.99) 

Estimates of misreporting under the assumption that vessel trips with a median residual 
defmed as the value under a standard normal where p > 0.99 (i.e., median trip residual q > 
2.33) are referred to as method B.99. 

Method B.99 suggests that up to 29 vessels may have misreported on 42 trips - with low 
levels of misreporting occurring in all years since 1992-93 totalled about 50-180 t 
misreported annually. Only 8 vessels were responsible for most (290%) of the catch reported 
on the identified trips. 

Table 21 shows the difference in estimated landings between stocks, by year for method B.99 
The total estimated landings by stock are shown in Table 32. 

Table 21: Difference in total landings (t) by stock, adjusted for misreporting using method B.99, 
for hake 1989-90 to 2000-01. 

Fishing Stock Vessels Trips 
Year Sub-Antarctic Chatham Rise West coast S.I. Other 
1989-90 -3 0 3 0 1 1 
1990-91 0 0 0 0 0 0 
1991-92 -4 0 4 0 3 3 
1992-93 -133 0 132 0 1 1 
1993-94 -54 0 54 0 2 2 
1994-95 -57 0 74 0 5 5 
1995-96 -6 1 0 61 0 2 2 
1996-97 -179 0 178 0 2 2 
1997-98 0 0 0 0 0 0 
1998-99 -110 0 130 0 4 5 
1999-00 -24 0 3 0 1 1 
200041 -141 0 140 0 2 4 



4. DISCUSSION 

The court convictions against the vessel skippers and vessel owners in 2001 (Anon. 2001) 
confirm that area misreporting of hake had occurred on at least two occasions in 2000-01. 
These convictions, similar convictions in 2002 (Anon. 2002), and anecdotal accounts of other 
historical misreporting in the hake fishery since about 1994-95 suggest that the landings data 
previously assumed for the hake fishery may be in error. 

Hake on the west coast South Island (HAK 7) are typically over-caught, and most fishers in 
the west coast South Island fishery actively attempt to avoid hake during the hoki spawning 
season. In recent years, the recorded landings of hake have often exceeded the TACC. In 
contrast, the Chatham Rise fishery (HAK 1 on the Chatham Rise and HAK 4) is less 
productive, and the TACC has never been exceeded. The availability of hake on the west 
coast South Island combined with the difficulty of catching hake on the Chatham Rise may 
act as an incentive for area misreporting of hake. The comparative availability of hake on the 
Chatham Rise and west coast South Island suggest that it is highly unlikely that misreporting 
of hake from the Chatham Rise to the west coast South Island has occwed. 

The court convictions (Anon. 2001,2002) constitute the only solid evidence for misreporting 
of hake from HAK 7 to HAK 1 (Chatham Rise) and HAK 4. These convictions confirm that 
the illegal movement of catch from the west coast South Island to either the Chatham Rise or 
the sub-Antarctic has occurred, and is technically feasible. As there are few independent 
checks on hake catches recorded by individual vessels during trips that visit more than one 
QMA (other than for those vessels with industry or scientific observers on board), reports of 
historical misreporting are diEcult to con6rm. However, Colman & Vignaux (1992) 
compared catch rates of hake in HAK 7 between vessels with and without Ministry of 
Fisheries observers for years up to 1990-91. They concluded that the catches of hake 
recorded by vessels without observers was unusually low, and estimated the amount of hake 
under-reported on the west coast South Island between 1989-90 and 1990-91 at about 2000- 
3000 t annually. 

If we assume that mimeporting in 200041 was by the five convicted and charged vessels 
only, then the extent of the over-reporting of hake catch on the Chatham Rise can be 
estimated as being between 692 and 762 t in 200041, about 20% of the reported landings on 
the Chatham Rise during that year. 

The estimates of misreporting using method A.99 (i.e., assuming that lrips with a median 
residual 9 > 2.33 orp  > 0.99) most likely provide the best estimate of the true levels of catch 
in each stock Under the assumption that the only misreporting in 200041 discernable from 
TCEPR records was from three of the five convicted or charged vessels (noting that one did 
not supply any catch records for the Chatham Rise and one supplied revised records following 
the conviction), then this method correctly identified only these vessel's trips as misreported. 
Method A.99 suggested that misreporting ranged between 16 and 23% of annual landings on 
the Chatham Rise since 199445, with about 20% misreported in 200041. Levels of 
misreporting before 199495 were estimated as negligible (see Figire 9). 

Methods with a cut-off of less than 0.99 estimated that vessels other than those convicted 
were involved in mis~eporting in 200041. With a cut-off level greater thanp > 0.99, only one 
vessel was estimated as misreporting in 200041. If the assumption that the only vessels 
involved in misreporting in 200041 were those either convicted or charged, then these 
estimates of misreporting on the Chatham Rise are likely to underestimate the 'me  levels of 
misreporting. 
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Figure 9: Landings by stock ('000 t) for hake 1989-90 to 2000-01 for (a) adjusted for 
misreporting using method A99 (black lines), and (b) unadjusted (grey lies), for the (c) 
Chatham Rise, (s) sub-Antarctic, and (w) west coast South Island stocks. 

None of the estimates of misreporting between the west coast South Island and the sub- 
Antarctic (methods B.90 to B.999) suggested large scale misreporting (estimates ranged &om 
50-180 to 30-400 t annually), consistent with the absence of allegations or anecdotal reports 
of misreporting. Hence, even if misreporting did occur between the west coast South Island 
and the sub-Antarctic, levels of catch involved are likely to be low and can be probably be 
ignored without any significant effect on the estimates of landings by stock 

Note that the methods applied here ignore any movements between QMAs within stocks, i.e., 
the analysis ignores any possible misreporting across the HAK 1 (Chatham Rise) and HAK 4 
boundary at 176" E. Such misreporting will s e c t  estimates of landings by QMA reported 
here, but not on the estimates of landings by stock. In addition, possible misreporting on 
CELR forms is ignored as these data constitute less than 1% of the total annual hake catch - 
hence any misreported CELR catch is unlikely to have a significant effect on the estimates of 
landings by stock. 

In addition, this analysis assumes that tows (on the Chatham Rise) made by vessels 
misreporting hake were likely to have also legitimately caught an amount of hake. If the data 
for these tows were fabricated (i.e., they were fictitious tows, or if the fishing gear was set-up 
so as not to catch fish, etc.) then these estimates of misreporting on the Chatham Rise are 
likely to underestimate the true levels of misreporting. 

The analysis of misreporting presented here rely on the predictive ability of a simple 
regression of log(catch) against location, time, gear, and vessel effects. While this regression 
adequately describes the gross effects of catch rates, structwal biases between the data used 
for fitting the regression ("did not misreport") and the data used for estimating expected catch 
("possibly misreported") may bias the estimates of landings by stock More sophisticated 
methods of predictive modelling may result in minor improvements to the estimates of 
misreported tows. 



5. POSTSCRIPT 

The court proceedings against vessel skippers had a reasonably high profile within the fishing 
industty during 2001 and 2002. In addition, the Ministry of Fisheries Serious Offences Unit 
was closely monitoring a number of vessels fishing for hake on the Chatham Rise during the 
hoki spawning season. It is possible that, as a consequence, there was minimal, or at least 
reduced, area misreporting of hake in 2001-02. 

Total landings for 2001-02 were 11 825 t A total of 2523 t were landed in the sub-Antarctic 
and 1782 t on the Chatham Rise. A re-analysis of all catch data from 1989-90 to 2001-02, 
using the methods described above, suggested that there was no misreporting h m  the west 
coast South Island to either the sub-Antarctic or Chatham Rise in 2001-01 (i.e., the estimated 
level of misreporting from Method A.90-Method A.999 and Method B.90-Method B.999 
was nil in 2001-01). Estimates for previous years were unchanged. 

The result that there was no misreporting in 2001-01 is consistent with the assumption that 
the court proceedings modified fisher behaviow during the 2001-02 year. But, recorded 
catches on the Chatham Rise in 2001-01 were much lower than was available from the 
TACC, and were about half of the Method A.99 corrected levels in recent years. Hence, it is 
possible that there were other mechanisms, not considered in this report, that affected hake 
catches in 2001-01. Although these estimates are consistent with the choice of Method A.99, 
they are also consistent with the less conservative estimates from Method A.90-Method 
A.975. This suggests that Method A.99 may possibly underestimate the true levels of hake 
taken from the west coast South Island and reported as taken from the Chatham Rise. 
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APPENDIX 

Table 22: Revised landings (t) of hake by QMA from 1989-90 to 200061 from souree Qm 
records, and official recorded landings of hake from Aonala et al. (2002). 

Fishiug Revised Official 
Year HAK1 HAK4 HAK7 HAK10 HAKETL Total 

1989-90 2 114.7 763.0 4 903.4 - - 7781.1 7 783 
1990-91 2 603.4 743.3 6 147.6 - - 9 494.3 9 567 
1991-92 3 155.7 2 013.3 3 026.7 - - 8 195.6 8 196 
1992-93 3 524.6 2 545.5 7 154.4 - 0.0 13 224.6 13 224 
1993-94 1 803.3 2 586.8 2 973.6 - 0.0 7 363.8 7 363 
1994-95 2 571.8 3 369.3 8 840.9 - - 14 782.0 14 781 
1995-96 3 956.1 3 465.6 8 677.9 - 0.0 16 099.6 16 082 
1996-97 3 533.8 3 524.1 6 118.3 - - 13 176.2 13 176 
1997-98 3 809.5 3 523.5 7 415.7 - 0.0 14 748.7 14 749 
1998-99 3 844.9 3 323.7 8 164.9 - 0.0 15 333.5 15 333 
1999-00 3 898.9 2 802.7 6 897.8 - 0.8 13 600.1 13 600 
200041 3 628.2 2 784.2 7 698.2 - 1.9 14 112.6 14 110 

Notes: 1. Landings recorded from outside the New Zealand EEZ. These are excluded from the "official" landings 
totals; 2. "-"denotes a zero value, while 0.0 denotes a value greater than zero, but leu than 0.05. 

Table 23: Reported hake catches (t) from 1975 to 1987-88. Data from 1975 to 1983 from MAF; 
data from 1982-84 to 198546 from FSU, data from 1986-87 to 1987-88 from QMS (Annala ei al. 
2001). 

New Zealand Foreign licensed 
Fishingyear Domestic Chartered Total Japan Korea USSR Total Total 

1975 ' 0 0 0 382 0 0 
1976 ' 0 0 0 5 474 0 300 
1977 ' 0 0 0 12482 5 784 1200 
1978-79 0 3 3 398 308 585 
1979-80 ' 0 5 283 5 283 293 0 134 
1980-81 No data available 
1981-82 0 3513 3 513 268 9 44 
1982-83 38 2 107 2 145 203 53 0 
1983 ' 2 1006 1008 382 67 2 
1983-84 ' 196 1212 1408 522 76 5 
198485 ' 265 1318 1583 400 35 16 
1985-86 24 1 2 104 2 345 465 52 13 
1986-87 ' 229 3 666 3 895 234 1 1 
1987-88 ' 122 4334 4456 23 1 1 1 

Notes: 1. Calendar year; 2.1 April to 31 March; 3.1 April to 30 September; 
4. 1 October to 30 September 



Table 24: Reported (''official") landings (t) of hake by QMA from 1983-84 to 2000-01 and actual 
TACs (t) for 1986-87 to 2000-01 (-,data are unavailable) (Annala et al. 2001). 

QMA HAK 1 HAK4 HAK 7 HAK 10 Total 
Landings TAC Landings TAC Landings TAC Landings TAC Landings TAC 

180 - 
399 - 
133 - 

200 1000 
288 1000 
554 1000 
763 1 OM) 

743 1000 
2013 3 500 
2 545 3 500 
2587 3 500 
3369 3 500 
3 466 3 500 
3 524 3 500 
3 523 3 500 
3 324 3 500 
2 803 3 500 
2784 3 500 

Notes: 1. FSU data, 2. QMS data 

Table 25: Previously reported landings (t) and method of estimation for the Chatbam Rise, and 
sub-Antarctic bake stocks @mu 2001). 

Fishing 
Year 
197&75 
1975-76 
197677 
1977-78 
1978-79 
1979-80 
1980-81 
198142 
1982-83 
1983-84 
1984-85 
198S86 
1986-87 
1987-88 
1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
199495 
1995-96 
199697 
1997-98 
1998-99 
1999-00 
2000-01 

Sub- 
Antarctic 

120 
281 
372 
762 
364 
350 
272 
179 
448 
722 
525 
818 
713 

1095 
1237 
1 522 
1 756 
2 464 
3 206 
1586 
2 019 
2 479 
2 293 
2 566 
2 645 
2 699 
2 428 

Chatbarn 
Rise Method 

191 Not adjusted 
488 Not adjusted 

1 288 Not adjusted 
34 Not adjusted 

609 Not adjusted 
750 Not adjusted 
997 Not adjusted 
596 Not adjusted 
302 Not adjusted 
344 From investigating catch positions ' 
544 From investigating catch positions ' 
362 From investigating catch positions 
509 From investigating catch positions ' 
574 From investigating catch positions ' 
804 Assumed 250 t adjustment ' 
977 From investigating T C E P R I ~ C O I ~ ~ ~  
991 From investigating TCEPR records 

2 454 From investigating T C E ~ ~ r e c o r d s ~  
2 775 From investigating TCEPR records 
2 898 From investigating ~ c ~ p ~ r e c o r d s ~  
4 094 From investigating TCEPR records 
4 760 From investigating TCEPR records 
4 761 From investigating ~ ~ ~ ~ ~ r e c o r d s ~  
4 673 From investigating TCEPR records 
4 524 Landings adjustedby 1 200 t3  
4 003 Landings adjusted by 1 200 t3  
3 984 Landings adjusted by 1 200 t3  

Notes: 1. See Colman (1997); 2. See Bull & Bagley (1999); 3. See Dunn (2001) 



Table 26: Total landings (t) by stock, adjusted for misreporting using method A.90, for hake 
1989-90 to 2000-01. 

Fishing Stock Total 
Year Sub-Antarctic Chatham Rise West coast S.I. Other 
1989-90 1 928 942 4911 0 7 781 
1990-9 1 2 388 878 6 214 0 9 481 
1991-92 2 752 2 394 3 049 0 8 195 
1992-93 3 270 2 749 7 205 0 13 224 
1993-94 1455 2 932 2 975 2 7 363 
1994-95 1 857 3 339 9 577 0 14 773 
1995-96 2 920 3 582 9 755 4 16 261 
199697 2 293 3 148 7 553 0 12 994 
1997-98 2 641 2 756 9 204 45 14 646 
1998-99 2 805 2 910 9 926 15 15 656 
199940 3 029 2 595 7 661 2 13 287 
200041 2 957 2 718 8 427 0 14 103 

Table 27: Total landings (t) by stock, adjusted for misreporting using method k95, for hake 
1989-90 to 2000-01. 

Fishing Stock Total 
year Sub-Antarctic ChathamRise West coast S.I. Other 

1989-90 1928 943 4911 0 7 781 
199C-91 2 388 907 6 199 0 9 494 
1991-92 2 752 2 394 3 049 0 8 195 
1992-93 3 270 2 756 7 198 0 13 224 
199>94 1455 2 933 2 974 2 7 363 
199495 1 857 3 345 9 576 0 14 779 
1995-96 2 920 3 634 9 704 4 16 263 
1996-97 2 293 3 445 7 264 0 13 002 
1997-98 2 641 3 001 9 039 45 14 725 
1998-99 2 805 3 150 9 606 15 15 575 
199940 3 029 2 621 7 661 2 13 313 
200041 2 957 2 718 8 427 0 14 103 

Table 28: Total landings (t) by stock, adjusted for misreporting using method A.975, for hake 
1989-90 to 2000-01. 

Fishing Stock Total 
Yea Sub-Antarctic Chatham Rise West mast S.I. Other 

1989-90 1928 950 4 903 0 7 781 
1990-91 2 388 907 6 199 0 9 494 
1991-92 2 752 2 394 3 049 0 8 195 
1992-93 3 270 2 758 7 196 0 13 224 
1993-94 1455 2 933 2 974 2 7 364 
1994-95 1 857 3 379 9 543 0 14 779 
1995-96 2 920 3 655 9 676 4 16 255 
1996-97 2 293 3 453 7 262 0 13 008 
1997-98 2 641 3 561 8 497 45 14 744 
1998-99 2 805 3 235 9 254 15 15 309 
199940 3 029 2 942 7 619 2 13 591 
200041 2 957 2 718 8 427 0 14 103 



Table 29: Total Landings (t) by stock, adjusted for misreporting using method A.99, for hake 
1989-90 to 2000-01. 

Fishing Stock Total 
year Sub-Antarctic Chatham Rise West coast S.I. Other 

1989-90 1928 950 4 903 0 7 781 
1990-91 2 388 907 6 199 0 9 494 
1991-92 2 752 2 417 3 027 0 8 196 
1992-93 3 270 2 758 7 196 0 13 224 
1993-94 1 455 2 933 2 974 2 7 364 
1994-95 1 857 3 385 9 537 0 14 779 
1995-96 2 920 3 760 9 574 3 16 257 
199697 2 293 3 695 7 023 0 13 011 
1997-98 2 641 3 941. 8 112 45 14 738 
1998-99 2 805 3 374 9 132 15 15 326 
1999-00 3 029 2 942 7 619 2 13 591 
2000-01 2 957 2 767 8 380 0 14 103 

Table 30: Total landings (t) by stock, adjusted for misreporting using method A.999, for hake 
1989-90 to 2000-01. 

Fishing Stock Total 
Year SubAntarctic ChathamRise West coast S.I. Other 

1989-90 1928 950 4 903 0 7 781 
199C-91 2 388 959 6 148 0 9 494 
1991-92 2 752 2 417 3 027 0 8 196 
1992-93 3 270 2 800 7 154 0 13 225 
1993-94 1455 2 933 2 974 2 7 364 
1994-95 1 857 3 557 9 366 0 14 780 
1995-96 2 920 3 989 9 216 3 16 129 
199697 2 293 3 959 6 891 0 13 143 
1997-98 2 641 4 386 7 675 45 14 747 
1998-99 2 805 3 431 9 076 15 I5 326 
1999-00 3 029 3 585 6 983 2 13 599 
2000-01 2 957 3 211 7 941 0 14 109 

Table 31: Total landings (t) by stock, adjusted for misreporting using method B.90, for hake 
198940 to 2000-01. 

Fihiag Stock Total 
Year Sub-Antarctic Chatham Rise West coast S.I. Other 
1989-90 1 894 950 4 937 0 7 781 
1990-91 2 340 959 6 192 0 9 491 
1991-92 2 407 2 417 3 384 1 8 208 
1992-93 3 117 2 800 7 288 2 13 207 
1993-94 1 353 2 950 3 056 2 7 360 
1994-95 1717 4 085 9 037 1 14 839 
199S96 2 653 4 505 8 895 0 16 054 
199697 2 080 4 772 6 396 0 13 249 
1997-98 2 441 4 654 7 524 45 14 663 
1998-99 2 410 4 387 8 547 0 15 343 
1999-00 3 005 3 673 6 898 2 13 579 
200041 2 729 3 459 7 919 0 14 106 



Table 32: Total landings (t) by stock, adjusted for misreporting using method B.99, for hake 
1989-90 to 2000-01. 

Fishing 
Year 
1989-90 
1990-9 1 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
199697 
1997-98 
199&99 
1999-00 
2000-01 

Stock 
Sub-Antarctic Chatham Rise West coast S.I. Other 

Total 


