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EXECUTIVE SUMMARY 

Bentley, N. (2001). An audit of catch and effort data from the Chatham Islands (CRA 6) rock 
lobster fishery. 

New Zealand Fisheries Assessment Report 2001/61.24 p. 

Trends in catch per unit effort (CPUE) are used in the assessment of the fishery for rock lobster around 
the Chatham Islands (CRA 6). The integrity of the data from which CPUE is calculated has been 
questioned. This work assesses the likely prevalence of errors in catch and effort data from CRA 6 and 
their potential impact on annual indices of CPUE. 

There are a relatively large number of serious data errors in the catch and effort data for CRA 6. 
Many of the errors appear to be a result of incorrect recording by fishers, although apparent data entry 
errors are often more serious. Many errors could be identified routinely using screening criteria. 

Despite their prevalence, of data errors had little impact on CPUE indices produced by most statistical 
methods. The weighted arithmetic mean is affected by serious errors, but the geometric mean and 
linear model methods are not. The CPUE indices generated by a robust linear model differ very little 
between data sets with various degrees of error correction. 



1. INTRODUCTION 

The fishery for red rock lobster (Jnsus ehardsii) around the Chatham Islands began in the late 1960s. 
Catches peaked in 1968 but fell rapidly over the next decade (Figure I). On 1 April 1990 the rock 
lobster fishery was brought into the Quota Management System and the total allowable commercial 
catch (TACC) for the Chatham Islands (CRA 6) was set at 503 t. Through appeals, the TACC 
increased to 530.6 t at the beginning of the 1993-94 fishing year, but was reduced subsequently to 400 
t in 1997-98 and 360 t in 1998-99 because of concerns about continuing declines in catch and CPUE. 

Catch rates in the fishery declined rapidly during the late 1960s and through the 1970s. Since the 
1979-80 fishing year, when the accuracy of catch rate data improved, catch rates have continued to 
fall, albeit at a lower rate (Figure 1). 

The last stock assessment for CRA 6 was done in 1996. The results of this assessment were uncertain 
but suggested an annual stock productivity of about 300 to 380 t (Breen & Kendrick 1998). 
Reductions in TACC in 1997-98 and 1998-99 were made partly on the basis of this assessment and 
the continuing declines in catch and catch per unit effort. The Chatharn Island rock lobster industry 
has questioned the integrity of the catch and effort data used to support these reductions in TACC. 

This work examines the integrity of the catch and effort data from CRA 6 and looks at whether any 
errors identified are likely to have an impact on trends in catch per unit effort. Integrity is assessed in 
terms of the presence of errors and bias in the data. It is examined by testing for internal conflicts 
within data sets, and with tests of consistency between data sets. Once errors have been identified, the 
data are used in a catch per unit effort standardisation. This standardisation is the first done for CRA 6 
and uses robust statistical techniques that may be less influenced than other techniques by errors in 
individual records. The standardisation is applied to data with various levels of intensity of error 
screening to help further judge the likely impacts of data errors. 

2. DATA SOURCES 

Four data sources are used: two are examined for errors and used for catch per unit effort 
standardisation (CEF and LND data) and two are used for external validation of these data (QMR and 
FIB). 

The CEF and LND data sets described below originate from the same Catch, Effort and Landing 
Return (CELR). These returns are issued and processed by the Ministry of Fisheries and fishers are 
required to submit them at the end of each trip. Although the two data sets originate fiom the same 
form, they contain independent estimates of catch that can be used to cross-check each other. The CEF 
data include an estimate by the fisher of the daily catch weight. The LND data include the total catch 
weight for the trip as verified by the licensed fish receiver. 

For this analysis, the CELR data were available fiom August 1989 to March 1998. However, the 
number of records for the end of 1989 and the beginning of 1998 were low compared to the same time 
in other years. Therefore, error checking was limited to calendar years which were complete, 1 
January 1990 to 31 December 1997. Catch per unit effort standardisation is done by fishing year (1 
April to 3 1 March) as described in Section 5. 

2.1. Catchleffort data (CEF) 

For each day of a fishing trip a record exists in the CatchfEffort Data part of the CELR form. The 
date, method, statistical area, pots lifted, pots left overnight, and estimated greenweight of each 



species caught are recorded. All records were obtained from the Ministry of Fisheries where method 
was rock lobster pots and the species caught was rock lobster. 

When examining the internal consistency of the CEF data only records where statistical area is 940, 
941, 942, or 943 (the four statistical areas that make up CRA 6) were used. However, errors in the 
statistical area field were examine through an external check with the LND data (see Section 4.1). 

2.2. Catch Landing Data (LND) 

The Catch Landing Data part of the CELR form includes details of the catch landed during the fishing 
trip. For each trip multiple records can exist. The main fields of interest for each LND record are 
Fishstock, landed state, container number, container type, estimated weight of catch in each container, 
destination of landed catch, and weight of catch as advised by the licensed fish receiver. All LND 
records were obtained fiom the Ministry of Fisheries where Fishstock was CRAl to CRA10. 

In examining the internal consistency of the LND data, only records with CRA 6 are used. However 
later, an external consistency check is done on this field by comparing it to the statistical area in the 
corresponding CEF record (see Section 4.1). 

2.3. Quota Management Returns (QMR) 

The Ministry of Fisheries Quota Management Return is completed monthly by quota holders and 
records the green weight of each quota species caught. These data are available from the Ministry of 
Fisheries as monthly totals of catch for each Fishstock since January 1987, when the Quota 
Management System began. These data were obtained for CRA 6 from January 1987 and July 1998. 

2.4. Fishing Industry Board levyreturns (FIB) 

The New Zealand Fishing Industry Board collects information from licensed fish receivers on the total 
catch of each species received from each Fishstock. (Similar data exist from the Ministry's Licensed 
Fish Receiver Returns but are not available by Fishstock and are therefore not useful for this work) 
Total landed catch for CRA 6 for each month from May 1997 to September 1998 were obtained from 
the Board (supplied by D.Sykes, New Zealand Rock Lobster Industry Council, 18 November 1998). 

3. INTERNAL CONSISTENCY 

The integrity of the CEF and LND data sets is fmt examined by internally comparing the values of 
each field. For each data set, the frequency distributions of the most important fields are examined for 
unlikely or impossible values and the prevalence of rounding. 

3.1. Catchleffort data (CEF) 

3.1.1. Pots lifted 

The modal number of pots lifted was 60. A small percentage (0.08%) of records had more than 300 
potlifts. Some extreme outliers exist - four records had over 2000 pots lifted. The frequency 
distribution of pots lifted suggests a strong tendency towards rounding to the nearest ten (Figure 2). 



3.1.2. Pots overnight 

The modal number of pots overnight was 100. A small percentage (0.12%) of records had more than 
300 pots overnight. Thirteen records had over 1000 pots overnight. The fiequency distribution of pots 
overnight suggests a strong tendency towards rounding to the nearest ten (Figure 3). 

3.1.3. Pots lifted v. pots overnight 

It is expected that the number of pots lifted each day is the same as, or less than, the number of pots 
left overnight. This is the case for the majority of CEF records, although 4% have more than twice the 
number of pots lifted as left overnight (Figure 4). In some records either the number of pots lifted or 
the number left overnight are very high and do not correspond well to the other value (Figure 5). 
These are very likely to be errors. 

3.1.4. Estimated catch 

The modal estimated catch was 20 kg but there was large variation: more than 11% of records had 
over 150 kg. A small percentage (0.48%) of records had an estimated catch of more than 500 kg. One 
record in particular was extremely high and is likely to be a data entry error (2157215 kg). The 
frequency distribution of estimated catch suggests a strong tendency towards rounding to the nearest 
ten (Figure 6). 

3.2. Catch Landing (LND) Data 

3.2.1. Destination 

Most of the records stated that the catch was landed or retained on board (presumably to be landed 
another day). A small percentage of records also included information on the weight of lobsters 
returned to sea (Table 1). 

Table 1: Destination of catch for CRA 6 LND records, January 1990 to December 1997. 

Destination 
Landed in NZ to LFR 
Retained on board 
Returned to, or accidental loss at, sea 
Loss fiom holding pots 
Discarded 
Not recorded 
Sold at wharf 
Used for bait 
Stored for bait 
Disposed to Crown 
Eaten on board 

Code 
L 
R 
A 
H 
D 
NULL 
W 
u 
B 
C 
E 

Proportion (%) 
91.50 
6.68 
1.42 
0.16 
0.14 
0.06 
0.03 
0.01 

<0.001 
<0.001 
<0.001 



3.2.2. Landed state 

Virtually all records were for green (whole) lobster. Two records for squid wings are clearly incorrect 
(Table 2). 

Table 2: Landed state of catch for CRA 6 LND records, January 1990 to December 1997. 

State Code Proportion (YO) 
Green (or whole) GRE 99.77 
Not recorded NULL 0.22 
Squid wings WIN 0.0 1 
Dressed DRE <O.OO 

3.2.3. Container type 

A large variety of containers were recorded although most records were for bins or trays (Table 3). 

Table 3: Container type for CRA 6 LND records, January 1990 to December 1997. 

Container type 
Bin 
Tray 
Not recorded 
Cage 
Bag 
Sack 
Block 
Basket 
Box 
Carton 

Code 
BIN 
TRA 
NULL 
CAG 
BAG 
SAC 
BLO 
BAS 
BOX 
CAR 

Proportion (%) 
71.28 
23.32 

1.77 
1.01 
0.84 
0.62 
0.56 
0.55 
0.03 
0.01 

3.2.4. Container weight 

The distribution of recorded container weights was examined for the two most common container 
types, bins and trays. For bins there is a clear tendency towards rounding weights to the nearest 10 kg 
(Figure 7). 

A large proportion of entries have a recorded bin weight of more than 40 kg. Although a normal fish 
bin might contain 20 to 30 kg of lobsters, larger bins are occasionally used. For bins, recorded 
container weights are as high as 2945 kg. It seems unlikely that container weights would be so high as 
they would be inconvenient to lift and transport. It is likely that many of the entries for container 
weight greater than 40 kg represent the weight of catch in all containers rather than the average weight 
in each container (discussed further in Section 3.2.7). 

3.2.5. Number of containers 

More than half the records had one container only. There was a rapid reduction in the relative 
frequency of successively greater numbers of containers. The number of records with 10 containers 
seems implausibly high relative to nearby numbers and probably represents some rounding (Figure 8). 
Two entries with over 200 containers landed are almost certainly errors. 



3.2.6. Landed catch 

The distribution of recorded catches has a long right-hand tail and it is thus difficult to identify outliers 
(Figure 9). A small proportion of entries have a catch of over 1000 kg (0.25%). Twenty-five records 
have catches over 5000 kg and values are as high as 3 1 5 10 kg. 

3.2.7. Calculated versus recorded catch 

The total catch weight for a trip can be calculated by multiplying the number of containers by the 
container weight. The correspondence between this estimate and the recorded catch weight can be 
used as a test of the reliability of all three fields. Where the recorded catch is thought to be suspicious, 
the calculated trip weight couId be used as a best alternative. 

For a large number of records calculated catch is greater than recorded catch (Figure 10A). Many of 
these records fall on lines which correspond to the estimated catch being double, triple, or quadruple, 
the recorded catch (dotted lines, Figure 10A). This codurns the suggestion made in Section 0 that in 
many instances the total catch weight is entered into the container weight field rather than the average 
weight of catch in each container. This means that for those records, estimated weight is actually the 
number of containers times the total weight. 

One way to remedy such errors would be to replace the number of containers with one. However, 
doing this would lose the ability to caIculate an independent estimate of trip catch weight. To retain an 
independent estimate of catch weight for those records with a container weight error, an alternative 
container weight can be used. As an alternative container weight, for each container type the average 
weight of containers less than 50 kg was calculated. For those records where the estimated catch was 
twice or more the recorded catch, the average container weight for that type of container is used 
instead of the recorded container weight. This replacement resulted in far better concordance between 
estimated and recorded catch (Figure 10B). However, the means of identifying the container weight 
errors (calculated weight twice or more the recorded weight) is crude and appears to have resulted in 
some erroneous replacements (additional points below the line in Figure 10B compared to Figure 
1 OA). 

4. EXTERNAL CONSISTENCY 

The LND and CEF records can be linked by the CELR page number, there being one per trip. This 
allows the comparison of statistical areas in CEF records with the Fishstock field in the corresponding 
LND record as well as the estimated catch weight in the CEF data with the recorded catch weight in 
the LND data. 

4.1. Statistical area and Fishstock 

For trips with catch landed under Fishstock CRA 6 (as recorded in the LND data), 96% of the 
corresponding CEF records had statistical areas 940 to 943. The remaining 4% of records had other 
statistical areas not belonging to CRA 6. Almost half (1.8%) of these erroneous entries were for 
statistical areas 49, 50, 5 1, and 52. These values correspond to the inshore statistical area numbers for 
rock lobster statistical areas 940,941,942, and 943 before the introduction of the latter in 1979. 

Almost all the remainder (1.6%) of the erroneous statistical area entries are for area 904. Most of these 
are records fiom only two vessels that do not overlap in years fished. This suggests that these errors 
may arise from one fisher filling out the CELR form incorrectly. 



The converse test of consistency was also done by examining the Fishstock field in the LND data for 
those trips having statistical area 940 to 943 in the corresponding CEF records. Almost all entries 
were for CRA 6 (Table 4). 

Table 4: Fishstock in LND records having statistical area 940 to 943 in the corresponding CEF records. 

Fishstock Proportion (%) 
CRAl <o. 1 
CRA2 0.0 
CRA3 <O. 1 
CRA4 0.3 
CRA5 0.3 
CRA 6 99.3 
CRA7 0.1 
CRA8 <O. 1 
CRA9 <o. 1 
NULL <o. 1 

4.2. Trip catch 

For each trip the total estimated catch weight in the CEF data can be compared to the total recorded 
catch weight in the LND data. If fishers are estimating catch well, and recording and data entry errors 
are few, then the two values should be similar. 

To measure the degree of similarity and correlation between the two data sets, the bias and correlation 
coefficient were calculated with various levels of stringency of data screening. Screening consisted of 
excluding those trips where either the estimated or the landed catch was greater than a certain weight. 
A trimmed correlation coefficient was also calculated with various proportions of outliers excluded 
(Mathsoft 1997). 

With no screening the bias is high and correlation very low (Table 5). This is primarily due to one very 
high value for estimated catch (identified previously in Section 3.1.4). With successive decreases in the 
screening threshold there is an improved correlation and a reduced bias (Table 5). The trimmed 
correlation coefficients show a marked increase when only a small proportion of outliers are excluded 
(Table 6). 

Table 5: Bias and correlation between estimated trip catch from CEF records and landed trip catch from 
LND records. Bias, mean of (estimated-landed); r, Pearson correlation coefficient. 

Records 
Screening n Percent Bias (kg) r 
None 25 675 100.00 73.50 0.0048 
Estimated and landed 2000 kg 25 649 99.90 -3.35 0.9166 

catch less than: 1000 kg 25 603 99.72 -2.91 0.9485 
500 kg 25 292 98.51 -2.18 0.9562 
250 kg 23 754 92.52 -1.16 0.9584 ' 

Table 6: Trimmed correlation coefficient with varying percentages of outliers excluded. 

Percentage excluded r 
0 0.0048 
1 0.9895 
2 0.9935 
5 0.9956 
10 0.9968 



Several very high landed catch weights are well above the corresponding estimated trip catch (Figure 
11A). These are almost certainly errors and could severely distort catch and catch per unit effort 
upwards if included in analyses. 

Even when these large outliers are not considered, there is a large scatter in the relationship between 
the estimated and landed trip catch (Figure 11B). However, some landed catches, that might be 
thought to be unlikely, for instance those above 1000 kg, do correspond well to the estimated trip 
catch. 

4.3. QMA catch 

The landed catch fiom the LND data was compared to monthly catch totals for CRA 6 fiom the QMR 
and FIB data sets. There was a high correlation (r = 0.97) between the QMR and FIB monthly catch 
totals, although the FIB totals were an average of 2.2 t (10.2%) lower each month (Figure 12). Over all 
years, the relationship between the QMR data and the LND totals had similar levels of correlation (r = 
0.93) and bias 2.2 t (7.8%). However, the correspondence of the data sets has been variable over time 
with an increase in bias and a decrease in correlation (Table 7). For some months there is very large 
discrepancy in monthly catch totals (Figure 12) and this has led to an annual average bias as high as 
26.8% (Table 7). 

The upward bias may be due to the large, probably erroneous, values for landed catches in the LND 
data as identified in Sections 3.2.6 and 0. A criterion was defined for identifling these errors - where 
landed catch is greater than 500 kg and greater than 1.5 times the calculated weight fiom the container 
weight and container number. This criterion identified only 64 records, which included some with 
very large catches. For these records, the recorded landed weight was replaced by the estimated 
weight. 

Applying this correction dramatically improved the correspondence between the LND and QMR 
monthly sums (Table 7). However, the downward bias for the fist  years of data was increased. The 
cause of this was investigated by examining those records that have low recorded weights relative to 
the estimated weight. None of the criteria tested for identifling low landed weights were found to 
improve the fit of the LND sums to the QMR sums. The downward bias during the early 1990s cannot 
be explained at this time. 

Table 7: Annual trend in the correlation coefficient (r) and average percentage bias between total 
monthly catches from QMR and LND data sets. A positive bias indicates that the LND totals are higher 
than the QMR totals. 

Year 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

No correction 
r bias 
0.99 -9.44 
0.94 -6.71 
1.00 0.49 
0.99 3.83 
0.98 19.65 
0.99 22.2 1 
0.94 13.01 
0.89 26.75 

Correction applied 
r bias 



5. INFLUENCE OF ERRORS ON CATCH PER UNIT EFFORT ANALYSES 

The errors in the CRA 6 catch and effort data described above are not necessarily of concern; this 
depends upon how the data will be used. For example, as shown in the previous section, errors in the 
recorded landed weight in the LND data can quite severely distort monthly and annual catch totals, but 
for the purposes of stock assessment the LND data are not used for generating catch totals. In stock 
assessments, the CELR data are generally used only to generate annual indices of catch per unit effort 
(CPUE) and this is where the impact of errors in the CEF and LND data sets is of most concern. To 
judge the impact of errors in the CELR data, annual indices of CPUE have been calculated using 
difhent methods and data sets with various levels of error screening and correction. 

5.1. Methods 

Four methods for generating CPUE indices are used, all based on using monthly sums of catch and 
pots lifted for each vessel in each statistical area. For all methods the 1990-91 fishing year is used as 
the base year. 

Ratio of annual catch and effort totals (RAT) 

The conventional method for calculating an index of CPUE for CRA 6 is to calculate the weighted 
arithmetic mean as the ratio of the annual totals of catch and effort, 

where C,,m,a,v and Ey,,,a,v are the sums of catch and pots lifted for vessel v, in area a, during month my 
in year y. 

Geometric mean of monthly CPUE (GEM) 

If the distribution of the ratio of the individual vessels/month/area catch and effort totals is non- 
symmetrical and skewed to the right then the geometric mean may provide a better indication of the 
central tendency of the distribution, 



where the number of replicates, n = 1 

Standardised monthly CPUE using normal linear models (NLM) 

Standardisation is o h  used to account for the effect of changes in fishing practices on CPUE. The 
most common approach is to use a general linear model with standardising independent variables and 
log(CPUE) as the response variable. For this analysis, area and month were used as standarching 
variables as described for rock lobster CPUE standardisation by of Maunder and Starr (1 995). 

Standardised monthly CPUE using robust linear model (RLM) 

Conventional general linear models as descn'bed above assume that the response variable, in this case 
log(CPTJE), is normally distributed. Unfortunately, the normal distriiution has small "tails" and is 
thus sensitive to outliers which may influence the indices produced by the standardisation. 

An alternative is to assume that log(CPUE) is distributed according to a mixture of a normal 
distribution and another distriiution with a fatter tail to account for outliers. The corresponding log- 
likelihood function proposed by (Fournier 1996) is 

where 0, is the observed CPUE fiom a vessel in an area during a month and E, is that expected fiom 
standardisation, a is the estimated standard deviation, and a is an estimate of the degree to which the 
outliers contriiute to the total variance. This likelihood was used to do a robust standardisation of 
log(CPUE), using area and month as independent variables. 

5.2. Data 

The methods for generating CPUE indices were applied to six data sets with various levels of error 
correction and adjustment of catch. Adjustment of catch refers to the use of recorded landed weight 
fiom the LND data rather than the estimated catch fiom the CEF data. The error corrections are 
described in Booth et a1 (1994). The data sets are: 

A. No error correction, no catch adjustment 

B. Statistical area errors corrected, no catch adjustment 

C. Statistical area and potlift errors corrected, no catch adjustment. 

D. Statistical area, potlift, and estimated catch errors corrected, no catch adjustment. 

E. Statistical area, potlift, and estimated catch errors corrected, catch adjustment. 

F. Statistical area, potlift, estimated, and landed catch errors corrected, catch adjustment. 



5.3. Results 

Annual CPUE indices derived from the ratio of catch and effort totals (RAT) were affected the most 
by data errors (Figure 13). For example, errors in estimated catch for a few records caused the RAT 
index for 1996 to be five times higher than for other years and other methods. Apart from this 
exception, the RAT indices generally suggest a downward trend in CPUE since 1990. 

The geometric mean (GEM) and normal linear model (NLM) generally produced similar trends in 
indices (Figure 14). This suggests that standardisation has little effect on CPUE indices and that the 
difference between the RAT and GEM and NLM indices results from assuming a normal (RAT) rather 
than lognormal (GEM and NLM) distribution. Both GEM and NLM indices were most affected by 
the change from data set D to E, from using estimated catch to using landed catch (see Figure 13). 

The robust linear model (RLM) produced indices that were consistent between data sets (see Figure 
13). This suggests that this method is indeed robust to data errors. As the integrity of the data used 
increased (from data set A to F), the indices generated by GEM and NLM converged towards those of 
RLM (Figure 14), suggesting that for poor data sets, the RLM indices are probably more accurate. 

6. DISCUSSION 

There are a many serious data errors in the catch and effort data for CRA 6. However, even the most 
serious errors have little impact on the CPUE indices produced by most statistical methods. 

Some of the data errors appear to be the result of an incorrect interpretation by fishers of the meaning 
of field names. The fi-equency of these errors may be reduced by improved liaison with fishers on the 
correct way to fill in forms. Data entry mistakes appear to be responsible for some of the largest 
errors. These could be reduced by appropriate range checks during entry. 

Obvious data errors can also be easily screened from the data using algorithms in the database. 
However, more subtle errors and biases may exist in the data that could not be examined here. These 
include small biases in data recording and changes in the fishery that are not recorded on the CELR 
forms. For example, there are unconfirmed report. that some fishers are diving for lobsters and 
placing them in their pots before hauling. This would be expected to increase catch per unit effort 
artificially. 

The CPUE analyses presented here are meant only to provide an indication of the impact of data errors 
on various methods for generating annual indices. They are not meant as a formal evaluation of 
alternative statistical methods for generating CPUE indices. However, the results illustrate that the 
simple ratio of total catch to total effort is sensitive to errors in the data. Furthermore, this statistic 
produces qualitatively different trends in CPUE indices from those based on log transformations of the 
data. The results also suggest that the use of robust statistical methods for rock lobster CPUE 
standardisation should be investigated further. 
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Figure 1: Total landed catch and raw catch per unit effort for the Chatham Islands (CRA 6) rock lobster 
f ~ h e r y  by calendar year from 1965 to 1978 preen & Kendrick 1994) and by fishing year 1979-1980 to 
1997-98. (Annala & Sullivan 1998). 

Pots lifted 

Figure 2: Distribution of pots lifted for CRA 6 CEF records, January 1990 to December 1997. 
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Figure 3: Distribution of pots overnight for CRA 6 CEF records, January 1990 to December 1997. 
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Figure 4: Distribution of the ratio of the number of pots lifted to the number of pots left overnight for 
CRA 6 CEF records, January 1990 to December 1997. 
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Figure 5: Relation between the number of pots lifted and the number of pots left overnight for CRA 6 
CEF records, January 1990 to December 1997.Axes have been truncated and thus not all points are 
shown. 

Estimated catch 

Figure 6: Distribution of estimated catch for CRA 6 CEF records, January 1990 to December 1997. 
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Figure 7: Distribution of weights of bins and trays for CRA 6 LND records, January 1990 to December 
1997. 



Figure 8: Distribution of the number of containers in CRA 6 LND records, January 1990 to December 
1997. 
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Figure 9: Distribution of landed catch for CRA 6 LND records, January 1990 to December 1997. 
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Figure 10: Recorded and calculated landed catch for each CRA 6 LND record, January 1990 to 
December 1997 where catch was landed. A: No error checking. B: Where calculated weight is twice or  
more the recorded weight, container weight replaced with average container weight (see text). Note that 
the axes have been truncated and some points are not shown. 
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Figure 11: Relation between estimated trip catch from CEF records and the recorded trip catch from the 
LND records for CRA 6, January 1990 to December 1997. A: Axes truncated to 25 000 kg, note a few 
very high values for landed catch weight. B: Axes truncated to 2000 kg. Points exist outside of each of 
these ranges and are thus not visible on plots. 



* QMR 

-o- FIB 

-0- LND 

Month 

Figure 12: Monthly catch totals for CRA 6 from the QMR, FIB and LND data sets, January 1989 to 
September 1998. Note that not all series are available for the entire period. 
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Figure 13: Annual CPUE for each of the methods used, ratio of catch and effort totals (RAT), geometric 
mean (GEM), normal linear model (NLM) and robust linear model (RLM), using the six data, A-F. 
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Figure 14: Annual CPUE indices for the six data sets analysed, A-F, derived from the ratio of catch and 
effort totals (RAT), geometric mean (GEM), normal linear model (NLM) and robust linear model (RLM). 


