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1. Introduction

The Buyers and Processors Docket Book (TDB01), used in the TIB sector of the Torres Strait rock lobster fishery, records the catch sold by fishers (known as sellers on the docket-book) at the end of a fishing trip. However, unlike the logbook for the TVH sector of fishery, which requires catch and effort data to be recorded for individual fishing operations related to each vessel tender, the docket-book requires only aggregate catch and effort data to be recorded at the end of each trip. Due to the finer-scale nature of the catch and effort information, the use of the TVH logbook data has been preferred for constructing abundance indices for this fishery. Nevertheless, there is interest as to whether the data recorded on the TIB docket-book can also be used for this purpose and to this end the analyses presented in this document represent the first attempt to use the TIB docket-book data for constructing an abundance index for the Torres Strait rock lobster fishery.

2. The TIB Docket-Book Data

A copy of the DB01 docket-book is shown in Appendix A. The docket-book records the transaction date, the name of the seller together with details of the catch (in weight) and the price obtained. Additional information is also provided regarding the vessel, the number of crew, the number of days fished and the fishing methods used. This information therefore provides a measure of both the catch and effort for a given seller (or fisher) during a fishing trip and hence can be used to gain a measure of the catch rate (weight of lobsters caught per day fished) during that trip. However, there are a number of issues with the docket-book system which create problems with using this data for estimating the total catch and effort in the TIB fishery. These issues include:
i. The requirement that completion of the docket-book is only voluntary,
ii.  The fact that catches recorded in the docket-book can also be reported elsewhere, including the TVH logbook,
iii. The fact that processors can also record catches in the docket-book, essentially creating duplicates.
Given the duplication of catch information from both the TVH sector and processors which occurs in the docket-book data, several filters are applied to this data to remove these duplicates. In particular, records are checked where the Seller-Type is recorded as ‘TVH’, the Related-Log field indicates the catch has been recorded elsewhere, the vessel-symbol begins with an ‘F’ (as this often indicates the vessel is a TVH vessel), and where the Seller-Name has been recorded as a processor. Further to these issues, several TIB boats only record their catch in the TVH-related logbook and these catch records need to be transferred to the TIB database. 

Considerable effort has gone into understanding the nature of both the docket-book and logbook data so as to identify the catch records that should be assigned to the TIB fishery (Campbell, 2016a,b) and a total of 72,930 catch records recorded in the docket-book have now been attributed to the TIB fishery covering the years 2004 to 2016. The few docket-book records having a zero catch of lobsters are not included in this total as it is assumed that other species may have been targeted on these trips. 

The number of catch records and the associated estimate of the total catch of rock lobsters in the TIB sector each year is shown in Table 1. The number of records remained above 5,000 between 2004 and 2011 but decreased significantly in 2012 and again in 2013 (when there were only 1336 records) but has since increased and has been back above 5000 records for the past two years. The decline in the number of catch records in 2013 was attributed to the fact that a significant portion (41%) of the catch had not been recorded in the docket-book but instead was solely attributed to aggregate catch records added to the TIB database to account for lobsters received by processors. This situation has persisted since that time with 45%, 44% and 48% of the total catch in 2014, 2015 and 2016 respectively been attributed to aggregate annual catch records supplied by processors instead of being recorded in the docket-book. Whether or not other caches have also not been recorded in the docket-book during these years or in other years remains uncertain.

The frequency of each fishing method associated with all Record Numbers is shown in Table.2. Just over 40% of all records (and 38.4% of the total catch) are associated with hookah-diving, while free diving and lamp fishing are associated with 38.2% and 9.0% of records respectively. The catch method for 8.8% of all catch records (and 26.4% of the total catch) remains unknown. For around 3% of all records the catch is associated with some combination of the main fishing methods. 

The distribution of Record Numbers (and catch) across each of the 21 TIB areas (shown in Figure 1) is given in Table 3, indicating that around 40% of the records and slightly over a quarter (27.2%) of the catch have come from the Thursday Island region with another 17.4% and 9.3% of the total catch coming from the Mabuiag and Badu regions respectively. Eleven of the 21 regions each account for less than one-percent of the total catch over all years (and only 1.5% in total). The region fished for 4.3% of all records (and 20% of the total catch) remains unknown.

The number of distinct vessel-symbols and seller-names associated with these catch records is 1083 and 2253 respectively; however these numbers are inflated due to different spellings and mistakes often associated with a single vessel-symbol or seller-name. Attempts have been made to correct these names and as a result the number of distinct vessel-symbols and seller-names has been reduced by nearly half to 677 and 1029 respectively. However, the percentage of records without a vessel-symbol remains high at 69.1%. On the other hand, only 0.9% of records have no seller-name.

The number of recorded days-fished associated with the above TIB catch records (c.f. Table 4) varies between 1 and 16 days, though is only one, two or three days for 82.6%, 6.8% and 3.5% of catch records respectively. The days-fished remains unknown (i.e. not recorded) for 3.5% of these records (but for 19.5% of the total catch). Finally, the number of crew varies between 1 and 14 (c.f. Table 5), though is only one or two for 60.1% and 28.8% of records respectively. The number of crew remains unknown for 8.8% of all records (and 27.7% of the total catch).

The annual percentage of the TIB catch stratified by various levels of (a) fishing method, (b) area fished, (c) days fished and (d) number of crew are shown in Figure 3. The annual percent



Table 1. Number of TIB catch data records, distinct TIB Record Numbers (Nos), and associated catch per year.
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Table 2. Number of TIB records (and associated catch in kilograms) by fishing method.
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Figure 1. Spatial structure of the TIB data
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	   Table 3. Number of TIB records (and associated catch in kilograms) by region.
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Table 4. Number of TIB records (and associated catch in kilograms) by the number of days fished as recorded on docket-books.
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Table 5. Number of TIB records (and associated catch in kilograms) by the number of crew as recorded on docket-books.
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of blank (unknown) levels for each data field are also shown. After 2012 there was a significant increase in the proportion of the annual catch for which the information relating to these four effort variables remains unknown and this percent remains above 60% in 2016. This lack of information impedes the ability to construct indices of resource abundance that represent the distribution of lobsters across the TIB fishery based on the catch and effort data from this fishery. This is largely due to the high proportion of the total catch (>40%) in recent years which is not being recorded in the docket-books but instead is being supplied in aggregate form by processors. However, there is still room for improving the information recorded on docket-books (e.g. the fishing method was not completed for 20% of records in 2016, cf. Table 3b). 

Figure 3a. Annual percent of TIB catch for various levels of the following data fields: (a) fishing method, (b) area fished, (c) days fished and (d) number of crew The percent of the annual catch for which each data field was not completed (and therefore remains unknown) is also shown.
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Figure 3b. Annual percent of TIB records for various levels of the following data fields: (a) fishing method, (b) area fished, (c) days fished and (d) number of crew The percent of the annual catch for which each data field was not completed (and therefore remains unknown) is also shown.
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3. Selection of data used for CPUE analysis

Each catch record in the TIB data is associated with a Record-No. While there are usually multiple catch records associated with a given Record-No, the structure of the docket-book would seem to indicate that there should be a unique Record-No for each vessel, date and seller-name. However, investigation of the data indicates that there are often multiple Record-Nos associated for a given vessel, date and seller-name. The reason for these multiple records remains unknown. In order to identity an appropriate data structure for analysis, the following procedure was adopted to filter the data:
1. The TIB data was aggregated over vessel-symbol, date and seller-name. Where the vessel-symbol or seller-name was null these fields were set to ‘Unknown’;
2. Only those records where the first fishing method listed in Table 2 was either ‘Hookah diving’ or ‘Free diving’ were selected. This resulted in a total of 33,795 aggregate records (hence-forth known as GLM records); 
3. Only those GLM records having a unique Record-No were selected for analysis – accounting for 32,770 (97.0%) of the GLM records identified in the previous step. It was assumed that where the vessel or seller were unknown, that selection of only those GLM records having a unique Record-No limited the GLM records chosen to those associated with a single vessel and a single seller;
4. Additional GLM records were deleted where either the number of days fished (see example in Table 4 below), the number of crew on the boat, or the fishing method was not unique for each Record-No (163, 262 and 4 records respectively). This was done to help eliminate data errors. The area-fished was found to be unique for each Record-No;
5. Finally, GLM records were also deleted where either the number of days fished was not recorded (204), the area fished was not recorded (610), the record pertained to the TVH logbook data (359) as the structure of the data for these records was different, or the weight of the catch was zero (25) or greater than 1000 kg (13);
6. This process resulted in 31,377 GLM records being created and selected.

The number of GLM records, and associated nominal CPUE, within each year, month, quarter and TIB area and the distribution of records per fishing method, days-fished and the percent of the catch which are tailed lobsters are shown in Tables 6a&b (and for each 2-way combination of the year, quarter and area effects in Appendix B). Due to the small number of records in some TIB areas, these records were combined with the records in an adjacent area so that the minimum number of records in any area was more than 200. This resulted in twelve areas to be used as spatial effects in the GLM analysis. Furthermore, for all records where more than one fishing method was used the fishing method was termed Mixed. Consequently, only three types of fishing methods were in the data. There were also 893 distinct seller-names (unknown for only 9 records) and 564 distinct vessels (but unknown for 70.7% of all records). 

The large decline in the number of records since 2010 has been noted earlier, with the average number of records per year decreasing from 3608 between 2004 to 2010 to only 1020 between 2011 and 2016 (with only 12 records in 2013 due to the fact that many of the fields on the docket-book were being left blank). For example, of the 1336 records in the docket-book operations data in 2013, the area fished was not recorded for 979 (73%) records and the days fished and fishing method were not recorded for 930 (69%) records (c.f. Figure 3b). This improved significantly during 2014 when these fields were not recorded for 20%, 18% and 15% respectively. 



Table 6a. Number of GLM records within each year, month and quarter and associated nominal catch rate.
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Table 6b. Number of GLM records within each TIB area and distribution across each recorded fishing method and days-fished and the associated nominal catch rate.
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Unlike the TVH data where the measure of effort is hours-fished, the measure of effort for the TIB data is coarser, being days-fished. Furthermore, and as noted above, it has been assumed that each selected GLM record pertains to the catch and effort of a single fisher (or seller) during a given trip, i.e. it is assumed that the measure of effort (i.e. days fished) associated with each GLM record also pertains to the actual effort expended by that seller in obtaining the recorded catch. While the number of days fished for each Record-No in the GLM data is unique, there are instances nevertheless where for the same vessel, date and seller there are multiple Record-Nos where the number of days fished is different. Investigation of this issue undertaken with the AFMA data section indicated that the dates associated with these docket-book forms were most likely not correct (Campbell 2016a).

4. General Linear Model Analysis

As with the analysis of the TVH data in previous years, General Linear Models (GLM) were fitted to the TIB data selected in the previous section in order to standardise the CPUE to account for changes in the distribution of records across a number of effects (Year, Month, Quarter, Area and Fishing-Method).  As mentioned previously, the measure of effort for the TIB data is days-fished. The catch rate associated with each GLM record was then defined to be the mean weight of lobsters caught per day-fished, i.e. 

In order to investigate the influence of the various effects on the catch rate associated with each GLM data record, the following two models were fitted to the data records described in the previous section. All GLMs were weighted as described in Campbell (2016c). 

GLM-1: Main Effects only
	CPUE = Intercept + Year +Quarter + Area +Method + Proportion-Tails + SOI
		/ distribution = gamma, link = log
GLM-2: Main Effects + Quarter*Area Interaction
	CPUE = Intercept + Year + Quarter *Area +Method+ Proportion-Tails + SOI
		/ distribution = gamma, link = log
where:	
a) Year has 12 levels: 2004-2012, 2014-2016 (see below)
b) Quarter has 4 levels: (1) Jan-Mar, (2) Apr-Jun, (3) Jul-Sep, and (4) Oct-Dec.
c) Area has the 12 levels as shown in Table 6b.
d) Fishing-Method has 3 levels: (1) Hookah, (2) Free Diving, and (3) Mixed methods
e) Proportion-Tails has 5 levels: (1) <20%, (2) 20-40%, (3) 40-60%, (4) 60-80%, and (5) ≥80%
f) SOI is the monthly value of the Southern Oscillation Index
All effects were fitted as categorical effects except for SOI which was fitted as a continuous variable.

The above models were fitted to the TIB described in the previous section with the following filters: a) the 12 data records for 2013 were excluded due to the small number of records for this year, b) the 64 data records where the number of days fished was greater than 9 were excluded as the mean catch rates for these records was substantially below those where the number of days fished was between 1 and 9 days, and c) the 313 records where the catch rate was greater than 300 kilograms per day as these could be outliers. This left a total of 31,016 records. 

Using the results from each GLM an annual abundance index was constructed based on the standardised CPUE calculated for each of the (Year, Quarter, Area) strata. As the standardised -CPUE is taken as an index of the density of fish within each strata, an index of the abundance of lobsters across the fishery in each year and quarter is given by:


where Areaa is the spatial size of each of the NA Area effects included in the GLM. Finally, an index of abundance for each year can be obtained by taking the average of the NQ quarter indices in each year.


Finally, a relative annual abundance index, By, was calculated such that the mean index over all years equals 1, i..e:


For those models which do not included an interaction with the Year effect (i.e. models GLM-1 and GLM-2), the relative abundance index, By, reduces to the simpler form:


where Yi , i=1, NY are the parameters estimates relating to NY Year effects included in the model. In these situations the abundance is independent of the relative size of each Area effect included in the GLM. 

No models including an interaction with the Year*Area interaction effect were fitted as there were a number of Year*Area strata having no data records (c.f. Appendix B) and construction of an abundance index from a model including a Year*Area interaction would entail the need to impute catch rates for those strata for which the number of records is zero or small (and, hence, maybe unrepresentative). While there was only one Year*Quarter strata having no data records (c.f. Appendix B), unlike previous years no models including an interaction with the Year*Quarter interaction effect were fitted due to the need to know the spatial extent occupied by lobsters within each TIB fishing region (required to construct the abundance index – see Campbell 2016c) and the related uncertainty noted in previous reports about the spatial size of each GLM-area. 

As a sensitivity analysis several alternative model runs were conducted. First, the Seller-Name was fitted as an additional effect to the above two models. To ensure that there was sufficient data for parameter estimation of each Seller effect only those sellers which had fished for three or more years and for which there were 30 or more data records where included in the analyses. Second, as seen from Table B(i) in Appendix B the data coverage for many of the GLM-areas has been poor since 2012 with only four areas (GLM-areas 7, 8, 9 and 12) having a reasonable data coverage in recent years. As this poor data coverage will influence our ability to estimate representative Area effects for many areas, the analysis was repeated where the above models were fitted only to the data for GLM-areas 7 (Mabuiag), 8 (Badu), 9 (Thursday Island) and 12 (Warraber). A summary of the number of records fitted to each model is shown in Table 7.
Table 7. Summary of models fitted to the TIB data.
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5. Results and Abundance Indices

(a) Standardising Effects
Statistics for the Type 3 contrasts computed for each fitted effect indicated that each effect was highly significant. A comparison of relative influence of each level of the Quarter, Area, Method and Proportion-Tails effects for each GLM model is shown in Figure 4. For each effect the values have been scaled so that the influence of each effect is relative to that of the last level of each effect (i.e, Qtr=1, Area=T.I., Method= Hookah and %-Tail >80%). For those models which included the Quarter*Area interaction the Quarter and Area effects were determined by calculating the mean effect across all areas and quarters respectively. 

Relative CPUE is relatively constant across the four quarters of the year, though taking the average effect across the individual results for the eight models for each quarter indicates that CPUE is highest during the fourth quarter and lowest in the third quarter. However, the result for the third quarter is influenced by the variation shown between the results with and without the Seller effect included. For models with the Seller-effect included the first and second quarters have similar relative CPUE with the CPUE for the third and fourth quarters being around 10% lower. 

Relative CPUE varies considerably between the various areas included in the GLM. For the two models with include all 12 GLM-areas and the Seller-effect, the relative CPUE’s vary between 146% (for Mt Adolphus) to 100% (for Thursday Island) while for the two models with include only the four selected GLM-areas and the Seller-effect, the relative CPUE’s varies between 131% (for Mabuiag) to 97% (for Warraber).

Apart from the four area only models for mixed fishing, the relative CPUE across all models is similar for each fishing method. Across all models, the CPUE for hookah fishing is found to be around 23% higher than for free diving and 12% higher than for mixed fishing. This latter result is to be expected if mixed fishing is a combination of the two other fishing methods. 
Figure 4. Comparison of relative influence of each level of the Quarter, Area, Method and Percent-Tails effects for each fitted model. Results are shown for both model runs. Note, for each effect the values have been scaled so that the influence of each effect is relative to that of the last level of each effect (i.e, Qtr=1, Area=T.I., Method= Hookah and %-Tails= ‘>80%’).
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Table 8. Relative abundance indices based on standardised CPUE data for the TIB fishery. Note, each index is scaled so that the mean of the index over the all years is equal to 1.
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Figure 5. Relative indices of resource availability based on each the models fitted to the catch and effort data for the TIB fishery.
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Figure 6. Comparison of the relative indices of resource availability based on (a) Main-Effects only and the (b) Main Effects + Quarter*Area interaction models fitted to the catch and effort data for the TIB fishery
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Finally, the relative CPUE across all models is similar for each category of the proportion of the catch which is tails with the relative CPUE increasing as the Proportion-Tails increases in the catch. Across all models, the relative CPUE within each %-tails category is 0.62, 0.85, 0.88, 0.94 and 1.00 respectively.

(b) Annual Abundance Indices
The relative abundance indices based on each of the eight GLM models listed in the previous section are displayed and listed in Figures 5&6 and Table 8 respectively. Relative to the nominal index, each of the standardised indices displays a number of substantive shifts, being lower than the nominal index at the start of the time-series and for 2011 and 2012 and higher than the nominal index for 2009 and 2010 and since 2014. These changes are likely due to shifts in the percentage of the catch which are processed as tailed or whole lobsters (c.f. Figure 7). There are some small differences in the relative indices between the models with and without the Quarter*Area interaction included (c.f. Figure 5a&c) but these differences are negligible for the models which include the Seller-effect (c.f. Figure 5b&b). There are also some differences between the models which include all 12 GLM-areas and those which only include the four selected GLM-areas, with these differences being similar across the two sets of models with and without the Quarter*Area interaction included (c.f. Figure 6).

Using the Akaike Information Criteria (AIC) as a measure to select the relative quality of the different statistical models fitted to a given set of data (where a lower value is better), then based on the results shown in Table 7 the models with the Quarter*Area interaction included are found to provide a better fit to the data for all the four sets of models. Although not shown in Table 7, the AIC measure also indicates that between the two models with and without the Seller-effect included and fitted to the same set of data as Models 3 and 4 (i.e. 25,848 records) that the model including the Seller-effect provides the better fit. Based on these observations, Model 4 is therefore seen as the preferred model. Of the two sets of models fitted to the data for all 12 GLM-areas or just the four selected GLM-areas it can be argued that as the Area-effect are assumed to the same across all years, and despite the poor data coverage in some areas in more recent years, that the latter model only provides an index across the smaller region comprising the selected four areas while the former model should provide a better index across the entire fishery. 

Figure 7.Percent of total annual catch (whole weight) by processed form.
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5. Comparison with other indices

A comparison of the two of the preferred TIB abundance indices with two of the preferred indices based on the standardised CPUE from the TVH fishery is shown in Figure 8 while the Pearson correlation, ρ, between each of these indices is shown in Table 9. A number of differences are seen between each set of indices. In particular, the two standardised TIB indices each display a considerably flatter trend over time than the TVH indices. Despite this, the peaks and troughs in each of the TIB and TVH indices generally coincide. For example, local maximum occur for the years 2005 and 2011 and local minimum occur for 2006, 2009 and 2015. This similarity is also reflected in the relatively high correlation (ρ =0.86 and 0.82) between the preferred TIB index (seller+Q.A) and the two TVH indices (Note, it is somewhat reassuring that the preferred TIB index has the highest correlation with the TVH indices). As both the TIB and TVH fisheries are fishing the same resource, this result is not unexpected. The reasons for the flatter trend in the TIB indices remain uncertain and warrants further investigation but may be due to the more limited data collected from this fishery, in particular the courser scale measure of effort collected from the TIB fishery (day) in comparison to that collected in the TVH fishery (hours). There is also a problem with the decline in the amount of data available for analysis from the TIB fisher in more recent years, and its more limited spatial extent. due to the fact that some of the data fields in the docket-book were not completed and that a large proportion (>40%) of the data is not being recorded on the docket-book.

Figure 8. Comparison of the selected TIB and TVH resource indices.
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Table 9. Pearson correlation between the various TIB and TVH-based indices.
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6. Concluding Remarks

For the Torres Strait rock lobster fishery there are currently two sources of catch and effort data, those for the TVH and TIB sectors. The logbook data from the TVH sector is believed to provide a relatively complete and good source of catch and effort data for this sector, and until now this source of data has been used solely to construct the index of abundance for use in the stock assessments (e.g. Campbell, 2016). Improvements in compliance to ensure that all fields in the logbook are completed (e.g. area fished and hours fished) would improve the utility of these data. Also, a better recording of the locations of the fishing effort (i.e. at the tender level) would also improve the accuracy of the data for standardising catch rates. On the other hand, the data for the TIB sector is less complete and the measure of effort (days fished) is less accurate and incomplete in many instances. However, given the potential for this sector to grow in importance in future years there is a need to assess the utility of these data to provide a useful index of resource abundance. 

The results presented above indicate that while the TIB-based indices have the potential to capture the major trends stock abundance, they likely lack the detail required to track finer inter-annual trends in abundance. There are several reasons for this outcome. In particular, the measures of catch and effort in the TIB data are coarser (trip-based) compared to the tender-hours based data for the TVH data. Indeed, for the TIB data it remains unknown how many hours per trip fishing actually occurred and whether there are differences between the different sellers and trends over the years. 

Finally, it has been noted that either the docket-book or many of the fields in the docket-book are not being completed, and this problem appears to have increased in recent years (docket-book data is unavailable for more than 60% of the catch during 2013 and 2014, c.f. Figure 3b). As with the TVH data, more effort needs to be placed on ensuring the completeness and accuracy of these data if they are to be used on a continuing basis.
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Appendix A. The Buyers and Processors Docket Book (TDB01) used in the TIB sector of the Torres Strait rock lobster fishery.

[image: ]


[bookmark: _GoBack]Appendix B (i). Number of GLM data records and associated CPUE in each Year*Area strata.




Appendix B (i). Number of GLM data records and associated CPUE in each Year*Area strata.
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Appendix B (ii). Number of GLM data records and associated CPUE in each Year*Quarter strata.
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Appendix B (ii). Number of GLM data records and associated CPUE in each Year*Quarter strata.
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Appendix B (iii). Number of GLM data records and associated CPUE in each Area*Quarter strata.
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Appendix B (iii). Number of GLM data records and associated CPUE in each Area*Quarter strata.
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Catch Unique

Year Records Record-Nos (kg) Tonnes

2004 6,057 4,643 234,933 235

2005 7,715 6,664 358,474 358

2006 4,907 4,084 152,259 152

2007 7,663 5,938 260,011 260

2008 7,314 4,769 183,948 184

2009 7,159 3,540 135,898 136

2010 6,798 3,029 143,319 143

2011 5,648 2,950 200,691 201

2012 3,593 1,379 152,859 153

2013 1,336 675 134,212 134

2014 4,029 1,852 148,538 149

2015 5,540 1,991 173,873 174

2016 5,171 1,528 207,074 207

Total 72,930 43,042 2,486,089 2,486
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METHOD N-recs % Catch %

HOOKAH DIVING 17872 41.5% 955,085 38.4%

FREE DIVING 16461 38.2% 685,594 27.6%

UNKNOWN 3790 8.8% 656,422 26.4%

LAMP FISHING 3874 9.00% 114,876 4.62%

FREE DIVING-LAMP FISHING 305 0.71% 22,334 0.90%

FREE DIVING-HOOKAH DIVING 201 0.47% 19,752 0.79%

DIVING UNSPECIFIED 213 0.49% 15,879 0.64%

HANDLINING-FREE DIVING 141 0.33% 7,182 0.29%

HOOKAH DIVING-LAMP FISHING 26 0.06% 2,798 0.11%

TROLLING-FREE DIVING 44 0.102% 1,293 0.052%

UNKNOWN-HOOKAH DIVING 18 0.042% 968 0.039%

HANDLINING 30 0.070% 812 0.033%

HANDLINING-TROLLING-FREE DIVING 18 0.042% 561 0.023%

UNKNOWN-FREE DIVING 13 0.030% 419 0.017%

FREE DIVING-UNKNOWN 12 0.028% 659 0.027%

HOOKAH DIVING-UNKNOWN 3 0.007% 284 0.011%

FREE DIVING-HOOKAH DIVING-LAMP FISHING 3 0.007% 272 0.011%

UNKNOWN-LAMP FISHING 3 0.007% 49 0.002%

UNKNOWN-FREE DIVING-LAMP FISHING 3 0.007% 228 0.009%

TROLLING 3 0.007% 202 0.008%

LAMP FISHING-FREE DIVING 1 0.002% 53 0.002%

UNKNOWN-FREE DIVING-HOOKAH DIVING 1 0.002% 18 0.001%

TROLLING-DIVING UNSPECIFIED 2 0.005% 146 0.006%

HANDLINING-FREE DIVING-UNKNOWN 2 0.005% 30 0.001%

DIVING UNSPECIFIED-LAMP FISHING 1 0.002% 33 0.001%

HANDLINING-TROLLING 2 0.005% 22 0.001%

HANDLINING-DIVING UNSPECIFIED 1 0.002% 2 0.000%

ROD AND REELING-FREE DIVING 1 0.002% 30 0.001%

UNKNOWN-TROLLING-FREE DIVING 1 0.002% 74 0.003%

FREE DIVING-TROLLING 1 0.002% 13 0.001%

Total 43,046 1 2,486,089 1


image4.png




image5.emf
Area Area-Name N-recs % Catch %

9 Thursday Island 18083 42.01% 676,185 27.20%

0 Unknown 1848 4.29% 498,944 20.07%

7 Mabuiag 5832 13.5% 431,970 17.4%

8 Badu 4988 11.59% 231,713 9.32%

12 Warraber 3849 8.94% 176,282 7.09%

11 Warrior 2782 6.46% 155,249 6.24%

14 Great NE Channel 1566 3.64% 89,465 3.60%

13 Mt Adolphus 673 1.6% 52,614 2.1%

17 Cumberland 779 1.81% 42,662 1.72%

16 Darnley 1211 2.81% 42,272 1.70%

10 Central 621 1.44% 29,126 1.17%

3 Northern Section 219 0.51% 23,120 0.93%

15 South East 117 0.27% 10,897 0.44%

1 Turu Cay 226 0.53% 10,753 0.43%

21 GBR 155 0.36% 10,083 0.41%

2 Deliverance Island 29 0.07% 1,348 0.05%

4 Bramble Cay 12 0.03% 1,091 0.04%

6 Western 21 0.05% 1,078 0.04%

18 Seven Reefs 8 0.02% 475 0.02%

20 Barrier 10 0.02% 345 0.01%

5 Anchor Cay 9 0.02% 238 0.01%

19 Don Cay 5 0.01% 179 0.01%

Total 43,043 1 2,486,089 1
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Days N-recs % Catch %

1 35,512 82.5% 1,376,548 55.4%

0 1,502 3.5% 485,953 19.5%

2 2,921 6.8% 209,442 8.4%

3 1,486 3.5% 146,728 5.9%

4 610 1.4% 71,456 2.9%

5 491 1.1% 71,380 2.9%

6 166 0.4% 36,477 1.5%

7 140 0.3% 29,130 1.2%

8 84 0.2% 22,708 0.9%

9 61 0.1% 18,336 0.7%

10 31 0.1% 7,150 0.3%

11 19 0.0% 6,148 0.2%

13 8 0.0% 2,086 0.1%

14 6 0.0% 1,062 0.0%

12 8 0.0% 768 0.0%

16 3 0.0% 524 0.0%

15 2 0.0% 192 0.0%

43,050 100.0% 2,486,089 100.0%
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Crew N-recs % Catch %

1 26,097 60.1% 1,067,439 42.9%

0 3,799 8.8% 689,238 27.7%

2 12,500 28.8% 672,050 27.0%

3 843 1.9% 43,521 1.8%

4 119 0.3% 5,950 0.2%

6 6 0.0% 3,845 0.2%

5 11 0.0% 2,492 0.1%

8 6 0.0% 1,086 0.0%

7 4 0.0% 233 0.0%

12 2 0.0% 99 0.0%

10 1 0.0% 60 0.0%

14 1 0.0% 37 0.0%

9 2 0.0% 31 0.0%

11 1 0.0% 9 0.0%

43,392 100.0% 2,486,089 100.0%
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Year N-Recs CPUE Month N-Recs CPUE Qtr N-Recs CPUE

2004 3,208 35.3 1 2,211 31.9 1 11,593 38.3

2005 5,349 40.8 2 4,261 39.3 2 10,797 36.9

2006 3,196 27.1 3 5,121 40.2 3 6,814 32.0

2007 4,894 32.6 4 3,718 38.3 4 2,173 28.0

2008 3,736 32.0 5 3,734 36.3 Total 31,377

2009 2,833 28.6 6 3,345 36.0

2010 2,041 36.1 7 3,155 33.2

2011 1,690 52.1 8 2,108 31.9

2012 683 47.0 9 1,551 29.5

2013 12 38.9 10 27 24.5

2014 1,246 26.3 11 6 23.7

2015 1,470 25.4 12 2,140 28.1

2016 1,019 35.4 Total 31,377

Total 31,377
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TIB-AreaGLM-Area N-Recs GLM-Area N-Recs CPUE Method N-Recs CPUE

1 6 82 6 286 47.5 FREE 14,965 32.3

2 6 21 7 4,806 43.4 HOOKAH 15,914 38.7

3 6 168 8 4,399 30.9 MIXED 498 43.5

4 16 11 9 13,124 34.2 Total 31,377

5 16 3 10 323 40.2

6 6 15 11 2,237 42.9 Days N-Recs CPUE

7 7 4,806 12 2,609 25.6 1 26,767 36.4

8 8 4,399 13 469 55.0 2 2,177 33.6

9 9 13,124 14 1,234 37.1 3 1,041 29.2

10 10 323 15 244 46.6 4 514 30.3

11 11 2,237 16 945 31.1 5 422 30.5

12 12 2,609 17 701 37.2 6 146 36.9

13 13 469 Total 31,377 7 121 29.3

14 14 1,234 8 71 35.4

15 15 103 9 54 32.5

16 16 929 %-Tails N-Recs CPUE 10 27 22.8

17 17 701 <20% 5,266 23.3 11 17 25.6

18 15 8 20-40% 2,282 36.9 12 6 10.5

19 16 2 40-60% 2,158 37.1 13 7 18.5

20 15 10 60-80% 2,017 39.8 14 3 8.0

21 15 123 >80% 19,654 38.4 15 1 5.8

Total 31,377 Total 31,377 16 3 10.9

Total 31,377
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image16.emf
(a) All Areas

Degree of # Sellers

Model Freedom Parameters

1 Main Effects 34 0 31,016 282,216

2 Main Effects + Q.A 67 0 31,016 280,960

3 Model 1 + Seller-Name 267 234 25,848 229,582

4 Model 2 + Seller-Name 300 234 25,848 229,216

(b) Four Areas only

Degree of # Sellers

Model Freedom Parameters

1 Main Effects 26 0 24,655 219,930

2 Main Effects + Q.A 35 0 24,655 219,280

3 Model 1 + Seller-Name 199 174 19,841 172,334

4 Model 2 + Seller-Name 208 174 19,841 172,166

Records AIC

Records AIC
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Year Nominal Main Main+QA Main.A4 Main.A4+QA Seller Seller+QA Seller.A4 Seller.A4+QA

2004 0.98 0.91 0.91 0.94 0.94 0.91 0.91 0.93 0.93

2005 1.17 0.96 0.97 0.98 0.99 1.04 1.04 1.06 1.07

2006 0.80 0.72 0.74 0.68 0.70 0.76 0.76 0.75 0.76

2007 0.96 0.85 0.85 0.86 0.86 0.86 0.86 0.89 0.89

2008 0.95 0.90 0.86 0.85 0.85 0.88 0.88 0.89 0.89

2009 0.83 0.89 0.90 0.88 0.88 0.89 0.89 0.88 0.88

2010 1.02 1.20 1.16 1.23 1.18 1.11 1.10 1.10 1.10

2011 1.40 1.26 1.28 1.15 1.17 1.34 1.33 1.21 1.19

2012 1.38 1.19 1.20 1.23 1.23 1.26 1.26 1.26 1.25

2014 0.76 0.85 0.88 0.98 1.00 0.89 0.90 0.93 0.95

2015 0.73 0.92 0.92 0.89 0.88 0.85 0.86 0.87 0.87

2016 1.04 1.33 1.31 1.35 1.32 1.21 1.21 1.22 1.22

Mean 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Model TVH-Main TVH-Int1 TVH-Main TVH-Int1

Main 0.67 0.65 0.61 0.58

Main+QA 0.71 0.67 0.66 0.63

Seller 0.86 0.83 0.81 0.77

Seller+QA 0.85 0.82 0.80 0.76

All Areas Four Areas
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(a) Number of TIB RECORDS

Qtr 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Total

1 962 1542 1300 1915 1605 974 784 820 359 0 304 560 468 11593

2 973 2192 1052 1765 1225 1026 718 446 222 12 253 503 410 10797

3 873 1376 405 974 770 671 462 296 95

0 425 326 141

6814

4 400 239 439 240 136 162 77 128 7

0 264 81 0

2173

Total 3208 5349 3196 4894 3736 2833 2041 1690 683 12 1246 1470 1019 31377

(b) Total Number of DAYS_FISHED

Qtr 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Total

1 1099 1984 1574 2308 1715 1272 911 847 781 0 419 929 821 14660

2 1534 2956 1478 2161 1455 1380 789 801 619 13 347 888 649 15070

3 1325 1867 595 1199 1082 1067 536 461 148

0 448 580

152 9460

4 474 304 516 282 163 222 86 138 7

0 382 148

0 2722

Total 4432 7111 4163 5950 4415 3941 2322 2247 1555 13 1596 2545 1622 41912

(c) Total CATCH_WEIGHT

Qtr 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Total

1 48963 87285 44829 79435 58421 41618 29927 52929 38072 0 12509 23931 27515 545434

2 55894 129870 37323 71528 46746 44837 30092 40209 28419 506 8881 23501 24104 541910

3 37960 64380 15252 34936 30944 22063 20780 19466 6554

0 13608 13960

5768 285671

4 13704 8725 15373 8352 5126 4170 3005 4365 92

0 7021 3348

0 73281

Total 156521 290260 112777 194251 141237 112688 83804 116969 73137 506 42019 64740 57387 1446296

(d) Nominal CPUE

Qtr 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Total

1

44.6 44.0 28.5 34.4 34.1 32.7 32.9 62.5 48.7 29.9 25.8 33.5 37.2

2

36.4 43.9 25.3 33.1 32.1 32.5 38.1 50.2 45.9 38.9 25.6 26.5 37.1 36.0

3

28.6 34.5 25.6 29.1 28.6 20.7 38.8 42.2 44.3 30.4 24.1 37.9 30.2

4

28.9 28.7 29.8 29.6 31.4 18.8 34.9 31.6 18.4 22.6 26.9

Total 35.3 40.8 27.1 32.6 32.0 28.6 36.1 52.1 47.0 38.9 26.3 25.4 35.4 34.5

Year
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(a) Number of TIB RECORDS

AREA

Q-1 Q-2 Q-3 Q-4

Total

6

107 102 64 13 286

7

2084 1265 1059 398 4806

8

1934 1460 732 273 4399

9

4652 4840 2966 666 13124

10

117 113 61 32 323

11

832 666 435 304 2237

12

782 985 590 252 2609

13

115 209 128 17 469

14

319 510 342 63 1234

15

89 90 56 9 244

16

350 291 198 106 945

17

212 266 183 40 701

Total

11593 10797 6814 2173 31377

(b) Total Number of DAYS_FISHED

AREA

Q-1 Q-2 Q-3 Q-4

Total

6

203 140 79 22 444

7

2916 2381 1744 468 7509

8

2723 2280 1098 393 6494

9

4941 5236 3176 717 14070

10

125 191 97 39 452

11

968 783 505 381 2637

12

1243 1886 1173 361 4663

13

155 364 220 38 777

14

574 903 729 120 2326

15

128 170 114 12 424

16

389 340 221 120 1070

17

295 396 304 51 1046

Total

14660 15070 9460 2722 41912

(c) Total CATCH_WEIGHT

AREA

Q-1 Q-2 Q-3 Q-4

Total

6

10537 7037 2557 604 20735

7

139721 107780 56156 14171 317828

8

88296 74629 28634 10077 201636

9

183831 184047 96235 16500 480613

10

4753 7814 3210 1576 17353

11

37029 38250 23184 13444 111907

12

26317 38185 24049 6691 95242

13

7113 20465 11052 1010 39640

14

22703 28115 17191 2810 70819

15

6034 8313 4358 472 19177

16

11105 10985 6843 4003 32936

17

7994 16289 12203 1924 38410

Total

545433 541909 285672 73282 1446296

(d) Nominal CPUE

AREA

Q-1 Q-2 Q-3 Q-4

Total

6 51.9 50.3 32.4 27.5 46.7

7 47.9 45.3 32.2 30.3 42.3

8 32.4 32.7 26.1 25.6 31.0

9 37.2 35.2 30.3 23.0 34.2

10 38.0 40.9 33.1 40.4 38.4

11 38.3 48.9 45.9 35.3 42.4

12 21.2 20.2 20.5 18.5 20.4

13 45.9 56.2 50.2 26.6 51.0

14 39.6 31.1 23.6 23.4 30.4

15 47.1 48.9 38.2 39.3 45.2

16 28.5 32.3 31.0 33.4 30.8

17 27.1 41.1 40.1 37.7 36.7

Total 37.2 36.0 30.2 26.9 34.5

(e) Percenr of Annual Catch

AREA

Q-1 Q-2 Q-3 Q-4

Total

6 0.9% 0.9% 0.9% 0.6% 0.9%

7 18.0% 11.7% 15.5% 18.3% 15.3%

8 16.7% 13.5% 10.7% 12.6% 14.0%

9 40.1% 44.8% 43.5% 30.6% 41.8%

10 1.0% 1.0% 0.9% 1.5% 1.0%

11 7.2% 6.2% 6.4% 14.0% 7.1%

12 6.7% 9.1% 8.7% 11.6% 8.3%

13 1.0% 1.9% 1.9% 0.8% 1.5%

14 2.8% 4.7% 5.0% 2.9% 3.9%

15 0.8% 0.8% 0.8% 0.4% 0.8%

16 3.0% 2.7% 2.9% 4.9% 3.0%

17 1.8% 2.5% 2.7% 1.8% 2.2%

Total 100.0% 100.0% 100.0% 100.0% 100.0%
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