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EXECUTIVE SUMMARY 

Kendrick, T.H.; Bentley, N. (2010).  Fishery characterisation and catch-per-unit-effort indices for 
trevally in TRE 7, 1989–90 to 2007–08  
 
New Zealand Fisheries Assessment Report 2010/41.   
 
Trevally in TRE 7 is mainly caught in the inshore Statistical Areas 040 to 047 by targeted bottom 
trawling. Most of the remainder of the catch is taken as bycatch of snapper bottom trawl tows. Bottom 
pair trawling also accounts for a considerable proportion of TRE 7 landings and appears to operate 
similarly to bottom trawl. The possible duplication of effort reporting for pair trawling makes it a 
dubious candidate as a method from which a CPUE index might be derived. A small set net fishery also 
mainly targets trevally in similar statistical areas and months to the bottom trawl fishery. Its catch has 
declined in recent years and it was not considered for CPUE analysis.  
 
In the bottom trawl fishery there is considerable interaction between the TRE 7 and SNA 8 fisheries. A 
large proportion of TRE 7 is landed from snapper tows, and trevally occurs in most of the trawl shots 
targeted at snapper. The spatial, seasonal, and depth distributions of the two fisheries are similar, 
although the trevally target fishery appears to have a longer season and to extend further south than the 
snapper target fishery. There has been a shift over time towards more targeted catch of TRE 7 and less 
bycatch.  
 
The currently accepted CPUE based index of abundance for TRE 7 is based on bottom trawl tows 
targeted at either trevally or snapper in the inshore statistical areas of the west coast from North Cape to 
the South Taranaki Bight. Effort in this combined trevally/snapper bottom trawl fishery has been 
declining since 1997–98, but annual landed catch of trevally has been maintained by an apparently 
increasing catch rate. Annual catch of TRE 7 varied around the TACC until recently, declining along 
with SNA 8 landings since 2004–05 in response to the lowered TACC for SNA 8.  
 
The CPUE index was updated with three additional years of data. The effect of the standardisation was 
marked, changing a steeply increasing trajectory in the unstandardised CPUE to one that declines 
initially in the early 1990s and is then flat. The model effects this transformation largely by accounting 
for changes in the fleet towards better performing vessels, a shift towards greater targeting of trevally as 
well as for shifts in season (towards an emphasis on summer months), and a northward shift among 
statistical areas all of which have influenced observed CPUE positively. The binomial model of the 
probability of capture added little additional signal or information. 
 
We examined the sensitivity of the CPUE index to (a) a shift in reporting practice from CELR to 
TCEPR, (b) the inclusion of more or fewer target species in the dataset, and (c) the inclusion of the 
target species field as an explanatory variable. The trajectory was robust to all these aspects.  
 
This series was used in the 2009 stock assessment. The Inshore Working Group in reviewing this work 
determined that the flat CPUE indices for TRE 7 are either the result of a stable stock or a hyperstable 
index. As trevally is a shoaling species it might be possible for fishers to locate aggregations and 
maintain catch rates in the face of declining stock size. The large shifts in fishing practice that the 
standardisation model had to account for supports that possibility.  
 
The possibility of three substocks delineated at Cape Taranaki and at Reef Point (the south end of 
Ninety Mile Beach) was highlighted in recent catch-at-age work and additional work was done that 
confirmed that the initial decline in the early 1990s, which is the main feature of the standardised index, 
is a feature of the Kaipara–Manukau and South Taranaki Bight subareas, but was not apparent in the 
Ninety Mile Beach subarea.  
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1. INTRODUCTION 

1.1 The fishery 
 
Trevally is caught around the North Island and the north of the South Island, with the main catches from 
the northern coasts of the North Island. TRE 7 forms a valuable inshore fishery off the west coast of the 
North Island. Trevally is taken in the northern coastal mixed trawl fishery, mostly in conjunction with 
snapper.  It is also considered a valuable recreational fishery. Catches exceeded the TAC (of 2153 
tonnes) in 2003–04, but have been about 10–20% below the TACC in each year since then (Figure 1).  
 
As a result of the interaction between snapper and trevally in the TRE 7 trawl fishery, the trevally catch 
is sometimes constrained by the availability of snapper quota.  SNA 8 has been under intense TACC 
pressure since its introduction into the QMS and the TACC was lowered in 2005–06 (Figure 2). Catches 
of both SNA 8 and TRE 7 have declined similarly since then. 
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Figure 1: Reported landings of trevally (t) in TRE 7 from 1983–84 to 2007–08, and gazetted and actual 
TACCs (t) for 1986–87 to 2007–08 (line). QMS data from MFish 2009. 
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Figure 2: Reported landings of snapper (t) in SNA 8 from 1983–84 to 2007–08, and gazetted and actual 
TACCs (t) for 1986–87 to 2007–08 (line). QMS data from MFish 2009. 
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Trevally is a difficult species to monitor and to assess because of its mixed demersal-pelagic nature and 
because trawl gear (whether in the commercial fishery or in independent survey) is not optimal for its 
sampling.  Young fish enter a demersal phase from about 1 year old until they reach sexual maturity. At 
this stage adult fish move between demersal and pelagic phases. Schools occur at the surface, in mid-
water, and on the bottom, and are often associated with reefs and rough substrate (as are snapper). The 
occurrence of trevally schools at the surface appears to correlate with settled weather conditions rather 
than time of the year (Ministry of Fisheries 2009).  
 
Estimates of absolute biomass are not available for any stock. Biomass indices are available from R.V. 
Kaharoa trawl surveys of the Hauraki Gulf, Bay of Plenty, east Northland, and the west coast of the 
North Island. These relative indices are unlikely to be directly proportional to true stock abundance due 
to the following factors: (a) the mixed demersal-pelagic nature of trevally; (b) trawl survey gear 
efficiency is not optimal for the sampling of trevally; and (c) a direct correlation has been found to exist 
between sea surface temperature (SST) during surveys and relative biomass. These factors are most 
likely to confound any visible trend in the relative abundance indices for trevally produced from past 
trawl surveys. 
 
The same caveats must apply to other monitoring tools based on the main commercial catch which is 
also taken by trawl tows.  
 

1.2 Previous work 
�

The currently accepted index for this Fishstock is based on a series first developed by Maunder & 
Kendrick (2004) under MFish direct contract MOF2003-01D. That project was funded to investigate 
specific improvements to the 2001 TRE 7 stock assessment (Ministry of Fisheries project TRE2001/02), 
including a more informative series of standardised CPUE abundance indices.  
 
The CPUE indices generated in the earlier project (Langley 2002) were based on the target trevally 
fishery and showed a high degree of inter-annual variability that the stock assessment model had 
difficulty in explaining based on population dynamics (Maunder & Langley 2003, Maunder & Langley 
2004). The Pelagic Stock Assessment Working Group felt that the high-interannual variability in CPUE 
was not likely to reflect changes in stock biomass, and requested that the CPUE standardisation model 
be extended to include sea surface temperature as a standardisation variable in an effort to reduce the 
interannual variability. The inclusion of SST among potential explanatory variables offered to the 
CPUE standardisation models did not result in any marked improvement (Maunder & Kendrick 2004). 
 
An alternative model was then fitted to a data set that included catches of trevally from the associated 
snapper target fishery.  Maunder & Kendrick (2004) proposed that reported target species may not be a 
good delineator of the mixed species inshore trawl fisheries, or alternatively, that the two fisheries each 
sample a different component of the same trevally population, and that both may be required to give an 
overall picture of the trevally fishery. There is little intuitive reason to discount tows targeted at snapper 
as a useful monitoring tool for trevally. The two species are strongly associated (Kendrick & Francis 
2002), often being caught in the same tow, and to some extent, catch rates from tows that are not 
actively targeted on schools of trevally should be less likely to exhibit hyperstability which is a 
characteristic of catch rates of strongly schooling species.  The effect of standardisation was to change a 
flat CPUE trajectory to a steadily declining one. 
 
The decision to combine data from the two fisheries was made because the patterns in unstandardised 
annual CPUE from target trawl, and from snapper bycatch, each showed high inter-annual variability 
and contradicted each other so markedly that neither fishery could be considered to be adequately 
sampling the trevally population if any credibility at all was to be given to the other.  
 
A subsequent study commissioned by Sanford NZ Ltd and presented to a meeting of the Inshore 
Working Group (Kendrick 2004), was restricted to Sanford vessels and to records in TCEPR format 
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only. That study investigated the inclusion of pair trawl with fishing method included as a potential 
explanatory variable and also considered the effect of shifts in tow speed. This operator (Sanford NZ 
Ltd.), dominates the target fishing for trevally, and in the mid 1990s was required to switch their fleet 
from reporting on the daily CELR form to reporting tow-by-tow on TCEPRs. The series, not 
surprisingly, closely resembled the target trevally CPUE series and suggests that the difference in CPUE 
trends that were attributed to different target species by Maunder & Kendrick (2004) might in fact be 
describing differences between the performance of Sanford vessels and the rest of the fleet, with target 
species acting as a proxy for vessel. 
 
The currently accepted series is based on positive estimated catches from single bottom trawl tows 
targeted at either snapper or trevally from Statistical Areas 040–042 and 045–047 and reported in either 
TCEPR or CELR format. It includes a target predictor variable (either trevally or snapper) and an area–
month interaction. This was last updated for the 2005 stock assessment (McKenzie 2008). That series is 
extended here with an additional 3 years of data but is based on landed catch (rather than estimated 
catch) allocated to effort and analysed at trip-stratum resolution. The sensitivity of the year effects to 
some of the decisions made are also examined and were found to be robust.  
 

2 DATA SOURCES AND METHODS 

 
Fishers are required to estimate only the catch of the top five species (or top eight species since 
introduction of the new TCE form) in a day’s fishing on Catch effort Landing Returns (CELRs), or, in 
individual tows, on Trawl Catch Effort and Processing Returns (TCEPRs), but often fewer are reported. 
The estimated catch can therefore be an underestimate, especially for bycatch species. Only the landings 
values, reported on the bottom part of the CELR, or on Catch Landing Returns (CLRs) respectively, 
represent total catches. These values are available only at the end of the fishing trip, and are not directly 
linkable to individual fishing events or even to a single day's fishing. The linkage can be simulated by 
apportioning the landed catch to effort strata within the corresponding trip using procedures that were 
comprehensively described by Starr (2007).  The use of landed rather than estimated catch also allows 
much of the catch from straddling statistical areas to be identified by Fishstock and therefore included in 
the analysis.   
 

2.1 Landed greenweight versus estimated catch 
 
The decision of whether to base the analysis of CPUE on ‘estimated’ or ‘landed’ catch depends 
primarily on whether CPUE is monitored in target fishing or in a bycatch/mixed target fishery. Where a 
species is not the target and not always among the top five species in the catch, the estimated catch is 
likely to be an underestimate, and zero catches are as likely to mean the species was caught, but was not 
among the top five species, as that it wasn’t caught at all. This means that species other than target 
species can not usually be reliably monitored using estimated catch. The total estimated and allocated 
landed catches at trip-stratum resolution for TRE 7 are compared in Figure 3 and the distribution of the 
ratio of estimated catch to landed catch is described in Figure 4. There is evidence of some over and 
underestimation, but generally trevally is a well reported (estimated) species in this mixed species 
fishery. Although there may be little advantage to using allocated landed catch in this instance it is 
nevertheless considered advisable as it represents the best attempt to address a potential bias in 
estimated catch towards the larger catches. 
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Figure 3: Scatter plots of the landed greenweight (t) compared to the estimated catches (t) in the analysis 
dataset (at trip resolution). The lower plot uses log-scale axes to reduce the visual compression caused by 
large catches.   

 

 
Figure 4: Frequency of the ratio of estimated catches/landed greenweight in the analysis dataset (at trip-
stratum resolution). This should centre on 1.0 if the catch is well estimated. 
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2.2 Combining form types 
 
The currently accepted CPUE series combines data from both CELR and TCEPR/TCE forms. The data 
are analysed at trip-stratum resolution to allow data from the different form types to be combined at a 
common spatial and temporal resolution. There remains, however, concern about combining data across 
form types in the northern inshore trawl fishery because of the systematic and almost total switch from 
daily summaries (CELR) to tow-by-tow data (TCEPR) in the mid 1990s (Table 1).   
 
Target species is used quite differently on these two forms with targeted CPUE greater when reported 
on TCEPRs than when reported on CELRs. The systematic switch therefore has the potential to bias 
CPUE especially when it is monitored in targeted fishing (Kendrick 2006). The effect is mitigated to 
some extent by monitoring in a mixed target fishery. The effect is difficult to demonstrate because it is 
confounded with year effect.  
 
The approach taken here was to compare alternative series done on separate form types with the 
combined form type series. The alternative series appendixed to this report appear to corroborate the 
series presented and any resultant bias in this fishery appears to be slight. 

 

Table 1: Reporting practice in the TRE 7 bottom trawl fishery, all target species and statistical areas 
combined. Landed TRE 7, by weight and percent, that was reported on the daily form (CELR), the tow-by-
tow form (TCEPR), and the new TCE tow-by-tow form by fishing year.   

    TRE 7 Bottom trawl  

Fishing Landed TRE 7 (t)  Landed TRE 7 (%) 
year TCEPR CELR TCE  TCEPR CELR TCE 
89/90 134 895 0  13 87 0 
90/91 206 892 0  19 81 0 
91/92 411 516 0  44 56 0 
92/93 544 737 0  42 58 0 
93/94 690 887 0  44 56 0 
94/95 1 027 619 0  62 38 0 
95/96 921 403 0  70 30 0 
96/97 1 288 330 0  80 20 0 
97/98 1 609 319 0  83 17 0 
98/99 1 163 572 0  67 33 0 
99/00 1 006 703 0  59 41 0 
00/01 1 025 321 0  76 24 0 
01/02 1 237 206 0  86 14 0 
02/03 1 246 251 0  83 17 0 
03/04 1 426 191 0  88 12 0 
04/05 1 170 160 0  88 12 0 
05/06 1 375 159 0  90 10 0 
06/07 1 402 143 0  91 9 0 
07/08 974 0 374  72 0 28 
 

2.3 Inclusion of zero catches 
 
When an appropriate fishery in which abundance might be monitored has been defined, then all effort in 
that fishery becomes relevant and current practice in New Zealand fisheries is to model the encounter 
rate (probability of capture) separately if there is an adequate proportion of unsuccessful effort records 
(usually considered to be at least 5% in each year).  This was done for this study. 
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An important consequence of combining form types and amalgamating data, however, is that the 
coarser resolution of the data compromises the utility of modelling the probability of capture. Catch and 
effort data reported on CELRs (or data amalgamated to be compatible with CELR data) commonly 
represent totals for an entire day of fishing (unless there was a change in statistical area or of target 
species). Unsuccessful tows are unavoidably included in those totals, and, while they may have the 
effect of lowering the nominal catch rate, they are not individually identifiable. Catch rates calculated 
from CELR or otherwise amalgamated data therefore inherently include much of the zero catch 
information and any signal it contains about abundance, so that separate analyses of the probability of 
capture rarely yields much additional information.  
 

2.4 Methods used for grooming and collation of MFish catch and effort data 
 
Catch and effort data were obtained from the MFish data base “warehou” for the period 01 October 
1989 to 30 September 2008. Data were obtained for fishing trips that either landed to Fishstock TRE 7 
or  included fishing events that used any trawl method (BT, MW, BPT, MPT) in any statistical area 
valid for TRE 7 but which did not target a deepwater species (ORH, OEO, SOE, SOR, SSO, BOE, 
WOE, CDL, BYX, HOK, SCI, SQU, HAK).  Once trips that satisfied these criteria were identified, all 
effort and landing records associated with these trips were extracted. Landings, estimated catch, and 
associated effort were all groomed separately before merging and the resultant annual total landed and 
estimated catches are compared in Figure 5 and Table 4.  
 
Outlier values in the landing data were identified by finding the trips with very high landings for 
trevally based on verified maximum values supplied by the Ministry of Fisheries data unit.  The effort 
data for these trips were then used to calculate the trip CPUE based on landings and the total estimated 
catch for the trip was calculated.  Trips which had a ratio of landed to estimated catch which exceeded 4 
and a CPUE which exceeded two times the 95th percentile of the trip CPUE distribution for the entire 
dataset were excluded from the analysis. 
 
Most trevally were landed to destination code “L” (landed to a Licensed Fish Receiver in New Zealand), 
but there were some also some landings reported to destination code “R” meaning that they were 
retained on board, “Q” meaning they were held in a receptacle on land for subsequent landing, or “T” 
meaning they were transferred to another vessel (Table 2). These fish are not identifiable when 
subsequently landed and there is therefore a risk of double counting.  Where these destination codes 
were reported, the entire trip was dropped with the loss of just over 238 t of trevally from the analysis 
dataset.  
 
Almost all TRE 7 are landed green (whole) with most of the balance being dressed (Table 3). The 
conversion factor used to back-calculate greenweight from landed (processed) weight before 1993–94 
changed from 2.5 to 1.65 for dressed fish (Table 3), but as the actual tonnage of fish landed to that state 
was small (less than 10 t)  changes over time in conversion factors were not corrected for.  
 
Occasional outlier values (input errors) in the effort data were identified by comparison with empirical 
distributions derived from the effort variable (duration or number of sets), and where the values were in 
the extreme upper and lower tails of the distribution (a multiple of the 95th percentile value), they were 
replaced with the median value for the effort field for the affected vessel.  Missing effort data were 
treated similarly. Missing values for statistical area, method, or target species within any trip were 
substituted with the predominant (most frequent) value for that field over all records for the trip.  Trips 
with all fields missing for one of these descriptors were dropped entirely.  
 
The allocation of landed catch to effort is done by first summarising effort and estimated catch data for 
a fishing trip, for every unique combination of fishing method, statistical area, and target species 
(referred to as a "trip-stratum"). This reduces both CELR and TCEPR format records to lower resolution 
"amalgamated" data, giving fewer records per trip, but retains the original method, area, and target 
species recorded by the skipper. The landed greenweight, declared at the end of the trip, is then 
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allocated to the trip strata in proportion to the estimated catch. Where there were no estimated catches 
during the trip, the allocation is proportionate to the amount of effort. Trips landing more than one 
fishstock of trevally from the straddling statistical areas (016, 017, 018, 019 or 032), or that used 
multiple fishing methods with incompatible measures of effort, were entirely dropped.  
 

Table 2: Total landed greenweight (t) of TRE 7 in each year by destination code in the unedited file. 0, less 
than 0.5 t.  

 Used      Not used 

Fishing 
year 

Landed 
to  NZ 
LFRR 

 Retained 
on board 

Held in 
receptacle 

on land 

Transferred 
to another 

vessel 
89/90 1 465  0 - 5 
90/91 2 087  2 - 4 
91/92  1 414  12 - 39 
92/93 1 758  12 - 0 
93/94 2 181  5 - - 
94/95 2 284  8 - 0 
95/96 2 170  - - - 
96/97 1 974  0 - 0 
97/98 2 256  11 - - 
98/99 2 299  1 - - 
99/00 2 444  0 - - 
00/01 1 976  9 0 - 
01/02 1 924  12 0 - 
02/03 2 201  0 10 - 
03/04 2 328  1 7 - 
04/05 2 038  6 11 - 
05/06 2 168  9 12 0 
06/07 1 967  12 16 2 
07/08 1 908  13 19 - 
 
 
The data available for each trip included estimated and landed catch of trevally, total hours fished, total 
number of tows, length of net, fishing year, statistical area, target species, month of landing, and a 
unique vessel identifier.  Data retained for the analyses might not represent an entire fishing trip, but just 
those portions of it that qualified; however, the amount of landed catch assigned to the part of the trip 
that was kept would be proportional to the total landed catch for the trip.   
 
This method of using allocated landings retained for analysis more than 93% of landed TRE 7 in each 
year. The estimated catch in the groomed dataset represented generally more than 90% of the allocated 
landings (Figure 5, Table 4). The total landed greenweight available from the bottom of the form and 
obtained in the “warehou” extract differs from the total landings of trevally reported in MFish (2009), 
particularly in the first half of the time series due to the relatively poorer error checking routines for 
catch effort data in those years. 
 
Alternative datasets delineated by form type and analysed at original resolution were also based on 
landed rather than estimated catch, but were allocated to effort at the resolution at which effort was 
recorded, not amalgamated to trip-stratum. The TCEPR series thus included some more detailed 
variables, such as bottom depth and tow speed, that are reported only for tow-by-tow data. 
 
Landings were re-scaled in the dataset to equal the verified totals from Monthly Harvest Returns (MHR) 
or, before October 2001, from Quota Management Returns (QMR).  For the CPUE standardisation part 
of this study, records for which any field had been corrected or replaced during grooming were dropped.   
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Table 3: The median conversion factor in each fishing year by processed state (for states having at least 100 
records); total landed greenweight (t) of TRE 7 in the unedited file by processed state. GRE, green; DRE, 
dressed; HGU, head and gutted; GUT, gutted. 0, less than 0.5 t. 

 
Fishing Conversion factor  Landed TRE 7 (t) 

year GRE  DRE  HGU GUT   GRE DRE HGU GUT Other 

89/90 1.00  1.50 1.10  1 462 - 4 0 0 
90/91 1.00 2.50 1.50 1.10  2 088 0 0 0 0 
91/92 1.00 2.50 1.50 1.10  1 410 5 0 0 0 
92/93 1.00 2.10 1.50 1.10  1 744 7 7 0 0 
93/94 1.00 1.65 1.50 1.10  2 138 27 1 14 0 
94/95 1.00 1.65 1.50 1.10  2 195 51 36 0 0 
95/96 1.00 1.65 1.50 1.10  2 157 8 0 6 0 
96/97 1.00 1.65 1.50 1.10  1 959 13 1 0 0 
97/98 1.00 1.65 1.50 1.10  2 241 12 1 3 0 
98/99 1.00 1.65 1.50 1.10  2 296 1 1 2 0 
99/00 1.00 1.65 1.50 1.10  2 430 11 0 2 0 
00/01 1.00 1.65 1.50 1.10  1 959 13 1 2 0 
01/02 1.00 1.65 1.50 1.10  1 864 60 0 0 0 
02/03 1.00 1.65 1.50 1.10  2 184 10 5 1 0 
03/04 1.00 1.65 1.50 1.10  2315 22 0 0 0 
04/05 1.00 1.65 1.50 1.10  2 032 4 - 0 1 
05/06 1.00 1.65  1.10  2 151 15 - 1 0 
06/07 1.00 1.65  1.10  1 967 1 - 0 0 
07/08 1.00 1.65 1.50 1.10  1 854 48 0 6 0 
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Figure 5: Comparison of TRE 7 TACC and landed catch totals (t) from the MFish catch and effort forms 
by fishing year with the total reported landings (t) to the QMS.  Also shown are the catch totals (t) which 
remain after the dataset has been prepared for analysis by dropping trips which reported to more than one 
trevally fishstock and fished in a straddling statistical area or that used multiple and incompatible gear 
types. The estimated catch total is the sum from all trips with matching landing data. Values are given in 
Table 4. 
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Table 4: TACC and landed catch totals (t) from the MFish catch and effort forms by fishing year with the 
total reported landings (t) to the QMS.  Also shown are the catch totals (t) which remain after the dataset 
has been prepared for analysis by dropping trips which reported to more than one trevally fishstock and 
fished in a straddling statistical area or that used multiple and incompatible gear types. The estimated catch 
total is the sum from all trips with matching landing data. 

Fishing 
year 

QMR 
reported 

catches 
(t) 

Bottom of 
form (some 

edits) 

Landed 
catch for 
analysis 

(t) 

Estimated 
catch in 

dataset (t) 

% analysis 
catch of 
landed 

catch 

% 
analysis 
catch of 

QMR 

% 
estimated 

catch of 
analysis 

 89/90  1 589          1 195        1 178         1 278  99 74 109 
 90/91  2 016          1 851        1 766         1 793  95 88 101 
 91/92  1 367          1 397        1 336         1 207  96 98 90 
 92/93  1 796          1 702        1 673         1 503  98 93 90 
 93/94  2 231          2 082        1 948         1 892  94 87 97 
 94/95  2 138          2 097        2 002         1 809  95 94 90 
 95/96  2 019          1 972        1 940         1 749  98 96 90 
 96/97  1 843          1 876        1 753         1 555  93 95 89 
 97/98  2 102          2 103        1 966         1 777  93 94 90 
 98/99  2 148          2 134        2 083         1 775  98 97 85 
 99/00  2 254          2 289        2 245         1 968  98 100 88 
 00/01  1 888          1 877        1 860         1 644  99 99 88 
 01/02  1 856          1 823        1 787         1 670  98 96 93 
 02/03  2 029          2 060        2 036         1 825  99 100 90 
 03/04  2 186          2 174        2 156         1 976  99 99 92 
 04/05  1 945          1 963        1 928         1 839  98 99 95 
 05/06  1 957          1 973        1 946         1 854  99 99 95 
 06/07  1 739          1 761        1 710         1 702  97 98 100 
 07/08  1 797          1 813        1 773         1 716  98 99 97 
 
 

2.5 Sea surface temperatures 
 
The oceanographic data included in the analysis are from a Pacific Ocean Hindcast data set derived 
from a model-based ocean analysis system (NOAA NCEP EMC CMB Pacific). These data are available 
for each month from January 1980 to December 2008 at a spatial resolution of one degree of latitude 
and 1.5 degrees of longitude.  
 
(http://iridl.ldeo.columbia.edu/SOURCES/.IGOSS/.nmc/.Reyn_SmithOIv2/.monthly/.dataset_do
cumentation.html) 
 
Sea Surface Temperature (SST) was collated at statistical area/month resolution for the whole time 
series. A mean monthly temperature based on a ten year series (1990–1999) was also calculated for each 
statistical area, and the anomaly from those measures of normality was calculated for each area and 
month. These anomalies are effectively the SSTs with the strong seasonal pattern (highly correlated 
with month) removed. A pattern of colder and warmer than usual years is apparent when those monthly 
anomalies are averaged over a fishing year. The pattern is consistent across statistical areas, though the 
temperature range is generally greater and the minimum temperatures cooler the further south the 
statistical area. For clarity and contrast, only two areas are presented as examples (Figure 6).  It is 
interesting to note that while El Nino events can generate an extreme water temperature response, the 
sign of that response relative to normal temperatures is not always predictable (Uddstrom & Oien 1999).    
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Figure 6: Monthly sea surface temperature anomalies (light line) relative to a ten year (monthly) average, 
and the annual mean of those anomalies (heavy line) for two selected Statistical Areas, 047 [upper], and 034 
[lower]. 

 

2.6 Methods used for catch-per-unit-effort analysis 

2.6.1 Defining fisheries  
 
Fisheries were identified in the characterisation as likely candidates in which to monitor abundance of 
trevally based on a consideration of whether: 1) effort is effective with respect to the species of interest 
(accounts for a significant proportion of landed catch); 2) the gear type is suitable for sampling;  3) the 
selected target fisheries are equally effective with respect to the species of interest (similar depth, catch 
rates, encounter rates, and / or other evidence of association); and  4) there has been reasonable stability 
in the operation of the  fishery (based on examination of the areal and seasonal distribution of effort).   
 

2.6.2 Core fleet definitions 
 
The data sets used for the standardised CPUE analyses are further restricted to those vessels that 
participated with some consistency in the defined fishery. Core vessels are selected by specifying two 
variables: the number of trips that determine a qualifying year, and the number of qualifying years that 
each vessel participated in the fishery.  
 
The core fleet is selected by choosing variable values that result in the fewest vessels while maintaining 
the largest catch of trevally. This selection process generally reduces the number of vessels in the 
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dataset by about 70% while reducing the amount of catch by about 20%.  Note that the vessels thus 
selected are not necessarily the top vessels with respect to catching trevally.  
 

2.6.3 Models 
 
A lognormal linear model is fitted to successful landed catches of TRE 7, excluding zero catches. 
Catches are standardised for variance in the explanatory variables using a stepwise multiple regression 
procedure, selecting until the improvement in model R2 is less than 0.01.  The year effects are extracted 
as canonical coefficients (Francis 1999) so that confidence bounds can be calculated for each year. 
 
The dependent variable for the lognormal models based on allocated landings was the log of landed 
weight of TRE 7 per record. The explanatory variables offered to the model were: fishing year (always 
forced as the first variable), and month (of catch), statistical area, target species, and a unique vessel 
identifier. The logs of the total number of tows and of tow duration were offered as alternative measures 
of effort to explain catch as a catch rate. Continuous effort variables were offered as third order 
polynomials. Environmental variables also offered as third order polynomials included, sea surface 
temperature (SST) and Annual SST Anomaly.   
 
Binomial models of the probability of capture were fitted to the entire dataset with a binary variable set 
to ‘1’ for records which had associated TRE 7 catch and set to ‘0’ for records with no catch as the 
dependent variable.  This model was offered the same explanatory variables as the lognormal model. 
Combined indices were calculated for these fisheries based on methods discussed in Vignaux 1994, 
Stefansson (1996), and Fletcher (2005). 
 

3 RESULTS 

3.1 Characterisation of the TRE 7 fisheries 
 
This exploratory analysis of the commercial fishery represents a search for fisheries within which 
abundance might be monitored, requiring an adequate time series of data, as well as consistency in the 
way the fishery has operated. The first decision to make is which fishing methods are appropriate as 
sampling methods and have adequate time series of data. The second decision is whether to monitor 
abundance in target or bycatch fishing, or a combination of both. Within each main fishing method, 
target fisheries are investigated for evidence that fisher-nominated target species describes distinct or 
similar fisheries. Doubts about the usefulness of fisher-nominated target species for differentiating 
fisheries, especially on the daily CELR form, and an inherent tendency for target fishing to demonstrate 
hyperstable CPUE trends, have led to the current practice of monitoring the abundance of many inshore 
species in mixed target fisheries. 
 
Generally more than 60% of the catch from TRE 7 has been taken in each year since 1989–90 by single 
bottom trawl, with most of the balance taken by bottom pair trawl and small amounts (less than 10%) in 
each year by set net (Table 5). The set net catch has been declining steadily and was less than 50 t in 
2007–08.  
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Table 5: Distribution of landed trevally from TRE 7 by method and by fishing year in tonnes and in percent 
of annual landings. Catches are raised to the annual QMR catch (Table 1); 0 = less than 0.5 t.  Percentages 
sum to 100 by year. BT; bottom trawl, BPT; bottom pair trawl, SN; setnet, PS; Purse seine, RN; Ring net. 

Fishing Fishing method (t)  Fishing method (%) 
 year BT BPT SN PS RN Other  BT BPT SN PS RN Other 
89/90 1 029 467 73 17 2 1  65 29 5 1 0 0 
90/91 1 098 855 59 0 3 1  54 42 3 0 0 0 
91/92 927 307 123 0 3 8  68 22 9 0 0 1 
92/93 1 281 201 121 168 11 15  71 11 7 9 1 1 
93/94 1 577 526 97 0 8 24  71 24 4 0 0 1 
94/95 1 646 235 166 66 12 12  77 11 8 3 1 1 
95/96 1 324 540 112 21 4 18  66 27 6 1 0 1 
96/97 1 618 54 155 0 3 12  88 3 8 0 0 1 
97/98 1 928 32 125 0 10 7  92 2 6 0 0 0 
98/99 1 734 282 101 0 13 18  81 13 5 0 1 1 
99/00 1 710 352 76 86 10 21  76 16 3 4 0 1 
00/01 1 346 456 55 0 9 22  71 24 3 0 0 1 
01/02 1 444 282 59 0 5 66  78 15 3 0 0 4 
02/03 1 497 429 43 35 5 19  74 21 2 2 0 1 
03/04 1 617 472 49 0 7 43  74 22 2 0 0 2 
04/05 1 330 547 56 0 8 4  68 28 3 0 0 0 
05/06 1 534 367 40 0 11 5  78 19 2 0 1 0 
06/07 1 545 127 52 0 11 4  89 7 3 0 1 0 
07/08 1 348 339 48 0 9 53  75 19 3 0 0 3 
 
 

3.1.1 Characterisation of the bottom trawl fishery 
 
The bottom trawl catch of TRE 7 is mostly targeted (50–80% annually), but was reported more often as 
a bycatch of snapper tows during the first half of the time series than it was after 1998–99, and more 
often as a bycatch of gurnard tows in the last half of the time series.  Bycatch of barracouta tows is the 
fourth most important fishery but has consistently accounted for only a small proportion (less than 10%) 
of the annual trevally catch. The remainder is taken from a large number of other target species (Table 
6, Figure 7).   
 
The seasonality of the four most important target fisheries taking TRE 7 by bottom trawl is shown in 
Figure 8. Targeting of trevally occurs throughout the year, but the greatest catches are taken in the 
summer months between November and March. There has been a shift since the late 1990s towards a 
greater proportion of the annual catch being taken earlier in the fishing year. The seasonal distribution 
of bycatch from snapper tows is similar. The bycatch from gurnard and from barracouta tows has no 
strong seasonal pattern.  
 
The spatial distribution of trevally catch from the four main target fisheries also suggests a strong 
similarity between the target trevally catch and the snapper and gurnard bycatch, with most catch 
(reported by latitude and longitude on TCEPRs) coming from the inshore parts of Statistical Areas 047 
to 040 between Cape Rienga and Cape Taranaki (Figure 9), with the emphasis further north for snapper 
tows and the offshore range extended for target trevally. The distribution of trevally catch as a bycatch 
of barracouta tows is quite different and is focused further south and primarily off Farewell spit in 
Statistical Area 037. 
 
Targeted catches of trevally were greatest in Area 047 during the 1990s but the importance of that 
statistical area has since declined, and catches subsequently increased in Areas 045 and 046 during the 
last half of the time series, and have varied from year to year in Area 042. Areas 043 and 044 are 
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harbours that are protected from commercial trawling and are not included. When snapper bycatch was 
higher (in the early 1990s), it came largely from Areas 045 and 047. Bycatch from gurnard and 
barracouta fishing is sparsely distributed (Figure 10). 
 
There is a southerly drift to trevally catches during the main season in most years with the most 
important area in early summer being 045 and higher catches later in the summer coming from 042 and 
then 041 consecutively (Figure 11). The exception to the pattern is Area 047 which generally continues 
to be important throughout the summer season. In some years, Area 040 has been important as late as 
April and May. Catches are then sparse for the remainder of the fishing year. Figure 12 shows the 
distribution of bottom trawl tows targeted at either trevally or snapper by statistical area, month and 
fishing year. A similar, but not so marked, pattern is evident in the effort expended by these vessels.  
 
The depth distribution of tows targeted at trevally varies around 50 m bottom depth as do positive tows 
(with respect to trevally) that were targeted at snapper. Positive tows targeted at gurnard are often 
shallower and barracouta tows occur much deeper (Figure 13).  There is a difference in mean tow speed 
reported on TCEPRs for tows targeted at trevally versus snapper with trevally tows faster on average in 
each year (Figure 14). The pattern of annual unstandardised CPUE (simple arithmetic annual ratios) for 
trevally from target tows and from snapper tows differ from each other markedly (Figure 15). Although 
both suggest an overall increasing trend, they each display high interannual variance often in contrasting 
directions. This is especially true during the middle part of the time series when catch rates in trevally 
tows were at their lowest and catch rates from snapper tows at their highest. This coincides with a 
period during which average tow speeds were lower than for the rest of the time series.  
 
The shift in reporting practice that has already been described for the bottom trawl fishery is particularly 
pronounced for snapper target fishing, and less knife-edged for trevally target fishing which shows a 
longer period of overlap (Figure 16).  This potentially affects the representativeness of the TCEPR 
series by introducing a bias towards more target and less bycatch fishing.  
 
 
 

 
 
Figure 7: Distribution of bottom trawl caught trevally, for TRE 7, by target species and fishing year.  Circle 
areas are proportional to the catch totals by area, with the circle values given in Table 6.  
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Table 6: Distribution of bottom trawl caught trevally by target species (trevally, snapper, red gurnard, 
barracouta, rig and other) and by fishing year for TRE 7 in tonnes and percent. Catches are scaled up to 
the annual QMR catch (Table 1).  0= less than 0.5 tonne.  Percentages sum to 100 by year. 

TRE 7 bottom trawl 

Fishing Target species (t)  Target species (%) 

year TRE SNA GUR BAR SPO Other  TRE SNA GUR BAR SPO Other 
89/90 596 252 95 35 0 51  58 24 9 3 0 5 
90/91 776 173 73 56 0 19  71 16 7 5 0 2 
91/92 564 220 75 39 0 28  61 24 8 4 0 3 
92/93 703 424 52 67 0 34  55 33 4 5 0 3 
93/94 772 632 65 55 0 53  49 40 4 3 0 3 
94/95 1 126 341 35 70 0 74  68 21 2 4 0 5 
95/96 627 392 139 105 1 59  47 30 10 8 0 4 
96/97 789 436 190 97 0 105  49 27 12 6 0 6 
97/98 1 045 517 239 47 0 80  54 27 12 2 0 4 
98/99 870 506 180 51 0 127  50 29 10 3 0 7 
99/00 1 014 231 220 110 0 135  59 13 13 6 0 8 
00/01 841 242 108 70 0 85  62 18 8 5 0 6 
01/02 964 212 95 112 0 61  67 15 7 8 0 4 
02/03 946 226 182 88 0 54  63 15 12 6 0 4 
03/04 1 057 244 158 68 0 90  65 15 10 4 0 6 
04/05 825 133 234 76 0 62  62 10 18 6 0 5 
05/06 1 056 114 244 30 0 90  69 7 16 2 0 6 
06/07 1 184 89 174 20 0 77  77 6 11 1 0 5 
07/08 1 079 61 149 39 0 21  80 4 11 3 0 2 
 
 

 
Figure 8: Comparison of the seasonal distribution of bottom trawl trevally catches for the four main target 
fisheries taking trevally from TRE 7, by fishing year. Top left, trevally target tows; top right, snapper target 
tows; bottom left, gurnard target tows; bottom right, barracouta target tows.  Circle areas are proportional 
to the catch totals by month, target species, summing to the annual totals given in Table 6.  
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Figure 9: Distribution of bottom trawl catch of TRE 7 reported on TCEPR/TCEs for the four main target 
species. Top left, trevally target tows; top right, snapper target tows; bottom left, gurnard target tows; 
bottom right, barracouta target tows. All years are combined and catch is summarised to 1 degree 
resolution. 
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Figure 10: Comparison of the areal distribution of bottom trawl trevally catches by fishing year among the 
west coast inshore statistical areas.  Circle areas are proportional to the catch totals by statistical area, 
summing to the annual totals given in Table 6.  
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Figure 13: Box plot distributions (median and interquartiles) of bottom depth from TCEPR or TCE records 
using the single bottom trawl method for the main five target species where a catch of trevally was reported 
(positive tows). All years and statistical areas combined. The width of the boxes is proportionate to the 
number of records.  

 
 

3.0

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

92/93 94/95 96/97 98/99 00/01 02/03 04/05 06/07

Fishing year

M
ea

n 
to

w
 s

pe
ed

 (k
ts

)

SNA

TRE

 
Figure 14: Mean tow speed for positive bottom trawl tows targeted at trevally or at snapper and reported 
on TCEPR/TCEs by fishing year.  
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Figure 15: Unstandardised CPUE (kg/tow) for trevally from all positive bottom trawl tows targeted at 
trevally or at snapper by fishing year. 

 
 

 
Figure 16: Proportion of landed TRE 7 by form type, target species, and fishing year for the fishery defined 
for CPUE standardisation; Bottom trawl fishery targeted at either trevally or snapper in Statistical Areas 
040–042, and 045–047. Circle areas proportionate to catch. 
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3.1.2 Characterisation of the bottom pair trawl fishery 
 
Landings of TRE 7 from the bottom pair trawl method are mainly from target tows, with most of the 
remainder being a bycatch of snapper tows. The exception is three years in the mid to late 1990s when 
snapper tows accounted for most of the trevally catch. There have been small and sporadic landings 
over time of trevally landed from tows targeted at gurnard and at barracoutta (Table 7, Figure 17).  
 
The seasonal and spatial distribution of trevally catches resemble that from the single bottom trawl 
fishery with greatest catches taken in the summer months; November to March 
(

 
Figure 18), and from Statistical Areas 040 to 047 (Figure 19).  
 
The switch from reporting catch and effort on the daily CELR form to the tow-by-tow TCEPR form was 
almost total and happened over two years in the mid 1990s. Some changes in the composition of the 
fleet have resulted in a reversal of that statistic in the most recent years (Table 8).  
 
In a pattern similar to that seen for the bottom trawl method, the depth distribution of positive tows from 
the snapper, trevally, and gurnard fisheries is similarly centred around 50 m bottom depth, while 
positive tows from the barracouta fishery are deeper (Figure 20).  
 
The bottom pair trawl fishery appears to be prosecuted in a similar manner to the single bottom trawl 
fishery; however, concerns about possible double counting of effort as the result of both vessels filling 
out catch effort forms, reduces the utility of these data for monitoring CPUE. 
 
 

 
 
Figure 17: Distribution of bottom pair trawl caught trevally, for TRE 7, by target species and fishing year.  
Circle areas are proportional to the catch totals by area, with the circle values given in Table 7.  
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Table 7: Distribution of bottom pair trawl caught trevally by target species (trevally, snapper, red gurnard 
barracouta and other) and by fishing year for TRE 7 in tonnes and percent. Catches are scaled up to the 
annual QMR catch (Table 1).  0, less than 0.5 tonne.  Percentages sum to 100 by year.  

SNA 8 bottom pair trawl
 

Fishing Target species (t) Target species (%) 

year TRE SNA GUR BAR Other  TRE SNA GUR BAR Other 
89/90 302 165 0 0 0  65 35 0 0 0 
90/91 732 117 0 0 5  86 14 0 0 1 
91/92 197 104 1 0 4  64 34 0 0 1 
92/93 70 130 1 1 0  35 65 0 0 0 
93/94 172 330 23 0 0  33 63 4 0 0 
94/95 114 111 5 0 5  49 47 2 0 2 
95/96 261 248 7 1 24  48 46 1 0 4 
96/97 1 40 12 0 0  2 74 23 0 1 
97/98 4 24 4 0 0  13 76 11 0 0 
98/99 72 209 0 0 1  25 74 0 0 0 
99/00 216 125 1 2 9  61 35 0 0 3 
00/01 349 91 1 11 5  76 20 0 2 1 
01/02 252 26 0 0 3  89 9 0 0 1 
02/03 370 39 5 0 16  86 9 1 0 4 
03/04 466 2 3 0 0  99 1 1 0 0 
04/05 455 92 0 0 0  83 17 0 0 0 
05/06 333 26 7 0 1  91 7 2 0 0 
06/07 73 33 15 0 5  58 26 12 0 4 
07/08 296 29 0 0 14  87 9 0 0 4 

 
 
 
 

 
Figure 18: The seasonal distribution of bottom pair trawl trevally catches for the two main target fisheries 
in TRE 7 by fishing year.  Circle areas are proportional to the catch totals by month, target species, 
summing to the annual totals given in Table 7.  
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Figure 19: The distribution of bottom pair trawl trevally catches for the two main target fisheries (trevally 
and snapper) in TRE 7 by statistical area and fishing year.  Circle areas are proportional to the catch totals 
by statistical area, summing to the annual totals given in Table 7.  

 

 

Table 8: Reporting practice in the TRE 7 bottom pair trawl fishery. The percent of bottom trawl-caught 
TRE 7 (by landed weight) and percent reported on the daily form (CELR), the tow-by-tow form (TCEPR), 
and the new TCE tow-by-tow form by fishing year.  

    TRE 7 Bottom pair trawl  

Fishing Landed TRE 7 (t)  Landed TRE 7 (%) 
year TCEPR CELR TCE  TCEPR CELR TCE 
89/90 153 314 0  33 67 0 
90/91 220 630 0  26 74 0 
91/92 0 301 0  0 100 0 
92/93 36 165 0  18 82 0 
93/94 34 469 0  7 93 0 
94/95 119 106 0  53 47 0 
95/96 501 8 0  98 2 0 
96/97 40 1 0  98 2 0 
97/98 29 0 0  100 0 0 
98/99 281 0 0  100 0 0 
99/00 330 10 0  97 3 0 
00/01 419 21 0  95 5 0 
01/02 278 0 0  100 0 0 
02/03 409 0 0  100 0 0 
03/04 463 5 0  99 1 0 
04/05 547 0 0  100 0 0 
05/06 324 36 0  90 10 0 
06/07 10 96 0  10 90 0 
07/08 23 35 267  7 11 82 
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Figure 20: Box plot distributions (median and interquartiles) of bottom depth from TCEPR or TCE records 
using the bottom pair trawl method for the four main target species where a catch of trevally was reported 
(positive tows). All years and statistical areas combined.  

 

3.1.3 Characterisation of the set net fishery 
 
The set net fisheries landing TRE 7 are mostly targeted at trevally or at rig, with targeted sets 
dominating the first half of the time series but declining in importance since then, and nets set on rig 
predominant in most of the main statistical areas since the early 2000s. The rig fishery extends further 
south than the target fishery.  Nets set on gurnard account for considerable bycatch of trevally in Areas 
041 and 047, and there is a fishery targeted at warehou which is based further south in Areas 040 and 
041 that lands considerable trevally in most years. There are also grey mullet fisheries further north in 
Areas 042–045, including the Manukau and Kaipara Harbours, that account for a consistent proportion 
of bycatch in most years (Figure 21).  
 
There is little seasonal pattern to catches of trevally by set  net in any of the target fisheries except the 
more southern fishery based on warehou, where catches decline between February and May (Figure 22). 
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Figure 21: Distribution of trevally catch from the main target set net fisheries in TRE 7 by statistical area 
and fishing year. Other includes relatively unimportant statistical areas (southern, offshore and Cook 
Strait). Area of circles is proportionate to catch of trevally and sum to annual totals given in Table 5.  
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Fishing Year 

Figure 22: Seasonal distribution of trevally catch from the main target set net fisheries in TRE 7 by fishing 
year.  

 

3.2 Standardised CPUE 

3.2.1 Fishery definitions for standardised CPUE analysis 
 
There is a long time series of catch and effort data for trevally taken by bottom single trawl. There is 
also an adequate time series for bottom pair trawl which appears to operate in a similar manner to the 
single bottom trawl, but that method has not been used with success for monitoring abundance due to 
concerns that effort may, in some cases, be reported by both participating vessels and therefore 
duplicated. The smaller series for set net is also largely targeted at trevally or at snapper in the same 
geographical and seasonal window as bottom single trawl but has declined steadily over time. It was not 
considered a candidate for CPUE standardisation.  
 
Bottom trawl tows targeted at trevally and at snapper operate in a similar geographical and seasonal 
window and at a very similar depth range. Trevally is present in a large proportion (abut 60% in most 
years) of snapper tows, and it is likely that tow speeds are varied, even within a tow, to manipulate the 
mix of species in the catch. For example, maintaining some boat speed during hauling is an effective 
way of topping up a snapper tow with trevally. There was also some incentive to misreport target 
species before the introduction of Annual Catch Entitlement (ACE), when species for which an operator 
did not hold adequate quota could not be targeted but could be landed as bycatch. Because both TRE 7 
and SNA 8 have been under considerable TACC pressure since their introduction into the QMS there 
has probably been some blurring of the reporting of target species. Reported target species may not be a 
good means of delineation for some species within mixed species inshore trawl fisheries. 
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The decision to combine data from the two fisheries was made because the patterns in unstandardised 
annual CPUE from target trawl, and from snapper bycatch trawl, each showed high inter-annual 
variability and contradicted each other so markedly that neither fishery could be considered to be 
adequately sampling the trevally population if any credibility at all was to be given to the other. It is 
possible that the two fisheries each sample a different component of the same trevally population and 
both may be required to give an overall picture of the trevally fishery. The differences also suggest that 
there are differences in fishing practice that differentiate them and make it advisable to offer target 
species to the model as a potential explanatory variable. 
 
The fishery in which abundance of trevally might best be monitored is referred to in this report as  
BT(Comb) and is defined by: 

Trips that landed TRE 7 
Events that 

• Used bottom (single) trawl method 
• Reported on CELR, TCEPR, or TCE form  
• Fished in inshore Areas  040, 041, 042, 045, 046, 047  
• Targeted trevally or snapper 
• 1989–90 to 2007–08 

o Sensitivity to including snapper target tows  
o Sensitivity to including more target species 
o Sensitivity to substock hypothesis 

 
Two shortened (subset) series for bottom trawl, delineated by form type, were analysed at original 
resolution. The years for inclusion in these truncated series was established by examination of the 
distribution of catches across statistical areas and months in each fishing year (Figures D1 and E1). 
When the dataset became non-representative of the fishery, those years were excluded. The resultant 
datasets are provided in Appendix A and some detailed diagnostics are given in Appendices D and E.   
 
The datasets/fisheries/models are referred to as follows  
BT(CELR) is defined by:  

Trips that landed TRE 7 
Events that 

• Used bottom (single) trawl method 
• Reported on CELR form  
• Fished in inshore Areas  040, 041, 042, 045, 046, 047  
• Targeted trevally or snapper 
• 1989–90 to 1999–2000 

o Sensitivity to including more target species 
 

BT(TCEPR) and is defined by;  
Trips that landed TRE 7 
Events that; 

• Used bottom (single) trawl method 
• Reported on either TCEPR, or TCE form  
• Fished in inshore Areas  040, 041, 042, 045, 046, 047  
• Targeted trevally or snapper  
• 1991–92 to 2007–08. 

o Sensitivity to including more target species 
o Sensitivity to dropping target species as a potential explanatory variable  
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3.2.2 Description of BT(comb) 
 
Effort in the this segment of the fishery increased during the first half of the time series to its highest 
level of almost 800 trips in 1997–98 then dropped by about 50% over the following two years. Effort 
has continued to decline since then and in 2007–08 was about 200 trips. In contrast, the catch rate in 
successful trips has increased three-fold over the time series, from just above 200 kg per tow in 1998–90 
to its highest level of over 800 kg per tow in 2005–06. It has dropped away from that peak in the most 
recent two years (Figure 23). 
 
There is a declining trend to the small proportion of zero catch records and no trend to the roll-up (that 
number of original records rolled up to trip-stratum) that might generate a false signal in the proportion 
of zero catch records. 
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Figure 23:  Number of trips (dark area), number of those trips that landed TRE 7 (light area), and catch 
rate in successful trips (line) of TRE 7 by fishing year in the defined fishery BT(Comb). 

 

3.2.3 Core vessel selection BT(comb) 
 
The data set was further restricted to data from a core fleet defined as vessels that had completed at least 
five qualifying trips (included at least one bottom trawl tow targeted at trevally or snapper in Areas 
040–042, 045–047) in at least five years. This reduced the amount of landed greenweight of trevally in 
the dataset by 933 tonnes (from 19 711 tonnes), and reduced the number of vessels from 103 to 27 
(Figure 24). The selected core fleet consisted of 27 vessels, 10 of which had been present in the fishery 
for at least 14 years (Figure 25). The vessels selected therefore provided excellent coverage and overlap 
across years (Figure 26). The final dataset is summarised in Table A1. 
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Figure 24: The number of vessels and the proportion of landed TRE 7 retained in the TRE 7_BT dataset 
depending on the minimum number of qualifying years used to define core vessels. The number of 
qualifying years (minimum number of trips per year) for each series is indicated in the legend. 

 

 
Figure 25: Histogram of the number of qualifying years in the defined fishery for each core vessel (based on 
at least five trips per year in at least five years). 
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Figure 26: The participation of selected core vessels (based on at least five trips per year in at least five 
years) in BT(COMB); number of records for each vessel in each fishing year. 

 

3.2.4 Model selection BT (comb) 
 
The final lognormal model selected for BT(comb) is described in Table 9. Fishing year was forced as 
the first variable but explained less than 4% of the variance in catch. The log of the number of tows had 
the greatest explanatory power, entering the model second and explaining an additional 23% of the 
variance in catch. Month was important and entered the model third, ahead of vessel ID, and followed 
by target species, statistical area, and a month:area interaction term. The final model explained 53% of 
variance in catches.  Sea Surface Temperature and its anomaly variables were not accepted into the 
model, nor was form type. In both cases, the effect of shifts in these variables would likely be 
confounded with, and subsumed into, the year effect. 
 
Figure 27 shows the effect on the annual indices as each variable enters the model. The increasing 
trajectory in observed CPUE is not greatly modified by the two most important variables; number of 
tows and month, but the addition of vessel ID to the model lifts the earlier points and drops the more 
recent ones, changing the trajectory to one that drops from an initially high level and continues flat for 
the remainder of the series. The addition of Target species further exacerbates the shift, while the 
interaction term that enters the model last has very little additional effect on the annual indices.  
 
The parameterisation of the binomial model was similar (Table 10), with the log of duration of fishing 
having greater explanatory power and entering the model in preference to the number of tows as the 
measure of effort after vessel ID. Month and target species were also significant and the final model 
explained 23% of the variance in the encounter rate. Statistical Area did not enter this model and 
therefore the interaction term was not evaluated.  Neither Sea Surface Temperature nor any of its 
anomaly variables were significant. 
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Table 9: Summary of final lognormal model for the BT(comb) fishery based on the vessel selection criteria 
of at least 5 trips per year in at least five or more fishing years. Independent variables are listed in the order 
of acceptance to the model. AIC, Akaike Information Criterion; R2, Proportion of deviance explained; 
Final, Star indicates that the variable was included in the final model. Fishing year was forced as the first 
variable. 

Lognormal Term DF Deviance AIC R2 Final 
None  0 34 292 41 022 0.0000  
Fishing year  19 32 976 40 662 0.0384 * 
poly(log(number tows)  3)  22 25 222 37 960 0.2645 * 
Month  33 21 528 36 382 0.3722 * 
Vessel  59 18 541 34 925 0.4593 * 
Target species 60 17 284 34 218 0.4960 * 
Statistical Area  65 16 668 33 862 0.5139 * 
Month:Area  120 15 929 33 513 0.5355 * 
poly(SST  3)  123 15 725 33 389 0.5415  
poly(log(Duration)  3)  126 15 620 33 327 0.5445  
poly(AnnualAnomaly  3)  129 15 537 33 279 0.5469  
poly(MonthlyAnomaly  3) 132 15 496 33 259 0.5481  
Form type 134 15 479 33 252 0.5486  
 
 

 
 
Figure 27: Annual indices from the BT(comb) lognormal model at each step in the variable selection 
process. 
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Table 10: Summary of final binomial model for the BT(comb) fishery. Independent variables are listed in 
the order of acceptance to the model. AIC, Akaike Information Criterion; R2, Proportion of deviance 
explained; Final, Whether or not variable was included in final model.  
 
Binomial Term DF Deviance AIC R2 Final 
None  0 8 566 8 568 0.0000  
Fishing year  19 8 458 8 496 0.0125 * 
Vessel  45 7 728 7 818 0.0978 * 
poly(log(Duration)  3) 48 7 062 7 158 0.1755 * 
Month  59 6 720 6 838 0.2154 * 
Target species 60 6 555 6 675 0.2347 * 
Statistical Area  65 6 486 6 616 0.2428  
poly(Annual Anomaly  3) 68 6 458 6 594 0.2460  
poly(log(Number tows)  3)  71 6 439 6 581 0.2483  

 

3.2.5 Model fits BT(comb) 
 
The diagnostics of the fit of the data for BT(comb) to the lognormal assumption are shown in Figure B1. 
They show a reasonable fit for most of the data but with some pattern in the residuals that is not 
adequately modelled.   
 
Influence plots (Jiang & Bentley 2008) for each predictor variable in each model are presented in 
Appendix C. For each variable in the model they illustrate the combined effect of (a) the expected log 
catch for each level of the variable (model coefficients) and (b) the distribution of the levels of the 
variable in each year, and therefore describe the influence that the variable has on the unstandardised 
CPUE and which is accounted for by the standardisation. 
 
There is a linear relation between catch and the number of tows over the range within which most of the 
data occur and a shift over time towards fewer tows per trip-stratum that has influenced observed CPUE 
negatively for much of the time series. The first and last points, however, both lie close to unity so that, 
overall, the shifts in this measure of effort have not contributed to the strongly increasing trend seen in 
the observed CPUE (Figure C1). 
 
The coefficients for Month show catches are predicted to decline after April, and that in most years the 
number of effort strata also declines during the winter months. The focus of the fishery on the first half 
of the fishing year is more pronounced in the second half of the time series (coincident with the shift 
towards increased targeting of trevally) and this has influenced observed CPUE positively (Figure C2). 
 
There are consistent differences in performance (with respect to trevally) between vessels and a clear 
shift in the core fleet over time with the steady loss of many of the poorer performing vessels during the 
current decade and increased participation in the fishery in recent years of better performing vessels. 
These changes in the core fleet have increased the observed CPUE over the time series (Figure C3).  
 
Likewise there has been a clear shift from targeting snapper to targeting trevally in this fishery and that 
has served to increase apparent CPUE over the time series (Figure C4), as has the shift in effort 
northwards away from Statistical Areas 041 and 042, and into Areas 045 and 046 where catches are 
predicted to be greater (Figure C4). 
 

3.2.6 Trends in model year effects BT(comb) 
 
The year effects from the lognormal model of the BT(comb) fishery in TRE 7 are tabled in Appendix F 
and are compared (re-scaled) in Figure 28 with the unstandardised indices and with the previous series  
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presented for this Fishstock (McKenzie 2008).  The effect of standardisation is marked, changing a 
steadily increasing trajectory to one that is flat for most of the time series and may even have declined if 
the high initial points are believed.  
 
There is reasonable agreement with the previous series over the years they have in common and there 
has been no overall change to the trend since then. The error bars around each point are larger in the 
most recent years, possibly reflecting the decreasing number of data points in the dataset as effort has 
declined in this fishery.  
 
The binomial model of the probability of capture effected very little change to the unstandardised 
encounter rate, so that when the coefficients from the binomial and lognormal models are combined 
there is consequently little additional change to the year effects (Figure 29). 
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Figure 28: Effect of core vessels selection, standardisation, and combining of lognormal and binomial 
annual indices in BT(comb). Unstandardised CPUE is based on  kg / tow. 
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Figure 29: Different standardised annual CPUE indices for the BT(comb) fishery. Top: Binomial index 
representing probability of capture. Middle: Lognormal index representing magnitude of catch. Bottom: 
Combined index representing expected catch. 

 

3.2.7 Comparison with other models (sensitivities) 
 
Effect of combining form types/ amalgamating data 
The effect on the combined form types analysis of the systematic switch from reporting on CELRs to 
reporting on TCEPR in the mid 1990s is examined by comparing the model year effects with alternative 
shortened series done on each form type separately and at their original data resolution. The CELR 
series is compared with the re-scaled BT(comb) series in Figure 30 and confirms the steep decline in the 
first three years.  The TCEPR series is compared with the re-scaled BT(comb) series in Figure 31 and 
confirms the flat trajectory seen in BT(comb) after the initial decline. Some details of the core fleet and 
model diagnostics for BT(CELR) and BT(TCEPR) are included in Appendices D and E respectively. 
The diagnostics for each of the single form type analyses suggest better fits of the data than for 
BT(comb). 
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Figure 30: Comparison of standardised year effects from BT(COMB) with those from BT(CELR) ± 2 s.e., 
BT(COMB) series has been rescaled relative to the years in common. 
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Figure 31: Comparison of standardised year effects from BT(COMB) with those from BT(TCEPR) ± 2 s.e., 
BT(COMB) series has been recsaled relative to the years in common. 

  

Utility of the target species field 
There are two questions related to the use of the target species field; firstly how informative is it, does it 
in fact describe different targeting behaviour or is it used by the fisher expediently to describe the tow  
on the basis of what was caught (after it is hauled). The answer to this probably varies between form 
types. The other question is whether a suite of fisheries are similar enough that they should be pooled 
and if so, whether the target species should be allowed to account for any differences in predicted catch. 
If we believed that the fisheries were similar and target species was recorded expediently, then it would 
make sense not to offer it as an explanatory variable.  
 
Although the target species variable had significant explanatory power in the lognormal model of 
BT(comb), an alternative model that was offered only trevally target tows nevertheless effected a 
similar transformation on the increasing observed CPUE,  with standardisation changing it to a flat 
trajectory (Figure 32). In the selection of both models, most of the effect happened on inclusion of 
vessel ID. It is probable that vessel ID proxys for targeting behaviour to some extent in BT(comb). A 
comparison of the year effects from the two models shows a higher interannual variance when bycatch 
is not included (Figure 33), but otherwise no change to the overall trajectory.   
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Figure 32: Effect of lognormal standardisation on a subset of BT(comb) that included only targeted tows.  
Standardised indices (± 2 s.e.).  Unstandardised kg/tow (annual geometric mean), broken line. 
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Figure 33: Comparison of the year effects for BT(COMB) with a combined form type analysis that included 
positive catches from only trevally target tows (± 2 s.e). 

 
Conversely, the effect of including the catches from the top five target species in the dataset and 
including target species as an explanatory variable in the model is to smooth the trajectory and reduce 
the size of the error bars around each point without changing the trend markedly (Figure 34). The 
implication is that the analysis may benefit from including the additional catch by including more data 
points. 
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Figure 34: Comparison of the year effects for BT(COMB) with those from a combined form type analysis 
that included positive catches from tows targeted at the top five target species; trevally, snapper, gurnard, 
barracouta, and rig, and that included target species as an explanatory variable (± 2 s.e). 

 
The utility of including target species as a potential explanatory variable can also be investigated in a 
limited way for the TCEPR data because those data include more detail of fishing practice that might 
proxy for fisher-nominated target species.  A lognormal model of TCEPR data, which included all 
positive catches of TRE 7 from the top five target fisheries, accepted target species when it was offered, 
but if target species was not offered, accepted bottom depth and tow speed. The resultant CPUE series 
were not disimilar, they both agreed on an overall flat trend (Figure 35), suggesting that target species is 
reasonably informative on TCEPRs.  This is not an unexpected result, as concerns about the target 
species field mostly concern the CELR form, and unfortunately there is no way to further examine the 
usefulness of target species for that form given the daily resolution of the data.  
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Figure 35: Comparison of the year effects from lognormal models of two alternative TCEPR series that 
each include positive catches from tows targeted at the top five target species; including versus excluding 
target species as an explanatory variable. 
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Substock analysis  
The 2006–07 TRE 7 catch-at-age study (Walsh et al. 2009) sampled catches from three spatial areas 
(Ninety Mile Beach; Kaipara Manukau; South Taranaki Bight). This was the first time area specific age 
information had been collected from TRE 7. Strong evidence of spatial heterogeneity in age structure 
was seen in the catch sampling results. Both Ninety Mile Beach and Kaipara-Manukau sub areas had a 
broad range of age classes but Ninety Mile Beach was unique in having relatively high numbers of 3 
and 4 year old fish. The South Taranaki Bight age composition differed markedly from the two northern 
areas, having a very large proportion of fish older than 20 years and very few fish aged 3 and 4 years. 
This pattern may have implications for stock assessment (if it is observed to be persistent) and is 
currently being investigated with additional catch-at-age programmes.  
�

The possibility of substocks existing within TRE 7 was investigated in this study by including a 
statistical area*fishing year interaction term in an alternative model of the BT(COMB) dataset and  then 
combining/excluding areas until the term was no longer significant. The interaction term was significant 
until data from Statistical Areas 047 (Ninety Mile Beach) and 040 (South Taranaki Bight) had been 
excluded. Separate series of annual standardised CPUE were produced for the three spatial areas; 040, 
041–046, and 047 using the same core vessel set, and are compared in Figure 36. The main feature in 
BT(COMB) is a decline in the early 1990s and the separate analyses suggest that this occurred in the 
South Taranaki Bight and Kaipara-Manukau sub areas, but was not a feature of the abundance of 
trevally in the Ninety Mile Beach area. Data were sparse however for the two sub areas north and south 
of the main Kaipara-Manukau subarea (Table 11) and further conclusions would likely be spurious. The 
trajectory for the Kaipara-Manukau subarea lies almost on top of that for BT(comb) and clearly 
dominates that series. 
 

 
Figure 36: Comparison of the year effects from lognormal models of BT(COMB) and of three subsets of 
that dataset (using the same core vessels) that correspond to the three proposed substock areas.  South 
Taranaki Bight, Statistical Area 040; Kaipara–Manukau, Statistical Areas 041, 042, 045, 046; Ninety Mile 
Beach, Statistical Area 047. 
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Table 11: The distribution of landed TRE 7 (%) for core vessels in the BT(comb) fishery by proposed 
substock areas. 

 BT(comb) Substock area (%)   

Fishing year 040 041–046 047 
89/90 0 89 11 
90/91 36 62 2 
91/92 30 60 9 
92/93 10 77 13 
93/94 15 56 28 
94/95 8 60 32 
95/96 7 78 15 
96/97 16 53 31 
97/98 8 70 22 
98/99 7 80 13 
99/00 25 61 13 
00/01 27 64 9 
01/02 31 64 5 
02/03 6 84 10 
03/04 9 81 10 
04/05 7 72 21 
05/06 12 81 7 
06/07 2 85 13 
07/08 3 85 12 

 

4 CONCLUSIONS 

 
Effort in this combined trevally/snapper bottom trawl fishery has been declining since 1997–98, but 
annual landed catch of trevally has been maintained by an apparently increasing catch rate. 
  
Standardisation, however, changes the steeply increasing trajectory into one that is flat after an initial 
decline to 1993–94. This is achieved by the model accounting for changes in the core fleet towards 
better catching vessels, shifts in fishing practice towards greater targeting of trevally, a greater focus on 
summer months, and a northward shift in effort over the time series. A significant interaction term 
describes a within-year southerly drift that does not appreciably affect the annual indices.  
 
The flat series of CPUE indices for TRE 7 are either the result of a stable stock or a hyperstable index. 
As trevally is a shoaling species, it is possible that fishers are able to locate aggregations and maintain 
catch rates in the face of declining stock size.  The large shifts in fishing practice that the standardisation 
model had to account for supports that possibility.  
 
Much of the zero catch information is subsumed into the catch rate that is standardised by the lognormal 
model because this series is estimated from amalgamated data, and not surprisingly the binomial model 
of the probability of capture does not add much information. 
 
These results are reasonably robust to the decisions made about form type, and target species included 
in the defined fishery and use of the target species field as an explanatory variable. The suggestion that 
substocks may exist within TRE 7 cannot be discounted, but the BT(comb) series is clearly dominated 
by data from the Kaipara–Manukau coast (Areas 041, 042, 045, 046) and although separate CPUE 
series calculated for 040 and for 047 show different trajectories they also suffer from a relative paucity 
of data so that comparisons are not informative. Future analyses should probably be constrained to the 
Kaipara–Manukau coast and the sensitivity to including the outlying areas examined. 
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APPENDIX A: DATA SUMMARIES 

 

Table A1: Data summary for the BT(comb) fishery defined for standardised CPUE analysis for core vessels 
(core vessels based on a minimum of 5 tows per year for at least 5 years); number of trips, percentage of 
strata that recorded a zero catch of trevally , number of core vessels, total number of tows, landed weight of 
TRE 7 (tonnes), and the simple catch rate of TRE 7 across qualifying  tows (kg/tow). 

Fishing  
year Trips 

% zero  
strata Vessels 

Number 
of tows 

Catch 
 (t) 

CPUE 
kg / tow 

89/90 215 9 13 1 182 270 228 
90/91 253 15 14 1 492 400 268 
91/92 331 10 16 2 380 657 276 
92/93 551 11 21 4 714 977 207 
93/94 528 11 22 4 091 1 191 291 
94/95 513 11 22 3 849 1 349 350 
95/96 573 17 23 3 248 678 209 
96/97 618 15 22 3 583 1 130 315 
97/98 713 12 24 4 438 1 175 265 
98/99 525 8 22 3 825 1 128 295 
99/00 362 10 20 3 333 1 112 334 
00/01 363 13 18 3 086 1 123 364 
01/02 366 13 17 2 524 1 228 487 
02/03 226 20 17 1 930 1 082 561 
03/04 263 13 17 2 596 1 181 455 
04/05 198 15 14 1 976 917 464 
05/06 124 5 11 1 211 1 117 922 
06/07 137 6 9 1 452 951 655 
07/08 160 9 7 1 669 1 112 666 
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Table A2: Data summary for the BT(CELR) fishery defined for standardised CPUE analysis for core 
vessels; (core vessels based on a minimum of 5 tows per year for at least 3 years); number of trips, 
percentage of strata that recorded a zero catch of trevally , number of core vessels, total number of tows, 
landed weight of TRE 7 (tonnes), and the simple catch rate of TRE 7 across qualifying  tows (kg/hour). 

Fishing  
year Trips 

% zero  
strata Vessels 

Number 
of hours 

Catch 
 (t) 

CPUE 
kg / hour 

89/90 253 15 10 4 136 237 57 
90/91 274 17 11 4 075 284 70 
91/92 341 22 15 5 836 194 33 
92/93 460 20 15 9 171 366 40 
93/94 433 15 13 8 113 434 53 
94/95 429 18 11 7 542 424 56 
95/96 361 7 9 4 278 228 53 
96/97 313 1 4 2 910 176 60 
97/98 388 5 4 3 729 160 43 
98/99 288 2 4 2 975 262 88 
99/00 109 1 4 1 677 208 124 
 
 
 

Table A3: Data summary for the BT(TCEPR) fishery defined for standardised CPUE analysis for core 
vessels (core vessels based on a minimum of 5 tows per year for at least 5 years); number of trips, 
percentage of strata that recorded a zero catch of trevally , number of core vessels, total number of hours, 
landed weight of TRE 7 (tonnes), and the simple catch rate of TRE 7 across qualifying  tows (kg/hour). 

Fishing  
year Trips 

% zero  
strata Vessels 

Number 
of hours 

Catch 
 (t) 

CPUE 
kg / hour 

91/92 37 24 3 1 838 467 254 
92/93 86 30 5 3 987 526 132 
93/94 66 34 9 2 462 642 261 
94/95 72 29 8 3 215 886 276 
95/96 144 53 14 3 699 308 83 
96/97 256 37 16 6 559 870 133 
97/98 298 29 16 8 588 925 108 
98/99 222 25 17 7 022 779 111 
99/00 233 25 14 8 277 770 93 
00/01 236 31 16 8 429 945 112 
01/02 241 27 15 7 215 1 168 162 
02/03 207 28 14 6 413 1 070 167 
03/04 225 25 14 7 928 1 145 144 
04/05 184 26 13 6 367 901 142 
05/06 121 12 10 3 776 1 113 295 
06/07 132 12 8 4 327 940 217 
07/08 160 17 7 5 350 1 112 208 
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APPENDIX B: MODEL FIT BT(COMB) 

 

 
Figure B1: Plots of the fit of the standardised CPUE lognormal model to successful catches of trevally in the 
BT(comb) fishery. [Upper left] histogram of the standardised residuals compared to a lognormal 
distribution (SDSR: standard deviation of standardised residuals. MASR: median of absolute standardised 
residuals); [Upper right] Q-Q plot of the standardised residuals; [Lower left] Standardised residuals plotted 
against the predicted model catch per trip; [Lower right] Observed catch per record plotted against the 
predicted catch per record. 
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APPENDIX C: INFLUENCE OF MODEL TERMS BT(COMB) 

 

 
Figure C1: Effect and influence of log(number tows) in the BT(comb) lognormal model. Top: relative effect 
by level of variable (left-axis: log space, additive; right-axis: natural space, multiplicative).Bottom-left: 
relative distribution of variable by fishing year. Bottom-right: influence of variable on unstandardised 
CPUE by fishing year (bottom-axis: log space additive; top-axis: natural space multiplicative). 

 
 
Figure C2: Effect and influence of month in the BT(comb) lognormal model. 
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Figure C3: Effect and influence of vessel in the BT(comb) lognormal model. 

 

 

 
 
Figure C4: Effect and influence of target in the BT(comb) lognormal model. 
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Figure C5: Effect and influence of area in the BT(comb) lognormal model. 



 

50 

APPENDIX D:  CELR SERIES 1989–90 TO 1999–00 

 
BT(CELR):  CELR series based on bottom trawl sets, target SNA or TRE, areas 041–042, 045–047, 
reported on CELR, 1989–90 to 1999–2000. Core fleet selected as those vessels that completed at least 5 
qualifying trips in at least 3 years. 
 

 
 

 
 
Figure D1: Distribution of qualifying effort in the BT(CELR) fishery across month and Statistical Area in 
each fishing year. 
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Figure D2: The participation of selected core vessels for BT(CELR)(based on at least five trips per year in 
at least three years); number of records for each vessel in each fishing year. 

 

Table D1: Summary of final lognormal model for the BT(CELR) fishery based on the vessel selection 
criteria of at least 5 trips per year in at least 3 fishing years. Independent variables are listed in the order of 
acceptance to the model. AIC, Akaike Information Criterion; R2, Proportion of deviance explained; Final, 
Whether or not variable was included in final model. Fishing year was forced as the first variable. 

Term DF Deviance AIC R2 Final 
None  0 12 690 18 728 0.0000  
Fishing year  11 12 336 18 608 0.0279 * 
Month  22 10 362 17 766 0.1835 * 
Vessel  ID 36 9 104 17 152 0.2826 * 
poly(log(Duration), 3)  39 8 437 16 781 0.3352 * 
Target species 40 8 142 16 607 0.3584 * 
poly(AnnualAnomoly, 3)  43 8 031 16 545 0.3672  
Statistical Area  48 7 911 16 480 0.3766  
Month:Area  103 7 548 16 358 0.4052  
poly(MonthlyAnomaly, 3) 106 7 486 16 323 0.4101  
poly(log(Tows), 3)  109 7 436 16 296 0.4140  
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Table D2: Summary of final binomial model for the BT(CELR) fishery. Independent variables are listed in 
the order of acceptance to the model. AIC, Akaike Information Criterion; R2, Proportion of deviance 
explained; Final, Whether or not variable was included in final model.  
 
Term DF Deviance AIC R2 Final 
None  0 4 593 4 595 0.0000  
Fishing year  11 4 297 4 319 0.0645 * 
Vessel ID 25 3 535 3 585 0.2304 * 
Month  36 3 431 3 503 0.2530 * 
Target species 37 3 374 3 448 0.2655 * 
Statistical Area  42 3 315 3 399 0.2782 * 
poly(log(Tows)  3)  45 3 265 3 355 0.2892 * 
Month:Area  100 3 133 3 333 0.3180 * 
poly(log(Duration)  3) 103 3 126 3 332 0.3194  
 
 
 

 
Figure D2: Plots of the fit of the standardised CPUE lognormal model to successful catches of TRE 7 in the 
BT(CELR) fishery. [Upper left] histogram of the standardised residuals compared to a lognormal 
distribution (SDSR: standard deviation of standardised residuals. MASR: median of absolute standardised 
residuals); [Upper right] Q-Q plot of the standardised residuals; [Lower left] Standardised residuals plotted 
against the predicted model catch per trip; [Lower right] Observed catch per record plotted against the 
predicted catch per record. 
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Figure D4: Effect of core vessel selection, standardisation, and combining of lognormal and binomial model 
annual indices BT(CELR). Unstandardised (arithmetic) kg/hour.  
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APPENDIX E: TCEPR SERIES 1991/92 TO 2007/08 

BT(TCEPR): TCEPR series based on bottom trawl sets, target SNA or TRE, areas 041–042, 045–047, 
reported on TCEPR or TCE, 1991–92 to 2007–08. Core fleet selected as those vessels that completed at 
least 5 qualifying trips per year in at least 5 years. 
 

 

 
Figure E1: Distribution of qualifying effort in the BT(TCEPR) fishery across month and statistical area in 
each fishing year. 
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Figure E1: The participation of selected core vessels (based on at least 5 trips per year in at least 5 years); 
number of records for each vessel in each fishing year. 

 

Table E1: Summary of final lognormal model for the BT(TCEPR) fishery based on the vessel selection 
criteria of at least 5 trips per year in at least five or more fishing years. Independent variables are listed in 
the order of acceptance to the model. AIC: Akaike Information Criterion, R2: Proportion of deviance 
explained, Final: Whether or not variable was included in final model, See text for explanation of influence 
measures. Fishing year was forced as the first variable. 

Term DF Deviance AIC R2 Final 
None  0 51 617 81 199 0.000  
Fishing year  17 49 553 80 333 0.040 * 
Target species 18 43 705 77 573 0.153 * 
Vessel ID 37 40 209 75 777 0.221 * 
Month  48 38 219 74 681 0.260 * 
Statistical Area  53 37 327 74 172 0.277 * 
Month:Area  108 35 823 73 377 0.306 * 
poly(log(Distance)  3)  111 35 255 73 032 0.317 * 
poly(SST  3)  114 35 131 72 960 0.319  
poly(MonthlyAnomaly  3) 117 35 026 72 900 0.321  
poly(log(Duration)  3)  120 34 976 72 875 0.322  
poly(AnnualAnomaly  3)  123 34 941 72 859 0.323  
poly(BottomDepth  3)  126 34 914 72 848 0.324  
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Table E2: Summary of final binomial model for the BT_TCEPR fishery. Independent variables are listed in 
the order of acceptance to the model. AIC, Akaike Information Criterion; R2, Proportion of deviance 
explained; Final, Whether or not variable was included in final model;  
 
Term DF Deviance AIC R2 Final 
None  0 35 603 35 605 0.0000  
Fishing year  17 34 591 34 625 0.0284 * 
Month  28 31 734 31 790 0.1087 * 
Target species 29 30 780 30 838 0.1355 * 
Vessel ID 48 30 305 30 401 0.1488 * 
poly(BottomDepth  3)  51 29 871 29 973 0.1610 * 
poly(log(Duration)  3)  54 29 661 29 769 0.1669  
Statistical Area  59 29 512 29 630 0.1711  
Month:Area  114 29 121 29 349 0.1821  
poly(SST  3)  117 29 067 29 301 0.1836  
poly(AnnualAnomaly  3)  120 29 028 29 268 0.1847  
poly(Tow speed  3)  123 29 008 29 254 0.1852  
poly(log(Distance)  3)  126 28 999 29 251 0.1855  
poly(MonthlyAnomaly  3) 129 28 991 29 249 0.1857  
 
 
 

 
Figure E2: Plots of the fit of the standardised CPUE lognormal model to successful catches of TRE 7 in the 
BT(TCEPR) fishery. [Upper left] histogram of the standardised residuals compared to a lognormal 
distribution (SDSR: standard deviation of standardised residuals. MASR: median of absolute standardised 
residuals); [Upper right] Q-Q plot of the standardised residuals; [Lower left] Standardised residuals plotted 
against the predicted model catch per trip; [Lower right] Observed catch per record plotted against the 
predicted catch per record. 
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Figure E3: Effect of core vessels selection, standardisation, and combining of lognormal and binomial 
annual indices for BT(TCEPR). Unstandardised (arithmetic) kg/hour. 

 

APPENDIX F: CPUE INDICES 

 

Table F1: Relative year effects and 95% confidence intervals for the CPUE models fitted to the BT(comb) 
dataset. Arithmetic ratio of means of kg per tow.  

Fishing 
year 

Arithmetic 
mean (all 

vessels) 

Arithmetic 
mean (core 

fleet) 

Geometric 
mean (core 

fleet) 

Lognormal 
standardisation 

Binomial 
standardisation 

Combined 
standardisation 

89/90 0.555 0.629 0.88 1.754 (1.485-2.072) 0.908 1.802 (1.526-2.128) 
90/91 0.579 0.836 0.691 1.375 (1.175-1.608) 0.753 (0.623-0.849) 1.171 (1.001-1.370) 
91/92 0.634 0.761 0.632 1.109 (0.973-1.264) 0.879 (0.797-0.930) 1.103 (0.967-1.257) 
92/93 0.579 0.569 0.573 0.798 (0.723-0.882) 0.870 (0.792-0.921) 0.786 (0.711-0.868) 
93/94 0.77 0.801 0.607 0.924 (0.832-1.026) 0.881 (0.808-0.929) 0.921 (0.830-1.023) 
94/95 0.978 0.972 0.601 0.827 (0.745-0.918) 0.855 (0.770-0.912) 0.800 (0.721-0.888) 
95/96 0.801 0.604 0.658 0.944 (0.852-1.045) 0.813 (0.715-0.882) 0.868 (0.784-0.961) 
96/97 0.929 0.866 0.721 0.925 (0.842-1.017) 0.882 (0.813-0.928) 0.923 (0.840-1.015) 
97/98 0.829 0.708 0.757 0.852 (0.783-0.927) 0.902 (0.842-0.940) 0.869 (0.799-0.945) 
98/99 0.833 0.78 1.131 1.070 (0.973-1.176) 0.912 (0.853-0.948) 1.104 (1.004-1.213) 
99/00 0.906 0.879 1.095 0.937 (0.843-1.040) 0.919 (0.865-0.953) 0.974 (0.877-1.082) 
00/01 1.06 0.978 0.953 0.844 (0.764-0.933) 0.880 (0.808-0.928) 0.841 (0.761-0.929) 
01/02 1.251 1.32 0.976 0.963 (0.868-1.068) 0.886 (0.816-0.932) 0.965 (0.870-1.071) 
02/03 1.579 1.595 1.408 1.103 (0.971-1.253) 0.851 (0.765-0.909) 1.062 (0.935-1.207) 
03/04 1.308 1.217 1.406 1.047 (0.937-1.170) 0.889 (0.819-0.934) 1.054 (0.943-1.177) 
04/05 1.373 1.271 1.424 0.886 (0.781-1.005) 0.903 (0.839-0.944) 0.906 (0.799-1.028) 
05/06 2.067 2.381 2.549 1.110 (0.945-1.305) 0.951 (0.899-0.977) 1.195 (1.017-1.404) 
06/07 1.706 1.697 2.174 0.882 (0.755-1.030) 0.943 (0.887-0.973) 0.941 (0.806-1.099) 
07/08 1.824 1.729 1.925 1.009 (0.874-1.164) 0.937 (0.884-0.966) 1.069 (0.927-1.233) 
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Table F2: Relative year effects and 95% confidence intervals for the CPUE models fitted to the BT(CELR) 
dataset for TRE 7. Arithmetic ratio of means of kg per hour. 

Fishing 
year 

Arithmetic 
mean(all 
vessels) 

Arithmetic 
mean 

Geometric 
mean 

Lognormal 
standardisation 

Binomial 
standardisation 

Combined 
standardisation 

89/90 0.968 1.053 1.208 1.428 (1.246-1.636) 0.847 1.717 (1.499-1.968) 
90/91 1.094 1.302 1.109 1.437 (1.254-1.647) 0.754 (0.657-0.830) 1.537 (1.341-1.762) 
91/92 0.773 0.648 0.787 1.253 (1.111-1.414) 0.708 (0.613-0.788) 1.260 (1.117-1.422) 
92/93 0.875 0.765 0.724 0.928 (0.837-1.029) 0.692 (0.595-0.774) 0.911 (0.821-1.010) 
93/94 1.079 0.96 0.772 1.019 (0.916-1.134) 0.791 (0.707-0.855) 1.144 (1.028-1.273) 
94/95 0.988 1.056 0.88 1.088 (0.977-1.212) 0.725 (0.630-0.804) 1.120 (1.005-1.247) 
95/96 0.815 0.885 0.815 0.849 (0.752-0.960) 0.733 (0.604-0.832) 0.884 (0.782-0.999) 
96/97 0.82 0.922 0.924 0.824 (0.718-0.945) 0.822 (0.602-0.934) 0.961 (0.838-1.103) 
97/98 0.639 0.69 0.702 0.590 (0.520-0.670) 0.463 (0.305-0.629) 0.388 (0.342-0.441) 
98/99 1.429 1.366 1.572 0.828 (0.717-0.956) 0.508 (0.299-0.714) 0.597 (0.517-0.689) 
99/00 2.148 1.887 2.321 1.106 (0.911-1.342) 0.834 (0.515-0.960) 1.310 (1.079-1.590) 

 

 

Table F3: Relative year effects and 95% confidence intervals for the CPUE models fitted to the BT(TCEPR) 
dataset for TRE 7. Arithmetic is ratio of means of kg per hour. 

Fishing 
year 

Arithmetic 
mean(all 
vessels) 

Arithmetic 
mean 

Geometric 
mean 

Lognormal 
standardisation 

Binomial 
standardisation 

Combined 
standardisation 

91/92 1.504 1.446 1.635 1.155 (1.017-1.311) 0.76 1.166 (1.027-1.323) 
92/93 0.86 0.842 0.884 0.736 (0.676-0.801) 0.701 (0.646-0.751) 0.685 (0.629-0.746) 
93/94 1.777 1.771 1.442 1.164 (1.045-1.296) 0.698 (0.639-0.752) 1.079 (0.969-1.201) 
94/95 1.688 1.741 1.799 1.266 (1.150-1.393) 0.764 (0.712-0.808) 1.284 (1.166-1.413) 
95/96 0.838 0.777 0.673 1.025 (0.918-1.146) 0.508 (0.442-0.574) 0.692 (0.619-0.773) 
96/97 0.861 0.954 0.754 1.032 (0.962-1.107) 0.726 (0.674-0.773) 0.995 (0.928-1.067) 
97/98 0.784 0.693 0.754 0.969 (0.913-1.028) 0.769 (0.722-0.810) 0.989 (0.932-1.049) 
98/99 0.734 0.677 0.795 1.250 (1.172-1.334) 0.801 (0.757-0.838) 1.330 (1.246-1.419) 
99/00 0.586 0.579 0.67 0.822 (0.772-0.874) 0.789 (0.743-0.829) 0.861 (0.809-0.916) 
00/01 0.685 0.751 0.731 0.854 (0.801-0.911) 0.718 (0.664-0.767) 0.815 (0.764-0.869) 
01/02 0.887 1.028 0.812 0.908 (0.847-0.973) 0.752 (0.700-0.797) 0.906 (0.846-0.971) 
02/03 1.077 1.061 1.011 1.129 (1.051-1.213) 0.772 (0.722-0.814) 1.156 (1.076-1.242) 
03/04 0.823 0.889 0.917 0.994 (0.933-1.060) 0.804 (0.760-0.841) 1.061 (0.995-1.131) 
04/05 0.877 0.892 0.969 0.907 (0.845-0.974) 0.782 (0.734-0.824) 0.942 (0.878-1.011) 
05/06 1.54 1.552 1.485 1.080 (0.995-1.171) 0.864 (0.824-0.896) 1.238 (1.141-1.344) 
06/07 1.224 1.134 1.314 0.916 (0.848-0.989) 0.841 (0.798-0.877) 1.024 (0.948-1.105) 
07/08 1.192 1.156 1.259 0.971 (0.901-1.046) 0.832 (0.789-0.868) 1.073 (0.996-1.155) 

 


