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EXECUTIVE SUMMARY

McKenzie, J.R.; (2008). Catch per unit effort analysis of SNA 1 longline (1990-2005) and Bay of
Plenty single trawl (1996-2005) fisheries.

New Zealand Fisheries Assessment Report 2008/36. 22 p.

The overall trend in the standardised CPUE indices for East Northland, Hauraki Gulf, and Bay of
Plenty between 1989 and 2005 was increasing. Patterns in the residuals in all the longline sub-area
generalised linear models (GLMs) means the models may not have provided an appropriate
representation of the underlying variation in the data. The fishing-year indices should therefore be

interpreted with caution as the “true” variation on the indices is likely to be higher than analytical c.v.s
suggest.

Residuals in the Bay of Plenty single trawl GLM fit were more normally distributed; the fishing-year
indices therefore have more credibility than the longline indices. An increasing trend was also evident

in the Bay of Plenty single trawl standardised series but the increase was not as large as the longline
index.



1 INTRODUCTION

Snapper (Pagrus auratus) is a demersal finfish species of the family Sparidae (sea breams). New
Zealand snapper are found around the North Island and northern South Island where the species
inhabits estuarine and coastal waters out to a depth of 200 m. The genus Pagrus is not restricted to

New Zealand. Representative species are found in south Australia, south America, and Japan (Paul
1976).

In New Zealand, snapper is the second most valuable commercial finfish species and, in terms of
annual removal, the most important recreational species (Teirney et al. 1997). Snapper is managed
relative to four stock areas (Figure 1).

SNA 1, the largest stock, comprises three substocks: east Northland, Hauraki Gulf, Bay of Plenty
(BOP). The annual Total Allowable Commercial Catch (TACC) for SNA 1 is currently 4500 t. The
east Northland substock is considered to be separate from the Hauraki Gulf and BOP substocks for
stock assessment (Gilbert et al. 2000). Longline is the predominant commercial method in SNA 1 and
accounts for 60-80% of the annual commercial catch (Walsh et al. 2000). Ministry of Fisheries catch
records show the number of longline vessels operating in the fishery each year is in the order of 300. A
high proportion of these vessels catch less than 5 tonnes per year of snapper.

Figure 1: The Quota Management Areas for the west and east coast snapper stocks (SNA 8 and SNA
1 respectively) and the range of the three SNA 1 substocks; east Northland, Hauraki Gulf,
and Bay of Plenty.



This report presents an updated CPUE time-series analysis for the SNA 1 stock from the 1989-90
fishing year to the 200405 fishing year.

This work was carried out under Objective 1 of the Ministry of Fisheries project SNA2004/01 as
follows:

1. To update the CPUE analyses for longline fisheries in each area of SNA 1 and develop a single
trawl index for Bay of Plenty using data up to the end of 2004/05.

2 METHODS

Snapper trawl and longline Catch Per Unit Effort (CPUE) information was obtained from the Ministry
of Fisheries (Appendix 1 & Appendix 2). The spatial resolution of the data was statistical reporting
area for longline and latitude and longitude for trawl. The longline effort information was number-of-
hooks whereas trawl effort was tow speed (kts) and tow duration (h). Included with these data were a

number of ancillary characters, ¢.g., fisher-ids, target, depth. Ancillary characteristics were used as
covariates in the analysis and as a data validation aid.

Longline CPUE data were available for fishing years 1989-90 to 2004-05 (16 years) by SNA 1
substock (east Northland; Hauraki Gulf; Bay of Plenty). SNA 1 tow-specific trawl data was available
only for the Bay of Plenty substock for the fishing years 1995-96 to 2004—05 (10 years).

Annual catch indices (assumed to represent snapper availability) were derived using generalised linear
modelling (GLM) procedures (Vignaux 1994, Francis 1999). The GLMs were conducted using the
statistical software package R. The stepwise regression procedure (StepAIC) was used to select
parameters (covariates) for inclusion in the final catch model. This procedure adds and removes
parameters on the basis of improvement in Akaike's Information Criterion score (AIC: Sakamoto et
al. 1986). The net improvement in the overall model R-square was calculated for each parameter
added by the StepAIC process. Parameters resulting in less than a 3% improvement in model R-square
were rejected. A set of Cook’s distance scores (Cook & Weisberg 1982) were derived for the final
model as a way of identifying datum observations with ‘unacceptable’ influence on the model fit.
Observations with a Cook’s score greater than 0.05 were rejected and the models refitted.

The approach taken with all the GLMs was to enter the fishing ‘effort” as a covariate (i.e., “right-
hand” model term), the regressor variable was simply log-catch (kg/set); this is algebraically
analogous to subtracting log effort from log catch. In order to understand what the GLM results may
mean in stock abundance terms, it is important to understand what a significant ‘effort’ term would
imply. Under a scenario in which there has been no change in abundance between years yet fishing
effort has been variable, the GLM should identify ‘effort’ as explanatory whereas the ‘fishing-year’
term should have very low explanatory power. Conversely, if fishing effort had been relatively
constant between years yet catches have changed the GLM should find ‘fishery-year’ explanatory
whereas ‘effort’ should be shown to have little or no explanatory power. The important point to
realise is although, logically, catch and effort should be correlated at some fundamental level, the
failure of the GLM selection process to identify ‘effort” as important does not necessarily diminish the
relevance of the ‘fishing year” index as a relative abundance measure. The critical thing is the ‘effort’
parameter must have been ‘offered’ in the GLM selection process.

3 DATA SELECTION
3.1 Longline catch effort data

Longline catch and effort information was included in the analysis under the criterion that snapper was
the designated target species. The longline fisheries report solely on Ministry Catch Effort Landing



Return (CELR) forms. Under the CELR form structure snapper trip catch and effort information is
aggregated at the daily level at the spatial resolution of Ministry statistical reporting areas. The basic
observational unit (record) used in the GLM analysis was the total snapper catch (kg) per fishing day.
Data were divided spatially into East Northland, Hauraki Gulf, and Bay of Plenty substock areas
according to the fishing statistical reporting areas that make up each substock area.

Data from vessels recording fewer than 20 snapper longline sets in a given year were deleted for that
year. The catch histories of all the vessels remaining in the reduced dataset were calculated; data
pertaining to vessels with fewer than four years history in the fishery were deleted. The remaining
vessels were sorted in descending order by total snapper catch. The data cut-off was either the top 30

vessels or up to the number of vessels necessary to include 70% of the total snapper catch, whichever
was the lesser value.

The response dependent variable used in the GLM analyses was the log of the mean daily estimated
snapper catch (kg) per set (log[kg/set]). Covariates investigated in the longline GLM models were:

Fishing year (16) Categorical
Month(12) Categorical
Vessel Categorical
Log(number of hooks) Continuous

Second order interaction parameters were also investigated being combinations of the above
parameters excluding “fishing year” (three additional parameters).

3.2 East Northland longline (SNA 1)

Before grooming, the initial dataset consisted of 63 109 records (9680 tonnes). Data from vessels
recording fewer than 20 longline sets in any given year were deleted leaving 58 908 records (9184
tonnes).

Data from vessels with a history of more than three years in the fishery where the number of sets in a
year exceeded 19 were sorted by total estimated catch (Appendix 3) and 29 vessels were selected for
the final analysis; 30 228 records (5639 tonnes).

The annual estimated catches, although slightly below the true landed values in most years, were
reasonably well correlated in the final dataset (Figure 2).
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Figure 2:  Estimated and landed snapper greenweight totals for top 29 vessels by fishing year.



3.3 Hauraki Gulf longline (SNA 1)

Before grooming, the initial dataset consisted of 94 097 records (15 853 tonnes). Data from vessels

recording fewer than 20 longline sets in any given year were deleted leaving 80 542 records (14 355
tonnes).

Data from vessels with a history of more than three years in the fishery where the number of sets in a
year exceeded 19 were sorted by total estimated catch (Appendix 4) and 31 vessels were selected for
the final analysis; 42 283 records (9647 tonnes).

The annual estimated catches, although being slightly below the true landed values in most years, were
reasonably well correlated in the final dataset (Figure 3).
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Figure 3:  Estimated and landed snapper greenweight totals for top 31 Hauraki Gulf vessels by fishing
year.

3.4 Bay of Plenty longline (SNA 1)

Before grooming, the initial dataset consisted of 26 404 records (4136 tonnes). Data from vessels

recording fewer than 20 longline sets in any given year were deleted leaving 24 372 records (3869
tonnes).

Data from vessels with a history of more than three years in the fishery where the number of sets in a
year exceeded 19 were sorted by total estimated catch (Appendix 5) and 19 vessels were sclected for
the final analysis; 11 734 records (2190 tonnes).

The annual estimated catches, although mostly below the true landed values, were reasonably well
correlated in the final dataset (Figure 4).
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Figure4: Estimated and landed snapper greenweight totals for top 19 Bay of Plenty vessels by fishing
year.

3.5 Bay of Plenty trawl catch effort data

Under the TCEPR form structure, snapper catch and effort information is recorded at the operational
level for each individual tow with latitude and longitude details. The fishing operational variable
(record) used in the GLM analysis was the snapper catch (kg) per tow. Data were extracted on the
basis that snapper was one of the top five species caught in a tow and or was the designated target
species. Before data grooming there were 30 662 records in the data extract. The total number of
records where snapper was targeted but not reported in the top five species was 514 (1.67 %). These

“zero” catch records were removed from the analytical dataset. Additional criteria for grooming the
data were as follows.

Records where depth was outside the range 10-300 m were deleted (298 records)

Records where tow-duration was outside the range 0.5-7 h were deleted (326 records)
Records where tow-speed was outside the range 2—5 kts were deleted (96 records)

Records where the total snapper catch was greater than 10 000 kg (5 records)

Data from vessels recording fewer than 20 snapper catching tows in a given year were deleted
for that year (633 records)

e Data from vessels recording fewer than 4 years in the period 1995-2005 were deleted (3270
records).

The remaining vessels were sorted in descending order by total snapper catch (Appendix 6). The data
cut-off was either the top 20 vessels or up to the number of vessels necessary to include 70% of the

total snapper catch; 20 vessels were selected for the final analysis; 24 287 records (3705 tonnes
[estimated]).

The response—dependent variable used in the GLM analyses was the log of estimated snapper catch
per tow (log[kg/tow]). Covariates investigated in the GLM models were:

fishing year (10) Categorical
target (yes/no) Categorical
season(4) Categorical
vessel(20) Categorical
log(duration) Continuous
log(depth) Continuous
log(tow speed) Continuous



Second order interaction parameters were also investigated, being combinations of the above
parameters excluding “fishing year” (15 additional parameters).

4 RESULTS

4.1 East Northland longline (SNA 1)

None of the Cook’s distance scores in the fitted model were larger than 0.05 in the terminating model
so no data were removed. Six parameters were sclected for the final GLM model on the bases of the
3% R-square improvement criterion (Table 1).

Table 1: Stepwise regression results for east Northland longline catches. Parameters chosen for
the final GLM are shaded.

n/:i R
covariate AIC improvement square % improvement
78198.19
59

month:log(hooks) 67173.06 0.04% 0.3148 0.25%

The departure from the normality line in the QQ-plot may mean that the GLM model is not
appropriate for the data; results should be interpreted with caution (Figure 5).
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Figure 5: Standardised residual and normal quantile-quantile plots for the East Northland final

model fit.



East Northland canonical year indices for the snapper longline fishery are given in Appendix 7 and
Figure 6.
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Figure 6: Canonical year indices for East Northland with 95% confidence intervals (analytical).

4.2 Hauraki Gulf longline (SNA 1)

None of the Cook’s distance scores in the fitted model were larger than 0.05 in the terminating model

so no data were removed. Six parameters were selected for the final GLM model on the basis of the 3
% R-square improvement criterion (Table 2).

Table 2: Stepwise regression results for Hauraki Gulf longline catches. Parameters chosen for
the final GLM are shaded.

% R
covariate AIC improvement square % improvement

The departure from the normality line in the QQ-plot may mean that the GLM model is not
appropriate for the data; results should be interpreted with caution (Figure 7).
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Figure 7: Standardised residual and normal quantile-quantile plots for the Hauraki Gulf final

model fit.

Hauraki Gulf canonical year indices for the snapper longline fishery are given in Appendix 7 and
Figure 8.
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Figure 8: Canonical year indices for Hauraki Gulf longline with 95% confidence intervals
(analytical).

4.3 Bay of Plenty longline (SNA 1)
None of the Cook’s distance scores in the fitted model were larger than 0.05 in the terminating model

so no data were removed. Five parameters were selected for the final GLM model on the basis of the
3% R-square improvement criterion (Table 3).
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Table 3: Stepwise regression results for Bay of Plenty longline catches. Parameters chosen for
the final GLM are shaded.

% R
covariate AlC improvement square % improvement

<none> 28369.68

2% .492
L11%  0.5023
vesselmonth 19 - 408% 05432 |
log(hooks):month 19415.61 0.02% 0.5437

The departure from the normality line in the QQ-plot may mean that the GLM model is not
appropriate for the data; results should be interpreted with caution (Figure 9).
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Figure 9: Standardised residual and normal quantile-quantile plots for the Bay of Plenty final

model fit.

Bay of Plenty canonical year indices for the snapper longline fishery are given in Appendix 7 and
Figure 10.
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Figure 10: Canonical year indices for Bay of Plenty longline with 95% confidence intervals

(analytical).

4.4 Bay of Plenty single trawl (SNA 1)

None of the Cook’s distance scores in the fitted model were larger than 0.05 in the terminating model
so no data were removed. Six parameters were selected for the final GLM model on the basis of the 3
% R-square improvement criterion (Table 4).

Table 4: Stepwise regression results for Bay of Plenty single trawl catches. Parameters chosen for
the final GLM are shaded.
% R
covariate AIC improvement square % improvement
<none> 198.04

S = 635744 209 325%
vessel:target 63426.95 0.23% 0.215 2.58%
log(depth):season 63316.38 0.17% 0.2187 1.72%

Since the departure from the normality line in the QQ-plot was only slight the GLM model likely
provides a good fit to the observational data (Figure 11).
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Figure 11: Standardised residual and normal quantile-quantile plots for the Bay of Plenty single trawl
final model fit.

Bay of Plenty canonical year indices for the single trawl fishery are given in Appendix 7 and Figure
12.
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Figure 12: Canonical year indices for Bay of Plenty single trawl with 95% confidence intervals

(analytical).
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5 DISCUSSION

The overall trend in the standardised CPUE indices for East Northland, Hauraki Gulf, and Bay of
Plenty between 1989 and 2005 was increasing. Patterns in the residuals in all the longline sub-arca
GLMs means the models may not have provided an appropriate representation of the underlying
variation in the data. The fishing-year indices should therefore be interpreted with caution as the “true”
variation on the indices is likely to be higher than analytical c.v.s suggest.

Residuals in the Bay of Plenty single trawl GLM fit were more normally distributed; the fishing-year
indices therefore have more credibility than the longline indices. An increasing trend was also evident

in the Bay of Plenty single trawl standardised series but the increase was not as large as the longline
index.
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Appendix 1:  List of CELR fields in raw SNA 1 longline extract.

Effort and estimated catch:

Client key

Vessel_key

DCF _key (linking key)
Rec Trip Start Date

Rec Trip End Date

Rec Landing Date

Trip Key

Fishing Date

Method Code = “BLL”
Statistical Area

Total number of hooks
Total number of sets
Target Species

Total Catch Weight (kg)
Top five Species

Top five Estimated Weight (kg)

Landed catch

Client_key
DCF_key (linking key)
Trip Key

Form Number

Rec Trip Start Date
Rec Trip End Date
Rec Landing Date
Rec Landing Point
Trip Key

Fishstock
Greenweight (kgs)
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Appendix 2: TCEPR fields in raw trawl data extract.
Effort and estimated catch:

TCEPR Table

Tripcode

Vessel Key

Pair Vessel Key

Method

Start Date

Start Time

End Date

End Time

Start Stat Area

Start Latitude

Start Longitude

Trawl Speed

Effort Depth

Effort Height

Target Species

Target Species

Total Catch Weight (kgs)
Top five Species

Top five Estimated Weight (kgs)

Landed catch
CELR table:

Tripcode

vessel_key
landing_date

Fishstock

greenweight

DCF _key (linking key)

CLR Table
Tripcode
vessel_key

landing_date
Fishstock greenweight
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Vessel Details

vessel key

overall length metres
draught _metres
beam_metres
built_year

engine kilowatts
history start datetime
history_end_datetime

Appendix 3: Total snapper catch (t) in relation to vessel from the East Northland longline
fishery 1990-2005; data from the shaded vessels were used in the final analysis.

Rank
order Vesselid  Histo Catcht Cum %

71.41%
72.66%
73.86%

31
32
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Appendix 4: Total snapper catch (t) in relation to vessel from the Hauraki Gulf longline
fishery 1990-2005; data from the shaded vessels were used in the final analysis.

Rank

order Cum %

_ Vesselid  Histo Catch t

168.0371 68.38%
" 154372 69.45%
34 136.955  70.41%
2 L 13sM5 T7135%
o C1BLM2 7226%
ol 73.12%
L 73.96%
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Appendix 5: Total snapper catch (t) in relation to vessel from the Bay of Plenty longline
fishery 1990-2005; data from the shaded vessels were used in the final analysis.

Rank

order Vesselid  History yrs Cat Cum %

t
A

79.17%

P

21 81.06%
22 82.94%
23 84.66%
24 86.19%
25 87.70%
26 89.14%
27 90.48%
28 91.59%
29 92.69%
30 93.71%
31 94.59%
32 95.35%
33 96.08%
34 96.76%
35 97.44%
36 98.01%
37 98.53%
38 99.04%
39 99.55%
40 100.00%
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Appendix 6: Total snapper catch (t) in relation to vessel from the Bay of Plenty single trawl
fishery 1996-2005; data from the shaded vessels were used in the final analysis.

Rank

order Vesselid Histo Catch t Cum %

i
96.77%
98.04%

22 98.81%
3 5 99.47%
24 455 4 20215 100.00%
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Appendix 7:  Annual canonical SNA 1 CPUE indices by method and substock

Longline  Longline Longline  Single trawl

Fishing East Hauraki Bay of Bay of
year Northland Gulf Plenty Plenty
1989-1990 0.95 (0.02) 0.84 (0.02) 1(0.089) -
1990-1991 0.89(0.02) 0.81(0.01) 0.54 (0.04) -
1991-1992 0.74 (0.02) 0.91(0.01)  0.51(0.03) -
1992-1993 0.77 (0.02) 0.86 (0.01)  0.77 (0.03) -
1993-1994 0.82(0.02) 0.74(0.01)  0.78 (0.02) >
1994-1995 0.92(0.02) 0.77(0.01)  0.88 (0.02) -
1995-1996 1.1 (0.02) 0.82 (0.01) 0.97 (0.02) 0.78 (0.03)
1996-1997 117(0.02)  1.01(0.01)  0.9(0.02) 0.93 (0.02)
1997-1998 0.99 (0.02)  1.19(0.01) 1(0.02) 0.92 (0.02)
1998-1999 1.09 (0.02) 1.2 (0.01) 1.12 (0.02) 0.98 (0.02)
1999-2000 1.22 (0.02) 1.1 (0.01) 1.11 (0.02) 1.03 (0.02)
2000-2001 1.19(0.02)  1.12(0.01)  1.24(0.02) 0.99 (0.02)
2001-2002 1.1 (0.02) 1.14 (0.01) 1.33 (0.02) 1.06 (0.02)
2002-2003 1.03 (0.02) 1.31 (0.01) 1.58 (0.02) 1.19 (0.02)
2003-2004 1.1 (0.02) 1.3(0.01)  1.56(0.02) 1.02 (0.02)
2004-2005 1.08 (0.02) 1.19 (0.02) 1.57 (0.02) 1.17 (0.02)
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