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1. Executive Summary

Catch, effort, and landing information for scampi trawl fisheries in QMAs 1, 2, 3, 4 (eastern
and western portions), and 6A are updated to include data from the 199697 fishing year.
Unstandardised CPUE indices are calculated and standardised indices estimated using a
multiple regression approach. The two indices continue to be highly correlated. Standardised
indices for 1996-97 in QMAs 1, 3, and 4 were all considerably higher than the index year and
show generally increasing trends. There is no discernible trend in QMA 2 and the 1996-97
index is slightly below that for the base year. The standardised index for SCI 6A appears to
have increased from about 0.3 to about 0.4. Detailed examination of interaction effects in
CPUE models (usually vessel-year interactions) suggests that interaction effects can provide a
useful means of detecting anomalous data. The exclusion of such anomalous data seems to
lead to better CPUE models which sometimes show different trends to the base models.
Similarly, the exclusion of shots from which no estimated catch of scampi was recorded
increases the proportion of explained variance to a greater extent than might be expected from
the frequency of such shots. It is thought that such zero shots are largely reporting errors.

An experimental photographic survey to estimate the density of scampi burrows in the
western Bay of Plenty is described in other documents and summarised here. Burrows and
emergent scampi could both be discerned from the photographs in densities similar to those
encountered overseas. Tentative estimates of scampi abundance, size distribution, and
biomass for a small part of QMA 1 are made using photographic survey data.

Growth rates for scampi in QMAs 1 and 2 are estimated by simultaneous length frequency
analysis using data from trawl surveys, other research trawling activity, and from scientific
observers in these areas. No further tagged animals have been recaptured from QMA 1, so no
revision of this estimate is possible. Estimates of the von Bertalanffy K (0.05-0.08) and Lo,
(65-97 mm) from length frequency analyses were different (low and high respectively)
compared with the tagging estimates (K = 0.11-0.14 and Lo, = 49 mm).

The distribution of scampi is examined, confirming previous heuristic analyses which
suggested that males are apparently more abundant in trawl catches than females in shallower
water, and that the average size of animals in trawl catches generally increases with depth.
This latter relationship is much stronger for males than it is for females. These relationships
with depth cannot be separated from any putative relationship with bottom water temperature
as depth and temperature are so highly correlated.

The relative abundance and length frequency of major finfish bycatch species, hoki, ling,
giant stargazer, and gemfish were examined using both research trawl data (QMAs 1 and 2



only) and data from scientific observers and commercial returns (all QMAs). For the first
time, the composition of the invertebrate bycatch of research trawling was examined in detail
for the area between the Mercury Islands and White Island. Bycatch composition was found
to be relatively predictable given information on depth and historical fishing pressure at each
site. Historical fishing pressure was estimated by uniting trawl survey data and commercial
returns in a GIS environment. In addition, there were significant negative relationships
between the indices of fishing pressure and invertebrate richness and diversity, the abundance
of a variety of invertebrate taxa, and the average size of some invertebrate taxa.

This work was funded under MFish project SCI9701 (1997-98).

2. Introduction
2.1 Overview

This document summarises catch, effort, observer, and research information for scampi
fisheries in QMAs 1, 2, 3, 4 (east and western portions), and 6A. All major scampi fisheries
were characterised in detail in 1997, and only updates are given here. Unstandardised and
standardised indices of CPUE are generated for QMAs 1, 2, 3, 4 (east and western portions),
and 6A, based on catch and effort information which has been rigorously screened for errors.
Length frequency distributions from scientific observers are given for scampi and the four
major finfish bycatch species, hoki, ling, giant stargazer, and gemfish, and the invertebrate
bycatch of research trawling for scampi is characterised in detail for the first time.

2.2 Description of the fishery

The fishery for scampi is conducted almost entirely using light, bottom trawl gear, restricted
by permit condition to a minimum mesh size of 55 mm in the codend. Most of the vessels are
2040 m in length, and all use multiple rigs of two or three nets of very low headline height.
Most scampi fishing is conducted in QMA 1 (Bay of Plenty), QMA 2 (Hawke Bay,
Wairarapa), QMA 3 (western Mernoo Bank), QMA 4 (eastern Mernoo Bank, Chatham Rise,
Chatham Islands), and QMA 6A (Auckland Islands) (Figure 1).

Some small or damaged scampi may be tailed, but the proportion of such processed product is
usually small as it commands a lower price than whole scampi graded and frozen at sea.

2.3 Literature review

Cryer et al. (1995) and Cryer (1996) reviewed the international literature and little new work
has been published since of relevance to Metanephrops challengeri. Cryer et al. (1997)
described new standardised indices of CPUE for the commercial fisheries in QMAs 2, 3, 4,
and 6A. The release and recapture phases of a tagging study to estimate growth rates, carried
out in 1995-96 in the Bay of Plenty, were described by Cryer & Stotter (1997 and in press).
Cryer & Hartill (1998) described the results of an experimental photographic survey of
scampi in the Bay of Plenty in 1998.



Figure I: Fishery management areas and the location of the main fishing areas for scampi, Metanephrops
challengeri, in New Zealand waters. Dots indicate the start positions of trawl shots targetting scampi.
SCI 6A is a separate regulated management area containing all waters within 50 nautical miles of the

Auckland Islands, whereas SCI 4 is informally separated into eastern and western portions at latitude
180 ° E.
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3. Review of the Fishery
3.1 TACC:, catch, landings and effort data
3.1.1 Estimated landings

Until 1992, access to the scampi fishery was restricted by non-QMS permitting policies, but
there were no limits on catches. For the 1991-92 and subsequent fishing years, catch limits
were applied to all QMAs (Table 1). Fisheries in QMAs 1, 2, 4, and 6A were considered to
be “developed” and catch limits were allocated individually to permits in proportion to their
“catch history”. Conversely, fisheries in QMAs 3, 5, 6B, 7, 8, and 9 were not considered to
be “developed” and catch limits in these areas remained competitive. The QMA 3 fishery
was wrongly ascribed to the former category by Cryer (1996).

Table I: Estimated commercial landings (t) from the 198687 to 1996--97 fishing years and current catch
limits (t) by QMA (from Ministry of Fisheries catch effort database, Trawl Catch Effort and Processing
Returns, TCEPR; early years’ data may be incomplete; data for 1996-97 provisional and may be
incomplete). — no data probably zero catch; * no separate catch limits for QMAs 6A and 6B before 1992—
93, total catch limit 300 t

QMA 1 QMA 2 QMA 3 QMA 4 QMA 5
Landings Limit  Landings Limit Landings Limit  Landings Limit  Landings Limit
1986-87 5 - - - -
1987-88 15 5 - - -
1988-89 60 17 - - -
1989-90 103 135 - - -
1990-91 179 295 - 23 -
1991-92 132 120 221 245 0 60 246 250 0 60
1992-93 125 120 210 245 84 60 211 250 2 60
1993-94 115 120 244 245 64 60 261 250 1 60
1994-95 108 120 226 245 62 60 216 250 0 60
1995-96 114 120 228 245 76 60 226 250 0 60
1996-97 115 120 213 245 66 60 225 250 2 60
QMA 6A QMA 6B QMA 7 QMA 8 QMA9
Landings Limit  Landings Limit  Landings Limit  Landings Limit  Landings Limit
1986-87 - - - - -
1987-88 - - - - -
1988-89 - - - - -
1989-90 - - - - -
1990-91 2 - - - -
1991-92 322 *300 4 0 75 0 60 0 60
1992-93 198 250 81 50 2 75 0 60 2 60
1993-94 241 250 61 50 0 75 0 60 1 60
1994-95 209 250 7 50 2 75 0 60 0 60
1995-96 220 250 5 50 0 75 0 60 0 60
1996-97 230 250 45 50 0 75 0 60 0 60

3.1.2 CPUE analyses
3.1.2.1 General methodology ~

Data were taken from MFish databases (Trawl Catch, Effort, and Processing Returns,
TCEPR). All records for which scampi was the target species were extracted. All were by



the method of bottom trawl. The following fields were extracted: vessel id, start and end
dates, start and end times, start and end location (latitude and longitude), wing spread, net
depth during fishing, bottom depth during fishing, headline height, nominal speed of tow, and
catch of scampi.

The 35 297 records extracted were rigorously screened for obvious errors using the following
procedure. All records for each vessel were sorted in order of their reported date and start
time. For each record in the series, the reported data were used to estimate the catch rate of
scampi (kg h™"), the duration of the trawl shot, the distance between the start and finish
locations, the average speed at which the trawl shot was conducted, the “down-time” between
the start of the shot and the end of the previous shot, and the average “steaming” speed
necessary to get to the start position of the shot from the end position of the previous shot. A
further check was run to assess whether adjacent records in the series were essentially
“duplicates” in that they weie reported at the same time and in the same place. Range checks
were applied to these “diagnostics” as follows.

Diagnostic Criterion
Catch rate >100kgh™
Trawling speed for a given shot >5 kn
Steaming speed between shots >10 kn
Trawl duration >8h
Down-time between shots <0.5h
Trawl distance >35n.m

Records which violated any one of the diagnostic criteria were examined for errors. In most
instances, the field causing the “error” was evident, and the cause of the violation clear. Most
errors were mis-reported, mis-punched, or missing positions (e.g., a latitude of 37 within a
series of shots at latitude 39), dates (wrong months or years being most common), or times
(a.m. as opposed to p.m. and vice versa). Some records had mis-punched vessel identifiers.
Data editing was undertaken to correct these errors and, where the correction removed the
diagnostic violations, the record was flagged as “corrected”. Where the cause of the violation
was not easily reconcilable, or diagnostic violations remained after the correction of obvious
errors, then the record was flagged as “irreconcilable”. Many records with diagnostic
violations were examined and considered not to be errors (e.g., some unusually long shots,
especially in QMA 6A). Sixty-five records from 13 vessels having less than 50 records in the
database were considered to be errors and excluded.

Tows with zero catches were accorded a nominal 1 kg catch to allow the use of a logarithmic
transformation. Vignaux & Gilbert (1993) showed that, for the scampi fishery in QMA 1, the
choice of nominal catch for zero tows did not greatly affect the performance of their model,
which was essentially the same as those used here.

Standardised indices of CPUE were calculated using a multiple regression approach described
by Vignaux & Gilbert (1993, 1994) developed for all scampi fisheries by Cryer et al. (1997).
The model was used to estimate multiplicative effects on scampi CPUE (kg greenweight per
nautical mile trawled) of environmental, vessel, and year variables:



C1=M+ Yvi,t+Pj‘t+ Qk';+RI,g+...

where C,; is the logarithm of catch per nautical mile trawled on tow ¢, M is an overall mean for
Cy, Y;, is the effect on C; of tow ¢ being in year i, P;, is the effect of variable P having value j,,
Ok 1s the effect of variable Q having value k;, and so on.

Likely variables (from previous analyses) include seasonality, time of day, depth, areal
location within each QMA, and vessel. Location was usually modelled as position along the
main axis of the fishery “ribbon”, i.e. in a single dimension. Vessel and fishing year are
categorical by nature, and the other variables were converted to categories by splitting the data
into eight evenly sized bins. Eight bins were used because this was small enough to allow
simultaneous analysis of all data for a QMA, yet adequate to model any relationships. An
initial screening for likely influential variables (in a given QMA) was conducted by including
all variables in a stepwise regression procedure. Only those shots without any missing data
can be used in this process, and this was sometimes only about two-thirds of all the data
(missing data are common, especially for gear descriptors such as headline height and
wingspread in the early years of these fisheries).

After initial screening, all shots without missing data for the likely influential variables were
included in a final stepwise procedure, using, for ease of interpretation, 12 categorical bins for
seasonality and time of day (giving bins equivalent to months and 2 hour time slots
respectively). Most records were included in the final model because the variables used
tended to be those for which missing data are rare. Variables were included until no
significant improvement in explanatory power was achieved (improvement in R? less than 2
percentage points).

The year effects in the multiple regression model are taken as putative indices of stock
abundance as

Ai=exp(Yi-Yo)

where Y; is the regression coefficient for year i, Yy is the regression coefficient for the base
year (usually the year when fishing started), and A; is the year effect in year i relative to the
year effect in the base year. If the year effect explains variance (viz. changes in CPUE) in a
way that is not explained by any of the other variables, then it may be measuring changes in
stock size. The variance of this estimate, A;, can be estimated from

s'ai = A? exp(&’) (exp(S?) - 1)

where o = Var(Y,) + Var(Yy) - 2 Cov (Y, Yo)

These models are called the base case models for a given QMA.

Following estimation of base models, the data for each area were examined for interaction
effects between variables influential in the base case model. Substantive interactions were
examined to determine if they were “real” (indicative of genuine interactions between
variables). For example, a real interaction between year and area variables might indicate that
catch rates had been improving in one area and declining in another and would tend to



invalidate the estimation of overall year or area effects for the QMA in question (and suggest
separate analyses for the separate areas).

The interaction effects commonly provided some guidance as to how the base model CPUE
could be improved. For example, a large interaction term between year and vessel largely
invalidates the estimated year effect, but examination of the interaction can often demonstrate
that most of the interaction stems from one, or a few, vessels. Removal of these vessels from
the analysis can be justified in terms of better meeting the assumptions of the modelling
approach (which assumes little interaction among the variables) and possibly in operational
terms (vessels may change skipper, refit, re-power, etc).

Further sensitivity analyses were conducted by deleting all zero tows from the base models.
Apart from shots with gear failures or shots made during exploratory fishing, zero catch shots
are highly unusual in scampi fisheries because the best fishing locations are relatively
consistent and easy to re-locate.

Tables of fleet characteristics, catch, and average (unstandardised) catch rates may differ
slightly from those pres " ited in previous documents. This is because of the more rigorous
error checking used this year, one result of which was the “transfer” of catch and effort
information from one year to another or from one QMA to another.

3.1.2.2 QMA 1 (Bay of Plenty)

Cryer et al. (1997) described a standardised index of CPUE for scampi in QMA 1. This
model has been updated using data up to the end of the 1996-97 fishing year (Table 2). Data
from two vessels with very small numbers of tows were dropped from the database (nine tows
altogether). The model was standardised to the 1988-89 fishing year. Similar variables were
found to be significant in the model in the two assessments, although the order has changed
slightly, with the year effect now being the most important (Table 3).

Table 2: Data available for CPUE model for QMA 1. “N tows” is the number of tows included in the
model, “N vessels” is the number of vessels fishing in a given year, and “% zeros” is the percentage of all
tows with a reported zero catch of scampi. The index year was chosen as 1988-89

Year N tows N vessels Catch (t) Meankg ht! % zeros
1988-89 443 2 39 329 7.2
1989-90 872 5 104 31.8 2.8
1990-91 1 545 9 163 22.7 2.3
1991-92 1 086 8 129 21.7 1.4
1992-93 744 7 115 28.3 7.4
1993-94 570 5 111 36.3 35
1994-95 427 6 114 49.0 1.4
1995-96 371 6 117 60.4 3.0
1996-97 382 6 117 59.0 7.3



Table 3: Choice of significant variables for 1995, 1997, and 1998 QMA 1
scampi assessments (in the order chosen) and the percent of variation in
log(cpue) (R?) explained following the inclusion of each variable in 1998

1995 1997 1998 RY(%)
assessment assessment assessment

area year year 7.2
month time time 13.6
time area depth 18.9
year month area 21.6
depth depth month 242

vessel

Table 4: Standardised (from a multiple regression model) and unstandardised indices
of relative abundance for scampi (with standard errors, S.E., for the standardised
indices) in QMA 1 1988-89 to 1996-97. The standardised model explains 28.1% of the
variation in log(cpue)

Year Unstandardised Standardised S.E.
index index
1988-89 1.00 1.00 0.00
1989-90 0.97 0.95 0.06
1990-91 0.69 0.87 0.05
1991-92 0.66 0.99 0.06
1992-93 0.86 1.21 0.08
1993-94 1.10 1.58 0.11
1994-95 1.49 2.07 0.15
1995-96 1.84 2.32 0.17
1996-97 1.79 1.99 0.15

The standardised index for QMA 1 shows a steady increase between the 1990-91 and 1995-
96 fishing years (Table 4), followed by a slight decline for the 199697 fishing year. This
index has, for 3 years, been about double its level at the start of the fishery in 1988—89. The
pattern in the standardised index is similar to that in the unstandardised index, although the
standardised index peaks at 2.32 compared with 1.84 for the unstandardised index.

Three sensitivity analyses were run. First (sensitivity 1.1), all tows with a zero reported catch
of scampi were excluded. This resulted in a large increase in R? (from 24.2% to 36.4%) and a
change to the shape of the year effect, especially in the last year (Figure 2). For the 1996-97
year, this sensitivity gives an index higher than for 1995-96, whereas the base model index
for 1996-97 is lower than that for 1995-96. Further, this sensitivity gives an overall pattern in
the index much more similar to previous standardised indices than does the base case (in other
words, there is something about the data for 1996-97 which seems to be distorting the index).
Two further sensitivity analyses were suggested by an inspection of the data for 1996-97. An
unusually large number of shallow shots were made in this year, and so all tows in the
shallowest of the eight categorical bins were excluded (sensitivity 1.2), leaving data only from
350 m and deeper. This resulted in a negligible increase in R? (from 24.2% to 24.5%), but a
change in the shape of the year index similar to the first sensitivity (with the index for 1996—



97 being higher than that for 1995-96, Figure 2). Similarly (sensitivity 1.3), omitting all tows
for the vessel making most of the shallow shots in 1996-97 resulted in a similar R? (24.2% to
21.4%) and a 1996-97 index higher than that for 1995-96.

The most influential second order interaction term in the model was between the year and
depth effects, implying that the pattern of fishing success with depth has varied among years.
The increase in R? over the base model after the inclusion of this term was about 5.4%.
Inspection of a series of plots of CPUE in each of the eight depth bins (one plot for each year)
revealed that 1996-97 was an unusual year, and most of the interaction term was generated by
this year (by poor catch rates in the shallowest depths). This observation prompted the two
sensitivity analyses excluding all shallow shots (1.2) and the vessel responsible for most of
the shallow shots (1.3, see above). The next most influential second order interaction term in
the model was between year and vessel effects and was also caused mostly by one vessel in
the 1996-97 year. The increase in R over the base model after the inclusion of this term was
only about 3%.

The presence of these interaction terms (caused largely by relatively unsuccessful shallow
fishing, and mainly by a single vessel in 1996-97) suggests that sensitivity analyses excluding
shallow shots, or the unusual vessel, may be preferred to the base model.
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Figure 2: Indices of relative abundance from a multiple regression CPUE model for QMA 1. The base
model is represented by the bold line and solid circles (with upper and lower 95% confidence limits), a
sensitivity test excluding all shots for which no catch of scampi was reported is represented by a solid line
and open circles, a sensitivity test excluding all shots shallower than 350 m is represented by a dashed line
and closed squares, and a sensitivity test excluding all shots from a vessel showing trends different from
the rest of the fleet is represented by a dashed line and open triangles.
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3.1.2.3 QMA 2 (Hawke Bay, Wairarapa coast)

The available data are summarised in Table 5. Data from five vessels with very few tows, or
tows only in a single year were dropped from the database (89 tows altogether). The model
was standardised to the 1989-90 fishing year as there was relatively little fishing in the 1988—
89 year. The month effect in the model (Table 6) suggests that the best catch rates are
experienced in summer and are about double the worst catch rates in the winter. Effort tends
to occur evenly throughout the year. The time of day effect suggests that the best catch rates
are experienced early in the morning and are about 1.5 times that of the worst catch rates in
the evening.

Table 5: Data available for CPUE model for QMA 2. “N tows” is the number of tows included in the
model, “N vessels” is the number of vessels fishing in a given year, and “% zeros” is the percentage of all
tows with a reported zero catch of scampi. The index year was chosen as 1988-89

Year N tows N vessels Catch (t) Meankgh’ % zeros
1988-89 187 3 16.7 34 54
1989-90 1246 6 1384 29.6 3.8
1990-91 2267 8 259.9 254 27
1991-92 1594 10 2120 26.0 0.9
1992-93 1343 9 208.5 30.6 1.6
1993-94 1416 8 229.9 29.7 1.6
1994-95 912 6 231.1 479 1.8
1995-96 924 8 229.6 419 35
1996-97 1144 9 2124 325 9.9

Table 6: Choice of significant variables for the 1997 and 1998 QMA 2
scampi assessments (in the order chosen) and the percent of variation in
log(cpue) (R?) explained following the inclusion of each varaible in 1998

1997 1998 R (%)
Variable Variable

Year Year 4.32
Time of day Time of day 7.44
Month Month 10.22

After an initial decline, the standardised index for QMA 2 showed a steady increase between
1990-91 and 1994-95, followed by a decline over the past 2 years to a little below its starting
level by 1996-97 (Table 7). The pattern in the standardised index is similar to that in the
unstandardised index.

Two sensitivity analyses were run. First (sensitivity 2.1), all tows with a zero reported catch of
scampi were excluded. This resulted in a large increase in R? (from 10.2% to 22.0%) and a
change to the shape of the year effect (Figure 3). For the 1996-97 year, this sensitivity gives
an index higher than that in the base year, whereas the base model index for 1996-97 is lower
than for the base year. Second (sensitivity 2.2), all tows by the two vessels having the highest
proportion of questionable tows (zero catches, positions outside the normal fishing areas, very
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high calculated tow speeds etc.) were excluded. This resulted in a modest increase in R’ (from
10.2% to 12.8%) and a change in the year index similar to the first sensitivity (see Figure 3).

Table 7: Standardised (from a multiple regression model) and unstandardised indices

(total weight divided by total hours) of relative abundance for scampi (with standard

errors, S.E., for the standardised indices) in QMA 2 19898-90 to 1996-97. The model
explains 10.2% of the variation in log(cpue)

Year Unstandardised Standardised S.E.
index index .
1989-90 1.00 1.00 0.00
1990 91 0.86 0.86 0.03
1991-92 0.88 0.94 0.04
1992-93 1.03 1.06 0.04
1993-94 1.00 1.10 0.04
1994-95 1.62 1.85 0.08
1995--96 1.42 1.47 0.06
1996-97 1.10 0.84 0.03
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Figure 3: Indices of relative abundance from a multiple regression CPUE model for QMA 2. The base
model is represented by the bold line and solid circles (with upper and lower 95% confidence limits), a
sensitivity test excluding all shots for which no catch of scampi was reported is represented by a solid line
and open circles, and a sensitivity test excluding all shots from two vessels with apparently poor reporting
precision is represented by a dashed line and closed squares.
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The most influential second order interaction term in the model was between the year and
month effects, implying that the seasonal pattern of fishing success has varied among years.
The increase in R® over the base model after the inclusion of this term was about 6.5%.
Inspection of a series of plots of CPUE in each of the eight seasonal bins (one plot for each
year) revealed that 1996-97 was an unusual year, and most of the interaction term was
generated by this year (by poor catch rates towards the end of the fishing year). This is
unfortunate as the most appropriate response to an interaction caused by just one year would
be to exclude data from that year. This would not be very useful in assessing the current status
of the stock. However, this interaction term is less influential (improvement in R? of 4% as
opposed to 6.5%) when vessels with the poorest reporting are excluded (sensitivity 2.2),
suggesting that this sensitivity may be preferred to the base model.

3.1.2.4 QMA 3 (Mernoo Bank)

The scampi fishery in QMA 3 before 1992-93 was very small and scattered along the east
coast of the South Island. In 1992-93, a “new” and much larger fishery started on the Mernoo
Bank and, because almost all subsequent fising for scampi in this QMA has been in this area,
the standardised analysis has been restricted to the years 1992-93 to 1996-97 (Table 8).

Data from five vessels with very few tows, or tows only in a single year, and from 1988—89 to
1991-92 were dropped from the database (338 tows altogether). The model was standardised
to the 1992-93 fishing year as there was relatively little fishing before then.

Vessel, year, month, time of day, and longitude were identified as potentially useful in
explaining variability in log(cpue). Of these, vessel, month, and a year effect were included
in the final model (Table 9). Because fishing in this area is highly seasonal (driven by the
competitive catch limit of 60 t), there is almost no fishing other than in October to December.
Records for months other than this period were therefore included in a “catch-all” category
giving a total of 4 month bins compared with 12 for most other areas. The year effect for this
fishery was very strong, showing an almost three-fold increase over 4 years (Table 10).

Table 8: Data available for CPUE model for QMA 3. “N tows” is the number of tows included in the
model, “N vessels” is the number of vessels fishing in a given year, and “% zeros” is the percentage of all
tows with a reported zero catch of scampi. The 1992-93 year was chosen as the index year because the
pattern if fishing changed dramatically at this time

Year N tows N vessels Catch (t) Meankgh % zeros
1988-89 5 1 0 0 100
1989-90 7 1 <0.1 2.1 14.3
1990-91 13 4 0.2 6.2 30.8
1991-92 26 7 04 5.6 46.2
1992-93 - 763 8 82.8 29.2 2.6
1993-94 677 8 59.6 20.5 0.7
1994-95 537 9 65.7 24.8 1.1
1995-96 405 9 75.7 36.6 2
1996-97 248 9 72.3 51.5 2.8 .
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Six vessels were in the fishery throughout the period analysed (1993-96) and they account for
most of the effort. Most of the remaining vessels were present for more than 1 year. The
strongest feature of the data is the “gold rush” effect with catch being taken competitively in
the weeks after the start of each fishing year on 1 October. Since 1992-93, the fishery has
been progressively compressed in time. In the last 2 years the fishery has lasted less than 2
months. That the fishing within QMAs 3 and 4 spans the boundary at 176° E suggests that
this analysis (nominally for QMA 3) does not relate to a discrete stock. It is treated separately
here because the competitive catch limit enforces a pattern of fishing effort which is very
different from that observed in the neighbouring QMA 4.

Table 9: Choice of significant variables for the 1997 and 1998 QMA 3
scampi assessments (in the order chosen) and the percent of variation in
log(cpue) (R® explained following the inclusion of each variable in 1998

1997 1998

Variable Variable R*(%)
Vessel Year 13.35
Year Vessel 18.50
Month Month 21.18

Table 10: Standardised (from a multiple regression model) and unstandardised indices
of relative abundance for scampi (with standard errors, S.E., for the standardised
indices) in QMA 3 1992-93 to 1996-97. The model explains 16.9% of the variation in

log(cpue)

Year Unstandardised Standardised S.E.
index index

1992-93 1.00 1.00 0.00

1993-94 0.70 1.06 0.07

1994-95 0.82 1.42 0.11

1995-96 1.25 2.18 0.18

1996-97 1.76 . 296 0.26

The selection of a vessel effect contrasts with the models for most other QMAs where vessel
was not often important.

Because there is so little data outside the October to January period it is not clear if there is a
seasonal effect similar to that found in other QMAs. However, the trend of increasing CPUE
within the October to January period is consistent with the pattern in other QMAs where the
highest catch rates are experienced in summer. The “time of day” effect is not selected as an
important explanatory variable in QMA 3, and is suggested in only 1 of the 4 years of data.
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The reasons for this difference from other areas are not clear, but could be a result of the
competitive fishing process. ~

The standardised and unstandardised indices for QMA 3 have both increased markedly since
the index year (the former more than the latter). Standardised catch rates are now almost
three times greater than in 1992-93 when substantive fishing started on the Mernoo Bank.

Two sensitivity analyses were run. First (sensitivity 3.1), all tows with a zero reported catch of
scampi were excluded. This resulted in a large increase in R? (from 21.2% to 40.1%) but very
little change to the shape of the year effect (Figure 4). Second (sensitivity 3.2), all tows by the
vessel apparently causing interactive effects were excluded. This resulted in little change to
R?(21.2% to 18.8%) and almost no change in the year index. The large increase in R?
following the deletion of shots with no reported catch of scampi (sensitivity 3.1) strongly
suggests that this approach may be preferred to the base model.
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Figure 4: Indices of relative abundance from a multiple regression CPUE model for QMA 3. The base -
model is represented by the bold line and solid circles (with upper and lower 95% confidence limits), a
sensitivity test excluding all shots for which no catch of scampi was reported is represented by a solid line
and open circles, and a sensitivity test excluding all shots from a vessel showing trends different from the
rest of the fleet is represented by a dashed line and closed squares.

The most influential second order interaction term in the model was between the year and
vessel effects, implying that the relative fishing success of at least some vessels has varied
among years. The increase in R? over the base model after the inclusion of this term was
about 7.4%. Inspection of a series of plots of CPUE for each of the vessels revealed that one
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vessel had a particularly poor year when it first entered the fishery in 1994-95, and most of
the interaction term seemed to be generated by this vessel (based on very few trawl shots).
Exclusion of this vessel did not affect the standardised index, suggesting that the interaction
term is not very important, even though it potentially explains 7% of the var