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3 Executive Summary

3.1 WHAT THE REPORT IS ABOUT

This research was undertaken on the Queensland saucer scallop (Ylistrum balloti) fishery in southeast
Queensland, which is an important component of the Queensland East Coast Otter Trawl Fishery
(QECOTF). The research was undertaken by a collaborative team from the Queensland Department of
Agriculture and Fisheries, James Cook University (JCU) and the Centre for Applications in Natural
Resource Mathematics (CARM), University of Queensland and focused on 1) an annual fishery-
independent trawl survey of scallop abundance, 2) relationships between scallop abundance and
physical properties of the seafloor, and 3) deriving an updated estimate of the scallop’s natural
mortality rate. The scallop fishery used to be one of the state’s most valuable commercially fished
stocks with the annual catch peak at just under 2000 t (adductor muscle meat-weight) in 1993 valued at
about $30 million, but in recent years the stock has declined and is currently considered to be
overfished. Results from the study are used to improve monitoring, stock assessment and management
advice for the fishery.

3.2 BACKGROUND

A 2016 Queensland Department of Agriculture and Fisheries (DAF) quantitative assessment
demonstrated that recent standardised scallop catch rates were the lowest in the 39-year catch rate
record and that the spawning stock ratio was likely to be less than 20% (Yang et al. 2016). Under the
Australian Government (2018) Commonwealth Fisheries Harvest Strategy Policy the assessment
would likely require closure of the fishery. In response to the assessment, the Queensland Government
implemented temporal and spatial closures of the fishery and provided funding to reintroduce a
fishery-independent trawl survey of scallop abundance in 2017, which was subsequently repeated in
2018 and 2019. Analyses and results from the survey are presented herein. The survey was first
implemented in 1997 (Dichmont et al. 2000) and comprehensively carried out from 1997-2000, but
from 2001-2006, the number of strata and sample sites were reduced and in 2006 the survey ceased.

There is growing research to indicate that seafloor properties, including bottom hardness and sediment
profiles, affect the distribution of scallops (Smith et al. 2017; Miller et al. 2019). Information on
scallop habitat can be used to improve stock assessments in two ways. Firstly, measures of scallop
habitat (e.g., good, medium and poor habitat) can be used to explain variation in catch rate
standardisation models, providing improved indices of abundance. Secondly, habitat information can
be used to improve estimates of the instantaneous rate of fishing mortality (F). At present, F is
assumed to be spatially uniform across the fishery, i.e., one unit of fishing effort in Hervey Bay is
assumed to impose the same amount of fishing mortality as one unit of effort off Yeppoon. However,
the levels of effort applied across varying scallop habitat impose different levels of F. This project
examined the relationships between seafloor properties and saucer scallops with the intention of
identifying preferred scallop habitat.

Finally, the scallop stock assessment and management advice are heavily influenced by the
commercial catch and effort, survey data, and key population parameter estimates, including the
scallop’s instantaneous rate of natural mortality (M). The only previous estimate of M for saucer
scallops was based on a tagging study over 40 years ago by Dredge (1985a). The project took
advantage of the closed scallop replenishment areas (SRAS) to undertake a second tagging experiment
to measure M. In summary, the project aimed to improve the stock assessment and management
advice by a) improving the fishery-independent survey design and analyses, b) examining relationships
between scallops and seafloor properties and developing predictive models of scallop habitat, and c)
deriving an additional, updated estimate of M.

3.3 OBJECTIVES

1) Design and carry out a comprehensive fishery-independent survey of the 0+ and 1+ age classes
in the Queensland saucer scallop fishery.
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2) Undertake exploratory analyses on the relationship between saucer scallop abundance and
bottom substrate.
3) Derive one or more tagging-based estimates of the saucer scallop's natural mortality rate (M).

3.4 METHODOLOGY

A brief description of the project methodology is provided below. Further details can be found in the
relevant Appendices using the hyperlinked sections and page numbers (press control+click).

3.4.1 Objective 1. Scallop fishery-independent survey

The methodology included designing the 2017, 2018 and 2019 surveys, which were based on the first
scallop survey described by Dichmont et al. (2000), and analysing the survey catch rates. Two
additional strata were added to the original design to include a possible shift in the fishery southwards
over the decades. Previous analyses reported the survey catch rates as the number of scallops per 20
min shot (Jebreen et al. 2008) and to improve the catch rate precision, the units were changed to
number of scallops per area swept (hectares, ha) by the trawl sampling gear. This required quantifying
the number, configuration and size of all nets used by vessels participating in the survey, as well as net
spread factors, to calculate the swept area of each trawl sample, including previous survey years. The
survey design included chartering trawlers from the Queensland fleet each year. A generalised linear
model (GLM) was used to derive calibration factors to adjust the raw data for differences between
vessels each year. Three modelling approaches were then used to examine the calibrated catch rates:
1) scallop density maps produced by kriging, 2) a weighted strata survey analysis (Haddon 1997), and
3) a GLM which included year, strata, lunar phase, time-of-night and the year-strata interaction
explanatory terms to derive adjusted mean scallop densities for each year and stratum. The analyses
were applied using all available survey data from 1997-2006 and 2017-2019. Further details of the
methods can be found in section 16.3, page 44. Details for a pilot study evaluation of a towed camera
system, as an additional survey method for quantifying scallop abundance, are also provided (see
section 17, page 93).

3.4.2 Objective 2. Exploring relationships between substrate and scallops

The methods for examining relationships between substrate and scallops were as follows:

1) Sediment data were obtained by collating existing sediment datasets from Geoscience
Australia’s MARine Sediment (MARS) database and previous studies. In addition, 166 new samples
were obtained from Gladstone in 2018 and in Hervey Bay in 2019, including co-located sediment
samples, scallop trawls, multibeam echosounding (MBES) bathymetry and backscatter, and
underwater camera data. Sediment samples were processed using sieve apertures of 63, 125, 250, 500,
1000, 2000, 4000, 8000, 16,000 um and classified according to Folk (1954). The percentage of
calcium carbonate in each sample was determined and used to examine the proportion of terrigenous
(land derived) and biological (shelly) material in each sample. Further method details are provided in
section 18.3, page 120.

2) Relationships between scallop abundance and sediment properties were examined using
sediment grainsize variables. Correlations between sediment fractions and co-located measures of
scallop abundance were examined. Sediment samples linked to the five most productive trawls in each
location were highlighted to identify potential patterns. Univariate analysis was used to examine the
relationship between backscatter intensity and scallop abundance. Predictive statistical modelling was
undertaken to determine the relationship between backscatter intensity and sediment properties. A
Random Forest (RF) Decision Tree was used to predict backscatter values from 15 summarised
grainsize properties. See section 19.3, page 142 for more details of the methods.

3) Twelve sediment models were developed to predict the distribution of mud, sand, gravel,
calcium carbonate, mean grainsize and fine sand on the southeast Queensland coast. The models
included simple deterministic interpolation methods (i.e., Inverse Distance Weighted, IDW) and
machine learning methods (RF and Boosted Regression Tree or Generalised Boosting Method, GBM),
and their hybrids. Eleven explanatory terms were considered and the best performing models for each
of the sediment parameters were identified by ranking based on the Variance Explained by cross
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validation (VEcv) for each model (Li et al. 2017). See section 20.3, page 158 for further details of the
methods.

4) Predictions of scallop density were undertaken for each year that a comprehensive scallop
fishery-independent survey was undertaken (i.e., 19972000, 2017-2019). The R package ‘spm’ was
used for the spatial predictive modelling (Li 2019a). The package implements IDW, geostatistical
Ordinary Kriging (OK) and machine learning (RF) methods as well as their hybrid methods for spatial
predictions. IDW (default and optimised), OK (optimised) and four variants of RF were used for the
prediction of scallop distributions for each survey year. The four variants of RF were designed to
assess the impact of adding x and y parameters (i.e., latitude and longitude), basic sediment grainsize
parameters, and high-resolution sediment grainsize parameters. Adding or removing sediment
grainsize parameters provided insight into how much they can improve the predictions and which
parameters are the most important. The optimum model was selected using the VEcv metric. Further
details are provided in section 21.3, page 203.

3.4.3 Objective 3. Estimating the scallop’s natural mortality

The methodology for measuring the scallop’s natural mortality rate (M) was based on a tag-recapture
experiment conducted inside two closed SRAs (Hervey Bay A and Yeppoon B, see Figure 22-3, page
243). Batches of scallops were tagged, released and recaptured inside the closures over a period of 15
months from May 2018 to August 2019. Because the tagged scallops were inside closures, the decline
in the recapture rate over time is due to natural causes only (i.e., not fishing) and equates to M. Three
approaches were applied to the experimental design and analyses, based on the batch tagging
experiments described by Brownie et al. (1985) and logistic modelling of the tag-recapture data.
Further details are provided in section 22.3, page 234. Findings were compared against a previous
estimate by Dredge (1985a).

3.5 RESULTS/KEY FINDINGS
3.5.1 Objective 1. Fishery-independent survey

Adjusted mean scallop densities in 2019 were generally very low compared to previous surveys from
1997-2000 (see Tables on pages 15-17). The average of the adjusted total mean scallop density for
the whole survey in recent years (i.e., 2017-2019) was about half that from 1997—-2000, indicating a
long-term decline in the stock. Adjusted means generally increased from 2017 to 2018, but densities
of the 0+ and 1+ scallop age classes in 2019 were among the lowest for the time series. Scallop
density maps were developed for each age class and year by applying kriging to the calibrated data
(see section 16.4.3, page 61). Biomass estimates from the maps are comparable with those derived
from recent quantitative assessment models of the stock (O'Neill et al. 2020; Wortmann et al. 2020).
The scope of the study did not extend to investigating reasons for the decline in scallop abundance, but
a discussion of environmental factors influencing Y. balloti and other scallops is provided in section
16.5.2, page 88.

When results from the survey time series are considered with long-term commercial catch and effort
logbook data, there has been a significant decline in the scallop population throughout its main fished
area (i.e., Yeppoon, Bustard Head, Hervey Bay) and an increase in the most southern extent of the
fishery (east of Fraser Island). Overall, the change has been a significant decline.

The towed camera pilot study results indicate that scallop density and total abundance estimates could
be improved by incorporating a towed camera system in the survey, as the imagery detects more
scallops than trawls, and therefore provides more accurate abundance estimates (see section 17.3, page
97).
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3.5.2 Objective 2. Scallop-substrate relationships

3.5.2.1 Correlations between sediment and scallops

Sediment samples and measures of bottom backscatter and saucer scallop abundance were obtained
from 166 sites offshore from Gladstone and in Hervey Bay. Analysis of these data indicated that:
e sediments at sites with the highest abundance of scallops were mainly composed of fine sand
(125-250um) (Figure 19-8, page 152),
¢ at both the Gladstone and Hervey Bay sites, saucer scallops primarily occur on sediments that
have a relatively narrow range of comparatively low backscatter intensity values (Figure 19-4,
page 147),
e fine sand was the most important sediment grainsize variable in controlling backscatter
response (Figure 19-5, page 148),
¢ scallop abundance was significantly correlated with the percentage of fine sand in the
sediments in the offshore Gladstone area (R? = 0.5409), possibly indicating preferred habitat.
However, the relationship was not significant in Hervey Bay (R? = 0.1187). Further details are
provided in section 19.4, page 146.

3.5.2.2 Modelling sediment distributions

Modelling the distribution of sediments demonstrated that: 1) the accuracy of model predictions
increased when latitude and longitude were included as covariates, 2) models that used only sediment
data that had co-located high-resolution bathymetry measures commonly outperformed models that
used the entire sediment dataset which included interpolated bathymetry data, and 3) a hybrid model
between IDW and GBM that only used samples that were co-located with high-resolution bathymetry
data was the most accurate model on average. Models for predicting the content of mud and calcium
carbonate in sediments were the most accurate with a Variance Explained by cross validation (VEcv)
of 76.1 and 82.3, respectively. The resulting sediment property maps (see pages 193-198) can be used
to explain the distribution of saucer scallops and other species, and improve indices of scallop
abundance used for stock assessment and management.

3.5.2.3 Modelling the distribution of saucer scallops

Modelling the distribution of scallops found that the inclusion of sediment data improved predictions
in some years but was generally outperformed by OK and a simple RF model using latitude, longitude
and bathymetric derivatives only. The OK model reproduced localised peaks and troughs in the
sample datasets while the RF model produced a more generalised result. Averaging predictions of
scallops over multiple years clearly identified broad lobes of prospective saucer scallop habitats
between the coast and Capricorn-Bunker reefs, and offshore from Fraser Island. Within these lobes
there are regional ‘highs’ in saucer scallop density overlapping with the SRAs within the fishery.

On the regional scale, Pearson’s correlation coefficients showed that very coarse sand, coarse sand,
mean grainsize, skewness, medium sand2 (i.e., mean sand and finer sediment), and mud variables had
low to moderate correlations with scallops in most years, but commonly did not contribute greatly to
improved model accuracy. The accuracy of the scallop distribution models may improve by
developing hybrid models, such as RFok and RFidw , and by implementing rigorous feature selection
methods which omit noisy variables that have no significant influence (Li et al. 2019). The models
could also be improved by including oceanographic variables from the Great Barrier Reef eReefs
hydrodynamic model. Additional sediment data, which could be collected during the annual scallop
trawl survey, may also improve model performance. Further results, including predicted maps of
scallop distributions, are provided on pages 226—230.

3.5.3 Objective 3. Estimates of M

The Brownie et al. (1985) Model 1 results indicated that M is higher over the summer months and
lower over the winter months, possibly reflecting seasonal variation (see Table 22-7, page 244). All
three analyses indicated M was higher in the Hervey Bay A SRA (HBA) than Yeppoon B SRA (YB).
The logistic model detected significant effects on the recapture rate of tagged scallops due to closure,
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scallop size, lunar phase at recapture, recapture trip, the number of days the scallops were at liberty and
the interaction between days at liberty and closure. Predicted catch rates of tagged scallops from the
logistic model show their decline over time as they die from natural causes (see Figure 22-5, page
248). Annual mean estimates of M for the whole fishery ranged from a minimum of 1.461 year for
the logistic model, to 1.501 year* for the Brownie et al. (1985) Model 1, to 1.548 year* (variable
recapture rate) and 1.594 year (fixed recapture rate) for the modified Brownie et al. method. All
three estimates were higher than the previous estimate that was based on a similar tagging study over
40 years ago and possible reasons for the increase are discussed.

3.6 IMPLICATIONS FOR RELEVANT STAKEHOLDERS

For commercial fishers and processors, the long-term trend in survey catch rates, including the 2019
results, are concerning because they show a chronic decline in the stock. In addition, the most recent
guantitative assessment of the stock indicates the spawning biomass is below 20% of the unfished
biomass (Wortmann et al. 2020), which would likely require closure of the fishery under the
Commonwealth Fisheries Harvest Strategy Policy. The poor status of the stock may also have
implications for securing Wildlife Trade Operation (WTO) export approval of scallop meat caught in
the fishery.

For monitoring and management of the stock, the survey should be continued and gaps in the time
series, such as those that occurred from 2007-2016, should be avoided. Research undertaken by
NOAA on Atlantic sea scallops and results from the pilot study on Queensland saucer scallops indicate
that more accurate estimates of scallop density and total abundance could be achieved by incorporating
a towed camera system in the survey, although this would increase monitoring costs, which are fully
funded by the Queensland Government.

The sediment maps and the predictive models of scallop distribution can be used to improve the
standardised commercial scallop catch rate predictions, which has implications for monitoring and
assessment. At present, the spatial resolution in the catch rate standardisation models is limited to 30-
minute logbook grids (i.e., coarse explanatory spatial term). Including spatial information on scallop
habitat type should increase the amount of variation explained in the standardisation models, result in
more reliable abundance indices, and improve the stock assessment advice.

Findings from the tagging study indicate the natural mortality rate (M) is significantly higher than
previously measured by Dredge (1985a). The most recent quantitative assessment of the stock
included an updated estimate based on the logistic model developed herein (i.e., M = 1.461 year™)
(Wortmann et al. 2020). Future assessments might be improved by considering the spatial variation in
M detected in the study, and possible seasonal variation. Ylistrum balloti has a relatively narrow
temperature tolerance and results from the study indicate that M is higher over summer. Although
speculative, the increase in M over the last 40 years may be related to the increase in winter sea surface
temperature (SST) in the fishery over this period (O'Neill et al. 2020). If M increases with SST then it
may affect the target reference points used for managing fishing effort and potential yields (Wortmann
et al. 2020).

3.7 KEYWORDS

saucer scallop, Ylistrum balloti, trawl survey, sediment mapping, sediment properties, acoustic
mapping, seabed mapping, backscatter, multibeam echosounder, natural mortality rate, Inverse
Distance Weighted, Ordinary Kriging, Random Forest, Generalised Boosting Method.
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4 Introduction

4,1 BACKGROUND

The Queensland saucer scallop (Y. balloti) trawl fishery was formerly the state’s most valuable
commercially fished species, with annual landings peaking at just under 2000 t (adductor muscle
meat-weight) in 1993 valued at about $30 million. However, in recent years there has been growing
concern over declining catches. A DAF quantitative assessment revealed that recent standardised
catch rates were the lowest in the 39-year catch rate record and that the spawning stock ratio was
likely to be less than 20% (Yang et al. 2016). The reported annual scallop catch of 201 t in 2015 was
the lowest in the mandatory logbook database, which commenced in 1988. Based on the findings, the
stock was concluded to be recruitment overfished. Publication of the assessment in late 2016 was
coordinated with a DAF Ministerial announcement of significant management changes to the fishery
and followed by discussions between Fisheries Queensland, scallop trawl fishers and processors in
Tin Can Bay, Hervey Bay and Bundaberg. Under the Australian Government (2018) Fisheries
Harvest Strategy Policy the assessment would likely result in closure of the fishery.

The quality of advice provided on the scallop stock status could be improved by targeted research
aimed at improving the mortality rate estimates for the fishery. At present, the scallop assessment
models are heavily influenced by a single published estimate of the natural mortality rate (M ) by
Dredge (1985a) from several decades ago. A second, updated estimate could benefit the assessment
and provide insight into the current poor stock status. Furthermore, advances in mapping seafloor
habitats (e.g., sediment profiles, seabed hardness) combined with high spatial resolution VMS data
can be used to derive an improved understanding of fishing mortality rate (F). This assumes that F is
not uniformly distributed, but rather a single unit of effort in the scallop’s highly-preferred habitat
removes a higher proportion of the population than the same level of effort in a less-preferred habitat.
Studies on the relationships between seafloor properties and the Atlantic scallop (Placopecten
magellanicus), which is the most valuable fished scallop globally, have led to improved monitoring
and assessment of the stock (Smith et al. 2006; 2017; Miller et al. 2019).

This project aims to undertake innovative research to better-define key mortality rate estimates for the
Queensland scallop stock. The study includes a fishery-independent survey of the abundance of 0+
and 1+ year old scallops in 2017, which is funded by the Queensland Government (i.e., project cash
contribution). (Note, the Government subsequently funded the survey again in 2018 and 2019 and
findings from all survey years are presented herein). The project addresses the FRDC National
RD&E priority on well managed sustainable fisheries.

4.2 NEED

There is a strong need to improve the Queensland scallop stock assessment. This is achieved by
undertaking a fishery-independent survey of the stock and by deriving improved mortality rate
estimates used in the quantitative stock modelling. There is also a strong need to better understand
the relationship between scallop abundance and benthic habitats. Information on scallop habitat can
be used to explain variation in catch rate standardisation models, improving the indices of abundance.
Classifying the scallop fishing grounds into habitat categories which receive varying levels of fishing
effort can also improve the precision of fishing mortality (F) estimates. This can be achieved by
measuring physical properties of the seafloor, such as bottom hardness and sediment composition, and
relating them to scallop abundance.

As most of the scallop fishery is in waters of the Great Barrier Reef Marine Park (GBRMP), which is
a World Heritage Area, there is an obligation to ensure that biodiversity and ecosystem services
within the Park are maintained. The project addressed these needs by improving stock assessment
advice. Finally, there is a need to maintain the WTO approval which is required to export saucer
scallops. The project helped address the terms and conditions pertaining to sustainability of fishing
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the stock required by the Commonwealth Department of Environment and Energy to secure this
approval.

5 Objectives

1) Design and carry out a comprehensive fishery-independent survey of the 0+ and 1+ age classes
in the Queensland saucer scallop fishery

2) Undertake exploratory analyses on the relationship between saucer scallop abundance and
bottom substrate

3) Derive one or more tagging-based estimates of the saucer scallop's natural mortality rate (M)

6 Methods

The following brief method descriptions address each of the project objectives. More detailed
descriptions of the methods can be found in the relevant Appendices using the hyperlinked sections
and page numbers provided (press control+click).

6.1 OBJECTIVE 1. FISHERY-INDEPENDENT SURVEY

The scallop trawl survey was based on a stratified random design that was first implemented in 1997
(Dichmont et al. 2000). From 1997-2000 the survey was comprehensively implemented, but from
2001-2006 the number of strata and sample sites were reduced, and the survey ceased in 2006. In
2017 the full survey design was reintroduced and included two additional strata in the southern part of
the fishery. Further details of the design can be found in section 16.3.1, page 44.

Between two and four commercial scallop vessels were chartered through a public tender process to
undertake the survey each year over about 10 nights in October coinciding with the waxing lunar
phase. Two DAF observers on board each vessel processed and recorded the catch details.

A generalised linear model (GLM) was used to derive calibration factors to adjust the survey catch
rates for differences between participating vessels (section 16.4.2, page 59). The precision of the
survey catch rates was improved by converting catch rates from number of scallops per 20 min shot
(Jebreen et al. 2008), to number per hectare (ha) swept by the trawl nets. This required incorporating
measures of net head rope length, net spread factors and distance trawled at each sample site to
estimate swept area.

Three modelling approaches were used to examine the calibrated survey catch rates:
1) density mapping via kriging (section 16.3.6, page 50),
2) a weighted means method (Haddon 1997) (section 16.3.7, page 50), and
3) a GLM which included year, strata, lunar phase, time-of-night and year-strata interaction
explanatory terms to derive adjusted mean scallop densities (section 16.3.8, page 51) for each
year and stratum.

In the early 2000s it became mandatory to include a TED and a second BRD in each trawl net in
Queensland, including nets used for scientific surveys. The influence of these devices on the scallop
survey catch rates was also examined.

In May 2019 the project undertook a pilot study to evaluate the use of seafloor images as a means of
measuring scallop abundance, which included towing a still camera system over the 11 1-nm
calibration transects inside the closed HBA SRA that were trawl sampled as part of the scallop
fishery-independent survey in October 2018. The density of scallops was determined for each
transect by manually processing the individual images (i.e., human annotation), which were then
compared against the trawl survey densities. All the seafloor images were also processed using the
AIMS autoclassification software BenthoBox (https://www.aims.gov.au/advanced-observation-
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technologies/image-analysis) to determine if it could detect scallops in the images. Details of the

methods for the pilot study and autoclassification software trial are provided in sections 17.3, page 97
and 17.4, page 103, respectively.

6.2 OBJECTIVE 2. EXPLORING SAUCER SCALLOP-SUBSTRATE RELATIONSHIPS

The methods for exploring relationships between scallop abundance and seabed properties were
applied in the following steps:

1)

collation of existing sediment datasets and field sampling to acquire additional sediment
samples and seafloor backscatter data from 166 sites offshore from Gladstone and in
Hervey Bay (section 18.3, page 120). The new samples were co-located with trawl samples
of scallop abundance.

2) processing the newly acquired sediment samples and examining relationships between the
sediment composition, grain size, backscatter and scallop abundance (section 19.3, page

142),

3) modelling and predicting sediment distributions in the southeast Queensland, including the
scallop fishery spatial domain (section 20.3, page 158), and

4) modelling and predicting scallop distribution using multiple explanatory terms, including
sediment properties from the existing and newly acquired sediment datasets (Table 6-1).
Further details of the modelling methods can be found in section 21.3, page 203.

Table 6-1. Predictive variables used to model the distribution of saucer scallops.

Variable Abbreviation = Source/Method

Banks banks Identifies the location of deep reef habitats

Bathymetry bathy Depth to the Seabed (Beaman 2010)

Coast_dist coast Distance from the coast (km)

Easting east Aspect of raster cell (x component)

Northing north Aspect of raster cell (y component)

X X ‘y’ coordinate (latitude) of raster cell

y y ‘X’ coordinate (longitude) of raster cell

Slope slope Slope gradient of the seabed (degrees from horizontal)

StdDev_1 stddevl Standard deviation of bathymetry measured within a distance of 1 raster cell
StdDev_5 stddev5s Standard deviation of bathymetry measured within a distance of 5 raster cells
TPI tpi Topographic Position Index (measures of local concavity/flatness/convexity)
Gravel gravel Percent gravel from interpolated sediment data

Sand sand Percent sand from interpolated sediment data

Mud mud Percent mud from interpolated sediment data

MGS mgs Interpolated mean grainsize measured in Phi

Carbonate carb Interpolated Percent calcium carbonate

Very fine sand vfs Interpolated very fine sand (63—125 pum)

Fine sand fs Interpolated fine sand (125-250 pm)

Medium sand ms Interpolated medium sand (250—500 pm)

Coarse sand cs Interpolated coarse sand (500—-1000 pm)

Very coarse sand VCS Interpolated very coarse sand and finer (1000-2000 pm)

Very fine sand2 vfs2 Interpolated very fine sand and finer (< 125 pm)

Fine sand2 fs2 Interpolated fine sand and finer (< 250 um)

Medium sand2 ms?2 Interpolated medium sand and finer (< 500 pm)

Coarse sand2 cs2 Interpolated coarse sand and finer (< 1000 um)

Very coarse sand2 vcs2 Interpolated very coarse sand and finer (< 2000 pm)

Standard deviation sd Interpolated grainsize standard deviation measured in Phi

Skewness skew Interpolated grainsize skewness measured in Phi
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6.2.1 Sediment data

A total of 166 sediment samples were obtained from 18 areas offshore from Gladstone and in Hervey
Bay. The areas were targeted to provide a range of scallop habitats (e.g., high, medium, and low
productivity) based on past commercial trawl fishing effort (see section 18.3.1, page 120). Acoustic
mapping in the 18 areas identified areas of acoustically homogenous seabed that were then trawled
and sampled. Two sediment samples were collected per trawl: one at the start and one at the end of
each trawl. Sediment samples were collected using a 2 L Van Veen sediment grab and GPS
coordinates were taken with each sample.

A sediment grainsize analysis was performed on each of the 166 samples (Wentworth 1922) and the
data summarised through the G2sd package in Rstudio (Fournier et al. 2014) (section 18.3.2, page
123). Relationships were examined between 15 sediment grainsize variables, the percentage of
calcium carbonate in each sample, seafloor backscatter intensity and scallop abundance. A Random
Forest (RF) decision tree was used to predict backscatter values from the 15 summarised grainsize
properties (see Figure 19-5, page 148). Correlation plots were used to identify significant explanatory
variables. Line plots of the grainsize frequency distributions of each sediment sample were plotted by
location, and sediment samples linked to the five most productive scallop trawls in each location were
highlighted to identify potential patterns. Further details of the statistical methods can be found in
section 19.3.5, page 146.

6.2.2 Modelling sediment distributions

A detailed description of the methods used to model sediment distributions is provided in section
20.3, page 158. The modelling was based on over 2000 sediment samples obtained from the
Geoscience Australia’s MARine Sediment (MARS) database, previous studies, and the 166 recently
acquired samples (Table 20-1, page 161). Inverse Distance Weighted (IDW), three variants of RF,
three variants of Generalised Boosting Method (GBM), and four variants of hybrid methods were
used to predict the distribution of six seabed sediment properties (mud, sand, gravel, calcium
carbonate, mean grainsize and fine sand) in southeast Queensland. Predictions using a simple IDW
method were used as a baseline to be compared against RF, GBM, and their hybrid methods. RF,
GBM and their hybrid methods used up to 11 covariates to aid predictions of sediment distribution
(Table 20-2, page 163). The best performing models for each sediment parameter were identified by
ranking based on the Variance Explained by cross validation (VEcv) for each model (Li et al. 2017).

6.2.3 Modelling scallop distributions

Details of the methods used to model the distribution of scallops in southeast Queensland are provided
in section 21.3, page 203. Model covariates included nine derivatives of the bathymetry and 17
sediment raster layers. In preliminary analyses, Pearson’s correlation coefficient was used to estimate
the strength of the linear relationships between scallops and predictor variables. Correlations between
0.3 and 0.4 were considered weak, greater than 0.4 were considered moderate, and correlations less
than 0.3 were considered to indicate the absence of a linear correlation. Predictions of scallop density
were undertaken for each year that a comprehensive scallop survey was undertaken (i.e., seven years,
1997-2000 and 2017-2019). The R package ‘spm’, which was used for the spatial predictive
modelling (Li 2019a), implements IDW, geostatistical (OK) and machine learning (RF) methods as
well as their hybrid methods for spatial predictions (Table 6-2).

The four variants of RF were designed to assess the impact of adding latitudinal and longitudinal,
basic sediment grainsize parameters, and high-resolution sediment grainsize parameters. Ten-fold
cross validation was used to assess the optimum model parameters for the IDW, OK, and RF models.
In 10-fold cross validation the input data are resampled evenly into 10 data subsets. Of these subsets,
one was retained for validation while the remaining nine are used for model training. The cross
validation was then repeated 10 times using each of the data subsets for validation each time. The
models were run using each combination of model parameters and the optimum model was selected
on the basis of the largest VEcv metric (Li 2017).

10
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Table 6-2. Models used to predict the distribution of saucer scallops. Each model was applied to each year of the
seven years of full survey data (i.e., 1997-2000, 2017-2019).

Method Test

IDWd Default IDW interpolation

IDW Optimised IDW interpolation

OK Ordinary Kriging Interpolation

RF Random Forest — excluding X/Y

RF _en Random Forest — including X/Y

RF_en_sed Random Forest — including X/Y and basic sediment grainsize statistics

RF en_sed phi Random Forest —including X/Y and all sediment grainsize statistics

The best performing method over the seven years of scallop surveys was identified by ranking each
year from 1-7 based on its highest rank, modal rank, and average rank. For all methods, the average
scallop densities were calculated using the predictions for all years in the study. Visual inspection of
the best methods was then undertaken to make comparisons between methods and identify artefacts.

6.3 OBJECTIVE 3. ESTIMATING THE SCALLOP’S NATURAL MORTALITY RATE

Details of the tag-recapture experiment and statistical methods used to analyse the data and quantify
the natural mortality rate (M) of the scallops are provided in section 22.3, page 234. Three
approaches were applied to the experimental design and data analyses. The new estimates of M were
compared against those of Dredge (1985a).

The first approach was based on the Brownie et al. (1985) Model 1 for measuring the survival and
recovery rate of birds that were banded and recovered annually (section 22.3.3, page 237). This
method is based on the earlier work of Seber (1970) and Robson and Youngs (1971) which uses the
ratio of recoveries from annual bandings, and can be applied to many species including fish. The
general design of the experiment is shown in Table 6-3 using the following notation:

N; is the number of animals banded and released at the start of i" episode, i = 1,...,k.
R;; is the number animals recovered in year j from releases in episode i, i = 1,....k, j=1,...,l.

Table 6-3. General design of the Brownie et al. (1985) Model 1 to measure recovery and survival rates.
Episode of recapture
Episode of  Number 1 2 3 4 5=1

release tagged

1 Nl R11 R12 R13 R14 R15
2 NZ R22 R23 R24- R25
3 N3 R33 R34- R35
4=k Ny Ryq Rys

To ensure the tagged population was not affected by fishing mortality (F), the experiment was
conducted inside two SRAs (Hervey Bay A and Yeppoon B) which have been closed to trawling since
late 2016 (see Figure 7-7, page 21). Batches of scallops were tagged, released and recaptured inside
the closures over a period of 15 months from May 2018 to August 2019. The tagging and recapture
episodes were conducted in May 2018 (trip 1), October 2018 (trip 2), March 2019 (trip 3), May 2019
(trip 4) and August 2019 (trip 5). No recaptures were made immediately after release, meaning that
R;; = 0. Also, no recaptures were made until trip 3, so Ry, = 0.

The second approach to analysing the tagging data was a modification of the Brownie et al. (1985)

Model 1 which avoided using annual ratios and assumed a constant daily rate for M (section 22.3.4,
page 238). The third approach was based on a binomial logistic regression model of the probability of

11
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recapturing tagged scallops over time and included fixed categorical terms and covariates (section
22.3.5, page 239).

All field work for the experiment, including the initial capture of the scallops by beam trawling,
tagging, releases and recaptures, was undertaken on board the DAF 14.5 m RV Tom Marshall out of
the ports of Bundaberg and Yeppoon. For each trip, it took 1-2 days to complete trawl sampling of
the recaptured scallops, followed by another 2-3 days to catch, tag and release additional scallops at
each SRA. Between 1335 and 2059 scallops were tagged and released inside each SRA each trip.
The shell height (SH) of scallops was measured to the nearest millimetre at the time of tagging and
recapture. Individually numbered Hallprint FPN glue-on 8 mm yellow tags were glued onto the left
valve (i.e., brown valve, Figure 22-1, page 236) of each scallop using cyanoacrylate glue.

The methods addressed the following assumptions to make inferences from the tagging data:

1) Recaptured tagged scallops are representative of the scallop population.

2) The survival rate of the scallops was not affected by the tagging process, including being
recaptured one or more times.

3) Emigration of scallops from inside to outside of the recapture grid was negligible.

4) Tag loss throughout the experiment was negligible.

5) The decline in the tagged population over time was not affected by fishing.

6) Scallops released during different tagging trips were well mixed by the time they were
recaptured.

7) The logistic model accounted for variation in catchability of recaptured tagged scallops.

7 Results

The following are summaries of the results for each objective. Further results can be found in the
relevant Appendices using the hyperlinked sections and page numbers provided (press control+click).

7.1 OBJECTIVE 1. FISHERY-INDEPENDENT SURVEY

The size-frequency distributions of measured scallops from the surveys show a bimodal distribution in
most years and are consistently dominated by the 1+ age class (i.e., > 78 mm SH). The relatively low
number of 0+ scallops (i.e., < 78 mm SH) is consistent with previous studies (Dichmont et al. 2000;
Courtney et al. 2008; Campbell et al. 2010b) and suggests that the survey is relatively inefficient at
sampling this age class, possibly due to the behaviour and catchability of small scallops in relation to
the trawl gear. There was no evidence to suggest a decline in the maximum size of the scallops,
however, even though the catchability of the O+ age class is low, the relative contribution of the 0+
scallops may be declining over the survey time series and this was particularly reflected in the 2019
size-frequency (Figure 7-1).

Density maps of the 0+ and 1+ age classes and total scallops, based on kriging, are provided in
Figures 16-17 to 16-29. By focusing on those years when the survey was comprehensively
implemented (i.e., omitting 2001-2006, when the survey design was scaled back), it is apparent that
densities have declined from the early surveys (1997-2000) to recent years (2017-2019). Note the
declining amount of red areas (i.e., high density) over time in the maps. An example is provided
below in Figure 7-2 comparing total scallop densities in 1997 and 2019.

The weighted mean densities for the 0+ and 1+ age classes (i.e., Haddon 1997 method), and total
scallops are provided in Table 16-5, page 78. Scallop densities were highest in 2001 for the total
number of scallops and the 1+ age class, while the 0+ age class density peaked in 1997. Densities for
total scallops and the 0+ age class were both at a minimum in 2019, while the 1+ age class
experienced its lowest density in 2017.

12
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Figure 7-1. Size-frequency plot of saucer scallops measured in October 2019. The mode for the 0+ age class
(i.e., 30—70 mm SH) is weak and may be indicative of a poor commercial catch in the 2021 fishing year (i.e.,
Nov 2020-Oct 2021). Adjusted mean densities for the 0+ age class in 2019 were the lowest in the survey time
series.
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Figure 7-2. Total scallop densities in 1997 (left) and 2019 (right) derived from kriging the calibrated scallop
survey data. The blue boundary outlines the extent of the fishery. Note the lack of high densities (red) in 2019
compared 1997. The southern extent of the scallop fishery east of Fraser Island was not included in the survey
prior to 2017.
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While the kriging maps and the weighted means provide information on the scallop population size,
they are based on the raw calibrated catch rates, which don’t consider some significant factors
affecting the catch rates within and between survey years. In contrast, the adjusted mean densities are
from a GLM that considers the influence of several explanatory terms (e.g., year, strata, lunar phase
and time-of-night) and provides a more reliable measure for comparing densities across years.
Adjusted mean scallop densities for each survey year and strata are provided below for 0+ age class
(Table 7-1), 1+ age class (Table 7-2) and total scallops (Table 7-3). The two survey strata labelled
MNP-24-1173 and MNP-23-1169 are green zones and were only sampled in 2017 at the request of
industry and with approval from the GBRPMA.. Similarly, grid W32 was only sampled in 2002.

In general, the adjusted means indicate that the density of 0+ age class, 1+ age class and total scallops
have declined by about half from the early survey years 1997—-2000 to the recent years 2017-2019.
The density of the 1+ age class is typically 4-5 times higher than the 0+ age class. The adjusted mean
0+ densities in 2019 were the lowest for the survey time series, and indicate that the commercial catch
for the 2021 fishing year (i.e., Nov 2020 to Oct 2021) is likely to be low.

7.1.1 Potential of a towed camera survey

A total of 14,657 useable images of the seafloor was obtained from the 11 trawl transects inside the
HBA SRA in May 2019 from the towed camera pilot study. Approximately 1300 images were
obtained for each transect (see section 17.3, page 97). Data on scallop presence, sediment type and
macrobiota were recorded by manually examining each image (Figure 7-3). The overall mean density
from the images was 657 scallops ha™*, compared to a mean of 188 ha™* from the trawl survey a few
months earlier in October 2018. Although the two surveys were undertaken seven months apart, the
results indicate that the towed camera system detects 3—4 times more scallops than the trawl survey
and is therefore likely to produce a more accurate estimate of absolute scallop abundance. The AIMS
autoclassification software grossly overestimated the presence of scallops in the images. Manual
processing indicated scallops were present in about 1% of images, whereas the software incorrectly
detected scallops in 26%. Because the scallops were comparatively rare in the images, the sample
size of images used to train the software was quite small (i.e., 95 images with scallops present). The
software could be improved with more training, but at present it is not suitable for processing images
and any towed camera-based survey would still rely upon human annotation to quantify scallop catch
rates.
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Figure 7-3. Sample of seafloor images with scallops present from the towed camera pilot
study in May 2019.
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Table 7-1. Adjusted 0+ density of saucer scallops (number per hectare) for each stratum sampled throughout the fishery-independent scallop trawl surveys. Blank cells indicate

that the stratum was not sampled in a given survey year. Standard errors are in italics.

BHA
77.9 (20.7)
403 (15.9)
29.9 (15.7)
33.9 (16.6)
741 (14.2)
24.1(6.8)

52.6 (12.7)
38.5(9.3)

42.3(8.3)

193 (5.3)

53.6 (13.9)
24,5 (10.8)

33.0 (205)

BHB
106.4 (25.8)
39.0 (13.7)
47.0 (17.4)
36.7 (15.7)
46.1(9.6)
24.6 (7.0)
413 (11.2)
715 (16.9)
14.8 (5.0)

11.2 (5.6)

131 (6.5)
60.1 (11.4)

95(52)

HBA
81.1(22.4)
25.3(9.0)
226.7 (24.0)
141.7 (26.3)
12.9 (5.2)
12.3 (4.9)
35.6 (10.0)
83.6 (14.0)
21.1(6.1)

7.8(4.2)

21.0 (4.0)
35.8 (6.5)

206 (4.7)

HBB
28.1(14.0)
30.3 (16.9)
175.7 (22.2)
107.9 (16.0)
123 (5.0)
21(L9)
6.5(3.1)
143 (5.0)
34(23)

36.4 (9.9)

3.1(28)
1.8(2.3)

9.7 (5.4)

Maheno MNP-24
-1173

8.6 (4.3) 39.1 (12.4)

19.2 (4.1)

4.2 (19)

MNP-23
-1169

7.7 (25)

S28
83.4 (7.6)
21.6 (5.1)
17.0(3.2)

56.1 (5.5)

277 (5.9)
231(42)

125 (3.1)

Strata

S29 SUN T28

23.3 (4.6) 27.8 (4.6)
9.4 (2.8) 12.3(3.4)
8.7 (33) 6.8(2.1)
7.6 (2.6) 32.9(5.6)
56(20)  49(1L7) | 80(20)
27.8(50) | 219(37) | 5.1(L4)
121(35)  41(16)  28(L2)

15

T29
45.4(13)
9.6 (3.7)

15.8 (4.5)

15.1 (4.5)

13(1.1)
12.9 (3.1)

15.7 (4.2)

T30
59.2 (7.4)
17.7 (37)
35.8 (5.1)
19.1(36)
24.4 (5.4)
114 (33)
111 (3.1)
214 (47)
6.7 (1.8)

9.9 (2.5)

71(27)
6.1(3.0)

59 (27)

U30
45.3(9.3)
6.5(3.1)

151(5.3)

21.1(5.7)

1.9 (2.6)
5.0 (2.3)

1.6 (1.4)

us1
19.8(38)
6.0 (2.1)

135 (2.8)

8.6 (2.4)

14.7 (4.4)
18.8 (6.3)

23 (L7)

V3l
152 (4.1)
4.8 (2.0)

193 (4.4)

32 (15)

4.3 (3.0)
8.9 (4.3)

6.6 (3.4)

V32
17.7 (3.4)
47(17)

40.9 (4.8)

12.3 (2.9)

23.8 (19.3)

45.2 (10.3)
6.7 (3.4)

3.7(23)

W32

8.2 (13.8)

YA

21.7 (8.7)
55.5 (12.1)
117.5 (23.5)
162.4 (24.1)
1115 (18.9)
36.7 (11.4)
62.4 (14.5)
104.0 (20.0)

49.1 (14.6)

65.5 (14.3)
47.4(12.3)

10.8 (4.3)

YB

18.4(8.2)

14.1(6.8)
51.1 (11.9)
215 (7.7)
31.4(105)
715 (15.4)

12,5 (6.4)

20.8 (7.5)
404 (10.7)

19.4 (7.9)
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1998

1999

2000

2001

2002

2003
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Table 7-2. Adjusted 1+ density of saucer scallops (number per hectare) for each stratum sampled throughout the fishery-independent scallop trawl surveys. Blank cells indicate

that the stratum was not sampled in a given survey year. Standard errors are in italics.

BHA
2325 (57.9)
653.3 (180.9)
124.6 (52.4)
485.9 (107.0)
358.6 (56.1)
82.7 (20.5)
81.3 (31.7)
353.1 (55.4)
19.4 (8.2)

102.8 (28.7)

26.4 (12.6)
268.8 (60.5)

24.3 (22.2)

BHB
494.1 (93.8)
470.2 (145.8)
260.5 (66.4)
216.2 (64.0)
237.0(36.2)
142.4 (27.8)
318.8 (83.5)
198.1 (44.1)
443 (14.8)

165.4 (41.7)

421 (17.0)
483.7 (56.3)

130.5 (34.7)

HBA
162.9 (50.4)
413.2 (112.7)
212.1(35.2)
361.9 (70.1)
198.8 (33.5)
65.7 (18.6)
100.5 (41.3)
402.6 (50.6)
116.1 (26.1)

153.2 (36.2)

133.5 (20.6)
274.1 (37.4)

235.1 (33.7)

HBB

71.9 (36.6)

382.7 (189.5)

49.6 (18.4)
82.6 (22.6)
9.5(7.1)
20.1(9.3)
17.5 (15.1)
35.9 (13.0)
6.3(5.3)

58.1 (21.6)

36.2 (30.1)
16.0 (11.1)

29.0 (15.3)

180.9 (37.0) 70.3 (17.4) 65.0 (18.6) 50.1 (14.3)

56.9 (11.7) 48.4 (13.4)

1153 (142) | 38.3(9.9)

103.7 (14.8) 47.8 (10.4)

T30

68.2 (125) 41.6 (13.4)

161.2 (23.3)
68.0 (9.5)
60.2 (9.5)
66.0 (14.0)
30.3(7.9)
193.1(38.7)
435(10.3)
43.7(8.)

196.5 (30.2)

12.1 (5.6)
19.5 (8.6)

29.4 (10.0)

YA

211.0 (79.1)
71.5 (20.9)
401.9 (71.1)
416.1 (59.4)
28.1 (14.5)
121.9 (52.6)
16.5 (11.6)
71.0 (23.7)

254.6 (55.9)

1.6 (3.2)
98.1 (28.6)

66.6 (17.7)

YB

34.6 (19.0)

326.9 (53.9)
12.4 (9.2)
456.1 (115.2)
96.8 (29.3)
135.4 (34.2)

211.1 (46.5)

260.3 (81.9)
140.2 (32.7)

2535 (45.5)
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1997
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1999
2000
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Table 7-3. Adjusted total density of saucer scallops (humber per hectare) for each stratum sampled throughout the fishery-independent scallop trawl surveys.

indicate that the stratum was not sampled in a given survey year. Standard errors are in italics.
Strata

BHA
313.3 (68.9)
717.4 (182.5)
171.6 (65.6)
524.8 (112.5)
500.9 (62.8)
106.8 (21.0)
231.7 (50.8)
444.7 (57.3)

63.5 (15.8)

150.9 (35.0)

78.1 (24.5)
3315 (70.3)

487 (33.7)

BHB
601.5 (104.4)
542.6 (148.0)
3365 (79.3)
252.5 (70.0)
3025 (37.1)
161.3 (26.7)
404.7 (84.0)
311.0 (54.0)
60.2 (17.5)

196.2 (47.1)

61.1 (22.4)
553.1 (60.1)

141.0 (35.9)

HBA
246.3 (63.8)
449.0 (110.9)
443.9 (53.3)
507.1 (84.1)
211.3 (31.2)

75.7 (18.1)
206.6 (53.9)
477.0 (49.7)
138.6 (28.3)

177.9 (39.9)

156.0 (21.4)
347.1 (41.1)

287.1 (36.3)

HBB
100.3 (43.8)
435.0 (191.4)
2305 (41.3)
191.1 (35.1)
21.9 (9.9)
24.6 (9.8)
38.9 (19.8)
51.5 (14.2)
9.9 (6.8)

112.9 (32.3)

42.1 (30.8)
17.8 (12.0)

38.9 (18.1)

Maheno

MNP-24
-1173

MNP-23
-1169

$28
146.4 (15.7)
230.0 (40.4)
55.1 (9.4)

144.4 (14.3)

30.1(22.4) 138.6 (56.7) 48.8 (16.4) 167.0 (27.5)

20.3(6.9)

68.6 (12.9)

1276 (16.7)

49.8 (9.9)

S29
37.3(9.6)
84.6 (18.8)
51.7 (13.8)

23.8(7.7)

74.7 (20.9)
75.8 (13.5)

429 (11.0)

SUN

121.0 (14.6)

32.6 (7.4)

83.4 (13.0)

17

T28
61.4 (11.2)
92.0 (21.8)
11.3 (4.3)

89.9 (15.1)

60.5 (12.3)
12.3 (35)

5.4(2.8)

T29
75.0 (12.4)
60.7 (15.9)
90.5 (12.9)

64.4 (15.7)

7.8 (6.5)
29.8 (7.6)

37.9 (10.4)

T30
128.4 (17.6)
201.0 (25.2)
105.1 (12.3)
73.7(9.3)
92.1 (14.4)
46.0 (8.6)
2215 (36.2)
12.3 (72.9)
50.9 (8.8)

218.0 (30.5)

215 (8.1)
26.6 (10.4)

35.6 (11.2)

U30
84.3 (19.8)
51.3(23.9)
66.6 (18.1)

71.0 (17.5)

2.3 (45)
14.8 (6.6)

43 (4.0)

us1 V3l V32
57.9(10.7)  19.1(7.3) 30.4 (7.4)
121.9 (22.9) 42.9 (16.6) 108.0 (23.6)
553(9.3) |29.2(8.8) 77.7(10.8)

24.1(6.6) | 58(32) 47.4(9.4)

66.7 (47.6)

64.8(23.1) 12.0(12.9) 268.0 (52.5)
1522 (30.2) 34.4(14.2) 1265 (25.4)

54(42) | 136(82) 17.3(8.3)

W32

16.8 (29.3)

Blank cells

YA

256.4 (83.7)
124.0 (28.5)
521.8 (82.4)
6155 (62.1)
131.3 (26.4)
234.8 (61.3)
95.5 (23.9)
178.1 (40.2)

3365 (67.2)

218.8 (45.3)
145.7 (35.6)

78.0 (19.5)

YB

54.3 (24.2)

364.6 (48.2)
65.7 (17.9)
471.7 (95.8)
158.9 (31.1)
211.1 (43.9)

251.3 (52.6)

297.4 (82.6)
181.3 (37.8)

280.7 (49.06)
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7.2 OBJECTIVE 2. SAUCER SCALLOP-SUBSTRATE RELATIONSHIPS
7.2.1 Analysis of sediment, backscatter and scallop abundance samples

An analysis of the 166 sediment samples obtained offshore from Gladstone and in Hervey Bay is
provided in section 18.4, page 124. Collectively, the previous studies (Maxwell and Maiklem 1964;
Marshall 1977, 1980; Davies and Tsuji 1992) and the newly acquired samples indicate that sediments
in southeast Queensland are dominated by sand, with a highly variable gravel component and generally
low mud content (< 5%). The new samples a) showed a peak in carbonate concentration of 10-30%
suggesting the sediments were dominated by terrigenous, land-based sources, and b) were dominated
by ‘fine sand’ (125-250pum), which is similar to sediments from Fraser Island, and is thought to be due
to the transportation of sediments by waves and longshore currents from further south (Boyd et al.
2004).

Analyses of the 166 co-located sediment, backscatter and scallop samples indicated that sediments at
sites with the highest scallop abundance were mainly composed of fine sand (125-250um) (Figure
7-4). Scallop abundance was significantly correlated with the percentage of fine sand in the sediments
in the offshore Gladstone area (R? = 0.5409), possibly indicating preferred habitat. However, the
relationship was not significant in Hervey Bay (R? = 0.1187).
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Figure 7-4. Grainsize-frequency distributions for all sediment samples from A) Gladstone offshore and B) Hervey
Bay. The five trawls with the highest scallop abundance (in red) generally follow the same sediment grainsize
distribution pattern with peak percentages of fine sand.

At both the Gladstone and Hervey Bay sites, saucer scallops primarily occurred on sediments that have
a relatively narrow range of comparatively low backscatter intensity values (Figure 19-4, page 147).
Of the 15 sediment variables considered, fine sand was the most important variable in predicting
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backscatter values (Figure 19-5, page 148). Further details are provided in section 19.4, page 146. It
is important to note that while analysis of the data from the 166 sites indicated that fine sand may be an
important explanatory variable for scallop distribution, it was not the most important variable found
when modelling scallop distribution at the regional level (see further results below).

7.2.2 Modelling sediment distributions

Comparisons of the sediment distribution models are provided in section 20.4, page 166. The results
showed that: 1) sediment models improved when latitude and longitude were included as covariates, 2)
models that used only sediment data that had co-located high-resolution bathymetry measures
commonly outperformed models that used the entire sediment dataset which included interpolated
bathymetry data, and 3) a hybrid model between IDW and GBM that only used samples that were co-
located with high-resolution bathymetry measures was the most accurate on average.

Model predictions for the distribution of mud and calcium carbonate were the most accurate with a
VEcv of 76.1 and 82.3, respectively. Predictions for gravel, using the highest-ranking model (i.e.,
IDW) were the least accurate with a VEcv of 33.0. Sampling of the 166 sites offshore from Gladstone
and in Hervey Bay indicated scallop abundance was correlated with the sedimentary fraction of fine
sand, possibly indicating details of the scallop’s preferred habitat. The derived map for fine sand is
provided in Figure 7-5 and additional maps showing the predicted distributions for all sediment types
are provided on pages 193-198.

Figure 7-5. Example of the predicted
distribution of seabed fine sand content in
southeast Queensland using the GBMIDWb
model overlaid on bathymetry. Also shown
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7.2.3 Modelling scallop distributions

A comparison of the models used to predict saucer scallop distributions is provided in section 21.4,
page 208. Inverse Distance Weighted (IDW), Ordinary Kriging (OK), and four variants of Random
Forest (RF) were used to predict the distribution of saucer scallops within the scallop fishing grounds
from 1997-2000 and 2017-2019. Two of the RF models contained regional sediment data layers to
assess the degree to which sediment distribution data would improve predictions of scallop densities.

Pearson’s correlation coefficients showed that very coarse sand, coarse sand, mean grainsize,
skewness, medium sand2 (i.e., mean sand and finer sediment), and mud variables had low to moderate
correlations with scallops in most years but commonly did not contribute greatly to improved model
accuracy. The inclusion of sediment data improved the model predictions in some years but was
generally outperformed by OK and a simple RF model using latitude, longitude and bathymetric
derivatives only.

The RF_en and OK models were the two best scallop predictors. Predictions from both models for all
years identified areas of high scallop densities in and around the SRAS, consistent with previous
surveys (Jebreen et al. 2008). The OK model reproduced localised peaks and troughs in the sample
datasets while the RF model produced a more generalised result (Figure 7-6).

7
| 1997-2000 & 2017-2019 Predictions (Mean):0OK | | 1997-2000 & 2017-2019 Predictions (Mean):RF_en

[ BN

OK_mean_class.tif |*

Figure 7-6. The maps show predicted mean scallop densities for the OK and RF_en models. The two upper maps
use scallop survey data from 1997-2000 and 2017-2019, while the lower two maps use data from only the 2017—
2019 surveys. Note the OK model tends to overestimate the spatial distribution of scallops close to the coast.
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The RF predictions were comparatively smooth, with peaks of lower amplitude, compared to the OK
predictions. The application of covariates within the RF_en models (i.e., RF model that includes
latitude and longitude) results in a more spatially constrained and realistic model of scallop distribution
with comparatively few scallops predicted towards the shelf-edge and near the coast (Figure 7-6),
consistent with general observations of the scallop stock distribution. As a result, both the OK and
RF_en models have strengths and weaknesses when predicting scallop distributions from yearly
surveys. The predicted distributions for each survey year (i.e., 1997-2000 and 2017-2019) are
provided on pages 226-229.

7.3 OBJECTIVE 3. ESTIMATING THE SCALLOP’S NATURAL MORTALITY RATE

Results from the tagging experiment are provided in section 22.4, page 240. A total of 13,295 scallops
were tagged and released in the two SRAs during the four tagging trips (trip 1 May 2018, trip 2
October 2018, trip 3 March 2019 and trip 4 May 2019). A total of 526 tagged scallops were recaptured
during the study (see Table 22-6, page 242). Periods at liberty for the 226 recaptured scallops in HBA
ranged from 55 to 456 days, with a mean of 171.7 (s.e. 7.4) days, while periods at liberty for the 300
recaptures at YB ranged from 73 to 453 days, with a mean of 205.4 (s.e. 6.0) days. Details of the
tagging study location, release sites and distribution of recaptured tagged scallops are provided in
Figure 7-7.

Recaptures ’ Gun
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Figure 7-7. The map shows the location of the six SRASs, including Yeppoon B (YB) and Hervey Bay A (HBA),
and the 1 nm square recapture grids within YB and HBA (i.e., small dark blue square). The recapture grids
comprised about 1% of each SRA. The expanded insets show the recapture grids’ details, including the 17 1-nm
transects, the release site (green dot) and the general distribution of recaptures. All tagged scallops were released
at the single release site located at the centre of each recapture grid.
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The Brownie et al. (1985) Model 1 results indicated that M is higher for tagged scallops at liberty over
warmer months (e.g. late spring and summer) than those at liberty over the cooler months (e.g. autumn,
winter and early spring), possibly indicating seasonal variation (see Table 22-7, page 244), however
further work may be required to confirm this. All three approaches indicated M was higher in the
Hervey Bay closure (HBA) compared to the Yeppoon closure (YB). For each method, an average
from the two locations was used to represent the whole fishery. The logistic model detected significant
effects on the recapture rate of tagged scallops due to closure, scallop size, lunar phase at recapture,
recapture trip, the number of days the scallops were at liberty and the interaction between days at
liberty and closure (Table 22-10, page 246).

Annual mean estimates of M for the whole fishery ranged from a minimum of 1.461 year* for the
logistic model, to 1.501 year* for the Brownie et al. (1985) Model 1, to 1.548 year* (variable
recapture rate) and 1.594 year! (fixed recapture rate) for the modified Brownie et al. method. All
three estimates were significantly higher than the previous estimate of 1.170 yearthat was derived by
Dredge (1985a) and based on a similar tagging study in the late 1970s.

8 Discussion

The following is a summary of the discussion addressing each objective. More detailed discussions are
provided in the relevant Appendices, which can be viewed using the hyperlinked sections and page
numbers provided (press control+click).

8.1 FISHERY-INDEPENDENT SURVEY

A detailed discussion of the survey is provided in section 16.5, page 88. All three approaches (i.e.,
interpolated densities, Haddon’s weighted means and the GLM for adjusted means) indicated a decline
in the scallop population from the early years (1997-2000) to the recent surveys (2017-2019). Based
on the GLM adjusted mean densities, there has been a decline in scallop abundance of approximately
50% from the early years (1997-2000) to the recent years (2017-2019). Adjusted means for the 0+
age class in the 2019 survey were the lowest recorded. Findings from the survey time series (i.e.,
1997-2019) were made widely available to the Queensland commercial fishing industry.

Investigating reasons for the decline was beyond the scope and objectives of the current study, which
focused on deriving more reliable abundance indices. The brevity (i.e., 7 years of comprehensive
survey data) and discontinuity of the survey dataset also limits its use for examining environmental
influences on the stock. Continuous, multidecadal annual surveys of Y. balloti in Western Australia
have shown that the catch rates of the 0+ age class decline with the strength of the Leeuwin Current
and water temperature in winter (Joll and Caputi 1995a; Caputi et al. 1996; 2014; 2019). Rising SSTs
in the Queensland saucer scallop fishing grounds may be contributing to the population’s decline (see
Figure 22-6, page 254). Analysis of Queensland’s standardised commercial scallop catch rates
revealed several significant correlations with Chlorophyll A, adjacent coastal river flows, SST and
physical oceanographic properties of the adjacent Capricorn Eddy (Courtney et al. 2015).

The survey density estimates were incorporated in the most recent stock assessment model which
concluded that the 2019 scallop spawning biomass was 14-17% of the unfished biomass (Wortmann et
al. 2020). The model trajectories indicated that the stock could recover to 40% of unfished biomass in
eight years if fishing effort was limited to 80,000 effort units annually (1454 boat-days). The
modelling did not include environmental influences, but the authors noted that if rising SST has a
negative impact on the scallop population, then potential yields may be lower than projected
(Wortmann et al. 2020). Since the biomass is below 20% of the unfished biomass, the fishery would
likely be closed under the Australian Government (2018) Commonwealth Fisheries Harvest Policy.
Because the fishery remains open for several months of the year, it would be prudent keep the SRAS
closed to constrain fishing mortality, especially since the 2019 survey indicated that 55% of the
sampled scallop population was inside the SRAs.
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8.2 RELATIONSHIPS BETWEEN SCALLOPS AND SEDIMENTS
8.2.1 Modelling sediment distributions

The project has made a significant contribution to mapping the seabed sediments in southeast
Queensland, including the scallop fishery spatial domain. In general, hybrid Boosted Regression Tree
(GBM) models outperformed simpler GBMs. However, hybrid Random Forest (RF) models did not
improve upon simpler RF models. The best performing models included latitude and longitude, and
those models that only used sediment data that were co-located with high-resolution bathymetry
measures commonly outperformed models that used the entire sediment dataset which included
interpolated bathymetry data. The resulting sediment maps can be used to examine relationships
between scallop distribution and seabed properties, and hopefully to predict the distribution of scallops
and other benthic fished species (e.g., prawns, Moreton Bay bugs, spanner crabs), and to better
understand the scallop’s habitat preferences and how trawl fishing effort is distributed.

8.2.2 Modelling scallop distributions

Analysis of the recently acquired co-located sediment, backscatter and scallop data from the 166 sites
offshore from Gladstone and in Hervey Bay indicated an association between scallop distribution and
the amount of fine sand (125-250um) in the sediment (Figure 19-7, page 151). However, modelling
scallop distribution at the regional scale was not always improved by including sediment properties.
All the models trialed, except for the basic RF, could effectively predict scallop distributions, but
model performance was improved by including latitude and longitude as covariates, although this
resulted in artifacts in some predictions. Averaging the predictions across multiple years reduced the
appearance of artefacts and could be an effective way to produce a generalized and artefact-free model
of scallop predictions.

The two best models were RF_en (i.e., the RF model that included latitude and longitude) and OK.
The most important variables for predicting scallop distribution for the RF models were latitude,
longitude and distance to the coast. A detailed discussion comparing the models is provided in section
21.5, page 229. Modelling scallop distribution may improve by developing hybrid models, such as
RFok and RFidw, and by implementing rigorous feature selection methods which omit noisy variables
that have no significant influence (Li et al. 2019). The models could also be improved by including
oceanographic variables from the Great Barrier Reef eReefs hydrodynamic model. Additional
sediment data, which could be collected during the annual scallop trawl survey, may also improve
model performance. Seafloor properties are used to improve survey monitoring and stock assessment
of Atlantic sea scallops (P. magellanicus) (Miller et al. 2019), which make up the most valuable
scallop fishery globally, and a better understanding of where, how and why saucer scallops are
distributed could have similar benefits in Queensland.

8.3 SAUCER SCALLOP NATURAL MORTALITY RATE

A detailed discussion of the tagging experiment and resulting natural mortality rate estimates are
provided in section 22.5, page 247. Queensland saucer scallops have a relatively high natural mortality
rate and short life cycle compared to many commercially important scallops, including the Tasmanian
scallop (Pecten fumatus) and the Atlantic sea scallop (P. magellanicus). If we assume that M = 1.526
year based on an average obtained from the current study there would be 47 scallops surviving after
two years (104 weeks) from an initial population of 1000, in the absence of fishing mortality. Using
the Dredge (1985a) estimate of 1.170 year™, 96 scallops would be alive after two years — about twice
as many compared to the current study average.

The Brownie et al. (1985) Model 1 estimates of M were much higher over spring—summer and lower
over winter—spring, possibly indicating seasonal variation. This result supports the concept of a winter
closure of the fishery, which is an element of current fishery management, because most scallops
would survive the winter and still be available to the fishery when it typically opens in the spring (note
that recent management changes have delayed the opening to December, i.e., summer). The study also
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found M was significantly higher in the HBA SRA compared to the YB SRA. It is widely observed by
fishers and researchers that saucer scallops in waters off Yeppoon are generally smaller than elsewhere
and the spatial variation in M may be related to different environmental conditions in the two SRAs.
The finding of lower M in YB combined with the observation of smaller scallops there (see Figure
22-2, page 241) helps to justify retaining a common minimum legal size across the whole fishery:
scallops in YB, although they appear to grow more slowly, survive for longer and can still reach
minimum legal size.

There is uncertainty in the Dredge estimate of M because it includes an unknown component of fishing
mortality (F) and is therefore likely to be biased upwards. However, the Dredge estimate may be too
low because the method did not consider the random variation in survival rate between release
locations. The data (Dredge 1985a Table 3) show that some batches had recovery rates of more than
50% whereas others had no recoveries at all, even though the fishing mortality rate was thought to be
very high once trawlers moved into the locality.

If the Dredge estimates were correct for the late 1970s, it is possible, although speculative, that multi-
decadal warming of SST in the region has contributed to the increase in the scallops’ natural mortality
rate. Long-term monitoring of saucer scallops in Shark Bay WA strongly indicates that elevated SST
during the winter spawning period has a detrimental impact on recruitment, possibly by lowering egg
production, or increasing the mortality rate of scallop larvae, juveniles or adults (Joll and Caputi
1995a; Caputi et al. 2014; Caputi et al. 2019). Queensland saucer scallops also spawn mainly during
winter (Dredge 1981) and it is noteworthy that winter SST in the fishing grounds has increased by 0.7—
0.8°C since the 1950s (see Figure 22-6, page 254).

A recent saucer scallop stock assessment by Wortmann et al. (2020) included the logistic model
estimate of the natural mortality derived herein (i.e., M = 1.461 year™), but found it resulted in
relatively little overall effect on the assessment outputs compared to using Dredge’s (1985a) estimate
(M =1.170 year™). Scallop biomass estimates for 2019 were very low (i.e., < 20% unfished biomass)
in model outputs for both estimates of M. The assessment did not include environmental influences on
the stock, although the authors noted that if M increases with SST then it may impact the target
reference points used to manage effort and lower potential yields from the fishery. Future assessments
may be improved by incorporating the seasonal and spatial variation in M.

9 Conclusion

9.1 OBJECTIVE 1. DESIGN AND CARRY OUT A COMPREHENSIVE FISHERY-INDEPENDENT SURVEY
OF THE 0+ AND 1+ AGE CLASSES IN THE QUEENSLAND SAUCER SCALLOP FISHERY

The project improved the survey analyses and statistical methods which have resulted in more reliable
abundance indices and the interpretation of long-term trends. The improvements include:

e incorporating survey sampling gear information on the number, configuration and size of nets
deployed by each vessel during the survey, and net spread factors. This has enabled the
estimation of swept area for each trawl sample and hence, calculation of scallop density
(number of scallops caught per swept area, ha) which is a more precise measure of abundance
than number of scallops per 20-minute shot,

e animproved calibration GLM used to adjust for differences between survey vessels (within
each year),

e the application of kriging methods which were used to develop scallop density maps, and

o development of a second GLM for deriving adjusted mean scallop densities for each survey
year and strata, which considers several explanatory factors, including lunar phase and time-
of-night.

Adjusted mean total scallop density has declined by about 50% from the early survey years (i.e., 1997—

2000) to recent years (i.e., 2017-2019). The decline is consistent with findings from recent
guantitative assessments of the stock biomass (Yang et al. 2016; O'Neill et al. 2020; Wortmann et al.
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2020). Survey densities in the northern strata (i.e., S28, S29, T28 and T29) have generally declined by
more than 50%. While the scallop population has declined in the main fishing grounds (i.e., Yeppoon,
Bustard Head, Hervey Bay), long-term trends in the logbook data indicate an increase in annual
commercial catch in the southern extent of the fishery adjacent to Fraser Island. For this reason, two
additional strata were added to the survey design in 2017 to include this southern part of the fishery.
The overall declining trend in the survey data pertains to the main fishing grounds and excludes the
recently-added strata since they were not sampled from 1997-2000. The decline in the population
dominates and is not offset by the increased catch rates observed off Fraser Island in recent decades.
The poor condition of the stock would likely require closure of the fishery under the Australian
Government (2018) Commonwealth Fisheries Harvest Strategy Guidelines.

9.2 OBJECTIVE 2. UNDERTAKE EXPLORATORY ANALYSES ON THE RELATIONSHIP BETWEEN
SAUCER SCALLOP ABUNDANCE AND BOTTOM SUBSTRATE

Analyses of the relationship between saucer scallop abundance and bottom substrate were undertaken
at both ‘regional’ and ‘vessel-based survey’ scales. The vessel-based survey indicated a positive
correlation between the percentage of fine sand (125-250 pum) in the sediment and the abundance of
the 1+ scallop age class. Scallops were associated with sediments that had comparatively low acoustic
backscatter values. Fine sand was the strongest predictor variable of backscatter at both the offshore
Gladstone and Hervey Bay sites, and as a result, it may be possible to map the distribution of
favourable scallop habitats using vessel-based acoustics. The acquisition of co-located sediment,
acoustic, and scallop trawl data was of paramount importance in identifying these relationships.

At the regional scale (i.e., modelling scallop distribution), the relationship between scallops and
substrates is less clear. Regional prediction of sediment distributions suggests that the SRAs generally
contain more fine sand and mud than adjacent survey strata. To some degree this is broadly what was
indicated by the vessel-based surveys. Regional correlations between scallop densities and seabed
sediment characteristics indicate that the mud, mean grainsize, coarse sand and very coarse sand were
more correlated with scallops than fine sand. It is possible that the saucer scallops prefer a habitat as
broad as ‘sand’ as suggested by Welch et al. (2010). However, the vessel-based survey indicates that
there might be more research to do to refine what constitutes an optimal scallop niche. This conclusion
is based on the only existing set of co-located sediment sample and saucer scallop trawls in the entire
fishery. Including co-located sediment sampling in the annual fishery-independent scallop survey
would be one way to gain further insight into the relationship between scallops and seabed
composition. Predictive modelling of sediments and scallops could be improved by including
oceanographic parameters and tidal currents as covariates in the models.

9.3 OBJECTIVE 3. DERIVE ONE OR MORE TAGGING-BASED ESTIMATES OF THE SAUCER
SCALLOP'S NATURAL MORTALITY RATE (M)

The new estimates of M were higher than the previous estimate by Dredge (1985a), which may have
been high because it included a component of fishing mortality, or low because it was the minimum of
many batch estimates and didn’t account for different survival rates of different batches. The natural
mortality rate estimates provided herein are reasonably robust because a) the experiment was
conducted inside closures where the scallop population was not affected by fishing mortality, b) the
study sites comprised two areas that were hundreds of kilometres apart, thus increasing the chance of
encompassing any spatial variation in mortality, and c) three different methods were applied to analyse
the tagging data, all of which converged on a relatively narrow range of M (1.461-1.594 year™). ltis
possible, however, that the value of M has increased since the late 1970s when Dredge’s study was
undertaken. In population modelling, a high value of M is likely to ascribe more importance to
environmental effects and somewhat less to fishing mortality.

The Brownie et al. (1985) Model 1 batch tagging method estimates of M were higher over spring—

summer than winter—spring, possibly indicating seasonal variation (Table 22-7). For fishery
management, this finding supports the current fishery closure over the winter, insofar as many scallops
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will survive until the fishery opens in the spring or early summer. Elevated natural mortality rates over
the warmer months, combined with multidecadal rise in SST in the scallop fishing grounds, may
indicate that M has increased because of rising SST. Incorporating seasonal and spatial variation in M
could improve the scallop stock assessment and the design of temporal and spatial closures for
maximising yield.

10  Implications

The trawl survey results indicate a significant long-term decline in scallop abundance, which has
generated widespread concern in recent years. In addition, three separate quantitative assessments of
the scallop stock have concluded that the spawning biomass has remained near or below 20% of the
unfished biomass (Yang et al. 2016; O'Neill et al. 2020; Wortmann et al. 2020) for the last four years.
Under the Australian Government (2018) Commonwealth Fisheries Harvest Strategy Policy, the poor
stock status would likely require closure of the fishery, which has significant implications for
Queensland scallop trawl fishers, seafood processors and exporters, especially those in southeast and
central Queensland (i.e., Hervey Bay, Urangan, Bundaberg, Gladstone and Yeppoon).

The poor status of the stock may also have implications for securing WTO approval required to export

saucer scallop meat under the Environment Protection and Biodiversity Conservation Act 1999. If the

WTO considers the scallop fishery to “threaten any relevant ecosystem’ then one possible implication

is not only closure of the scallop fishery, but the entire QECOTF, as the approval process applies to the
entire trawl fishery. This would have much wider and more severe impacts to several hundred trawler

operators, crews, seafood businesses, processors and exporters state-wide and nationally.

The Queensland scallop fishery currently remains open to fishing for several months of the year.
Given the poor status of the stock, and that 55% of the surveyed scallop population is inside the SRAs,
the SRA’s should remain closed indefinitely as a means of constraining fishing mortality.

Maps derived from modelling sediment (section 20, page 157) and scallop distributions (section 21,
page 202) have provided a clearer understanding of scallop habitats. Measures of sediment type and
scallop habitat can be used as explanatory terms to improve the analysis of scallop survey data and to
standardise commercial catch rates, improving abundance indices for stock assessment.

The updated natural mortality rate (M) estimates, which have implications for stock assessment and
management advice, have already been used in recent stock assessment models. Wortmann et al.
(2020) noted that if M increases with SST then it may impact the target reference points used to
manage effort and lower potential yields from the fishery. The new estimates indicate that M has
increased compared to the previous estimate by Dredge about 40 years ago. The study also concluded
that M appears to vary seasonally, increasing markedly in summer, possibly due to SST, and that rising
SST in the scallop fishing grounds in winter may be contributing to the poor scallop stock status
(Figure 22-6, page 254). Seasonal variation in M also has implications for seasonal closures.

11  Recommendations and further development

1. The annual scallop trawl survey should be continued and gaps in the time series, such as those
from 2007 to 2016, should be avoided.

2. The survey results and previous field studies indicate the catchability of the 0+ age class (< 78
mm SH) in benthic trawls is low/poor, and as a result, these size classes are not well
represented in the survey results. Research on the behaviour and selectivity of the scallops
could lead to improved monitoring.

3. A weakness of the survey design is its reliance on chartering multiple and different vessels
each year. Calibration of the data for differences between vessels is heavily reliant upon a
single vessel (FV C-King) which has participated in all 13 surveys. Variation between vessels,
within and between survey years, is difficult to account for completely. The use of wireless
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net monitoring systems on survey vessels to measure and record net spread would improve
swept area and scallop density estimates.

4. If the survey is continued, consideration should be given to developing a formal public ‘living’
document which periodically updates the analysis and results and can be used as a key
reference of the survey.

5. While the study focused on improving the survey data analysis and the resulting abundance
indices, the scope did not include research required to explain the changes in abundance. If the
survey time series is continued, future research could focus on examining environmental
influences on the survey density estimates.

6. Incorporating a towed camera system in the survey would likely produce more accurate
estimates of scallop density and population size. Software required to detect and measure
scallops is still under development, and therefore the images would need to be processed by
human annotation for the foreseeable future.

7. Further surveys incorporating sediment sampling, seafloor acoustic measures and scallop
sampling would provide additional data for mapping sediments, examining relationships
between scallop and the seafloor, and predicting scallop distribution. Some of these additional
data could be collected during the scallop fishery-independent trawl survey.

8. Predictive modelling of sediments and scallops could be improved by including oceanographic
parameters as additional covariates. Tidal currents may provide an indication of sediment
mobility, transport and deposition in southeast Queensland and further improve the sediment
predictions. Further incorporation of hybrid interpolation/prediction methods such as RFok
and RFidw, and optimal ‘feature selection’ into RF-based models which identifies the most
instructive covariates, may also improve predictions.

9. If the tagging study was repeated, it would be productive to allow a minimum of 100 days at
liberty. The timing of the tagging and recapture episodes could be standardised to spring and
autumn to allow longer periods at liberty to estimate M, better capture of the strong seasonal
variation detected in the current study, and avoidance of the tropical cyclone season.

10. A study of seasonal growth in scallops may provide further information on seasonal variation
in M, based on the presumption that higher growth in winter reflects reduced stress and
predation (i.e., low M), while low growth during summer reflects higher stress and mortality
(i.e., high M). Such a study may be possible using existing length frequency and tagging data,
and may not require new field work.

12 Extension and Adoption

The project findings were communicated to the end users, including the fishery managers, researchers,
industry, and where applicable the broader community. The direct beneficiaries of the research are
Fisheries Queensland, the trawl management working group and industry.

Project steering committee meetings

A combined extension strategy was developed for the current FRDC 2017-48 project and the
associated FRDC 2017-057 project, as both addressed the needs for assessment and management of the
Queensland saucer scallop fishery. As the two projects worked in close collaboration there was no
benefit in developing separate extension strategies. Progress and results for both projects were
overseen by a single joint project steering committee, which met three times at the Brisbane Airport
Novotel on 8/9/17, 14/12/18 and 6/12/19. Detailed minutes and copies of presentations from each
meeting were forwarded to all committee members and FRDC. Members of the committee include
fishers, processors, Fisheries Queensland, the Great Barrier Reef Marine Park Authority, and scientists
from DAF, Department of Environment and Heritage Protection, James Cook University and Western
Australia Department of Fisheries. Further membership details are provided in section 1
Acknowledgements.

Dissemination of survey results

The project agreement and funding include the design and implementation of a fishery-independent
survey in 2017. However, Fisheries Queensland provided additional funding for surveys in 2018 and
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2019. The survey analyses in this report were therefore extended to include all years, thus delivering
beyond the agreement. A PowerPoint presentation PDF file containing the 2017 survey results was
uploaded onto a Fisheries Queensland server in January 2018 and an email link forwarded to all 300+
otter trawl license holders at the time. In this way, all Queensland trawler operators had access to the
2017 survey results within a few weeks of the survey being conducted in October 2017. Similarly,
results from the 2018 survey were posted on the Fisheries Queensland server in December 2018, and
all otter trawl license holders notified at that time. The 2019 survey results were posted online and
fishers were notified in December 2019.

Scientific publications

Future extension and communication of the project includes publication of the survey analysis and
results from 1997-2006 and 2017-2019 in the primary literature, which would complement the
publication of the first survey in 1997 by Dichmont et al. (2000). Sections of the report on the scallop
survey, sediment and scallop distribution models will contribute to chapters of Samara French’s PhD
thesis at James Cook University. The authors plan to publish findings from the natural mortality rate
tagging experiment in the primary literature.

Presentations to working groups and expert panel

o Dr Courtney gave a presentation of the 2017 scallop survey results to the Queensland Trawl
Working Group in February 2018.

e The survey and stock assessment modelling results were presented to the Queensland
Government’s Sustainable Fisheries Expert Panel on 18/4/2018.

e The scallop stock assessment findings, which include the scallop survey data, were presented by
Dr Yang at the Southern Inshore (i.e., scallop fishers) Trawl Region Harvest Strategy Workshop
23-24 May 2019 at the Hervey Bay Boat Club. There were about 16 fishers and processors
present, many of whom raised points and guestions.

e Dr M. O’Neill presented scallop stock assessment results at the August 2019 Trawl Working
Group.

¢ Dr Joanne Wortmann presented the most recent scallop stock assessment, forecast predictions
and harvest strategy to the Trawl Working Group on 8/6/2020 via Teams teleconference, and
repeated the presentation on 9/6/2020 to the Southern Inshore Harvest Strategy Working Group.
The assessment included all available data, including the October 2019 survey results and an
updated estimate of the scallop natural mortality rate (M) that was derived from the current
FRDC project 2017-048. In both meetings there was considerable concern over the poor status
of the stock.

Milestone reporting
The extension plan included the production of all Milestone reports, which have been provided to
FRDC and Fisheries Queensland.

Conference presentations

Dr Daniell presented a paper at the 2018 Australian Marine Sciences Association annual conference in
Adelaide entitled “Improving Fishing Mortality Rate Estimates for Management of the Queensland
Saucer Scallop Fishery” by J. J. Daniell, A. J. Courtney, W.-H. Yang, M. J. Campbell and R. Beaman
https://amsal8.amsa.asn.au/program/

Dr Yang presented mathematical aspects of the scallop modelling to the ‘Biometrics by the Boarder’
meeting in Kingscliff 2017, and the Satellite Workshop Applied*2 Probability event hosted by CARM,
UQ in July 2019. https://informs-aps.smp.ug.edu.au/

Media releases

Dr Courtney’s trip report, detailing the 2018 NOAA HabCam and dredge survey of the Atlantic sea
scallop fishery near Georges Bank off the coast of Massachusetts in the USA was published by
FRDC’s FISH magazine (Volume 26 number 4)
https://www.frdc.com.au/media-publications/fish/FISH-Vol-26-4/Pictures-of-abundance
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DAF published a media release in January 2020 entitled “New technology scanning for scallops”
which reports results from the towed camera pilot study. The article highlights the potential of towed
camera systems as an alternative and improved method for monitoring the scallop stock.
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16  Appendix 4. Fishery-independent survey of the Queensland saucer
scallop stock

This section of the report addresses Objective 1) Design and carry out a comprehensive fishery-
independent survey of the 0+ and 1+ age classes in the Queensland saucer scallop.

16.1 ABSTRACT

This section of the report examined the 13 years of discontinuous fishery-independent saucer scallop
trawl survey data (1997-2006, 2017-2019). Commercial trawlers were chartered to undertake a
stratified random design survey of the fishery over about 10 nights in October each year, with
scientific observers on board counting and measuring the scallops. The raw catch rates were calibrated
to standardise for differences between vessels each year. A generalised linear model that considered
the swept area of each trawl as an offset was used to derive adjusted mean catch rates (number ha™) for
the 0+ and 1+ scallop age classes, as well as total scallops, for each strata and year. The model also
considered lunar phase and time-of-night effects for each trawl. In general, adjusted mean scallop
density has declined significantly over the sampling period. The 1+ age class numerically dominated
survey catch rates. Using data from those years when the survey was comprehensively implemented,
the density of scallops has declined by about half from the early survey years (1997-2000) to the
recent years (2017-2019). The adjusted mean density of the 0+ age class was lowest in 2019 and there
has been a general increase in the proportion of the scallop population inside the SRAs over the period.
The calibrated scallop densities were interpolated using kriging methods to develop density maps. The
survey catch rates have been used as an index of abundance in recent quantitative assessments of the
stock. Recommendations on how the survey can be improved are also provided.

16.2 INTRODUCTION

The Queensland saucer scallop (Y. balloti) fishery is a significant component of the Queensland East
Coast Otter Trawl Fishery (QECOTF) and mainly located in coastal waters between 21°S and 27°S in
depths from about 20-70 m (Dredge 1994; Dichmont et al. 2000). From 1988-2017, mandatory
logbook data indicate that the annual catch ranged from a maximum of 1930 t (meat weight) in 1993 to
a minimum of 202 t in 2015. In 2016, a quantitative stock assessment concluded that the scallop
biomass had fallen to less than 20% virgin stock biomass and that the stock was overfished (Yang et
al. 2016).

Concern over the decline in the catch, combined with the findings and recommendations from the
assessment, prompted management action and initiated further research on the stock. Management
measures implemented in late 2016 included the indefinite closure of the six SRAs. These areas
commonly contain relatively high scallop densities and were closed permanently in 1997 following a
severe decline in the stock in 1996, as a means of lowering fishing mortality. However, since 2001 the
SRAs have been rotationally opened and closed to fishing over a two-year cycle (i.e., closed for 15
months, open for nine months). In addition to closing the SRAs, the fishery managers implemented a
complete closure of the fishery from May to October in 2017, which has been applied annually since.

Another management response was the reintroduction of an annual fishery-independent trawl survey of
scallop abundance in 2017. This stratified random design survey was first implemented in 1997,
following the 1996 collapse (Dichmont et al. 2000). The survey was comprehensively implemented
from 1997-2000, however from 2001-2006 funding declined, reducing the number of strata and
sample sites, and after 2006 the survey ceased. A summary of the survey data and results from 1997—
2006 is provided by Jebreen et al. (2008). The survey is relatively expensive (~$150,000-$200,000
annually) and has always been funded entirely from Queensland consolidated revenue, which makes its
current and future implementation tenuous and dependent on the priorities of the Government-of-the-
day.
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The reintroduced survey has now been implemented for the last three years (i.e., 2017, 2018 and 2019)
and as a result the survey time series includes a total of 13 years, albethey discontinuous. This section
of the report presents the survey results from all years and describes the survey design, including
changes to the strata, and improvements to the statistical methods used to calibrate the survey catch
rates and the resulting scallop density estimates. Of paramount importance is the need to be able to
compare survey results between years to accurately interpret trends. Cautious interpretation of the
results is required due to some changes in the survey over the years.

In addition to providing another fishery-independent source of information on the temporal and spatial
distribution of the scallop population, the survey data are also used as an index of abundance in the
scallop stock assessment model.

16.3 METHODS
16.3.1 Survey design and sampling strata

When the survey was reintroduced in 2017, significant attention was given to ensure the design was as
close as possible to that of the first survey undertaken in 1997, described by Dichmont et al. (2000).
This is imperative if results from recent years (i.e., 2017-2019) are to be comparable with those from
the early years (i.e., 1997-2006). However, some significant changes have occurred since the survey
was first implemented, including
1) loss of sampling strata area due to the introduction of closures (i.e., green zones) in 2004 in the
Great Barrier Reef Marine Park under the Representative Areas Program (RAP) (Fernandes et
al. 2005), which resulted in some previously-surveyed areas that could no longer be sampled,
2) the mandatory implementation of turtle excluder devices (TEDs) and a second bycatch
reduction device (BRD) in all trawl nets, including survey nets, in the early 2000s (see Robins
et al. 1999, Courtney et al. 2006, 2008, 2014 for further details on the devices),
3) changes to the shape and size of the SRAs in the early 2000s, and

In addition, two new strata were added to the design in 2017 in the southern part of the fishery adjacent
to Fraser Island to reflect the increasing scallop catches in the area based on logbook data over the last
two decades (see Figure 16 in O’Neill et al. 2020).

The first survey in 1997 was designed around CFISH logbook grids (30°x30’) where the bulk of the
scallop catch was historically reported from. These grids were located between approximately 22°S
and 25°S in southern Queensland and are identified as S28, T28, S29, T29, T30, U30, U31, V31 and
V32 (Figure 16-2). The survey domain consisted of 12 strata comprised of the nine grids and three
permanently closed SRAs in the Yeppoon, Bustard Head and Hervey Bay regions, nested within the
grids. From 1997-2006 the survey did not extend south of Hervey Bay or east of Fraser Island.

The survey is undertaken over approximately 10 days in early October, during the southern closure
period (20 September to 31 October), when otter trawling in southern Queensland is prohibited in
depths less than 50 fathoms (except for Moreton Bay). October is the optimum time for undertaking
the survey because weather conditions are usually favourable and the population of the 0+ age class is
relatively high following the winter spawning. Undertaking the survey in October also enhances the
availability of vessels for chartering, as most vessels are not fishing at this time awaiting the closure
opening.

The timing of the survey is centred around the neap tides to minimise the low scallop catch rates
during the strong tidal currents associated with spring tides. From 1997-2000, the survey design
remained relatively fixed and the SRAs permanently closed. In 1998 the boundaries for the Yeppoon
SRA changed and in 2001 and 2002 there were further changes to the size, location and permanently-
closed status of the SRAs, at the request of industry who argued for access to scallops inside the closed
areas. As such, the function of the SRAs changed during this period, from being a permanently closed
source of recruitment, to being subjected to fishing.
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In 2001 and 2002 the number of SRAS were increased to create ten smaller SRAs that were
rotationally opened and closed to trawling. In 2003 these smaller areas were merged to create two
SRAs within each of the three areas (i.e., Yeppoon SRA A and B, Bustard Head SRA A and B, and
Hervey Bay SRA A and B). Each A and B area was opened alternately for nine months and closed for
15 months (i.e., a 2-year rotational cycle) (Figure 16-1). The location, size and rotational opening of
the six SRAs remained constant from 2003-2016. As a result of Yang et al. (2016) stock assessment,
which concluded the stock to be overfished, and subsequent assessments (O'Neill et al. 2020;
Wortmann et al. 2020) all six SRAs have been closed since September 2016.
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Figure 16-1. Diagram shows the opening and closing schedule applied to the SRAs from 1997-2017. Blue and
green are periods open to trawling and white represents closed periods. Since September 2016 all six SRAs have
remained closed. The figure is based on a similar diagram on page 38 of Campbell et al. (2012).

From 2001-2006 state government funding for the survey waned and eventually ceased. During this
period the survey was downsized resulting in reductions in the number of participating chartered
vessels, survey strata and sample sites. The only strata that were consistently sampled over this period
were the SRAs and the T30 grid.

When the survey was reintroduced in October 2017 the original 1997 comprehensive design was
implemented. Furthermore, examination of scallop catches in the Yang et al. (2016) report indicated
increasing scallop catches and catch rates off Fraser Island over the last decade (~2007—2016). For this
reason, two additional strata were added to the survey design in this region, referred to as the Maheno
and Sunshine Coast Region.

The number of sites allocated to a given stratum is determined by a weighting method based on the
summed product of stratum abundance index and stratum area. The total number of survey sites is
largely governed by the funding available to charter commercial trawlers. Once the number of sites is
estimated, a proportion of sites is allocated to each stratum, based on its contribution to the sum
product, and the sites are randomly distributed within each stratum.
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From 1997-20086, the abundance index was based on the logbook commercial mean annual catch per
unit effort (CPUE, baskets per boat day) from 1988 onwards. In 2000, a high spatial resolution vessel
monitoring system (VMS) was mandated for the Queensland trawl fleet and when these data were used
in conjunction with the vessel’s reported daily scallop catch, a much higher spatial resolution CPUE
can be used as the abundance index in the survey design. This abundance index was based on the
previous 10 years of logbook data. Marrying the high spatial resolution VMS data to the vessel’s daily
reported logbook catch is undertaken using TrackMapper software.

A decision rule was implemented by Dichmont et al. (2000) to ensure that each strata received a
minimum of 2% of the total survey sampling effort. Prior to undertaking the survey, additional “spare”
sites were identified for each stratum in the event that one or more sites could not be trawled due to
problematic bottom type. In the early years between 1997 and 2000, the total number of sites that
could be sampled ranged between 395 and 440. Due to the lack of funds reducing the number of
vessels that could be chartered for each survey, the number of sites that could be sampled was halved
between 2001 and 2006 and ranged between 135 and 155. In recent surveys, from 2017 to 2019, the
number of sites that could be sampled was increased and ranged between 300 and 335.

The 19972000 surveys were carried out between north of Yeppoon to the south of Hervey Bay. The
reduced funding from 2001-2006 resulted in a smaller survey spatial domain, but from 2017-2019 the
survey area was increased to closely represent that of the early years (i.e.,1997-2000), and expanded
southwards to include the Maheno and Sunshine Coast Region strata (Figure 16-2).
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Figure 16-2. The left map shows the 12 survey strata in 1997, from Dichmont et al. (2000). The right map shows
the strata in 2017. Some loss of strata sampling area occurred when the GBRMPA expanded their closed areas
(green zones) in 2004, mainly in U31 and the far north of S28 and T28. The 2017 survey includes two additional
strata (Sunshine Coast Region and Maheno) in the southern part of the fishery where scallop catches have increased
over the last decade.

The survey has consistently chartered Queensland commercial otter trawlers and their crews to
undertake the survey, with two scientific observers on board each vessel from the Queensland
Department of Agriculture and Fisheries. In the early years, trawls were 20 min bottom time, but since
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2017 all trawls have been set at 1 nm. Information on the size and number of nets deployed by each
vessel has also been recorded. Across all years, all trawls have been undertaken in a straight line,
transect lengths have ranged from 0.82-1.00 nm and trawl speed has ranged from 2.36-2.80 kn. Each
trawl is generally referred to as a trawl shot.

16.3.2 Vessels and gear

Scallop surveys between 1997 and 2000 were completed by four commercial fishing vessels. After the
reduction in funds in 2001 only two commercial fishing vessels were chartered until 2006 and when
funding was available again in 2017, three commercial fishing vessels were chartered to undertake the
survey in 2017, 2018 and 2019. The participation of the FV C-King has been consistent throughout all
surveys. Table 16-1 provides a summary of the vessels chartered and their gear type for each survey.
Prawn mesh ranging in size between 2.0 and 2.5 inches (50.8 and 63.5 mm) has been specified for use
during each survey to increase the selectivity and retention of small (i.e., 0+ age class) scallops, rather
than using the larger 3.5-inch (88.9 mm) scallop mesh.

In 2001, turtle exclusion devices (TEDs) and bycatch reduction devices (BRDs) were made mandatory
on all commercial fishing vessels and required to be used in the survey. Table 16-1 details the
implementation of TEDs and BRDs on the vessels during surveys. No TEDs or BRDs were deployed
in the survey early years (1997-2000). There was a transitional period from 2001-2004 where the
devices were trialled in some nets during the survey, and from 2005-2019 all survey nets have been
fitted with both a TED and a second BRD. Statistical testing of the effects of TEDs and BRDs on the
scallop catch rates was examined in section 16.4.5, page 77.

16.3.3 Data collection

Trawl sampling took place at night commencing at sunset and finishing at sunrise, with vessels
trawling into the prevailing tidal current whenever possible. Each vessel was allocated a similar
proportion of sites to sample, and each vessel allocated a specific region of the survey spatial domain.

At each trawl site the date, start time, shot number and site number were recorded. The following data
were also recorded for each site from the vessel GPS; starting and ending latitude and longitude,
distance trawled, bearing, depth, and trawl duration. Comments were also recorded during each shot in
relation to any problems that may impact the scallop density estimate. Once a shot was complete, nets
were pulled on board, the number of scallops from all nets was counted and a maximum subsample of
200 scallops measured. In 2001, scallops from each net were counted and measured separately.
Between 2002 and 2004, scallops from the middle net-only were counted while scallops caught in the
outer nets were counted and measured together. For all other surveys, nets were pooled before the
scallops were counted and measured. Scallops were measured by recording the shell height (SH),
which is the distance in millimetres (mm), between the auricles and the ventral margin of the scallop
(Williams and Dredge 1981).
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Table 16-1. Summary of survey vessels and gear setup. Total head rope length is derived by summing individual

head rope lengths of all nets on a given vessel.

Year Fishing vessel Gear setup
name Number  Total head rope TED and/or BRD
of nets length (metres)
1997 C-King 5 38.95 No TED or BRD present in nets.
Exodus 4 36.56 No TED or BRD present in nets.
Rebecca Mae 3 40.23 No TED or BRD present in nets.
Tamara 4 32.92 No TED or BRD present in nets.
1998 C-King 5 38.95 No TED or BRD present in nets.
Rebecca Mae 3 42.06 No TED or BRD present in nets.
Southern Intruder 4 36.56 No TED or BRD present in nets.
Warlord 4 36.56 No TED or BRD present in nets.
1999 C-King 5 38.95 No TED or BRD present in nets.
Chromatt 4 32.92 No TED or BRD present in nets.
Rebecca Mae 3 38.40 No TED or BRD present in nets.
Seadar Bay 3 38.40 No TED or BRD present in nets.
2000 C-King 5 38.95 No TED or BRD present in nets.
Peggy D 4 36.58 No TED or BRD present in nets.
Rebecca Mae 3 38.40 No TED or BRD present in nets.
Seadar Bay 3 38.40 No TED or BRD present in nets.
2001 C-King 5 38.95 TED and BRD were present in one port and
starboard net.
Seadar Bay 3 38.40 TED and BRD were present in one outer net.
2002 C-King 5 38.95 TED and BRD were present in both outer nets.
Seadar Bay 3 38.40 TED was present in both outer nets.
2003 C-King 5 38.95 TED and BRD were present in both outer nets.
Seadar Bay 3 38.40 TED and BRD were present in both outer nets.
2004 C-King 5 38.95 TED and BRD were present in both outer nets.
Seadar Bay 3 38.40 TED was present in both outer nets.
2005 C-King 5 38.95 TED and BRD were present in all nets.
Seadar Bay 3 38.40 TED and BRD were present in all nets.
2006 C-King 5 38.95 TED and BRD were present in all nets.
Gwendoline May 4 29.12 TED and BRD were present in all nets.
2017 C-King 5 38.40 TED and BRD were present in all nets.
Benjamin 3 76.80 TED and BRD were present in all nets.
Maddison 3 76.80 TED and BRD were present in all nets.
2018 C-King 5 40.00 TED and BRD were present in all nets.
Silda 5 37.80 TED and BRD were present in all nets.
Somatina 3 65.52 TED and BRD were present in all nets.
2019 C-King 5 40.00 TED and BRD were present in all nets.
Silda 5 40.00 TED and BRD were present in all nets.
Joseph-M 3 54.90 TED and BRD were present in all nets.
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16.3.4 Queensland scallop survey data

Dichmont et al. (2000) reported the first (i.e., 1997) Queensland scallop survey catch rates as a density
(i.e., number of scallops m™). However, Jebreen et al. (2008) reported subsequent years as number of
scallops per 20-minute shot, which does not consider the area swept by each trawl and is therefore
comparatively imprecise. To improve the precision of the survey catch rates, the analyses undertaken
herein focused on quantifying the swept area of each trawl (in hectares, ha), thus enabling the
calculation of density (i.e., number of scallops ha*). Swept area was estimated using detailed
information on the gear used by each survey vessel each year, specifically 1) the head rope length of
each net, 2) the length of each trawl, and 3) net spread factors, which vary with the configuration of the
nets used (e.g. twin, triple or quad gear) (Sterling 2000). Other information recorded during the survey
which was subsequently used to improve the catch rate analysis included 1) whether the catch from a
specific net was included in the sample, 2) the position of the net (i.e., middle, inner port, outer
starboard, etc.), 3) number of nets sampled from, 4) whether a trawl was for calibrating or a standard
survey trawl, 5) how many scallops were measured and unmeasured in each trawl and 6) whether a
TED and/or BRD was inserted in the net. Errors in the database were corrected to match the original
survey hard copy datasheets.

16.3.5 Vessel calibration

Over the 13 years several different vessels have participated in the survey. The composition of
participating vessels generally changed each year, and as a result, the trawl gear configurations and net
sizes have also varied. This is partially addressed by calibrating for differences between vessels each
year (but it does not address vessel differences between years). A calibration shot is defined as a shot
in which all participating vessels trawl side-by-side keeping their starting location, heading, speed and
duration consistent with each other. Calibration shots for all years were completed at randomly chosen
sites within a stratum and conducted by all vessels completing 20 min or 1 nm side-by-side trawls, and
counting all scallops caught upon completion of each shot. The number and location of calibration
shots has changed for each survey (Table 16-2), with calibration shots completed during the day in the
early surveys and during the night for later surveys.

Table 16-2. Summary of calibration shots. Strata indicates the location in which calibration shots were conducted
for each survey. Survey day indicates which day the calibration shots were held on for each survey.

Year Number of calibration shots Strata Time Survey day
1997 10 T29 Day Second
1998 19 T30 Day First and second
1999 20 T30 Day First and second
2000 21 T30 Day First and second
2001 20 T30 and Bustard Head A Night First and second
2002 27 T30 and Bustard Head A Night First and second
2003 24 T30 and Bustard Head A Night First and second
2004 24 T30 and Bustard Head A Night First and second
2005 25 T30 and Bustard Head A Night First and second
2006 22 T30 and Bustard Head A Night First and second
2017 11 Bustard Head A Night First

2018 11 Bustard Head A Night First

2019 11 Bustard Head A Night First

The following model was used to derive calibration factors for differences between vessels each year.
Let C,,; denote the total number of scallops caught in trawl i of year y from the calibration shots. For
year y, Cy,; was fitted to the Quasi-Poisson GLM, which assumes E(Cy;) = p,; and var(Cy;) =

@y iy, Where u,,; and a,, represent the mean and overdispersion parameters, respectively, and p,,; > 0
and a,, > 0 (Ver Hoef and Boveng 2007). For the sake of simplicity, let ., denote the mean vector of
Hyis and be modelled as:
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ny, = exp (W, B, + log(4,)),

where W,, is the design matrix of intercept, vessels and sample sites, B, the vector of the associated
coefficients, and A,, the vector of areas swept in year y, respectively. The logged A,, is the offset
variable.

The area swept for each site was calculated as the product of the distance trawled and the effective net
mouth spread width, where net spread was calculated as the product of the combined head rope length
of all nets deployed on the vessel and a net spread factor. The net spread factors were based on
research by Sterling (2005) and were 0.75, 0.70 and 0.80 for vessels towing triple gear (three nets),
quad gear (four nets) and five nets, respectively.

The calibration model was fitted using the Generalised Linear Models function in Genstat (VSN
International 2019). Each year, the mean scallop density (number of scallops hat) was predicted for
each vessel and used to derive proportions, or calibration factors, relative to the standard vessel (i.e.,
FV C-King). A calibration factor was applied to each trawl for each vessel, adjusting the catch rate for
differences between vessels in such a way that it was analogous to each survey being undertaken by a
single vessel.

16.3.6 Kriging

Scallop densities were obtained for each site sampled in each survey. To provide a visual
representation of the scallop population size across the fishery, there is a need to predict scallop
densities at unsampled locations. One way to approach this is through kriging, which is a geostatistical
interpolation method developed from the regionalized variable theory (Oliver and Webster 1990;
Cressie 1993). Predictions of unsampled locations produced by a kriging analysis are estimated based
on the spatial arrangement of sampled sites. There are two steps involved when undertaking a kriging
analysis: 1) the fitting of a variogram to the spatial structure of sampled sites, and 2) utilising the
spatial structure through the use of weights to generate predictions at the unsampled sites. In addition,
prediction errors are estimated, which are minimised by the kriging process.

This geostatistical model was used to estimate scallop densities within ten regions of the scallop
fishery. The ten regions from north to south are the Yeppoon region, Yeppoon SRA A, Yeppoon SRA
B, Bustard Head region, Bustard Head SRA A, Bustard Head SRA B, Hervey Bay region, Hervey Bay
SRA A, Hervey Bay SRA B, and Sunshine Coast region. Within each region, the calibrated scallop
densities were utilised in local kriging models to estimate scallop densities. Scallop density
predictions were constructed for the 0+ age class, the 1+ age class and total scallops. The method is
described in greater detail in the FRDC 2017-057 final report by O’Neill et al. (2020).

The kriging analyses for 2001-2006 should be considered with caution because the number of strata
sampled was significantly reduced in these years to six SRAs and T30.

16.3.7 Strata weighted mean densities

The calibrated scallop densities for each site can also be utilised to produce mean densities for each
stratum in each year by calculating weighted means. A weighted mean is a variation of the arithmetic
mean which considers that each stratum may not replicate heterogeneity in the population distribution
(Haddon 1997; Finch 2009). A weight for each stratum is based on the proportion of a given stratum
area to the total strata area surveyed in the given year. A weight represents the importance of the
stratum mean to the final analysis. Through weighting of the calibrated densities, uncertainty in the
estimates produced is removed. For each survey year the following methodology was used to calculate
a stratified mean density of scallops.

For each survey the stratum weighting, Wh, is calculated by the following:
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where, An represents the area of stratum h.

Each stratum h has n, calibrated density samples, xni. The mean density of scallops within each
stratum h is given by:

XXy

=

Stratified mean density, Xs, for scallops in each survey is obtained by taking the sum of all strata mean
densities, Xn, weighted by their respective stratum weighting, Wh:

Xo= ) WysX,

The standard error of the estimate of the stratified mean density, X, is given by the square root of the

variance:
S,2
7, = Y3
Xst ho¥ n,

where, S, represents the calibrated standard deviation of the scallop density for stratum h, and is used
to determine variance:

Xp

X — Xp)?
- nh - 1
For the above equations, nn represents the number of sites sampled within stratum h.

S,2

The coefficient of variation (CV) describes the dispersion of densities for each survey year and is given
by a ratio of the stratified standard error to the stratified mean density of scallops (Haddon 1997). The
higher the CV the greater the dispersion around the mean. The lower the CV, the more precise the
mean. For each survey year the coefficient of variation will be obtained:

_ SEy,,

16.3.8 Generalised linear model of scallop densities

The following model was fitted to the calibrated number of scallops caught at each trawl site. Let Cy;
denote the number of scallops caught in trawl j of size class s in the survey years 1997-2000 and
2017-2019, where size class s represents the 0+ age class, 1+ age class, or total scallops (i.e., all
scallops caught — measured and unmeasured). By multiplying the corresponding calibration factor
acquired at the previous stage, C;; is calibrated to produce the calibrated number of scallops Cs ;- For
size class s, Cg; was fitted to the Quasi-Poisson GLM, which assumes E(Cs;) = fis; and var(Cs;) =
8silsj, where fi; and &5 represent the mean and overdispersion parameters, respectively, and i;; > 0
and 65 > 0. For simplicity, let fi; denote the mean vector of fis;, and it is modelled with the following
form

I = exp (X;05 + log(A4)),

where X is the design matrix of intercept, strata, year, time-of-night, lunar phase, TED/BRD, the
interaction between strata and year, 8, the vector of the associated coefficients, and A the vector of
areas swept in size class s, respectively. The logged 4 is the offset variable.

The explanatory variables had the following features:
(1) Year (categorical term, 13 levels representing each year the scallop trawl survey was
conducted).
(2) Strata (categorical term, 20 levels representing each of the strata sampled from by each scallop
trawl survey).
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(3) Lunar phase (categorical term, four levels based on lunar luminance which ranged from 0—
15% for the new moon phase, 85-100% for the full moon phase, the waxing phase was based
on increasing luminance between 15 and 85% and the waning phase based on declining
luminance between 85 and 15%).

(4) Time-of-night (categorical term, six levels representing two-hour blocks between 1800 hr and
0600 hr, and a level representing the day, 0600 hr to 1800 hr).

(5) TED/BRD (categorical term, four levels representing nets without devices, nets with only
TEDs, nets with only BRDs, and nets with both devices).

The size-frequency distribution of all measured scallops from all survey years has a general bimodal
appearance (Figure 16-3), with separation of the modes at approximately 78 mm shell height (SH)
(Dichmont et al. 2000). The scallops can therefore be assigned into two age classes, 0+ age class or 1+
age class. Individuals that are < 78 mm are classed as younger than 1 year old (0+ age class), and
individuals > 78 mm are older than 1 year old (1+ age class). The above model was fitted separately
for each age class, as well as the total number of scallops, using the Generalised Linear Models
function in Genstat (VSN International 2019). The mean scallop density (number of scallops ha™?) for
each age class was calculated by fixing the time-of-night to 2200 hr to 0000 hr and the lunar phase to
waxing, as these factor levels were associated with highest catch rates.

Other models were considered, including the negative binomial generalised linear model. While this
type of model can be used to fit overdispersed count data, it cannot be used when the count data are
non-integer. Once the calibration factors were applied to the raw survey data, the count data were
converted to non-integers and a negative binomial model was no longer suitable. A two-step logistical
model was also considered, but after problematic shots were removed the number of observations with
zero scallop counts was very low (i.e., < 4%) and so the model was uninformative.

16.4 RESULTS
16.4.1 Size class frequency analysis

The size-frequency distributions of measured scallops from each survey are provided in Figures 16-3
to 16-16. A clear bimodal distribution is apparent in 1997, 2000, 2002, 2003 and 2017, however
evidence of a 0+ modal peak is weak in several years, possibly suggesting relatively poor recruitment
or low catchability of the smaller size class. The 0+ age class mode generally occurs at 50-60 mm SH,
while the 1+ age mode occurs at approximately 90 mm SH. The trough separating the modes occurs at
approximately 78 mm SH. The 1+ age class consistently dominate the size-frequency distribution.
The number of scallops larger than 90 mm SH declines markedly, while the number of scallops larger
than 120 mm SH is negligible. There is no evidence to suggest that the maximum size of the scallops
is declining. In 1997 the modes for both age classes occurred at slightly larger sizes (Figure 16-4)
compared to the remaining time series. In 2000 the 0+ mode and the trough occurred at a smaller size
(Figure 16-7). In 2003 the modes for both age classes occurred at relatively small sizes (Figure 16-10).
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Figure 16-3. Size-frequency plot of all saucer scallops measured in all survey years (i.e., 1997-2006, 2017—
2019).
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Figure 16-4. Size-frequency plot of saucer scallops measured in 1997.
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Length Frequency in 1998
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Figure 16-5. Size-frequency plot of saucer scallops measured in 1998.
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Figure 16-6. Size-frequency plot of saucer scallops measured in 1999.
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Length Frequency in 2000
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Figure 16-7. Size-frequency plot of saucer scallops measured in 2000.
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Figure 16-8. Size-frequency plot of saucer scallops measured in 2001.
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Length Frequency in 2002
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Figure 16-9. Size-frequency plot of saucer scallops measured in 2002.
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Figure 16-10. Size-frequency plot of saucer scallops measured in 2003.
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Length Frequency in 2004
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Figure 16-11. Size-frequency plot of saucer scallops measured in 2004.
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Figure 16-12. Size-frequency plot of saucer scallops measured in 2005.

57



Appendices — Queensland scallop fishery survey

Length Frequency in 2006
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Figure 16-13. Size-frequency plot of saucer scallops measured in 2006.
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Figure 16-14. Size-frequency plot of saucer scallops measured in 2017.
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Figure 16-15. Size-frequency plot of saucer scallops measured in 2018.
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Figure 16-16. Size-frequency plot of saucer scallops measured in 2019.

16.4.2 Vessel calibration analysis

The generalised linear model used to calibrate the data included vessel and shot site as explanatory
terms and explained between 49 and 99% of the variance between vessel catch rates (Table 16-3).
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Although in 1997, 2001, 2004, 2005, and 2019, shot site was the only significant factor (P < 0.05) and
explained 44%, 93%, 98%, 89% and 76% of the variance, respectively. In all other years, both vessel
and shot site were significant (P < 0.05). For each of the survey years, the residuals were normally
distributed.

Table 16-3. Variance explained between catch rates by 1) both the vessel and shot site, and 2) shot site only for
each survey year.

Year Variation explained by Variation explained by
Vessel and Shot site (%) Shot site (%)
1997 49 44
1998 78 67
1999 84 54
2000 52 11
2001 93 93
2002 92 87
2003 87 77
2004 98 98
2005 91 89
2006 99 92
2017 97 20
2018 71 50
2019 77 76

The mean density of scallops (all size classes) on the calibration sites was predicted for each vessel and
year y and then used to produce proportions relative to the standard vessel, FV C-King which
participated in every survey. A calibration factor is applied to each trawl for each vessel, adjusting the
catch rate for differences between vessels in such a way that it is analogous to each survey being
undertaken by a single vessel.

The mean densities produced by the calibration model indicate that within each survey year, there are
differences between vessels. The resulting proportions relative to the standard vessel (FV C-King), and
calibration factors, show that for most years the differences were not significant (Table 16-4). The FV
Seadar Bay in 2001 and 2004 and the FV Silda in 2018 were similar to the FV C-King, while in 2017,
FV Benjamin and FV Maddison were significantly different to the FV C-King.

Table 16-4. Vessel calibration factors. Estimates of calibrated mean density for total scallops and standard errors
produced by the vessel calibration model. Proportion to standard vessel is calculated by dividing each vessel’s
calibrated mean density by the standard vessel calibrated mean density in the respective survey. Taking the
reciprocal of each proportion derives a calibration factor.

Year Fishing vessel Calibrated mean Standard Proportion to Calibration
name density (humber/ha) errors standard vessel factor
1997 C-King 45.45 4.20 1.00 1.00
Exodus 39.67 4.02 0.87 1.15
Rebecca Mae 37.80 3.61 0.83 1.20
Tamara 41.84 4.29 0.92 1.09
1998 C-King 146.30 10.76 1.00 1.00
Rebecca Mae 162.90 12.14 1.11 0.90
Southern Intruder 166.10 12.91 1.14 0.88
Warlord 247.40 15.79 1.69 0.59
1999 C-King 50.88 3.62 1.00 1.00
Chromatt 36.29 3.83 0.71 1.40
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Year Fishing vessel Calibrated mean Standard Proportion to Calibration
name density (number/ha) errors standard vessel factor

Rebecca Mae 40.57 3.64 0.80 1.25
Seadar Bay 94.73 5.53 1.86 0.54
2000 C-King 37.72 2.93 1.00 1.00
Peggy D 27.14 2.62 0.72 1.39
Rebecca Mae 60.70 4.33 1.61 0.62
Seadar Bay 54.34 3.86 1.44 0.69
2001 C-King 246.40 6.92 1.00 1.00
Seadar Bay 261.00 8.71 1.06 0.94
2002 C-King 37.71 1.79 1.00 1.00
Seadar Bay 51.74 2.83 1.37 0.73
2003 C-King 87.64 4.98 1.00 1.00
Seadar Bay 59.46 4.12 0.68 1.47
2004 C-King 131.00 5.08 1.00 1.00
Seadar Bay 138.40 5.83 1.06 0.95
2005 C-King 40.28 2.75 1.00 1.00
Seadar Bay 33.25 3.05 0.83 1.21
2006 C-King 45.49 2.05 1.00 1.00
Gwendoline May 66.23 3.21 1.46 0.69
2017 C-King 110.31 6.88 1.00 1.00
Benjamin 33.43 2.82 0.30 3.30
Maddison 17.14 2.03 0.16 6.44
2018 C-King 217.00 30.54 1.00 1.00
Silda 218.60 27.66 1.01 0.99
Somatina 131.50 17.14 0.61 1.65
2019 C-King 174.20 23.59 1.00 1.00
Silda 157.80 22.44 0.91 1.23
Joseph-M 142.00 19.45 0.82 1.10

16.4.3 Kriging analysis

The density maps (Figures 16-17 to 16-29) show the distribution of scallops in the Queensland scallop
fishery in survey years between 1997 and 2019. Maps illustrating the distribution of densities were
partitioned into the four regions and the six SRAs. From north to south the regions are Yeppoon
(including the Yeppoon SRAS), Bustard Head (including the Bustard Head SRAS), Hervey Bay
(including the Hervey Bay SRAs, and the Sunshine Coast region (including the Maheno stratum).
Between 1997 and 2006 no sampling was undertaken south of Fraser Island; hence spatial predictions

of scallop densities were not calculated for the Sunshine Coast region during this period.

To assist with interpreting trends, the density scales of the maps were fixed across years and ranged

from 0-250 scallops ha™ for the 0+ and 1+ age classes, and 0—400 ha™* for total scallops.

The density of scallops in 1997 was highest in the SRAs (Figure 16-17). Highest total scallop densities
were observed in the Yeppoon SRA A, T28 and Bustard Head SRA B. The high densities in the
Yeppoon SRA A were likely attributed to the 0+ age class, while the 1+ age class most likely
contributed to the high densities observed in T28 and Bustard Head SRA B. Total scallop densities

were lowest in the Hervey Bay region outside of SRAs and in the southern Yeppoon region.
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In 1998 scallop densities peaked inside the SRAs and in areas outside that were open to fishing (Figure
16-18). Highest total scallop densities were observed in the Bustard Head SRAs and the northern
Yeppoon region outside of the SRAs, and largely composed of the 1+ age class. The lowest total
scallop densities were in the Hervey Bay region outside of the SRAs. The density of the 0+ age class
was noticeably low across the whole fishery, while the 1+ densities were moderately high.

Scallop densities in 1999 were highest in both the SRA and fished areas (Figure 16-19). The highest
total scallop densities were in W32 and Hervey Bay SRA A and mainly composed of the 0+ age class,
while the 1+ age class densities were only high in the Hervey Bay SRA A. The density of 1+ scallops
was also high in the Yeppoon region, close to the SRA A, and in the Bustard Head SRAs. The
Yeppoon region had relatively low total scallop densities.

Scallop densities in 2000 were highest in the SRAs (Figure 16-20). All SRAs, and the Yeppoon
region, contained high total scallop densities, which were largely composed of the 1+ age class.
Densities of 0+ scallops were high in the Hervey Bay SRAs, moderately high in the Yeppoon region
and low in other regions of the fishery. Total scallop densities were lowest in the southern Bustard
Head region.

The kriging maps for 2001 to 2006 are less reliable due to the reduced scale of the surveys in these
years. Specifically, the number of strata and the total number of sites were reduced due to decreased
funding. As S29, S28, T29, T28, U30, U31, V31, V32 were not sampled from 2001-2006, the
interpolated densities for these strata are most affected and the least accurate.

Scallop densities in 2001 were highest in both the SRA and fished areas of the fishery (Figure 16-21).
Total scallop densities were highest in the Yeppoon region, Bustard Head SRAs and in Hervey Bay
SRA A, largely due to the 1+ age class. Densities of 1+ and total scallops were also moderately high
in the southern Bustard Head region. The 0+ densities were low for the whole fishery. The lowest
total scallop densities were observed in the Hervey Bay SRA B.

Scallop densities in 2002 were highest in the SRAs (Figure 16-22) and relatively low across the whole
fishery for both size classes. The highest total scallop densities were observed in Yeppoon SRA A and
Bustard Head SRA B. The high density in Yeppoon SRA A was attributed to the 0+ age class, and the
high density in Bustard Head SRA B was attributed to the 1+ age class. The lowest total scallop
densities were observed in the southern Yeppoon region and the southern Bustard Head region. The
southern Yeppoon region had moderately low 1+ scallop densities and very low 0+ densities.

In 2003 total scallop densities were highest in the northern Yeppoon region (Figure 16-23), largely
attributed to the 1+ age class. Scallop densities generally declined from north to south and the 0+ age
class density was low across the fishery.

Highest total scallop densities in 2004 were observed in the northern Yeppoon region, Bustard Head
SRA A, Hervey Bay SRA A, and in an area north of Hervey Bay and south of Bustard Head (Figure
16-24). The high densities were attributed to 1+ age class. The lowest total scallop densities were
observed in the southern Yeppoon region. Densities of 0+ scallops were moderately low across the
fishery.

In 2005 total scallop densities were highest in the Yeppoon SRAs and Hervey Bay SRA A (Figure
16-25), mainly due to the 1+ age class, although the Yeppoon SRAs also had high 0+ densities. Total
scallop densities were the lowest in the Bustard Head region, including inside the SRAs.

Scallop densities in 2006 were highest in areas outside of the SRAs (Figure 16-26). Total scallop
densities were highest in S28, T30 and Hervey Bay SRA A, mainly attributed to the 1+ age class.
Throughout the Yeppoon region and the southern Bustard Head region, the densities of 1+ scallops
were moderately high. Total scallop densities were lowest in the Bustard Head SRAs and densities of
the 0+ age class were very low across the fishery.
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When interpreting the kriging maps for 2017-2019 it’s helpful to be aware that all the SRAs have been
closed to fishing since late 2016. In 2017 the highest total scallop densities were observed in the
Sunshine Coast region and mainly attributed to the 1+ age class (Figure 16-27). The lowest total
scallop densities were observed in the Bustard Head region. Densities inside the SRAs were very low,
except for the 0+ age class in the Yeppoon SRA A. The density of 1+ scallops across the whole
fishery, from northern Yeppoon to the north of Fraser Island, was very low.

Scallop densities in 2018 were highest in the SRAs (Figure 16-28). Total scallop densities were the
highest in Bustard Head SRA B, Hervey Bay SRA A and a small area outside of Yeppoon SRA B.
These high densities were mostly attributed to the 1+ age class. Total scallop densities were very low
outside these areas. Densities of 1+ scallops were low outside of the SRAs. The density of 0+ scallops
was moderately low in the SRAs and Sunshine Coast region but very low in all remaining areas.

Scallop densities in 2019 were highest in the Yeppoon SRA B, Bustard Head SRA A, Hervey Bay
SRA A, and the Maheno and Sunshine Coast regions (Figure 16-29) and almost entirely attributed to
1+ age class. Lowest total scallop densities were observed in the Bustard Head and Hervey Bay
regions outside of the SRAs. Densities of 1+ scallops were very low outside of the SRAs and the
Sunshine Coast region, and densities of 0+ scallops were very low across the whole fishery.

To comment on long-term trends from the kriging maps it is useful to consider the relatively large red
areas in the maps from 1997—-2000 (Figures 16-17 to 16-20), indicating relatively large areas of high
scallop density. In contrast, there is very little red in the maps from 2017-2019 (Figure 16-27 to
Figure 16-29), indicating a decline in population size and scallop density between these two periods.
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Figure 16-17. Estimate of scallop densities in 1997 derived from the local kriging model for ten regions in the Queensland saucer scallop fishery. The blue boundary outlines
the extent of the fishery, based on monthly TrackMapper fishing effort from 2000 to 2018. The boundary was defined and based on including all monthly fishing effort for each
0.01° pixel that received more than one hour of scallop fishing effort. Estimates of scallop densities were produced for the 0+ age class (left), the 1+ age class (middle) and total
scallops (right).

64



Latitude

Appendices — Queensland scallop fishery survey

% % Numbers " ¥ Numbers P Numbers
Density of 0+ in 1998 per hectare Density of 1+ in 1998 il Scallop density in 1998 por nectars
250+ 250+ 400+
390
240 240 380
230 230 370
360
220 220 350
210 210 340
330
200 200 320
190 310
190 300
180 180 290
280
170 170 270
160 ~ 160 260
| - 250
'~ 150 150 - 240
- 230
— 140 ~ 140 ~ 220
130 8 -130 8 - 210
E 2 - 200
120 0§ 120 S 190
- 110 - 110 - 180
~ 170
~ 100 — 100 — 160
~ 150
- 90 ) Lot
- 80 I 80 - 130
- 120
- 70 - 70 I 110
- 60 L 60 I 100
- 90
~ 50 ~ 50 - 80
40 20
- 40 I 60
- 30 I 30 50
- 40
- 20 - 20 - 30
L 10 L 10 20
~ 10
T T T i) T T T T T T =40 T T T T T T =10
151.0 1515 152.0 1525 153.0 153.5 151.0 151.5 152.0 152.5 153.0 153.5 151.0 151.5 152.0 152.5 153.0 153.5
Longitude Longitude Longitude

Figure 16-18. Estimate of scallop densities in 1998 derived from the local kriging model for ten regions within the Queensland saucer scallop fishery. The blue boundary outlines
the extent of the fishery, based on monthly TrackMapper fishing effort from 2000 to 2018. The boundary was defined and based on including all monthly fishing effort for each
0.01° pixel that received more than one hour of scallop fishing effort. Estimates of scallop densities were produced for the 0+ age class (left), the 1+ age class (middle) and total
scallops (right).
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Figure 16-19. Estimate of scallop densities in 1999 derived from the local kriging model for ten regions within the Queensland saucer scallop fishery. The blue boundary outlines
the extent of the fishery, based on monthly TrackMapper fishing effort from 2000 to 2018. The boundary was defined and based on including all monthly fishing effort for each
0.01° pixel that received more than one hour of scallop fishing effort. Estimates of scallop densities were produced for the 0+ age class (left), the 1+ age class (middle) and total
scallops (right).
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Figure 16-20. Estimate of scallop densities in 2000 derived from the local kriging model for ten regions within the Queensland saucer scallop fishery. The blue boundary outlines
the extent of the fishery, based on monthly TrackMapper fishing effort from 2000 to 2018. The boundary was defined and based on including all monthly fishing effort for each
0.01° pixel that received more than one hour of scallop fishing effort. Estimates of scallop densities were produced for the 0+ age class (left), the 1+ age class (middle) and total
scallops (right).
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Figure 16-21. Estimate of scallop densities in 2001 derived from the local kriging model for ten regions within the Queensland saucer scallop fishery. The blue boundary outlines
the extent of the fishery, based on monthly TrackMapper fishing effort from 2000 to 2018. The boundary was defined and based on including all monthly fishing effort for each
0.01° pixel that received more than one hour of scallop fishing effort. Estimates of scallop densities were produced for the 0+ age class (left), the 1+ age class (middle) and total
scallops (right).
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Figure 16-22. Estimate of scallop densities in 2002 derived from the local kriging model for ten regions within the Queensland saucer scallop fishery. The blue boundary outlines
the extent of the fishery, based on monthly TrackMapper fishing effort from 2000 to 2018. The boundary was defined and based on including all monthly fishing effort for each
0.01° pixel that received more than one hour of scallop fishing effort. Estimates of scallop densities were produced for the 0+ age class (left), the 1+ age class (middle) and total
scallops (right).
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Figure 16-23. Estimate of scallop densities in 2003 derived from the local kriging model for ten regions within the Queensland saucer scallop fishery. The blue boundary outlines
the extent of the fishery, based on monthly TrackMapper fishing effort from 2000 to 2018. The boundary was defined and based on including all monthly fishing effort for each
0.01° pixel that received more than one hour of scallop fishing effort. Estimates of scallop densities were produced for the 0+ age class (left), the 1+ age class (middle) and total
scallops (right).
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Figure 16-24. Estimate of scallop densities in 2004 derived from the local kriging model for ten regions within the Queensland saucer scallop fishery. The blue boundary outlines
the extent of the fishery, based on monthly TrackMapper fishing effort from 2000 to 2018. The boundary was defined and based on including all monthly fishing effort for each
0.01° pixel that received more than one hour of scallop fishing effort. Estimates of scallop densities were produced for the 0+ age class (left), the 1+ age class (middle) and total
scallops (right).
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Figure 16-25. Estimate of scallop densities in 2005 derived from the local kriging model for ten regions within the Queensland saucer scallop fishery. The blue boundary outlines
the extent of the fishery, based on monthly TrackMapper fishing effort from 2000 to 2018. The boundary was defined and based on including all monthly fishing effort for each
0.01° pixel that received more than one hour of scallop fishing effort. Estimates of scallop densities were produced for the 0+ age class (left), the 1+ age class (middle) and total
scallops (right).
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Figure 16-26. Estimate of scallop densities in 2006 derived from the local kriging model for ten regions within the Queensland saucer scallop fishery. The blue boundary outlines
the extent of the fishery, based on monthly TrackMapper fishing effort from 2000 to 2018. The boundary was defined and based on including all monthly fishing effort for each
0.01° pixel that received more than one hour of scallop fishing effort. Estimates of scallop densities were produced for the 0+ age class (left), the 1+ age class (middle) and total
scallops (right).
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Figure 16-27. Estimate of scallop densities in 2017 derived from the local kriging model for ten regions within the Queensland saucer scallop fishery. The blue boundary outlines
the extent of the fishery, based on monthly TrackMapper fishing effort from 2000 to 2018. The boundary was defined and based on including all monthly fishing effort for each
0.01° pixel that received more than one hour of scallop fishing effort. Estimates of scallop densities were produced for the 0+ age class (left), the 1+ age class (middle) and total
scallops (right).
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Figure 16-28. Estimate of scallop densities in 2018 derived from the local kriging model for ten regions within the Queensland saucer scallop fishery. The blue boundary outlines
the extent of the fishery, based on monthly TrackMapper fishing effort from 2000 to 2018. The boundary was defined and based on including all monthly fishing effort for each
0.01° pixel that received more than one hour of scallop fishing effort. Estimates of scallop densities were produced for the 0+ age class (left), the 1+ age class (middle) and total
scallops (right).
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Figure 16-29. Estimate of scallop densities in 2019 derived from the local kriging model for ten regions within the Queensland saucer scallop fishery. The blue boundary outlines
the extent of the fishery, based on monthly TrackMapper fishing effort from 2000 to 2018. The boundary was defined and based on including all monthly fishing effort for each
0.01° pixel that received more than one hour of scallop fishing effort. Estimates of scallop densities were produced for the 0+ age class (left), the 1+ age class (middle) and total
scallops (right).
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16.4.4 Strata weighted means

The weighted mean densities for the total number of scallops, the 0+ age class and the 1+ age class are
provided in Table 16-5. Densities were highest in 2001 for the total number of scallops and the 1+ age
class, at 170.16 and 134.38 scallops ha™?, respectively. The 0+ age class density peaked in 1997 at 31.46
scallops ha™. Densities for total scallops and the 0+ age class were both at a minimum in 2019, at
33.60 and 5.89, respectively. The 1+ age class experienced its lowest density in 2017 at 27.17 scallops
ha™.

Between 2001 and 2006, only the SRAs and T30 were sampled due to the reduced funding. Limiting
the survey in these years to mainly the SRAs, which are associated with higher densities, generally
resulted in elevated annual means, especially for total scallops and 1+ age class. For example, in 2001,
2004 and 2006 the stratified mean densities exceeded 100 ha* for total scallops. Caution is therefore
required when interpreting the annual weighted mean densities, especially for those years when the
number of strata was reduced (i.e., 2001-2006). The similar trends for total scallops and the 1+ age
class reflect the relatively high proportion of this age class to the total number of scallops. The 0+ age
class densities were relatively similar across all years. Commenting on the 0+ age class densities is
challenging because the catchability of this age class appears to be low, both inside and outside the
SRAs. Even though the abundance of the 0+ age class must be higher than the 1+ age class, the survey
has always caught fewer of them.

16.4.5 Adjusted mean densities

Details on the deployment of TEDs and BRDs for each survey year are provided in Table 16-1. The
influence of the devices, which was considered as a categorical term with levels (i.e., no device, TED
only, BRD only, TED with BRD), was considered in the GLM described in section 16.3.8 using all
survey data (1997-2019). The model indicated that nets fitted with a TED and/or a BRD had
significant effect on the catch rate of the 0+ age class, but no effect on the catch rate of the 1+ age class
or the total nu