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1. Background

The Port Phillip Bay Annual Trawl Program has been runnimgafmost 20 years and is
currently being used as a platform from which to achiemamber of research requirements.
Information gained from these annual trawl surveys is beieg by Fisheries Victoria to
monitor changes in abundance of key species in Port PhidlypaBd separately by the Port of
Melbourne Corporation (PoMC), to monitor the potentiapact of dredging in the Bay.
Details of the history and objectives of these sepamsearch requirements of the Annual

Trawl Program are detailed below.

1.1. Survey design

Two, 5-minute tows using a demersal trawl net are undertaked sites, stratified by depth
(7m, 12m, 17 m and 22 m) (see Figure 1). These sites Wweserc in 1990 and were
designed to provide representative spatial coverage of #yeaBd are sampled during
February—April (usually March) each year. Sampling isdceted during that time of year
because of the stability of the weather and the presehseasonally important species such
as snapper. Based on multi-dimensional scaling of BragisCwimilarities of fish
communities, which corresponded to similarities in infgugpifauna and sediment type, the
Bay has been divided into four ecological types deseghats “regions” for analysis, and

classified as: ‘shallow’; ‘intermediate’; ‘deep’; aridiest’ (Figure 1, from Parrgt al. 2003).

The survey uses a wing trawl net of stated dimensions: bfhg) 13 m wing spread, 5 m
opening height and 45 m between trawl doors (Figure 3)in@tine 1990-1997 surveys, the
research vessel Sarda was used. Since then, the fisdesgl Castella Rosa has been used.
The effect of changing vessels was minimised by seleetingssel of similar size to Sarda,
using the Sarda’s skipper during the first three years'eysron the Castella Rosa and by
maintaining a similar winch speed on each vessel. dlmg speed was maintained at about
3.1-3.2 knots. Warp lengths were altered for different dgpthsn at depths of 7 and 12 m,
75 mat 17 m depth and 100 m at 22 m depth).

1.2. Fisheries Victoria’s Bay & Inlet Monitoring

Trawling has been used as a method to monitor the fish caities in Port Phillip Bay since
the early 1970s (Brown 1977). During 1990, Brown’s originalssitere re-sampled with
similar trawl gear to enable comparisons of changéseaatructure of fish communities over

3 Fishwell Consulting & CSIRO
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the previous two decades (Hobdzaty al. 1999). During the same year, the current demersal
trawl monitoring program was established (Paety al. 2003) using a depth-stratified
sampling design to sample all soft sediment habitatstyp¢he bay. The annual Port Phillip
Bay Trawl Program forms part of Fisheries Victorisys and Inlets Monitoring and
Assessment Project.

When it was established, the primary purpose of the trawmhitoring program was to
document trends in the abundance, biomass, diversity ande (4995) size-frequency
distributions of fish and selected benthic invertebrated?ort Phillip Bay for fisheries
management (Parrgt al. 2003). More specifically, the original objectives of tmaw

monitoring program were:

- To monitor trends in the abundance and size of fish and inveréges in Port Phillip

Bay and report with advice to fisheries managers.

- To monitor interannual differences in recruitment of commaal and non-commercial
fish species and where possible identify factors responsibleahnual differences in

recruitment

- To archive stomach contents of the major fish in PPB, sattlvhere marked changes
in fish abundance occur, the role of wider ecological changegauting their diet can
be assessed.

During 2008, the objective of the trawl monitoring prograns wdanged by Fisheries
Victoria to:

- Monitor trends in the abundance and size of important fish sgscin Port Phillip Bay
and report with advice to fisheries managers.

Since its establishment, there has been no long-temmiament to fund the annual trawl
program. Annual funding has been obtained on a someaghhbocbasis and in 1998 and
2001, lack of funding prevented the survey taking place. dryélars in which the survey has
taken place, there is no annual reporting of the suesyits. Instead, reporting of the survey
results has tended to be published mainly in internal teghreports on specific aspects of
Port Phillip Bay ecology (eg. Hobda&y al. 1996, Officer and Parry, 1995, Pa#atyal. 1995,
Parryet al. 1996).

Fishwell Consulting & CSIRO 4
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1.3. Channel Deepening Project

The Channel Deepening Project (CDP) is being undertakerotadprvessels calling at the
Port of Melbourne with 14 m draught access at all tidés. achieve this, dredging and
associated works began during 2008 in parts of the existing shigpannels within Port
Phillip Bay. The CDP Risk Assessment as part of the [Bagmtary Environment Effects
Statement (SEES) assessed the impacts of the CO#e dwealth of Port Phillip Bay. Where
significant impacts were predicted, mitigation measuesmniinage these impacts were
incorporated into the project to provide feedback to enhatany flow-on impacts do not
become unacceptable. To support these mitigation measursgite of eight Channel
Deepening Bay-wide Monitoring Programs were developed to prdwaked information on
the status of key species, habitats and ecological ggesdn the Bay and detect changes
outside of expected variability — including both natural ttkations and anticipated CDP-
related changes as predicted in the SEES risk assessianti-ish Stock and Recruitment
Bay-wide Monitoring Program (FSR BMP) is one of thBsegrams and has the objective to
detect changes in the distribution, abundance and tfpkshes in the Bay, their population
structures and larval distribution and abundance, ouesigeected variability (Houtgraaf
2007).

As part of the delivery of the Bay-wide Monitoring Prags key service provider DPI
(Fisheries Victoria’'s Fisheries Research Branch BYR responsible for delivery of specific
sub-programs to the Port of Melbourne Corporation (PhMEive sub-programs form the
overall FSR BMP. These are:

1. Annual trawl survey of fish in Port Phillip Bay. This surweyl provide information

on population trends of species such as snapper, anchdwaad flathead.

2. a) Egg and larval surveys for snapper and anchovy. Thegeys will be undertaken

in Port Phillip Bay and focus on snapper and anchovy,
b) Anchovy study. This study focuses on better understgradichovy populations.

3. Recreational Fishery surveys. These surveys will geouformation on population
trends of popular recreational fish species.

4. Fish in seagrass. This program will improve our understgndf the fish species
using seagrass beds in Port Phillip Bay.

5 Fishwell Consulting & CSIRO
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These programs are also complemented by data from otigwing Fisheries Victoria

monitoring, in particular their annual surveys of juvesit@pper and King George whiting.

This report focuses on sub-program 1 — the annual trawlysawfvBort Phillip Bay, whose

objective is:

- To detect interannual changes in the abundance of all common fistort Phillip Bay

outside of expected variability.

In addition to this objective, the Annual Trawl sub-pragra expected to discuss the overall
status of key species in the fishery, highlighting anpdseor peculiarities observed in the
data, along with comparisons against historical data (packground), environmental
conditions (e.g. weather conditions, storms, droulgigth river flow events) and any other
factor that may have influenced the results.

2. Review Objectives

Fisheries Victoria wishes to review the Port PhillipyBennual Trawl program, which has
been running for almost 20 years. Dr lan Knuckey (Fishwehstlting) and Dr Cathy
Dichmont (CSIRO) successfully quoted to conduct the reaad were joined by Dr Greg
Jenkins (FRB) and Dallas D’Silva (Fisheries Victoria)fdrm an expert panel to assist in the

review.
The objectives of this review are to:

- Review the usefulness, scope and end-use of data frorRdhePhillip Bay Trawl
Program for Fisheries Victoria and Channel Deepening Bdg-Wlonitoring Program

purposes, and
- Determine options for future directions for the Port Rhillay Trawl Program.
The specific tasks of the review are to:

- Identify limitations of the data and options for enhagche utility of the data through

revised survey methods and analysis for fisheries managiemen

- Identify additional data needs, linkages to existing datshasd associated ecosystem

based analyses for purpose of value-adding to the corerBWBlata;

Fishwell Consulting & CSIRO 6
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- To better address the specifications of the CDBMP iRetedDesign, determine what
additional data is required to analyse the PPB Annuak[Tdata as part of a broader
ecosystem-based fisheries management approach, includipgtigial for statistically
analysing relationships with:

a) Ecological datasets e.g. key habitat and environmentaimpéees, fisheries
databases including snapper and King George whiting recruitmentaach and
effort;

b) Potential drivers of changes e.g. long-term climate ttanaanthropogenic inputs
including water quality; and,

- ldentifying opportunities, if any, to leverage CDBMP and FV fund

Significant differences in the use and requirementseftinual trawl program warrants that
comments and recommendations for bay and inlet momi@mnd for CDP are often provided
separately in this review. Discussions with the FV e expert panel indicated that the
survey protocols to meet the CDP requirements had jpemmously reviewed and that the
current survey design was appropriate to meet the FSR Bbective (Houtgraaf 2007).
Further, it was revealed that the survey had to proceis current design at least for the next
four years to meet FSR BMP requirements for which iugavill be received from the
PoMC. Consequently, the priority for the review wasdquirement of the trawl program to
meet the FV objectives, although potential opportunitiedefeerage and synergies between
CDP and FV remains important.

3. Review

3.1. Review the usefulness, scope and end-use data for FMda@DP

3.1.1. Usefulness of the data
3.1.1.a. Data collected
The data collected during the survey are shown in TableThese fall into three broad
categories: operational, environmental and biologicdle feviewers were not provided with

any data relating to the stomach contents of fish @@éeduring the surveys.
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Table 1. Data collected during PPB trawl surveys and suggest additional data. * Denotes fields that are

not consistently recorded.

Operational Environmental Biological

- Date; - Season - Species name

- Start/ end time; - Wind speed - Species code

- Start / end latitude - Wind direction - No. of individuals of each species;
and longitude;

- Replicate number; - Wave height* - Total weight of each species;

- Cruise; - Actual depth* - Length-frequency ;

- Station Number; - Temperature* - Stomach contents (3 main species);

- Site, - - Otoliths from sand flathead:;

- Net number;

- Depth zone;

- Tow direction
- Tow speed (water)*
- Tow speed (ground)

Suggested additions

- Door spread - Current strength - Sex
- Wing spread - Current direction - Otoliths from other common species
- Net height - Water visibility - CAAB Code

- Water temperature at depth-

Generally, the data that has been obtained fronralad surveys since 1990 is sufficient to be
considered for use as an index of abundance and appdsfaonsistent and high quality
(see later section on its precision as an index ohddmce). Catch weight data have been
collected on a high number of species (>100) captured iavd, ttwvhich means there is
potential to investigate long-term changes in abundanspexdies other than the major fish
species or those with high commercial value. Howespecies code is recorded using a
different system to what would be seen as standdrd €odes for Australian Aquatic Biota
(CAAB). Some codes in the database (eg. Al, ALGB, ALGR, RA16, SPEO, SPMB,
SUID, TX33, TX44, TX55, TX58, Z16, Z31) are not intuitive ahdve no associated
common name and would be most difficult to identifyr fanyone without corporate
knowledge of the trawl data. Use of the CAAB would enalerecording of family codes

for species that can not be identified down to specied. le

Recommendation 1: It is recommended that a more convewptal species coding system is used such as the
Codes for Australian Aquatic Biota (CAAB).

Pre-1996, length frequency data was collected only on satieedld, snapper and King

George whiting. Currently, length frequency data is ctdgon virtually all teleost and

Fishwell Consulting & CSIRO 8
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chondrichthyan species captured (>90spp). Again, the lerefibency data appear to be of
consistent and good quality. To ensure consistency inoaietbver time, a field to record the
specific length measurement (eg. total length, lengtlasala fork, trunk length etc) would
be valuable.

Recommendation 2: A field should be added to the data t@cord specific length measurement (e.g. total

length, length to caudal fork etc.).

Usually, the entire catch of all individuals of a spsdi used to obtain a length frequency
distribution but when >100 individuals of a given speciesapured during a trawl, a sub-
sample of 100 haphazardly collected individuals is usedgam a length frequency
distribution. It is important when using this method fatain pooled length frequency
distributions, that the samples from each shot ateheadjusted to provide a representative
length frequency distribution. Usually this is done usingrét® of the catch weight to the
sub-sample weight, but this latter figure has not beearded. Instead, the catch-adjustment
is calculated by using the ratio of the total number ofviddals caught to sub-sample
number from each shot. While both methods are val@ctirent method of counting every
fish in the catch (rather than weighing them) is otidass efficient and more time-consuming

onboard process, especially when large catches are taken

Recommendation 3: Consider recording the weight of #hlength frequency sub-sample to enable a catch-

weighted distribution.

3.1.1.b. Relative index of abundance

The most comprehensive recent use of the trawl progréanhds been by Emphron for the

CDP. Two separate sets of analyses were made:
- detection of change points over time; and,
- development of change criteria.

Change Point Analysis was used to detect ‘step changdsdmass and abundance of total
fish biomass, combined biomass of the six most abundagatédbenthic feeding fish in the
four regions, and the total number of sand flathead it Pallip Bay. A detailed description

of the change point analysis is given in Appendix 4 Bf 2008).

In order to develop change criteria, an analysis ofé¢laive index of abundance over time
was required. For this purpose, a mixed effects statistiodel was developed (Emphron
2007). Change over timgdarg was represented as a fixed effect term (using a natural

9 Fishwell Consulting & CSIRO
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spline), and the random effect terms weite, yearswithin site, andshotswithin yearsand
site This provided a box and whisker plot of log(biomass) amgalmundance) by fish
species within each region. The log(biomass) model shasvn to have higher power to
detect changes and is recommended for use. Thes®ploggBiomass) over time show that
many of the species display medium to substantialg k@nm declines in population size
(even before channel dredging started). These findingssmpaficant for fisheries

management.

For the CDP, the resultant model outputs are used talatd change criteria by comparing
the newly monitored year with the four most recent gnesiging years. It should be noted
that this change criterion is set to be triggeredrajor declines in biomass from a (usually)
already low baseline. This is because the power lagilons undertaken show good power for
reductions of 50% or more, and the test criteria areetbee set up for these order of

magnitude declines.

During discussions with Dr Thomas, the author of the Empheports, it was highlighted
that there have been slight modifications to theho@s since the reports were first provided.
For this review, he kindly provided the recalculated vagatomponents of the trawl data for
the CDP (Appendix 1). The new statistical model renthanenixed effects model with fixed
and random effects components. However, the termseiméw model have changed: the
fixed effect isyear, whereas the random effects arte andyearswithin site Theshoteffect
falls within the error term. Previously, tlgearterm in the fixed effect model was modelled
as a natural spline, but now the analysis recogniséshitne are multiple sites within region
(shallow, intermediate, deep and west). Consequemtygar random effect as a deviation
from a smoothing spline is no longer needed. This simplthe model compared to the
previous version and shows that a relatively simple msdeteded for the analyses.

These new calculations actually substantially improved the relevargnearicomponents in
the model (and therefore the power of the index to detect changesgr fsirengthening the
value of the survey as a relative index of biomass for both the @idPfor fisheries

management.

Recommendation 4: The new analysis is used in the CDP aatso to create an index of abundance for

fisheries management purposes.

Fishwell Consulting & CSIRO 10
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3.1.2. Identify limitations to the usefulness of the data
3.1.2.a. Relative vs absolute index of abundance

The value of most ongoing trawl surveys is their usa i@ative index of abundance rather
than anabsoluteindex of abundance. Estimating the absolute abundameed trawl survey
requires that the catchabilitg)(of the fish to the gear be known or estimated to des¢tiow
the abundance and size composition of a species diffemgeen the population and the
survey catch (Harley and Myers, 2001). In addition toattal construction of the gear,

catchability can be influenced by three components (Edwaeds):
- availability to the gear (vertical distribution of tepecies);
- vulnerability (herding effects, net avoidance, escape@ed mesh selectivity); and,

- spatial / seasonal factors (the spatial distributibrthe fish in the trawlable and

untrawlable regions).

DPI (2008) have assumed parameter estimates of neenéfici selectivity, escapement and
herding to estimate the catchability of the gear fospacific species, presumably in an
endeavour to calculate absolute biomass through a tnaeptsarea method. Such an
endeavour is plagued by large uncertainties and assumfiiarare often un-testable without
significant investment into difficult and expensive traegearch work (eg. Ramm and Xiao
1995). Because of this, one should be extremely cautibost aany absolute biomass
estimates that are derived from the trawl surveys. ddie, however, there appears to have
been little or no use of the trawl data as an absdiidmass estimate; the results have
generally been used to investigate change in species aben@Rarcyet al. 2003, Emphron
2008). If this is the case, use of the data as a relatiex of abundance is more appropriate
and removes the need to derive net efficiency parametetsmake uncertain and large

assumptions about catchability.
Recommendation 5: The trawl survey data should only be udes a relative index of abundance.

If, on the other hand, absolute biomass estimateseguared, there needs to be much greater
examination of the assumptions made in DPI (2008) that theéedficiency of 100% in the
path of the net, and 80% between the doors and wings afetheand would require more
data to be collected during the survey or extra expermhembrk. Some estimate of
escapement and herding has been used in this assunhptidittle attention has been given
to avoidance by fish due, for example, to them seeingappgoaching net (the survey is
conducted during the day in shallow and relatively cleaeryar hearing the noise of the

11 Fishwell Consulting & CSIRO
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vessel before the doors begin herding the fish. In resspto vessel noise, shallow water
demersal fish near the bottom may swim out of the pathe towing vessel (Godg, 1994),
demersal fish in the pelagic zone usually swim towardsbtttom (Ona, 1988; Ona and
Godg, 1990) and pelagic fish often swim perpendicular tovdssel's track (Ona and
Torensen, 1988). These effects can increase as depthsdscrééertical herding (Hjellvikt

al. 2003) may also be an issue, particularly in relativebllew trawls. Escapement through
the mesh of the trawl should also be considered andsvdepending on the size and species
of fish (eg. Dremiéreet al. 1999). As with herding, experimental determination of éhes
catchability effects is very difficult and expensivadacan be largely avoided if data is only

used as a relative index of abundance.

Recommendation 6: Only if there is sufficient justifcation for the survey index to be used as an absolute
index of abundance, a cost/benefit analysis should be umthken with explicit quantification of

assumptions and uncertainties.

Parryet al. (2003) and DPI (2008) assume trawl net dimensions of 47m [hgn wing
spread, 5 m opening height and 45 m between trawl doorsality,ré is probably only the
first of these measurements that remains static -etther dimensions can vary during each
shot. The door spread, wing spread and overall shape ofttbpereng at the “mouth” of the
trawl (and therefore its efficiency) can vary consatidy from shot to shot depending on the
depth of water, amount of warp released, trawl speed anartgle of attack of the trawl
doors. We found no reference to the type of trawl dasesl or how they were rigged — this
is also critical to maintaining consistent trawl gelaaracteristics during the surdeyParryet

al. (2003) also allude to having a Netsonde available, yet dethilse door spread, wing
spread and headrope height is not recorded for each Bleaisurement of wing spread, door
spread and net height are required for accurate sweptcal®dations even for use as a
relative index of abundance. Although the dimensionsgHese are given, they do not appear
to have been measured during trawling. Even without a Ne¢sahere are methods of

estimating door spread during each shot.

Recommendation 7: Record measurements wing spread, dogpread and net height during each shot.

! The authors acknowledge that this information is likelpe available, but it should be included in descriptions

of the survey gear in at least one of the survey repowte were unable to find this reference.
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Recommendation 8: Details of the entire trawl gear degh, construction and deployment information

should be published with the survey reports.

The comment that when a Netsonde was used, it “indidate the net was probably fishing
for an additional 2 minutes during its retrieval” is ofncern. With much longer trawl
durations this would probably only add to the “noise” ofdlaga, but with trawl durations of
only five minutes, this is a significant extra fishing pdr{@bout 40% more) that presumably
would not be consistent with depth. In addition, thigaefishing time during retrieval would
have different implications for pelagic and demesgacies, because the footrope may leave
the seabed during this time.

The strength and direction of the current in PortlipHiay relative to the direction of the tow
may have an effect on catch rates by altering actugptsvolume, changing gear performance
and fish escapement. Generally, this effect is exddotbe low in Port Philip Bay due to the
low tidal currents, but in regions of higher tidal curse(gg. off St Leonards) it may be
important to consider. If the survey tows are coastyy undertaken from inshore to offshore
at each site, they are likely to be perpendiculath®otidal currents which will reduce this
effect. The authors were unable to determine specificegtoes regarding tow direction
from the information provided. We have since been infaknm@wever, that the standard
operation procedure is to tow directly into the currefss. such, the direction and strength of
the current should be recorded, as it could have atdataeit small), influence on the swept
area calculations, especially for benthic speciesli@sict from pelagic). Also, the direction
and strength of the current at a particular locatiog waay from year to year. Presently, the
direction of the tow was often recorded in the dati the direction or strength of the current

was not.

Recommendation 9: If tidal currents are expected to ban issue, the water current direction and strength
should be recorded for each shot.

Recommendation 10: A standard trawl direction relative tothe current should be undertaken and clearly
stated in the standard operation procedures, otherwiséhe direction of the trawl relative to the current
should be recorded.

Another small point is that a total of five differexéts have been used since 1990. Since the
use of the fishing vessel Castella Rosa — which has twalnens — two different nets
could be deployed enabling comparison to be made betwégn Tieis appears to have been
done well and comparisons of the efficiency of eaghatiowed for adjustments to catches to
be made (DPI 2008). One suggestion is that any new surveghmild be fished for a week
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or so prior to use in the survey. This allows thetoettretch and “settle in” so it will be more
likely to have the same efficiency as nets previously irséhe survey without compromising
valuable survey shots in the process.

Recommendation 11: New nets should be fished for a vkeer so prior to being used in the survey.

Overall, it is almost impossible to estimate alltbé factors mentioned above and it is
unlikely that the necessary experimental work will badieted for the PPB annual trawl
surveys. For this reason, it is more common to lestenates of catchability on stock
assessment calculations in which the suxyéya composite effect involving all these factors
(eg. Harleyet al.2001). This is now a standard approach to obtain catcladslitmates in
modern fisheries management and it makes use of alable data in a single quantitative
stock assessment model for the resource. In thesdsibdee is a separate valuegdbr the
CPUE data and for the survey data. These values ameputted, rather, they are estimated
or calculated analytically within the model (as paraagange of parameters to estimate) such
that the overall fit of the model to the data is ojpted. To date, there has not been any
formal quantitative stock assessments performed for aithyeamajor species sampled in the
PPB trawl surveys. The reasons for this are variedspadies specific, but given that many
of the species have a significant recreational caftdm(which catch and effort data are
typically hard to obtain), enhances the value ohaependent abundance index. The issue of
the lack of use of the trawl survey data in formatktassessments and harvest strategies is

discussed later

3.1.2.b. Trawl duration

As eluded to above, the choice of a five minute trawl dumafor each survey shot has a
number of implications for the use of the data as dexrof abundance and for a method of
collecting length-frequency data. Understandably, a shmtt duration will maximise the
number of shots undertaken in a day, thereby minimisingdta time and costs of the
survey. Short shots also limit the volume of cataket and therefore the amount of time
required to sort, collect and record the data. Thessons for such a short shot duration
should be explicitly evaluated against the four potedtalvbacks outlined below.

First, the time taken for the gear to set corredtigrahe drum brakes have been applied and
the time for which the net may still fish when thénehes have begun retrieving the net
(Parryet al. 2003) becomes relatively large compared to the actual fismreg tThis may

cause a greater degree of uncertainty or noise abouttbie rate and the derived abundance
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index that is obtained from a five minute tow. This may lbe a problem if this noise is
random, but this issue is highly likely to be correlatethvadepth in which case a basic

assumption of the survey has been compromised.

Second, the period of time that fish are capable of svwimm in the trawl mouth and hence
their vulnerability to capture is dependent on their swing endurance (Winget al. 2000).
Different species have different swimming endurance arnchsing strategies adopted by
demersal and pelagic fish are often quite different (Mtain and Sangster, 1981a, 1981b;
Piasenteet al. 2005). Further, their endurance may be effected by tovpagdsof the trawl
and fish length (Main and Sangster 1981b, Wardle 1993), andidadlvbehaviour (eg.
Breenet al. 2004). Sea temperature is also expected to influence swimemdgrance
(Claireauxet al. 2006; Wingeret al. 2000). A trawl net captures fish when they tire of
swimming in front of the net / sweeps and fall back itite codend, and swimming times
before capture may range from a one to six minutes (Bl@hSangster, 1981a, 1981b). The
very short shot duration used in the PPB surveys (combirtbdtie relatively slow trawl
speed of 2.1 — 2.5 knots) means the trawls are less lixelgdture fish with good swimming
capacity due to either the species type or the sizbeoindividual. The latter will cause
selectivity bias against large / old animals by an unknaminunt per species and may well
apply to a strong swimming species such as snapper. iféwninute shot duration is
certainly at the lower end of time it would take forosy swimming fish to tire and be
captured in the net.

Third, any fine-scale patchiness of fish / invertebratesiloligion at the trawl site may have
greater negative impact on the precision of estimatebwhdance than would result from a

longer trawl duration.

Finally, the data show that the numbers caught perfshgbme key species can also be quite
low. The statistical power of the survey may be imptbthrough having one longer tow at
each site rather than two shorter tows.

Given the above, it would be useful to undertake expersraithe impact (and cost-benefit)
of different tow durations on data precision. Of copifsa bias is consistent from one year to
the next then the relative index would not be comprasnisdowever, this may not be the
case if the size/age structure of different speciebasnging over time or with different shot

depth, as is likely to be the case.
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The possibility of changing to a single, but longew fger site should be investigated. If this
was done, there would need to be an interim period whéeashf two shot shots being
undertaken at a site, one short and one longer tow couldobducted, to allow for

comparison between the time series.

Recommendation 12: An analysis of the impact (and cost-béit¢ of different tow duration should be
undertaken. This should include tests of whetherr@ longer, single tow is an improvement relative to tay
short tows. The impact on the statistical model to elelop a relative index of abundance should be

included in this analysis.

3.1.2.c. Recruitment
To assist in interpreting changes in fish biomass in Phittip Bay, DPI (2008) investigated
the influence of interannual differences in recruitmestiterns on long term changes in fish
biomass in the 20 most common species. Recruitmeotrtsolvere identified using the size
frequency distributions (DPI 2008, AppendixX.5)Recruitment strength was estimated from
length frequencies distribution and trawl catches faesespecies known to spawn in Port
Phillip Bay. Individuals in the O+, 1+ (and 2+ for snappeohorts in each year were
estimated based on their length. These lengths weagedtfrom published information for
two species but otherwise, the size distribution ofstimallest size class, was assumed to be
the O+ cohort. To determine whether there was anydesh pattern to the strength of
recruitment cohorts of different species that malectfeither an interaction between species
or an environmental variable that affects different gsesimilarly, the abundance of cohorts
of different species in the same years were coeelat

An issue with this approach is that without any actualregdata, the authors have assumed
that the smallest apparent cohort in the length frequdistribution of each of these species
is the 0+ cohort. This may be problematic if some sped® not move onto the areas
sampled until they are in the 1+ cohort. Being thellsstacohort in the length-frequency
distribution they would be labelled 0+ and recruitmergrggth would then be compared with
recruitment of other species or environmental varialotes the wrong year. Also, there may
be a problem if, as a result of the short tows orstiectivity of the net, the amount of small
fish caught is so low that a few animals can completempromise the index. Another

potential issue with this method is that calamari only fameabout 1 year, so all animals in

2 These graphs were not available to the reviewers.
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the population are in the 0+ cohort, yet only animald veit mantle length <13cm were
included in these analyses. The high interannual varialmlitgpawning times and growth
rates of cephalopods present further problems.

There are other current FV research programs that progaeitment indices and collect
otoliths and length frequency samples for some of theiepesampled in the PPB trawl
surveys (Jenkins pers. comm). Depending on the methoddausample each species, these
programs may provide better, worse, or simply duplicate daliacted during the trawl
surveys. In this respect, it is difficult to reviewsjuhe adequacy of the trawl survey alone to
collect these data against the FV objectives. It wo@dmmre appropriate to review the
objectives and sampling programs of the entire suiteagfdhd Inlet programs to determine
the most robust and cost-effective sampling protocolalfamportant species. For example,
given the sites sampled, the trawl survey is unlikelyptovide good information on King
George Whiting recruitment or abundance but based omuheber and consistency of
capture over the years, the survey would be likely to provadeable information on the
abundance of many common endemic species, including sahdafiatflat oyster, scallop,
globefish, sparsely spotted stingaree, snapper, spiny gursauthern anchovy (although
there is now a separate anchovy trawl program), redemudarracouta, southern calamari,
eastern shovelnose stingaree, sandy sprat, toothlerattetjacket, arrow squid, balmain bug,
and yank flathead. It also provides potentially valuablermédion on the relative abundance
of a number of introduced species such as the norffamific seastarSabella spallanzanii
Stichopus molliendPyura stoloniferawhich are important in understanding the health and

ecosystem changes in the Bay.

Recommendation 13: Review the method used to estimatecruitment based solely on trawl survey data.

Recommendation 14: Collect otoliths (or vertebrae) fromall commonly caught species to enable at least
basic verification of age-length relationships.

Recommendation 15: Review the entire suite of Bay and Iet monitoring programs against the over-
arching FV objectives to determine the most scientifally robust and cost-effective sampling protocols for

all important species.

3.1.2.d. Relative index of abundance
Clearly for the CDP, the relative abundance indexaisiable (and already uses these data).
We foresee, however, that a few aspects will nedx timken into consideration. The impacts
of dredging on fish species are more likely to beughoindirect impacts (e.g. through the

foodweb) than direct mortality. This indirect impawt key fish species is important and
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should not be ignored, but it often means that the émiganuch more dampened and difficult
to interpret than for direct impacts (e.g. on sed®mlathic species and sediment fauna). It is
acknowledged that the criteria are applied to specigsfélea on benthic animals which
partially compensates for the above points. HoweWes,issue would still remain true for
these species.

Furthermore, the criteria are set such that theytraggered only after large reductions in

biomass (from, in some cases, an already low ba&iR@ and Emphron 2007). Since these
are likely to be mostly as a consequence of indiregaats this may not be seen as
adequately precautionary by some sectors.

These relative index data (on their own) would alsobeatffective in identifying the cause of
any major change in relative abundance. This is ackulgwte by the CDP framework which
adds additional information to the decision framewofke design is not stratified (or post-
stratified) by impact, particularly not in terms of dging. As a result, without further
information or a complete stock assessment model t{ferpotential contribution of the
fisheries impact), it would not be easy to identify sorce of any decline. S&patial

analysissection for further comment.

Recommendation 16: If it is at all possible to (post) sitify the data with respect to dredging impacts this

would be most useful for analysis of the effects of ddging.

3.1.2.e. EBFM approach

As a sampling method, trawling is relatively unselecttompared to other fishing methods.
Whilst a demersal trawl may not, therefore, be thetraticient method to target particular
teleost, chondrichthyan or invertebrate species, its€gdist” selectivity ensures it captures a
wide range of (mostly) fish species, including many spethies would not be easily or
cheaply captured by other methods. Importantly, the odettoes appear to consistently
capture some benthic and pelagic invertebrate species I rmignbers (eg. Sabella
spalanzanii Northern Pacific seastar, blue jellyfish, eleven-atreeastarStichopus mollis
Pyura stolonifera knobby seasquirt, flat oyster, Balmain bugs, scallogsaarow squid) a
number of which are exotic species. This suggests il survey methods may be an
adequate method of sampling these species. In the alitfeammeother long-term monitoring
program, the annual trawl survey data probably providesnthst valuable abundance index
for these species. This may be an advantage whendeoingi ecosystem-based fisheries
management (EBFM) or the overall health of the edesysn PPB, rather than just the
abundance of a few key commercial fish species. On tlvs, gbe recent change in the FV
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objective for the annual survey from “To monitor trendshie abundance and sizefish and
invertebrates..” to “To monitor trends in the abundance and sizeimportant fish
species..” may be considered inconsistent/myopic given the gerdirattion of moving
towards “a broader ecosystem-based fisheries managerppmaeh” as stated in the

consultancy scoping document.

Recommendation 17: Conduct a quantitative analysis of theapacity of the trawl surveys to adequately
monitor the relative abundance of selected important imertebrate species in PPB.

3.1.3. Identify options for enhancing the utility of the data
3.1.3.a. Spatial analyses
The value of spatial information for stock assessmedt ecosystem purposes can not be
overstated. Spatial management is a legitimate rdetforeducing fisheries impacts or
increasing conservation value. Examples of including iapabhformation in stock
assessments are numerous, but of particular notatiotiBooth (2000). A good reference
for the use of spatial data in ecosystem models iseWaitd Martell (2004).

If variables such as depth and sediment type are addeuktdata set, then the spatial
distribution maps that can be produced would be furthemeelda for example, to investigate
spatial impacts of a fishery or environmental variablarogration patterns. In the Gulf of
Carpentaria for example, survey, rainfall, water depthseason data \ variables were used to
identify spatio-temporal migration patterns of banana prai@nscaset al in press). This
work was also turned into a time-series movie which avg®od communication device to
inform stakeholders of temporal and spatial changes inldbe Further examples of using
survey data combined with abiotic factors to create dpdisribution maps for stock
assessment, impact and conservation management purpdsds Ritcheret al (2007a) for
the Great Barrier Reef and Pitcher al (2007b) for Torres Strait. The latter work was
subsequently used to evaluate strategies for managing thes effgorawn trawling on benthic
biota in Torres Strait (Pantes al. 2007).

However, even without additional information and muchhierr work, the model developed
by Dr Thomas (Appendix 1) could be used to look at the sphisiribution of the key fish
species.

Recommendation 18: That the model of Dr Thomas be furtiredeveloped to create spatial distribution

maps. Consideration should be made to also add other eslant covariates such as depth.

19 Fishwell Consulting & CSIRO



Review of PPB Trawl Program

3.1.3.b. Stock assessment
The value of having such a long time-series of fishandependent data on the relative
abundance of a large number of important PPB fish speeaiesn no way be understated
from a stock assessment and fisheries management peietno This is especially the case
when a large proportion of the catch is taken by reiomtfishers — one of the most difficult
and expensive sectors from which to obtain reliable catwth effort data. As outlined
previously, however, because of the sampling method grdsitioning of the sites, the trawl
program may not provide suitable information on someoirtant species such as King
George whiting or anchovies for example, in which caserrative sampling programs
should (and have) been initiated.

Stock assessment models depend on some form of indexindaire (Hilborn and Walters
1992). The most common index of abundance is catch-ratéishery dependent source of
abundance. Since fisheries data is inherently unbalancktharefore does not sample the
whole population randomly or in some designed manneis(asually the case in a well
designed survey), much analysis needs to be undertakEmttasiise the data given changes
in the fishery. See Bishop (2006) for a discussion oflitfieulties with catch rate data. It is
now considered best practice in fisheries managemenidwide to undertake fishery
independent survey of fished stocks. Furthermore, the Ca&RRICEmphron (2008) reports
and the work of Dr Thomas (Appendix 1) shows that theeotifPPB annual survey produces

reliable indices of abundance for several key species.

Consistent and ongoing collection of fish length-frequestata is also particularly valuable
for fisheries stock assessment purposes. It meandiffement classes of assessment models
such as size and/or age based models could be developethd&kef biomass could also be
modified to an index of newly-recruited fish into tfishery. However, as mentioned
previously, there is some concern about bias in the datg fram larger fish given the short
duration (5 min) of survey shots. Punt (2003) evaluatesfhiey of a size-structured stock
assessment models to estimate quantities of interesabhagement. This paper identifies the
benefits of this class of model but also the pitfalSize-based models tend to have many
more estimated parameters than most other classéscifassessment models. As a result,
additional data would probably be required to develop exlsased stock assessment model.
For example, a key component to a size-based modelgewath size transition matrix.
Usually this is obtained from tagging data (Panhtal 1997) which may also be useful to
show migration patterns of the key species.
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In the case of recreational fisheries, total cataftesn not known. Many agencies endeavour
to collect this information. In cases where thisas possible, or credible range of values can
not be tested, one can still undertake quantitative seslghat are based on the survey index.
Indeed the word stock assessment does not exclude siraptiras such as directly using the
abundance indeX. In the case of simple harvest strategies, it ierofmportant to become

more precautionary in one’s management strategy asdti®tbecomes more uncertain. A
good example, is the tier system used within the Comrealtivmanaged south-east fishery.

If, for some species that are surveyed, the total catthawn but the effort is not accurate or
known, then a formal model for of a stock assessnsestill possible given that the survey

provides an relative index of abundance.

It is interesting that the trawl survey data have ricdady been fully utilised for fishery
management purposes through a formal quantitative stocksassets, particularly given the
results presented within the Emphron reports (especiflyne considers that the plots
showing declines are in the logarithmic scale, therefor@er-emphasising the amount of
change). Instead, FV “stock assessments” on impotedetst species (as distinct from the
high quality quantitative assessments of rocklobstet abalone), tend to be informal
gualitative reviews of the data by stakeholders. Samsgfigation put forward for this has
been then they are recreational species and catobffantddata is poorly known. This being
the case, the trawl survey data becomes even moretanpas an index of abundance for the
stock assessment process. In addition, there is moafonarvest strategy for any of the
species and no target and limit reference points agaimshwhe success (or otherwise) of the
fisheries management can be assessed. This is wel edtablished best practice for

fisheries management.

Even so, the process of undertaking a quantitative sgsgsament is very useful to formalise
the need, importance and quality of the various data inpWes have little doubt that the long
time series of fishery-independent trawl survey data woula loeitically valuable in this
respect. As such, we would suggest that the currentsassesprocess has failed to use the

trawl data to its full potential.

% In this context, note the discussion of an MSE belingesoften one may test simple strategies compared to
full stock assessments in assessable species in any Ths method can overtly test the cost and betmafie-

offs inherent in fisheries management.

21 Fishwell Consulting & CSIRO



Review of PPB Trawl Program

Recommendation 19: Given the major declines in relativabundance of key teleost species in PPB, it is
important to investigate the benefits of developing a @ntitative stock assessment model or a harvest
strategy based on the survey index to understand the stat of the specific stocks and review the veracity

of the various data inputs.

Developing a stock assessment model is usually only aeanfirst step towards world best
fisheries management practice. Fisheries managemembss successful in the context of
clearly defined harvest strategies (for example, therAlisn Commonwealth Policy - Anon,
2007a). A harvest strategy is a fully specified set désrufor determining tactical
management regulations, and generally includes specifisafar a monitoring system, an
assessment procedure, and a decision rule. The mandgsiraegy evaluation (MSE)
approach allows the trade-offs among the (pre-agreed andpeceied) management
objectives achieved by different management strategibs tvaluated. It takes into account
the various sources of uncertainty (e.g. uncertainthenassessment, implementation error,
etc.), and also aims to identify harvest strategias &ne robust to uncertainty and achieve
desired tradeoffs among the management objectives. MSkebasapplied to several single
and multispecies fisheries (Punt, 1992; De la Mare, 1996eBudtthet al. 1997; Punt and
Smith, 1999; Smitlet al. 1999; Puntet al. 2002; Dichmontet al. 2006) and to ecosystems
(Sainsburyet al 2000; Fultoret al. 2007). The benefit of developing an MSE model for Port
Philip Bay is that: a) the operating model could be sinagpiyore detailed stock assessment
model, but could extend to using the existing bio-geoctengicosystem model of the Bay;
and, b) an analysis can be made of the benefits aflaj@ng a stock assessment model or
simply developing harvest strategies from the surveytseslone.

Recommendation 20: Investigate the value of developing an SE for Port Philip Bay (for fisheries or
multiple use management). Given the results of the abhdance index, we recommend an MSE for

fisheries management purposes as a priority.

3.1.3.c. Ecosystem uses
Ecosystem models also would rely very heavily on indadelsiomass (both temporally and
spatially) and again the PPB trawl data would be very usethis respect. Most commonly
used ecosystem models for fisheries management in AasiraEcoPath(Christensen 2000)
and Atlantis (Fulton 2001). A good overview of ecosystem models asemppd fisheries
management (including those mentioned) are given in Byag2007) who give a short
description of model parameters, assumptions and dagaements. Also provided are the
advantages, disadvantages and limitations of each @pivaches in addressing questions
pertaining to EBFM.
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Ecosystem models have been developed for Port Phillip-Resing EcoPath/EcoSim (Fulton
and Smith 2002) and Integrated Generic Bay Ecosystem Modkdbiifet al 2004). These
models have also been further developed since these piabiicat A comparison of the
usefulness of these different models has also been akder(Fulton and Smith 2004). For
all these models, the trawl survey data would be amigput both as an index of abundance
of several of the species but also for the diet mattt is unclear why these data were not
made available for this work.

Recommendation 21: The PPB annual trawl data should be madaore easily and widely available so that

ecosystem model developers are able to include thsusce of information.

3.1.3.d. Before—After Control-Impact (BACI) experiments?
In the context of the points made in 3.1.2.a “Relativebsolite index of abundance”, some

further work should be considered regarding: a) relatingtineey better to dredging effects;
and, b) undertaking additional sampling on the more te#ects of dredging. Some of the
potential effects of dredging on the marine environment inctadedirect effects of the
dredging process (i.e. the removal of substratum frbenseafloor) and the process of
disposal (Erftemeijer and Robin Lewis Ill, 2006). Furthememalredged material may come
into suspension during dredging itself as a result of diahad of the substratum, but also,
amongst others, during disposal of the dredged materialefdear®l Mogensen, 2000). In
some cases, adverse impacts of dredging activities atedito a relatively small area and of
relatively short duration (Erftemeijer and Robin Lewis 2006), whereas, large scale
dredging operations that occur over a long period or a laigge @an have major adverse
environmental impacts (Lewis, 1976). Studies modelling theemewt of the suspended fine
sediments have been undertaken in other parts ofaliaste.g. Bodeet al. 1993) and impact
of, for example, prawn trawling on the seabed (Pitehed 2007) and similar work has been
done for Port Philip Bay during the CDP Environmental E§&tudy.

The Emphron report stated that they do not recommentMEBACI experiment to directly
test for benthic impacts. The reason for this is thatauthor was of the view that it may not
be possible to clearly define (comparative) impacted aod-impacted sites. If this

assumption is correct, we fully support this recommeadati

However, if it is possible to define impacted and unimpadiées, it would be worth

undertaking a cost-benefit analysis of whether it)ipa@ssible to post-stratify the survey by
impact and then investigate the survey power and deciggiamss associated with this new
index, and, b) the potential value of a BACI experimenbe@fthic species. This would
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provide more direct dredging impact information on sealpties and also attempt to

increase the value of the trawl survey data for the .CDP

Recommendation 22: Examine the potential to identify ipacted and unimpacted sites in the current
survey design and post-stratify the survey to enable BAGIxperiments of benthic species to better achieve
CDP objectives.

3.2. Determine options for future directions

This review would have benefited from a more encompassingideration of all of the sub-
programs under the Bay and Inlet Fishery Program andatzesets being collected — not just
those of the annual trawl survey in Port Philip Bayeview of the other sub-programs was
outside the scope of the current work. The potentiallaweavith data collected in other Bay
and Inlet Subprograms and options to improve the effe@ssmand cost-efficiency of the
trawl survey as one of a suite of monitoring projextsild not be commented on by the
reviewers. It would be better if all of the sub-prograelated to this Program were reviewed
simultaneously, so that an analysis could be under@kdmw sub-programs inter-relate, and
recommendations could be made on modifications, impnewts and efficiencies in line with

the FV objectives.

As mentioned before, environmental data is extremelyulsefboth temporal and spatial
analysis of survey data. There are a large humbenwfonmental data sets available for
Port Phillip Bay covering its chemistry, hydrology andlegg. Among others, the following
datasets are available for Port Phillip Bay (from Fué&bal.2003):

- Dissolved inorganic nitrogen (DIN), chlorophyll a (chl afilgamrimary production;

- Zooplankton biomass, production and consumption;

- Biomass of benthos and meiobenthos, and total bentbdtuption and consumption;
- Macrophyte biomass and primary production;

- Total detritus;

- Biomass and primary production of microphytobenthos.

Others could include, seasonal changes in timing of wateperature and salinity to help
interpret catches. Bottom/sediment type data couldseel to explain spatial distributions.
Association between fish communities and benthic irdaaumd sediment types are discussed
in Parryet al. 2003 and there are various reports on the diets of fishn(RRdrews 1988;
Chan 2002; Officer and Parry 1995, 1996; Patryal. 1995). The sediment classifications
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used are broad scale and more than 40 years old, hovaedethere may be benefits in re-

sampling and analysing the sediment and benthic faunalabéthe 22 trawl survey sites.

Given the changes in climate expected in the longer, tibre value of the annual trawl data in
terms of climate changes should be investigated. ThePRdlip Bay trawl survey represents
one of the longest continuous data sets for PPB biotlal@mg-term data sets are also
available for temperature and salinity in the Bay. Ipsiag the Port Philip Bay trawl data
with respect to environmental factors such as temperandgesalinity is beyond the scope of
this review, however, this analysis would be valuabteclionate change studies

Under an EBFM approach, it is unlikely that monitoringpafy the “important” fish speciés
will give the best understanding of potential ecosystelate¢d changes in abundance.
Significant changes to the ecosystem and benthic conyrgtniicture in PPB have related to
significant increases in relative abundance of intreduavertebrate species such as northern
seastaAsterias amurensjsSabellid wormsSabella spallanzaniandMyxicola infundibulum
bivalves Theoralubrica (cf T. fragilis) and Corbula gibba an introduced solitary ascidian,
Styela clavaand the Majid cralPyromaia tuberculata Some of these species have either
become important dietary components of many local fisties (Parret al. 1995), or are
unpalatable to fish (Officer and Parry 1997), or have sigmfly changed the benthic
community structure and nutrient cycling of PPB (eg. Longneb al. 1996), and therefore
may have direct relevance to fish stock abundance iBalye Furthermore, one of the most
significant fisheries (and benthic impacts) operating B PP€lated to the scallopPécten
fumatus— a non-fish species) and the introduction in 1963 and subsdop@ning of scallop
dredging in the Bay during 1996. Annual monitoring of scallop almoelan PPB through
diver transects (eg. Coleman 1990, 1994) no longer occurs aémolutvany further scallop
dredging, the annual trawl program remains a potentiallyatde tool (although not optimal)
to monitor the location and abundance of what was figsity one of the most valuable
fishery resources in the bay (Colemainal. 1997) and one which still supports a valued

recreational fishery.

* It is worth noting that what constituted an “importafish species was not defined in the background papers
for this review and whether it related to commerpgabeational importance or ecosystem importance was n

clear, although one would hope it was the latter und&BdFM approach.
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Given the above, and that PPB is one of the most inlvadgine ecosystems in the Southern
Hemisphere (Hewitét al. 2004); rather than reducing the scope of the annual trave\sto
focus just on important fish species, it would be apprtopria consider broadening the
sampling tools used during the survey to include, say, Svigintyre grabs or towed/baited
underwater cameras that may help elucidate causesatssoxiof future changes in fish
abundance. Importantly, the largest cost of a trawl esurgrogram is usually the
hire/operation of the survey vessel and any cost-fitoés / leverage that can be achieved by
better using this research sampling platform as efiegtiand efficiently as possible should
be explored. Generally, the additional costs of@gpy) another sampling tool or collecting
information on all species captured in a trawl ratl@mton just important fish species is
negligible in comparison.

Recommendation 23: A broad analysis of the potential causes the changes in abundance should be
made which includes the environmental data. This studghould be tied in with developing an MSE and

also investigating climate impact options.

Recommendation 24: Rather than reducing the scope of ttenual trawl survey objectives to focus just
on important fish species, it would be appropriate ta@wonsider broadening the sampling tools used during
the survey to monitor the abundance of a greater range ofdnmthic species, which may help elucidate

causes/associations of future changes in fish abundancelatosystem health.

3.2.1. Oportunities to leverage CDBMP and FV funds

The reasonably low level of use of these data is n¢em, especially given the strong signals
of previous decline of some of the important fish specrebs evidence of increases in a
number of exotic species in PPB. Given the wide rangses and importance of PPB to the
surrounding urban population, it is surprising that thesagdsmhave not prompted a call for
a greater level of investigation and formal assessofahe causes, implications and potential
amelioration. Possible reasons for this are thagetlgata are not publically available, the
results have not been published annually and there isfonmal mechanism to
incorporate/assess the results on a regular (annuad) bidshese issues could be addressed,
there would likely be greater use of the data and more @pfiom of the true value of this
data as a time-series of abundance indices on PPBdiskssand ecosystem health. It is also
possible that negative publicity, potentially associateth \some of the results, has had
unpalatable political implications. |If this is the cagas even more necessary to develop a

formal mechanism of assessment and evaluation.

Fishwell Consulting & CSIRO 26



Review of PPB Trawl Program

The opportunity provided to FV by the CDP is that funding & mwvailable, not only to
conduct the trawl surveys over a number of years, lsat @ develop a formal system of
annual reporting and evaluation of the results of annaall tsurveys. With limited extra
costs, the assessment requirement of the CDP couldugpmeated with formal stock
assessment of the important PPB fish species and tedodenent of harvest strategies. In
addition, given the targeted work that is being done to @&& requirements, FV (and the
broader DPI) has a unique opportunity to value-add all ofcthheent PPB research and
monitoring projects and the data that is derived from threami effort to achieve EBFM of
the marine fishery resources of PPB and a more rigoep@ting system of the ecosystem
health of the Bay. An example of such a systerhasReport Card” published as part of the
Ecosystem Health Monitoring Program for Moreton Bageg(®ppendix 2).

Recommendation 25: That the annual PPB trawl data (in a sumarised) form be made more widely
available to all stakeholders on an annual bases — in annualritten reports and on a web site or

something similar.

Recommendation 26: Development of a formal reporting syste similar to the Report Card used in the
Ecosystem Health Monitoring Program for Moreton Bay. Ths report card should include the trawl

survey data.

4. Conclusions

The trawl survey data is a valuable time series of mé&tion on the relative abundance of
numerous teleost, chondrichthyan and invertebrate spadi&st Philip Bay — both endemic
and introduced. The design of the monitoring programauadity and consistency of the
data appears statistically robust enough to support anatiyannual changes in abundance of
a number of commonly caught species or species groupse are however, a number of
improvements that could be made to both the survey desigrnthe data collected, which
would enhance its value to both FV and/or CDP objectivess essential, however, that if
any changes are made to the design of the survey, ffactmf these changes on the data
series are known and can be accommodated in the anatysesto preserve the integrity of
the data series. Notwithstanding the need for improw&snehe annual frequency of the
trawl survey appears appropriate to the objectives offbgtand the CDP.

Broadening of the scope of data collected during the teaweys and incorporation of
additional data would add value to both agencies. Thenre@erowing of the FV objectives
for the survey to just monitoring trends in abundancenpbrtant fish species appears to be a
retrograde step that undermines the potential value cutvey data to move towards the FV
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goal of ecosystem-based fishery management. For theoB[eEtives, the value of the survey
would be greatly improved if it is possible to post-styatnpacted and un-impacted sites for
use in BACI analyses.

To date, the potential value of the trawl survey dat&\ has not been fully realised. This
appears to be due to a number of reasons, but primaghbelieve it is because there has
been no formal quantitative stock assessment procesev@opment of stock reference
points and/or harvest strategies for any of the majocispen Port Philip Bay. This is well

below established best practice for fisheries managemensuch, significant declines in the
relative abundance of important fish species have oadwith no structured management
response. Similarly, the increase in abundance ofrdbeauof exotic invertebrate species in
the Bay has been demonstrated through the survey resitiisut a formal management

framework to guide a response.

Not unrelated to the above is the fact that therebbas no annual reporting of the results of
the survey and that the data/results have been virtuadlyailable for use outside the trawl
survey program. This appears partly to be due to funding isButalso could be attributed
to a belief that because the data can show long termgekain abundance, short-term
(annual) reporting is of limited value. In fact, the deg¢aeal that there can be very rapid
changes in abundance of some species as well gstéom trends, and lack of annual
reporting has prevented (or at least not promoted) dytimanagement response. It is also
possible that the political implications and potentiabative publicity associated with the
release of some of the trawl survey results may hahieenced how the trawl survey was

valued.

Regardless of the past value and use (or otherwis@eddrnual trawl survey data, it has an
increasing value in the future with each additional ygatata. The guaranteed funding and
improved reporting framework that has been enabled throwg&E#P process over the next
few years should be value-added by FV to ensure that a ngomeus and structured
assessment and management process is applied in a m@aredgats EBFM objectives - not
just for Port Philip Bay, but for the entire Bay and trileogram.

5. Recommendations

Recommendation 1: It is recommended that a more coovahtspecies coding system is
used such as the Codes for Australian Aquatic Biota (CAAB)..........ccoiiiiiiiiiniiiiiiieeeiennnn. 8
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Recommendation 2: A field should be added to the dataetwmrd specific length

measurement (e.g. total length, length to caudal fork e1C.)........ccooviiiiiiiiiiiiiinn! 9.

Recommendation 3: Consider recording the weight oféhgth frequency sub-sample to
enable a catch-weighted diStribDULION. ... 9

Recommendation 4: The new analysis is used in the Cl@Pako to create an index of

abundance for fisheries management PUrPOSES. .. ceuummcenreeeernreeerinieeeerineeeernneeeesnnaenes 10

Recommendation 5: The trawl survey data should only be asea relative index of
=1 01U o F= T g o = PSPPSR 11

Recommendation 6: Only if there is sufficient juséfion for the survey index to be used as
an absolute index of abundance, a cost/benefit asadymiuld be undertaken with explicit

guantification of assumptions and UNCEMAINTIES. wummmmcvvvneerieiiieeiieee e e eane 12

Recommendation 7: Record measurements wing spread, doad spr@ net height during
BACK SNOL. ... e 12

Recommendation 8: Details of the entire trawl geaigdesonstruction and deployment
information should be published with the Survey repomrs. c.....ccoooeeviiiiiiiiin e, 13

Recommendation 9: If tidal currents are expected tonbissae, the water current direction
and strength should be recorded for each shot. ............ccooiiiiii e, 13

Recommendation 10: A standard trawl direction relativéhe current should be undertaken
and clearly stated in the standard operation proceduresy@tbehe direction of the trawl
relative to the current should be reCOorded. .. .. oo, 13

Recommendation 11: New nets should be fished for a wesk prior to being used in the

S U YOI 14

Recommendation 12: An analysis of the impact (and carsefit) of different tow duration

should be undertaken. This should include tests of whetherlonger, single tow is an
improvement relative to two, short tows. The impactthe statistical model to develop a
relative index of abundance should be included in this aisaly............ccc.oooiiiiiiinnnnnn. 16

Recommendation 13: Review the method used to estimatatneenti based solely on trawl
10| AYLS3 YA £ = VP 17
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Recommendation 14: Collect otoliths (or vertebrae) frmlincommonly caught species to

enable at least basic verification of age-lengthiorghips. ...........oooeiiiiiiiiiiiii e 17

Recommendation 15: Review the entire suite of Bay aret mbnitoring programs against
the over-arching FV objectives to determine the mostnsifically robust and cost-effective

sampling protocols for all IMPortant SPECIES. .....ccuciiiiiiiiie e 17

Recommendation 16: If it is at all possible to (posgtsy the data with respect to dredging
impacts this would be most useful for analysis of fifeces of dredging. ..........c.cceevieenennnn. 18

Recommendation 17: Conduct a quantitative analysis aofdpacity of the trawl surveys to
adequately monitor the relative abundance of selectedriamganvertebrate species in PPB.

Recommendation 18: That the model of Dr Thomas be fudbeeloped to create spatial

distribution maps. Consideration should be made toaalsloother relevant covariates such as

Recommendation 19: Given the major declines in relativm@ance of key teleost species in
PPB, it is important to investigate the benefits ofed@ying a quantitative stock assessment
model or a harvest strategy based on the survey indenderstand the status of the specific

stocks and review the veracity of the various data iNpULS.............coooeeviiiiiiiiiiiiiiinee. 22

Recommendation 20: Investigate the value of developing 8& fér Port Philip Bay (for
fisheries or multiple use management). Given thealltef the abundance index, we

recommend an MSE for fisheries management purpoOSERras Y. ..........cocvevvveeeernneeennnn. 22

Recommendation 21: The PPB annual trawl data should be made easily and widely

available so that ecosystem model developers are aivleltde this source of information. 23

Recommendation 22: Examine the potential to identify otgghand unimpacted sites in the
current survey design and post-stratify the survey to enBBICI experiments of benthic
species to better achieve CDP 0DJECHIVES. ... 24

Recommendation 23: A broad analysis of the potentiademof the changes in abundance
should be made which includes the environmental data. Thig shalld be tied in with

developing an MSE and also investigating climate impagdogt............cccoeeveveiieievnneeenn. 26

Fishwell Consulting & CSIRO 30



Review of PPB Trawl Program

Recommendation 24: Rather than reducing the scope ohtlbalarawl survey objectives to
focus just on important fish species, it would be apprtopria consider broadening the
sampling tools used during the survey to monitor the abund#recgreater range of benthic
species, which may help elucidate causes/associatidugice changes in fish abundance and
ECOSYSIEM NEAIN. ... e 26

Recommendation 25: That the annual PPB trawl data ({imenarised) form be made more
widely available to all stakeholders on an annual basesannual written reports and on a
web site or Something SIMIIAT. ..o e 27

Recommendation 26: Development of a formal reportingesysimilar to the Report Card
used in the Ecosystem Health Monitoring Program for ktor8ay. This report card should
INClude the trawl SUNVEY Aata. ............uiieet et e et e e e e e eaa s 27
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Figure 1. Sites sampled during the Port Phillip Bay Tramesy.
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9. Appendix 1

9.1. Recalculated variance components and power calculations dhg
trawl data for the CDP

Variance Component Estimates for log CPUE based on Biomass

Tabulated by Species and Location
Cov Parm
Residual scode  year(scode)
Species Location Estimate Estimate Estimate

Eastern shovelnose songaree  ashallow 0430219 0168351 0147722
imfer 0442663 0133010 0190218

sdeap 0450451 0140486 0112323

west 0424063 0135045 0091887

Globefish ashallow 0.307980 0333548 0236641
imfer 0.300355 Q002472 0. 2BE303

sdesp 070452 0138235 0211706

west 0464749 0L0ODO00 0000000

Sand flathead ashallow 0171831 0214788 0230060
imfer 0111634 0180336 073288

sdesp 0088443 (UD1EGRG 0121082

west 0105719 Q166380 0201585

Sparsely spotted stingares  ashallow  0.171610 0005525  0.206104
imger 0200730 QUD93425 0 260048

sdeap 0138025 Q011410 0286163

west 0402681 01346358 0151420

Spimy gumard ashallow 0.000847 0004789 0007730
imfer 0030816 Q010160 0041080

sdeap 0021316 Q00T2ES 0023347

west 0007141 0004741 0015564
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Variance Component Esfimates for log CPUE based on Numbers
Tabulated by Species and Location

Cov Parm
Residual scode  yeari{zcode)
Species Location Estimate Estimate Estimate

Eastern shovelnose songares  ashallow 0418257 0184044 0 218686
inger 0342090 017977 0348233

sdeep 0279575 0158366 0DE2708

west 0265008 0000634 0136015

lob=fish ashallow 0385303 0425511 0 1B42TE
infer 0403515 0015187 0533011

sdeep 0320471 0361230 0477205

west 0.680664  0LDOOG4D 0010683

Sand flathead ashallow 0484465 07048352 0477815
infer 0168572 035BE13 0380235

sdeap 0113482 Q02678 0137427

wesl 02753564 0401106 0326016

Sparsely spotted stingaree  ashallow 0324501 0050572  0.285077
inter 0332603 0143000 0400618

sdeep 02266346 0042877 0408740

west 0403433 0205163 0373766

Spiny gummard ashallow 0350141 0272337 0314721
inter 0314300 0123627 0 360486

sdeep 0213666 0046109 0236530

west 0435600 0200074 0322243
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10. APPENDIX 2

10.1. About the Moreton Bay Ecosystem Health Monitoring Program

(EHMP - http://www.ehmp.org/about_ehmp.html)

The EHMP uses rigorous science to measure waterway health using a broad range
of biological, physical and chemical indicators of ecosystem health. These
indicators were chosen because they provide essential information about the
condition of SEQ’s waterways. Currently, 135 freshwater sites are monitored twice
a year (in spring and autumn), and 254 estuarine and marine sites are monitored
on a monthly basis. The results provide an assessment of the responses of
aquatic ecosystems to human activities, such as catchment alterations and point
source discharges (e.g. wastewater treatment plants (WWTPs)), and also take
into account natural processes such as rainfall.

The information collected in the EHMP is used to advise councils and land
managers on areas of declining health, report on the effects of different land
uses, and evaluate the effectiveness of management actions aimed at improving
and protecting aquatic ecosystems. SEQ’s local governments have invested
significant sums to repair damage to our waterways, including upgrades to
WWTPs, stormwater management, and restoration of riparian areas. The EHMP
helps evaluate the effectiveness of these and other investments and management
strategies, and also helps to identify emerging issues that may require
intervention. To achieve this, the program is embedded into the Partnership’s
adaptive management framework, which links monitoring to management. The
regional scale approach and ecosystem-based objectives ensure that effective
management strategies are implemented throughout SEQ.

Why do we need an EHMP?

South East Queensland has important aquatic ecosystem assets. The waterways of the region provide a number of
important ecosystem values, wildlife habitat, visual and recreational amenities. SEQ's waterways also play a role in
providing commercial resources, for example for drinking water, commercial fishing, aquaculture, agriculture and
industrial use. Local councils, CEOs, etc. identified that they want to protect these important assets through an
integrated regional ecosystem health assessment program to ensure these assets/values are not compromised. They
also expressed a need for an evaluation tool of the various on-ground actions implemented. For example, local
governments in recent years have invested $300 million on sewage treatment plant upgrades alone, and during
2002/03, $2.5 million has been invested by local governments on the restoration of riparian areas in SEQ. As a
response to the above, the EHMP was devised to provide an audit mechanism for the management actions undertaken
to protect SEQ's catchments and Moreton Bay.
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