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1 Executive Summary

What the report is about

The overarching aim of this research was to provide an improved understanding of the
environmental interactions of salmon farming and to provide recommendations to both
government and industry on monitoring and management strategies that are appropriate to the
level of risk associated with these interactions.

Background

The criteria for monitoring and assessment of sediment impacts and recovery associated with
intensive salmon farming were established more than 15 years ago. However, changes in
farming practices, innovations in technology, and expansion of the industry into new areas
highlighted the need to review the underlying principles to ensure management and
monitoring strategies remain best practice, and that farming operations continue to be
sustainable in all regions. Consequently, a program of research was established to assess
current monitoring and management strategies, provide an understanding of regional and
operational variability in local scale (sediment) response, and define both common and
regionally specific local scale response principles.

In addition, it was noted there was increasing concern in the community about the potential
for broader scale interactions with reef systems and it was recommended this should be a
feature of any resultant research plan seeking to inform monitoring and management. It was
also recognised that modelling capabilities have increased markedly since the original
research was conducted, and so an important component of this study was to evaluate how
currently available modelling tools could support monitoring.

Approach

The resultant program of research undertook targeted surveys assessing the magnitude and
extent of the response to organic enrichment in sediments and in adjacent reef systems across
a range of new farming regions (i.e. Southern Channel, Storm Bay, Macquarie Harbour) and
compared those results with previous data and assessment criteria to identify regional or
operational differences. This information was then used to evaluate management and
monitoring criteria under contemporary farming contexts. Farm-based modelling approaches
(DEPOMOD/ NEW DEPOMOD) and more recent model emulator tools (i.e. EMS and
CONNIE) were tested against empirical data to evaluate their performance in predicting the
deposition of particulate wastes and the dispersion of dissolved nutrients. The value of these
models as management tools for predicting and informing both the likelihood and level of
risk associated with distribution of farm wastes to different locations and habitats was
assessed.

Aims/Objectives

Objective 1: Establish the key sediment responses and associated assessment criteria for all
areas in which farming currently occurs, building on our existing understanding to identify
both generic and regionally specific performance criteria.

Objective 2: Improve our understanding of how sediments process farm waste across
different levels of production and in different growing areas. This will help to ensure that



sediment assessment criteria, used for monitoring and management, are appropriate and
optimised for each growing region.

Objective 3: Evaluate the potential for interactions between local reef systems and salmon
farming, determine the risk of direct impacts, recommend monitoring and assessment
approaches appropriate to the level of risk, and identify mitigation strategies where relevant.

Objective 4: Assess the performance of modelling tools that have been developed
specifically to support management decision making in predicting the dispersion of farm
waste (dissolved and particulate) and consider how these might best be applied in the
Tasmanian context (generally and regionally).

In line with these objectives the report is divided into 3 sections:

e Local Scale Monitoring (Objective 1 & 2)
e Reef Interactions (Objective 3)
e Modelling (Objective 4)

The key findings of each section are summarised below.
Local Scale Monitoring

Maintaining sustainable performance of Tasmanian marine farms requires an understanding
of how farming in new areas and changes in farming practices might change environmental
interactions. This component of the study addressed the need to validate local scale
monitoring approaches in Macquarie Harbour and in two new growing areas in southern
Tasmania (Storm Bay and the Southern Channel) to ensure monitoring and the indicators of
environmental impact remain fit for purpose.

Methods

For all study leases, replicated samples were collected along transects which started at a
stocked cage and extended outwards to 1 km. At each of the Storm Bay and Southern
Channel leases, there were three transects with sites at 0 m, 35 m, 100 m, 200 m, 500 m and
1000 m from the cage. In Macquarie Harbour, there were two transects at each lease, with
sites at 0 m, 50 m, 100 m, 250 m and 500 m from the cage. In addition, outer control

sites were sampled (at least 2000 m from the cage) at all leases. Closer (inner) control

sites (100-300 m from cages) that were 35m from the lease boundary were also included at
the Storm Bay and Southern Channel leases to assess performance at the regulatory
compliance distance. At each site, a full suite of physico- chemical and biological parameters
were evaluated together with ROV visual assessments and sediment process measurements.

Key findings

Comparison of the biotic and abiotic factors in Macquarie Harbour and the two new growing
areas in southern Tasmania showed the sediments in Macquarie Harbour were inherently
depauperate (low faunal abundance, species richness and diversity) whilst Storm Bay and
Southern Channel sites supported diverse and species rich communities. Differences in
sediment grain size, a factor that influences the macrofauna community composition, were
also apparent with Macquarie Harbour sediments being much finer than those of the other
two study regions. Measurements of sediment redox levels indicated Macquarie Harbour
sediments were highly reducing (i.e. inherently low in oxygen/ anaerobic) for much of the
system whereas the two southern study regions were generally oxidising (i.e. aerobic). This is
not surprising given Macquarie Harbour’s highly stratified water column, deep central basin
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and shallow entrance to the ocean that has been shown to result in reduced mixing of bottom
waters and naturally low dissolved oxygen conditions (Ross et al. 2021). In contrast, the
sediment conditions at the other two study regions reflect the open nature of those systems
and the increased levels of water exchange, which result in higher oxygen concentrations in
the bottom waters and sediments. The carbon and nitrogen signatures of the sediments also
highlighted the different background sources of organic material in each of the regions. In
Macquarie Harbour the isotopic signature of the sediments indicated a far greater contribution
of terrestrial and freshwater inputs to the organic matter pool. In addition, there was a clear
change in the signal along the harbour, with the terrestrial signal increasing with distance
from the harbour entrance. Isotopic signals from the two southern study regions were more
consistently marine.

The differing oxygen concentrations also affect the pathways that break down organic matter
and process nitrogen. The results indicate the microbial transformation of ammonia to nitrate
(nitrification) occurs predominately in the water column and the transformation of nitrate to
nitrogen gas (denitrification) in the sediments in Macquarie Harbour, whereas in the south,
both processes appear to occur primarily in the sediments.

Given the clear biotic (faunal) and abiotic (biogeochemical) differences in conditions
between the sites it is not surprising the overall response to marine farming in Macquarie
Harbour was quite different from that in the two southern study regions. The biological
(faunal) response to enrichment at the southern sites was more similar, but there were local
differences that reflected the prevailing communities and more subtle changes in
environmental conditions. The responses to farming inputs at the southern sites was also
broadly consistent with those previously outlined for organic enrichment in Tasmania
(Macleod and Forbes 2004) and elsewhere (Pearson and Rosenberg 1976) with the
composition of taxa indicating the key stages of degradation and recovery. Recovery of the
sediments at cage sites, following a period of fallowing, was associated with an increase in
certain taxa; these same species were typically most abundant at the sites 35 m from the cage,
indicating spatial recovery as well as temporal recovery. Further from the cage, the
community composition was consistent with that generally associated with lower levels of
enrichment and improved environmental conditions. However, there were regional
differences in the community response, and all three southern leases had a larger footprint
than might have been suggested based on the earlier studies by Macleod and Forbes (2004)
and others. The community composition and process rates suggested the influence of
farming, albeit at much lower levels, was evident and measurable out to distances of 200 m at
the leases in the south and 500 m in Macquarie Harbour. The more expansive footprint in the
south is likely a result of changes in the prevailing environmental conditions (deeper sites and
stronger, more dispersive currents) at the newer leases as well as changes in farming practices
(bigger cages).

In Macquarie Harbour, the change in the benthic community with distance from the cages
was quite different to that observed in other farming locations around Tasmania. This is
largely due to its unique environmental conditions and benthic ecology; however, the
significance of the observed changes and the overall pattern of response was consistent with
elsewhere in so much as the community and changes defined different levels of organic
enrichment and as such could be used to monitor and predict change. The highly enriched
cage sites were dominated by opportunistic species (i.e. species which can rapidly respond to
changes in the organic loading of the sediment). Interestingly, the community response
pattern in Macquarie Harbour varied much more between leases and surveys than in the
southern sites. This appears to be not only driven by variation in differences in farm



management such as feed inputs and farm history but also changes in local environmental
conditions such as bottom water oxygen concentration. Given the greater complexity of the
prevailing environmental conditions in Macquarie Harbour, the predictability of management
response is more complex. However, understanding the biological response to sediment
conditions, and knowing this will follow a predictable pattern, does provide a basis upon
which to generate reliable indicators of sediment health for management.

Like macrofaunal community structure, the direct measurement of sediment mineralisation
rates also proved to be a highly sensitive measure of organic matter enrichment in all study
regions, and therefore could be a powerful tool should a more detailed assessment of the
spatial footprint of a farm be required. Redox and sulphide also remained useful indicators of
sediment health, but redox potential appeared to be less variable across the range of
conditions assessed and as such would be a more reliable measure of change than sulphide
concentrations. Sulphide remained an informative measure of relative change across sites and
therefore is likely to be more useful to describe spatial patterns of enrichment than temporal
change. In Macquarie Harbour, the results showed both redox and sulphide need to be
interpreted carefully considering the broader background environmental conditions at the
time of the survey. Of the other sediment parameters typically used in monitoring programs,
the d*°N isotopic signature of sediments is emerging as a reasonably sensitive indicator of
enrichment levels, particularly in the more marine locations where the contrast with the
background (marine) signature has increased due to changes in feed composition with greater
terrestrial inputs.

A key aim of the local scale study was to better understand the recovery responses of the
sediments to farm management strategies such as fallowing. Where the surveys captured
fallowing periods at the southern leases the responses were largely consistent with
expectations. Sediment chemistry and function responded relatively rapidly to fallowing, and
there was typically a decrease in the abundance of opportunistic species and a concomitant
increase in the abundance of the less tolerant taxa close to the cages. The response to
fallowing in Macquarie Harbour was more complex due to the influence of variable bottom
water dissolved oxygen concentrations. Recovery appeared slower at sites further into the
harbour where bottom water oxygen levels were lower and less affected by oceanic recharge,
and at leases that had a longer history of farming or where production levels were more
intense. This highlights the complex interplay between two key factors that govern the
responsiveness of sediments and macrofaunal communities to fallowing: farm production
levels and oxygen supply.

Importantly, the results of this study further validated the visual assessment methods of
sediment health developed by Macleod and Forbes (2004) in new growing regions. When
site-specific criteria and weightings were employed, the visual health scores could
differentiate impact levels in all study regions. Using the same footage as currently required
for monitoring but evaluating the full suite of criteria provides a more holistic and
informative measure of sediment health at very little extra cost.

Implications for relevant stakeholders/ Recommendations

The guidelines provided by Macleod and Forbes (2004) remain a useful basis to inform
management on the level of impact and recovery. However, given differences in
environmental conditions and responses between some sites and regions, notably in
Macquarie Harbour, there needs to be a level of site and region specificity to the guidelines
and their interpretation. One of the most significant findings was the validation of the visual
assessment methodology. The method could clearly discern different impact levels in all the
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study regions, and we recommend that it be considered as more holistic measure of sediment
health to aid interpretation of benthic compliance and regulation. Of the other metrics used
for environmental monitoring, our findings confirm evaluation of macrobenthic community
structure is the most sensitive, reliable, and informative measure of sediment conditions, and
as such should remain an essential element of both baseline assessments and regulatory
monitoring. Measures of sediment redox and sulphide also remain fit for purpose for
monitoring but provide more location dependent measures of the enrichment footprint.

Considering the inherent variability in environmental conditions and response to enrichment
in both space (within and between regions) and time (surveys) this study reinforces the
importance of establishing robust baseline conditions and ongoing monitoring of reference
conditions. As such, we recommend environmental standards should focus on change relative
to baseline and reference conditions rather than a suite of standardised/ fixed parameters and
that reference locations should be further from the farms (i.e. >500 m in the south and >1000
m in Macquarie Harbour) than previously considered given the larger footprints evident from
this study. We also suggest t further consideration be given to the level of change that
defines ‘unacceptable’ when measured at compliance locations 35 m from the lease
boundary.

The larger benthic footprints shown in the study highlight the importance of lease size and
the layout (e.g. proximity of cage grids to each other and lease boundaries) for environmental
management. We suggest maintaining separation between cage grids, and from cage grids to
the lease boundary will help minimise the overlap of enrichment footprint, facilitating faster
recovery and reduce effects beyond the lease boundary.

Fallowing remains an important management practice to facilitate the recovery of sediments.
Our findings reinforce the importance of both the period and spatial scale of fallowing in
promoting sediment health and assimilative capacity, particularly in locations/situations
where enrichment footprints are larger and overlapping and/or where environmental
conditions influence recovery rates (e.g. bottom water oxygen).

Reef Interactions

This component of the research sought to evaluate the main ways in which salmon farming
might affect local reef systems, identify potential indicators of change in reef systems
because of those interactions and recommend appropriate monitoring approaches.

Methods

This section of the project had four major components; a global review on the effects of
organic enrichment on reefs more generally and the potential for interactions with salmon
farming, a review on established methods for monitoring reef ecosystem, the implementation
of established methods and the development of novel methods targeted for the detection of
organic enrichment on reef systems.

The review on the effects of organic enrichment highlighted pathways of interaction that need
to be considered as part of a monitoring program. These potential indicators of change in reef
systems in Tasmania were assessed through both established methods such as biodiversity
surveys identified through the methods review, as well as the development of new methods
that were fit-for-purpose for monitoring for the effects of organic enrichment. Biodiversity on
reefs throughout the Storm Bay and D’Entrecasteaux Channel regions were assessed using
the approach developed by Edgar and Barrett. The results of that assessment were used to
inform the development and subsequent trial of a novel rapid visual assessment (RVA)



technique which focused on ecosystem function rather than species diversity. Towed video
was also tested as an alternative, fully remote, approach to assess key species distribution and
abundance, and the findings compared with that of both the Edgar - Barrett approach and the
RVA technique.

This study also examined the potential to use change in specific indicators and colonisation
patterns on settlement plates as a proxy measure of adverse impacts. Abalone settlement
plates, cryptic species assemblages and epiphyte plates were all evaluated to determine their
effectiveness as potential indicators.

Key findings

The review highlighted there is the potential for dissolved and particulate nutrient inputs from
salmon farming to interact with reef ecosystems in several ways, both directly and indirectly.
Outcomes vary depending on environmental conditions; the level of wave exposure and water
movement will influence not only the basic ecology but can also affect the response to farm
derived particulate and dissolved inputs. Understanding how reef systems respond to inputs
from salmon farming requires a detailed understanding of the local environment, the broader
regional and global pressures, and the inherent characteristics of the reef community itself.
These factors need to be considered carefully in the design and implementation of any
monitoring programs and in the interpretation of the resultant data.

The review of monitoring approaches for rocky reefs identified two methods that could be
applied in Tasmania: the visual underwater census of Edgar-Barrett or the modified Reef Life
Survey version of this. Both provide a detailed characterisation of reef ecosystems and can
establish reliable baselines with which to assess background variability and compare and
review change over time. However, the need for a more direct assessment of parameters that
respond to nutrient enrichment and can be applied across a greater spatial area was also
identified. As such we developed the RVA technique designed to detect a loss of resilience in
reef ecosystems in response to organic enrichment.

The Edgar-Barrett surveys identified a set of key species that clearly defined the reef
communities within the northern Bruny Island and southern Channel regions. These species
determined the community composition and underpinned ecosystem function. Consequently,
assessment of canopy cover, sub-canopy and substrate were identified as key components for
inclusion in the RVA technique. Epiphytic, filamentous and nuisance algal species known to
be indicative of organic enrichment were also included in the RVA’s.

In the southern Channel region the RVA method was able to detect a broadscale enrichment
gradient, reflecting the long-term combination of urban, agricultural and industrial inputs into
this region, showing the potential of this approach as a simple and dependable tool to monitor
temperate reefs. Further work is needed to i) examine the performance of the RVA surveys
over a longer time series, ii) assess the responsiveness of the RVA technique to acute impact/
enrichment gradients and iii) determine if the RVA method can be used to evaluate recovery
following the removal of an enrichment source. This work is already underway.

Towed video enabled a substantial increase in spatial coverage, but the number of parameters
able to be evaluated and the accuracy with which they could be assessed was markedly
reduced. Canopy cover was the only variable that could be determined with any level of
certainty, but only relatively large changes in cover could be detected due to the categorical
nature of the video scoring. At this stage, the method is not deemed reliable enough to detect
low to moderate levels of organic enrichment or meaningful changes in ecosystem resilience.
However, it may still be useful to confirm, or perhaps spatially extrapolate, the findings of
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either the RVA or Edgar-Barrett approaches. For example, if either the RVA or Edgar-Barrett
surveys indicated canopy loss at an assessment site, towed video could be used to determine
whether this was localised or more regional in nature. The value of other remote assessment
techniques (i.e. ROV or AUV) to validate or extend the findings of more detailed diver-based
approaches needs to be investigated further.

The assessment of specific indicators, on abalone settlement plates, cryptic species
assemblages and epiphyte plates were found not to be useful as they were too inherently
variable to reliably detect change either between sites or over time.

Although this study was primarily focused on developing methods to monitor the impacts of
salmon farming on reef ecosystems, the results also provided important insights into how reef
ecosystems interact with organic enrichment from farming. Proximity to the source of
enrichment is well established as a key determinant of the likely impact on reef ecosystems
(Oh et al. 2015). In this study there was no evidence of any direct effects of organic
enrichment on reefs more than 1.5 km from fish farms. A functional response to organic
enrichment was detected at sites closer than 1.5km to fish farms in the Southern
D’Entrecasteaux Channel, but it was not possible to say for certain that this was due to fish
farms as these sites were exposed to other sources of nutrients (both natural and
anthropogenic). Robust baseline data and a long time series are clearly important
prerequisites if there is an intent to better understand causal relationships and attribution of
change on reef ecosystems.

Implications for relevant stakeholders/ Recommendations

Overall, this study highlights the value of both biodiversity and targeted functional RVA
approaches as complementary tools for monitoring reef ecosystems and for assessing the
potential impacts from organic enrichment. We would propose the adoption of an adaptive,
stratified monitoring program that combines regular but less frequent (e.g. every 5-7 years)
Edgar-Barrett biodiversity surveys with more frequent (biannual) RVA’s to target specific
measures of reef function. Surveys should be undertaken using both methods before farming
commences to establish baseline conditions. Given the inherent variability in the system,
baseline as well as ongoing surveys should be conducted at multiple sites at varying distances
from the farm(s). Distance from source is often a good proxy for determining the level of
exposure to nutrients and has long been used to inform location of monitoring sites; however,
modelling tools that consider not just distance but water movement (e.g. hydrodynamics) to
predict the potential impact of nutrients could also be used to inform reef sampling design.
Modelling can also play a key role in the interpretation of reef assessment data and in
informing possible cause and effect relationships.

An important outcome of the research is the identification of a range of condition parameters
for ongoing monitoring of temperate reef ecosystems that reflect different stages of organic
enrichment. In Table 1, we have listed the key parameters proposed for the RVA technique
and provide examples of the types of thresholds that might be developed to support
management. Whilst these thresholds provide an excellent start point, we acknowledge that
they need to be informed and refined by a longer time series of data, and that further
evaluation based on clearly defined impact gradients (i.e. change with distance or time from a
measured source) would improve their reliability. This additional validation - akin to the
process used to develop thresholds for soft sediments - will ensure we fully understand how
the proposed parameters respond to changing levels of organic input, both as farming
intensity increases and decreases.



For a monitoring program to be effective it must be able detect a “meaningful” change in reef
condition. We have recommended an approach that can provide both an early warning of
impact, based on the response of a suite of selected enrichment indicators, and a more
detailed understanding of the nature and significance of potential impacts through a broader
biodiversity assessment (Table 2). Determining causality is not trivial and will ultimately rely
on a weight of evidence approach that includes the results from all of the proposed
monitoring tools. An additional understanding of the potential inputs (loads) to the system,
i.e. robust baseline data, ongoing time series data, production/ source data, modelling along
with information from associated monitoring programs and reference stations (e.g. BEMP
water quality, IMOS oceanographic products) may be required if the intent is to understand
the source and fate of dissolved and particulate materials (from multiple sources, both natural
and anthropogenic, such as rivers, fish farms, WWTPs).

Table 1 Suggested Rapid Visual Assessment (RVA) parameters and some indicative
response criteria for further evaluation.

RVA Observation Parameter Indicative Threshold Levels/ Response Criteria and Actions

Total canopy cover (including CRITERIA

breakdown of species)
e Significant decline in canopy cover OR decline in canopy cover of

key species — triggers additional survey/immediate review

e Decline in total canopy cover relative to long-term mean (3-5yrs)
noted for review at next survey

e ORdecline in total canopy cover in consecutive surveys
ACTION

Review overall response in context of production and broader
environmental information. Response to criteria should be refined as
more data becomes available with a view to establishing more site-
specific targets and triggers.

Epiphytic & filamentous algal CRITERIA

cover
e Significant increase in cover of both epiphytic and filamentous

algae— — triggers additional survey/ targeted assessment.

e Increase in cover of epiphytic algae and/ or filamentous algae
relative to long-term seasonal mean (3-5yrs)— noted for review
at next survey.

ACTION

Review overall response in context of production and broader
environmental information. Response to criteria should be refined as
more data becomes available with a view to establishing more site-
specific targets and triggers.

Opportunistic red algae (e.g CRITERIA
Asparagopsis armata in
southern Tasmania) e Significant increase in cover of opportunistic species — triggers

additional survey/ targeted assessment.

Opportunistic green algae (e.g.
Chaetomorpha billiardierii, Ulva e Increase in cover of opportunistic species— noted for review at

spp.) next survey.




ACTION

Review overall response in context of production and broader
environmental information. Response to criteria should be refined as
more data becomes available with a view to establishing more site
specific targets and triggers.

Additional Parameters Worth
Consideration

These were considered important secondary response criteria which
could inform assessments and provide supplemental understanding,
and as such are worth monitoring.

Sub-canopy green cover

Significant increase.

Sub-canopy red cover

Potential increase due to higher sedimentation in water column. Overall
increase in red+green:brown algae ratio expected in enhanced nutrient
conditions.

Pink encrusting algal cover

Potential decline and replacement by turfing or opportunistic algae if
canopy is lost.

Red encrusting algal cover

Could decline as per pink encrusting or increase due to changes in
predation pressure or light conditions.




Table 2 Summary of proposed monitoring criteria and application in adaptive management framework.

conditions for assessments of
regional differences and
system wide change

every 5-7 years

long-term change in
ecosystem condition.

Proposed Purpose When Adaptive Exceedance of Investigative Threshold Levels
Monitoring Management
Approach Response/
Assessment Criteria
1. Edgar-Barrett Comprehensive biodiversity Prior to Review and Initiate exploratory studies comparisons indicate a significant change in
biodiversity assessment of reef system. commencement comparison of each 5- | key indicators (e.g. biodiversity and key species).
surveys Assessment of baseline of farming and 7 yr dataset to assess

extent of any change/ impact
observed using RVA/ Edgar-
Barrett approaches.

extent and scale of
any observed change
and inform
management
strategies.

3. RVA surveys To detect functional change, Prior to Regular review of Review of data in the context of other available information to establish
identify early warning commencement condition parameters | significance of observations. This would likely include the use of other
indicators of change of farming and in relation to available tools/evidence to determine causation, such as feed inputs and

biannually proximity and other the used of CONNIE dispersion modelling described in chapter 7.3,
drivers. Ongoing comparison with patterns observed in other reef monitoring programs,
refinement and and/or the investigation of local vs regional water quality parameters. If
validation of both RVA and Edgar-Barrett surveys suggest canopy loss may be
monitoring criteria widespread, a towed video assessment would be required to examine
and thresholds the spatial extent of the impact. Implement mitigation/ remediation plan

in consultation with stakeholders.

4. Towed videos To determine the spatial As required. Characterise spatial Implement additional investigation and/or mitigation/ remediation plan

in consultation with stakeholders
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Modelling

Modelling environmental interactions with coastal salmon aquaculture in Tasmania has
developed significantly over the past 15 years. This development spans the more complex
high-level system wide biogeochemical models that require expertise in physical
oceanography and/or biogeochemical modelling to implement and run to the simpler
modelling tools designed to support aquaculture management decisions more readily. The
latter require less expertise and are far less costly to implement and run. This component of
the study sought to assess the performance of the modelling tools developed to predict the
dispersion of dissolved and particulate farm waste and consider how these might best be
applied in the Tasmanian context.

Methods

The commercially available model, DEPOMOD, is used globally for lease scale depositional
modelling to determine the benthic footprint resulting from solid wastes exiting fish pens, and
in recent years has been used regularly to support planning in Tasmania. The developers of
DEPOMOD have recently released a new version, NewDEPOMOD, which offers improved
modelling of resuspension and sediment transport processes. Neither the original nor new
version of DEPOMOD has been validated for Tasmanian sites. The first stage of this project
sought to compare the predicted depositional footprint of solid waste generated by each of
these models at selected sites in each of the study regions (i.e. Lower Huon/ Channel, Storm
Bay, and Macquarie Harbour) with empirical data. This comparison not only looked at the
effectiveness of the models for predicting deposition but also extended the analysis to
determine how well the models predicted benthic condition. DEPOMOD and
NewDEPOMOD predict the direct deposition of particulate waste to the sediments (i.e. where
the model is run with resuspension turned off) and the subsequent spread of the deposited
material across the seabed (i.e. when the model is run with resuspension turned on). Sediment
traps were deployed to provide an empirical measure of direct deposition (total load to the
sediments) for model validation. This information was compared with a suite of condition
indicators commonly used in benthic monitoring (e.g. sulphide, faunal abundance, and
diversity) to assess the benthic response which encompasses the effects of both direct
deposition and resuspension.

Simple dispersion models can provide valuable management information and insights on how
farm wastes, debris or even pathogens might move around a body of water. The second
modelling element of this study sought to validate the simplified nutrient dispersion tools
currently available to managers in Tasmania and evaluate how those models could be
employed to support management decisions regarding salmon farming interactions. CONNIE
is a particle tracking tool developed by CSIRO available via a web interface. We also
compared the predictions from CONNIE with the outputs of two hydrodynamic models,
SETas and DHD. SETas was applied at the Storm Bay 1 lease whilst DHD was applied at
Lippies and CONNIE was tested at both locations. The outputs of CONNIE were validated
against empirical observations of nutrient levels collected in the proximity of the salmon
farms

Key findings

Both versions of DEPOMOD performed well at predicting total sediment deposition (loads) at
the Storm Bay 1 lease, with NewDEPOMOD performing well at the Franklin lease in
Macquarie Harbour. NewDEPOMOD was designed with an updated sediment transport
module that more realistically captures the flow of waste over dramatic shifts in bathymetry as
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seen at Franklin. At the Lippies lease in the Southern Channel neither of the two models
accurately predicted total sediment deposition. We suggest this is because Lippies is a more
dispersive site owing to the much higher bottom currents and deeper bathymetry. However,
challenges with the sediment trap deployment may have also compromised our assessment at
this site.

There were also differences between the study locations in how well the models predicted the
overall benthic footprint (i.e. the area affected by both deposition and re-suspension), and this
too would seem to be largely due to differences in bathymetry and current speeds. At the
Storm Bay 1 lease where the seabed was quite level and bottom current speeds were relatively
low, the predictions from both DEPOMOD and NewDEPOMOD were similar and closely
resembled the measured benthic footprint. However, at Lippies where current speeds were
higher and at Table Head in Macquarie Harbour where the bathymetry is steep, DEPOMOD
and NewDEPOMOD predicted quite different footprints. NewDEPOMOD provided a more
accurate assessment due to its improved ability to adjust for complex bathymetry and account
for sediment resuspension at dispersive sites. Another improvement in NewDEPOMOD is
the ability to incorporate a spatially variable current field. Although we suggest this is
unnecessary at sites like Storm Bay 1 where the currents are reasonably consistent across the
lease, it will likely improve predictions at a lease like Franklin where currents are variable in
both space and time due to changes in bathymetry and the influence of river flows. In
summary, we would recommend NewDEPOMOD as the most accurate approach for
depositional modelling but would suggest further testing and development at dispersive sites
and ongoing validation against empirical data, regardless of the choice of model.

The predicted spatial dispersion patterns were very similar for CONNIE and DHD / SETas.
This is not surprising given CONNIE is underpinned by the output from the hydrodynamic
model (STORM) which is almost identical to SETas but has a slightly higher resolution.
However, the DHD /SETas models consistently predicted higher nutrient concentrations
compared with the CONNIE model. This may reflect that SETas/DHD are not specifically
designed to model outputs at this this scale with their coarser grid resolution. When assessed
against empirical observations, the modelled dissolved nutrient (in this case ammonia)
concentrations using CONNIE showed strong correlation with observations. Storm Bay was
not as well correlated as the other sites, but it was the site at which the technique was first
tested; the approach was improved over the latter two surveys at Lippies. The increased
spatial replication in subsequent empirical sampling provided a more accurate representation
of concentrations within the lease. Consequently, if the Storm Bay validation was repeated,
using the improved sampling techniques, it is likely to show greater correlation. It is proposed
dispersal modelling can potentially be used in a similar manner to depositional modelling to
inform both site selection and location of environmental monitoring sites, and that water
quality data currently collected across various monitoring programs could be used to calibrate
and validate the modelling.

Implications for relevant stakeholders/ Recommendations

NewDEPOMOD is the most accurate approach for depositional modelling, but there were
challenges with its application at more dispersive sites whereby the spatial extent of the
footprint was often underestimated. This will be improved though calibration of resuspension
at more dispersive sites and the concomitant adjustment to the default parameter values.
Modelled deposition was also a reasonably good predictor of benthic change. However, the
relationship between sediment load and the benthic response varied between locations i.e.
there was no evidence of a threshold deposition level could be applied universally to infer
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benthic change. Consequently, validation with empirical data is recommended for application
at new locations.

CONNIE was assessed as being more accurate than hydrodynamic modelling alone in
reproducing near scale nutrient concentrations around salmon farm leases. CONNIE offers a
relatively low-cost method to assess dispersal of dissolved waste, potential for interaction, and
management at distances of 1-2 km, which is a scale not typically well resolved using existing
BGC models. Establishing the relationship between dissolved nutrient concentration levels
and responses in the near-field ecology would further increase the value of this approach as an
ecological management tool. We propose that dispersal modelling can potentially be used in a
similar manner to depositional modelling to inform both site selection and location of
environmental monitoring sites. Water quality and habitat condition data collected through
existing monitoring programs can be used to further calibrate and validate model predictions
and ecological responses.
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3 Introduction

The salmon industry in Tasmania is currently in a phase of expansion, with plans to increase
to a $1 billion a year industry by 2030 (DPIPWE 2017). To achieve this, the industry needs to
consider a suite of alternate production approaches including improvements in farming
practices, innovations in technology and expansion of the industry into new areas.
Maintaining high environmental performance is a priority for both the aquaculture industry
and its regulators. This requires that regulators and industry understand and have the potential
to appropriately manage any variances in environmental interactions associated with differing
farming approaches. The current standards for management and regulation of sediment
impacts and recovery were established based on research conducted over 10 years ago
(Macleod et al., 2004), and industry operations have moved on with both improved
technologies and new farming locations. To help ensure that management and monitoring
strategies remain best practice, and that farming operations continue to be efficient and
sustainable, assessment of the sediment impact and recovery dynamics in these newly
developed farming environments and under different farming practices/technologies was
required. In addition, identifying how understanding farm impact and associated nutrient
dynamics might be used to inform local, medium, and broad-scale interactions will provide an
important basis for establishing an effective strategy for system-wide management and
interactions with other users of the waterbodies.

It is clear from discussions with various resource users (i.e. fish farmers and commercial and
recreational fishers) that the perception of potential risks differs between Macquarie Harbour
and the southern farming regions. In Macquarie Harbour a critical issue is whether the current
on-farm monitoring and local scale impact indicators are “fit for purpose” i.e. do they support
sustainable management by providing an accurate understanding of sediment conditions.

In the new farming areas in the southern regions (Lower Channel/ Storm Bay), establishing
the effectiveness of the local scale monitoring is still important but a key concern in these
regions is whether there may be adverse effects on reef health because of increased
aquaculture activities (i.e. off-site interactions). Therefore a key element of this study will be
to provide a better assessment of the potential risk to reef systems from sediment deposition
and nutrient dispersion from fish farms directly.

Ultimately, the aim of this project is to provide robust monitoring and management advice and
strategies that consider the nuances of local farming environments. Providing “fit for purpose”
management advice to government and industry that allows regionally structured optimisation
of farm management, along with risk appropriate management and monitoring criteria in
different locations. Providing an understanding of the ecological significance of any
differences in observed effects across regions and how that information might be used to
inform and improve site specific and regional modelling and management approaches. This
will require a portfolio of research focussed on risk assessment, indicator development and
benchmarking.

RISK ASSESSMENT Providing an understanding of regional variability in sediment
processes/ recovery and benthic/ pelagic coupling associated with existing and newly
developed farming operations and the resultant implications for any assumptions used in both
monitoring and in predictive (biogeochemical and depositional) modelling.

INDICATOR DEVELOPMENT/ BENCHMARKING Comparing environmental monitoring
and management approaches in existing and newly developed farming areas based on
previous impact/ recovery understanding and associated monitoring and regulation criteria to

15



establish those response principles that are common to all areas and those that are regionally
specific (with reference to visual assessments and biological and biogeochemical measures).

This study is designed to target the different research priorities and concerns in each new
farming region (Lower Huon/ Channel, Storm Bay, Mac Harbour). In Macquarie Harbour the
emphasis will be on validating local scale monitoring approaches (on-site focus), and whilst
this will also be an important element in the Southern regions a key element of the research in
the south will be defining cost-effective and risk appropriate approaches for assessment of
reef health (off-site interactions). An important component of this study will be to use
empirical monitoring data to calibrate and validate sediment deposition and nutrient
dispersion models. These models provide an important predictive tool for determining risk to
the ecology of both soft sediment and reef habitats in new farming regions.

The original objectives of the project were defined as follows!:

1. Establish key recovery response principles and benthic condition criteria for all areas
in which farming currently occurs - building on existing understanding to identify both
generic and regionally specific performance criteria

2. Improve our understanding of sediment process interactions and recovery responses, in
order to ensure that monitoring and management strategies are optimised for each growing
region - a key objective will be relating the findings to the most important ecological and
resource interactions of salmon farming in each region.

3. To evaluate the potential for interactions between local reef systems and salmon
farming - determining the main risk factors, recommending risk appropriate monitoring and
assessment approaches and identifying risk mitigation strategies where relevant.

4. To improve our understanding of how local scale (site based) environmental condition
data, can integrate with local scale modelling to improve management outcomes - a key goal
will be identifying how local scale understanding of sediment processes and benthic pelagic
interactions can inform and be informed by regional modelling and management approaches.

The research undertaken in this study can be broken down into three key elements with the
objectives addressed within each component.

Local Scale Monitoring

We will evaluate benthic environmental conditions in each new farming region. Sediment
traps will also be used to measured sediment deposition rates. Samples will be collected for
detailed assessment of sediment biogeochemistry, benthic ecology and nutrient flux dynamics
at different distances from the source of enrichment (cage) in each region and the results
compared with established performance metrics; this includes validation of visual assessment
techniques in new regions. Nutrient fluxes will be analysed against more readily measurable
parameters to investigate the potential for more cost-effective indicators of key nutrient
cycling processes. The results will be used to establish whether the current biological
indicators are “fit for purpose”, i.e. with the aim of identifying the most effective approach for
management. The findings from this component of the study will address objectives 1, 2 and
4.

! Please note, over the course of the study the emphasis of the research changed slightly, with a greater emphasis
on defining regional variability in the scale and magnitude of the benthic response and the reliability of different
measures of sediment condition. We also simplified the language in some of the other objectives, see the refined
objectives below (section 4)
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Reef Interactions

This component will involve targeted evaluation of potential indicators of change in reef
health associated with nutrient and sediment inputs from fish farming and is a direct response
to the concerns highlighted by the abalone, rock lobster and recreational fishing communities.
This investigation will be undertaken at selected reef systems in the lower Channel and Storm
Bay region, with specific sites selected based on a range of factors including but not limited to
proximity to farming, representative reef communities, importance to fishing communities,
previous research, and outcomes of specific hydrodynamic and depositional modelling.

Nutrient and sediment exposure on reefs will be characterised using a combination of
modelling, targeted nutrient sampling and sediment traps. A range of measurements will look
at the effects of enhanced nutrients on macroalgal communities, via a range of population and
community level visual assessments (e.g. reef life survey design using divers/video and photo
quadrats) of change.

An important component of this work will be to put potential reef changes in the context of
broader system level changes due to other ecosystem drivers as well as changes in farming-
derived nutrient inputs. Existing broad scale reef monitoring programs such as the long term
MPA and Reef Life Survey provide an ideal basis for these assessments. Another important
element of the reef work will be to contrast the utility and cost effectiveness of differing reef
monitoring techniques (from more traditional to novel) and to make recommendations for
future monitoring. This component of the study explicitly addresses objective 3 and provides
additional insight into objectives 1 and 2.

Modelling

Benthic depositional modelling can provide an understanding of the nature and extent of the
impact footprint associated with farming activities. We will look to relate this modelled output
to the benthic community data and different stages of impact and recovery. This can then be
used to calibrate farm-based sediment depositional (incl. resuspension) modelling for different
farming regions and thereby provide a more robust decision support tool to assist planning
and ongoing management.

Dispersion modelling will be used to link the reef assessment information to the local scale
studies, specifically looking to identify the exposure of reef systems to nutrients and
sediments from fish farms. Sediment trap measurements will be important for model
calibration and validation. Ultimately, the deposition and dispersion models will provide an
important predictive tool for determining risk to the ecology of soft sediment and reef habitats
in new farming regions. This element addresses objective 4 but will also inform our
understanding of sediment process interactions (objective 2) and the potential for interactions
between local reef systems and salmon farming (objective 3).

Overall, the project research and outputs will be developed to align with monitoring and
management measures currently in place and to connect with, and build on, broader
ecosystem-based management and research. The proposed study will build on existing
research and management understanding, seeking to inform and improve practices rather than
replace current approaches.

The aim of this project is to improve understanding of how salmonid farming operations
interact with their surrounding environment and other fisheries, and where there is the
potential for negative interactions. Consequently, this project will provide benefits not just to
the salmon industry in Tasmania but to all the associated users of the coastal ecosystems in
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which salmon farming is currently active. This research will improve our understanding of
nutrient cycling and the potential for local scale eutrophication in and around salmon farms on
a regional basis. This knowledge will help refine existing management strategies to ensure
that salmon farming is managed sustainably in all regions, promoting best practice
management, which is important to reassure other users (e.g. coastal fisheries, shellfish
aquaculture and recreational fishers) that they can co-exists with salmon farming in the coastal
zone.

Whilst the final report is laid out in a slightly different format to that envisaged when the
project was first proposed, the results and findings still address the original objectives. The
revised format has been necessary due to some important changes in the project focus, and
additional research arising because of new priorities for management of salmon farming over
the course of the project. The deterioration in environmental conditions in Macquarie Harbour
occurred early in the project, and consequently, in consultation with the steering committee,
we modified the research plan to incorporate additional sampling and support for a companion
project (FRDC 2016/067: Understanding oxygen dynamics and the importance for benthic
recovery in Macquarie Harbour) designed specifically to improve understanding of benthic
conditions, sediment process interactions and recovery response (objectives 1 and 2) for
Macquarie Harbour. In this final report we have taken account of the findings of the additional
research to better inform decision making across all regions.

The revised format now has 3 main sections purposefully focused on the critical areas of
management interest with respect to the interactions of salmon farming: i) local scale response
and monitoring, ii) reef response and monitoring and iii) how to apply current modelling tools
most effectively. Each section has a synthesis chapter at the end that summaries the results,
discusses the implications for management and includes recommendations. The Local Scale
Monitoring section provides an understanding of how benthic communities respond to
farming inputs, how current monitoring approaches might be improved, and when regionally
specific metrics and criteria are required (Objectives 1 & 2). The Reef Interactions section
considers the potential for interactions between local reef systems and salmon farming and
provides recommendations on optimised monitoring strategies and condition assessment
criteria (Objective 3). The section on Modelling uses the empirical data and assessments to
calibrate and validate existing models used in management for predicting sediment deposition
and nutrient dispersion from salmon farms (Objective 4). Collectively this provides the
information necessary to optimise prediction, monitoring and management strategies for each
growing region.
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4 Objectives

The original objectives of the project were defined in the proposal as follows:

1: Establish key recovery response principles and benthic condition criteria for all areas in
which farming currently occurs - building on existing understanding to identify both generic
and regionally specific performance criteria

2: Improve our understanding of sediment process interactions and recovery responses, in
order to ensure that monitoring and management strategies are optimised for each growing
region - a key objective will be relating the findings to the most important ecological and
resource interactions of salmon farming in each region.

3: To evaluate the potential for interactions between local reef systems and salmon farming -
determining the main risk factors, recommending risk appropriate monitoring and assessment
approaches and identifying risk mitigation strategies where relevant.

4: To improve our understanding of how local scale (site based) environmental condition data,
can integrate with local scale modelling to improve management outcomes - a key goal will be
identifying how local scale understanding of sediment processes and benthic pelagic

interactions can inform and be informed by regional modelling and management approaches.

However, over the course of the study the emphasis of the research changed slightly,
including a greater emphasis on defining regional variability in the scale and magnitude of the
benthic response and the reliability of different measures of sediment condition. We also
simplified the language in some of the other objectives, as such the following more accurately
represent the final focus of the research.

1: Establish the key sediment responses and associated assessment criteria for all areas in
which farming currently occurs, building on our existing understanding to identify both
generic and regionally specific performance criteria.

2: Improve our understanding of how sediments process farm waste across different levels of
production and in different growing areas. This will help to ensure that sediment assessment
criteria, used for monitoring and management, are appropriate and optimised for each growing
region.

3: Evaluate the potential for interactions between local reef systems and salmon farming,
determine the risk of direct impacts, recommend monitoring and assessment approaches
appropriate to the level of risk, and identify mitigation strategies where relevant.

4: Assess the performance of modelling tools that have been developed specifically to support
management decision making in predicting the dispersion of farm waste (dissolved and
particulate) and consider how these might best be applied in the Tasmanian context (generally
and regionally).
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5 Local Scale Monitoring

Assessing sediment responses in new growing areas to ensure that monitoring and the
indicators of impact are fit-for-purpose and best practice
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5.1 Introduction and Methods

5.1.1 Introduction

Marine farming development plan management controls stipulate “there must be no
significant visual, physio-chemical or biological impacts at or extending 35 metres from the
boundary of the lease area” The 35 m point from the boundary was based on both studies
from Europe where particulate farm wastes were generally found to be concentrated within
35 m of the edge of the cage (Ye et al. 1990), and preliminary research conducted in
Tasmania. Extensive research in Tasmania has since documented the extent of benthic affects
associated with particulate farm waste (e.g., Ritz et al. 1989; McGhie et al. 2000; Crawford et
al. 2002; Macleod et al. 2004; Edgar et al. 2005) and confirmed a distinct gradient of impact:
from significant signs of enrichment immediately adjacent to cages to minor farm effects
evident at sites 35 m from the lease boundary. This included an extensive review of the
results of the biological, chemical, and physical data collected at the 35 m compliance points
and control sites as part of the regulatory monitoring program from 1997-2003 (Woods et al.
2004). Based on the review and the demonstrated level of compliance, ongoing monitoring
was designed to predominately use video evidence to detect unacceptable impacts.
Significant visual impact/s is detected at any point 35 metres or more from the lease
boundary may trigger an environmental survey to determine the extent of any breaches and
whether the impact (s) are a result of marine farming operations.

Macleod and colleagues at IMAS (then TAFI) investigated the relationship between farm
management practices, including fallowing and the level of impact and potential for recovery
(Crawford et al. 2001; Macleod et al. 2002, 2004). The research found a clear relationship
between farm management practices and level of impact, and identified nine distinct stages of
sediment condition, encompassing both degradation and recovery stages, which farmers
could use to classify sediment condition and inform management accordingly (Figure 5.1-1,
Macleod et al. 2004). This research also highlighted regional differences in the key biotic
and abiotic indicators of impact/recovery stages based on substrate type between the more
exposed sandy and sheltered mud site used in the study (see Table 5.1-1). Although the field
guide produced from this research (Macleod and Forbes 2004) was designed specifically to
assist with farm monitoring and management, the findings were also used to inform
regulatory monitoring and compliance requirements. Notably, the key features/indicators and
thresholds associated with the benthic impacts were used to inform the development of
environmental standards to allow for the assessment of unacceptable biological and physico-
chemical impacts (i.e., nonvisual impacts) in Marine Farm Licence Conditions (now
Environmental Licence Conditions)(Figure 5.1-2). This research also further validated and
refined the use of visual assessment techniques. Using a suite of indices based on easily
identifiable visual criteria which relate to different stages of impact, an objective scoring
system of sediment condition was developed. Although the ROV footage collected during
monitoring is generally only assessed against the compliance criteria that define a significant
visual impact (e.g., presence of feed pellets or bacterial mats), the footage can be scored
using the indices developed by Macleod and Forbes (2004) to provide a more detailed and
sensitive assessment of sediment condition and the stage of impact/recovery.
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* Indicates conditions not observed in this study
Suggest stage IX is sufficiently recovered for restocking

STAGE - Category STAGE - Description

| - Unimpacted | - No evidence of farm impact

] - Minor Effects Il - Slight infaunal & community change observed

Il -Moderate Effects Il -Clear change in infauna & chemistry

IV -Major Effects (1) IV -Major change in infauna & chemistry

v - Major Effects (2) Vv - Bacterial mats evident, outgassing on disturbance
VI* - Severe Effects VI* - Anoxic/ abiotic, spontaneous outgassing

VIl - Major Effects VI - Monospecific fauna, major chemistry effects

VIl - Moderate Effects VIl - Fauna recovering, chemistry still clearly effected
IX - Minor Effects IX  -Largely recovered, although slight faunal/ chemical

effects still apparent

Figure 5.1-1 Impact and recovery stages (from Macleod et al. 2004)

In the time since this research was conducted the industry has continued to grow and evolve.
This includes the development of new production approaches (e.g., larger cages/pens, more
efficient and automated feeding systems, increased smolt sizes) and expansion into new
areas. Maintaining high environmental performance requires an understanding of how both
farming in new areas/environments and changes in farming practices might change how
farming interacts with the marine environment. To ensure that management remains best
practice and farms continue to be efficient and sustainable, assessment of the local scale
impacts and recovery dynamics is required in newly developed farming environments and
under different farming technologies. The expansion of farming in Macquarie Harbour and
the benthic response observed provided a very timely reminder for this need. The monitoring
approach initially implemented in Macquarie Harbour was based on extensive understanding
of sediment interactions with farming practices in the established farming regions of southern
Tasmania. However, the results of a tactical FRDC project (2014- 038) demonstrated that the
response of benthic communities in Macquarie Harbour differed from that observed in
southern Tasmania, highlighting the need to validate local scale monitoring approaches. This
study was designed to assess the local scale interactions in the two new growing areas and
environments in southeast Tasmania (Storm Bay and the Southern Channel) as well as
Macquarie Harbour, with the intent to ensure monitoring and the indicators of impact remain
fit for purpose.
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MARINE FARMING LICENCE CONDITIONS RELATING TO ENVIRONMENTAL MANAGEMENT OF
A FINFISH FARM

Conditions relating to the environmental management of finfish farms are in four parts:

Compliance with environmental standards

Requirements for Environmental Monitormg Survey(s)

Environmental records to be kept by licence holder

Environmental reports to be provided to the Department of Primary Industry Water and
Environment (DPTWE)

e B

In this Schedule, "the Director” means the Director, Marine Resources in DPTWE or any person authonised to act
on the Director's behalf.

1 Compliance with Environmental Standards

The licence holder must comply with the following environmental standards in carrying out operations on the
marnne farming lease area or areas to which this licence relates (the Lease Area):

1.1 There must be no sigmficant visual, physio-chemical or biological impacts at or extending bevond 35 m
from the boundary of the Lease Area. The following impacts should generally be regarded as
significant:

Visual impacts:

s  Presence of fish feed pellets;
*  Presence of bactenial mats (e.g. Beggiatoa spp.):
s Presence of gas bubbling arising from the sediment, either with or without disturbance of the
sediment;
s Presence of numerous opportunistic polychaetes (e.g Capitella spp.. Dorvilleid spp.) on the sediment
surface.

In the event that a significant visual impact 1s detected at any point 35m or more outside the lease boundary.
the licence holder may be required to undertake a tnggered environmental survey.

Non-visual impacts:
s  Physico-chemical:

- A corrected redox value which differs significantly from the reference site(s) and/oris <0 mV ata
depth of 3 cm within a core sample.

- A corrected sulphide level which differs significantly from the reference site(s) and/or 15 > 250 pM
at a depth of 3 cm within a core sample.

s Biological:

- A 20xncrease in the total abundance of any individual fanuly relative to reference site(s).

- An increase at any compliance site of greater than 50x the total Annelid abundance at the reference
site(s).

- Areduction in the number of famuilies by 50 % or more relative to reference site(s).

- Complete absence of fauna.

(Note: As natural environmental vanation renders some locations more susceptible to ‘unacceptable’ parameter
values, the above thresholds will be considered in addition to baseline environmental information for

Figure 5.1-2 Schedule 3 to Marine Farm Licence Conditions (from Woods et al. 2004).
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Table 5.1-1 Summary of features characterising impact/recovery stages at the exposed/sand site (left) and sheltered/mud site (right) based on key features for each of the techniques deemed suitable for farm based
assessment from Macleod et al. (2004b). NB. Key Biotic Indicators row: organisms identified with * are indicative in combination rather than individually.

Impact Stage |1 1 m v v Vil Vil X :':':;E: I I m v v Vil Vil 1X
Effect  |No evidence |Minor effects | Moderate effects |Major effects 1|Major effects 2. [Major effects | Mocerate Minor effect Effect  |No evidence Moderate
o_ew nee |inor e. © o era.ee ects | Majer € ‘e s Lpraor .e s ajor e ?c s effects inor & ?c = o Minor effects Major jor effects [Major effects effects |Minor effects
Category Jofimpact |(Degrading) (Degrading) (Degrading)  |(Degrading) (Recovering) (Recovering) (Recovering) Category |of impact effects
mall scale Significant IMajor As in Stage 1V, Fauna returns to  |Fauna re- (Community Small scale Egnmcam Major As in Stage IV;'I?auna returns to |Fauna re- Community largel
community community community Beggiatoal monospecific establishing largely community community Jcommunity |Beggiatoa/  [monospeciic establishing (zone|recovered;
change; Sediment|change; Sediment |change; outgassingon  |dominance: major |(zone of recovered: change; Sediment |change; change; outgassing on |dominance; major|of enhancement), | Sediment
chemistry chemistry affected [Monospecific ~ |disturbance sediment enhancement); |Sediment chemistry _ |Sediment - IMonospecific (disturbance  |sediment Sediment chemistry stil
Description unaffected or with dominance: chemistry effects |Sediment chemistry Description unaffected or with |chemistry ~ Jdominance; chemistry effects |chemistry still slightly affected
only very minor major sediment chemistry still  |recovered only very minor  |affected major affected
effects chemistry affected effects
changes chemistry
changes
Unimpacted |Larger, long lived |Rapid change in  [Opportunists ~ [Infaunal Opportunists Transitional Diversification unimpacted  [Larger, long lived [Rapid (Opportunists |infaunal Opportunists | Transitional Diversification of
indicator species & pristine |community mix;  |(esp opportunists (esp |(Capitellids) still  |species of community indicator species & changein  J(esp opportunists | (Capitellids) still |species prevalent | community but
species indicators absent. |dsposit feeding  |Capitsllids) Capitellids) dominate but no s |prevalent - but absence of Species unimpacted community [Capitellids) |(esp dominate but no.s{notable increase |absence of
Generalised [Present Diversity may be |polychaetes/ characterise  |dominate. Patchy |dropping & other |notable increase | climaxfiong ~ |present indicators absent. fmix; deposit |characterise |Capitellids)  |dropping & other [in epibenthic climaxfiong lived
Benthic greater than opportunists community beggiatoa/ species in epibenthic  [lived species G Diversity may feeding community  |dominate Species opportunists Species.
Categories pristine (zone of |dominate outgassing may | colonising. opportunists. Benthic increase (zone of |polychaetes| Patchy coloni
9 enhancement) Filter/suspension be evident. Categories enhancement) opportunists beggiatoa/
feaders absent dominate outgassing
Filter/suspen may be
sion feeders evident.
(Apseudes,  |*Lyssianassidae, |Capitella Capitella Capitella (greatly |Capitella Capitella (lower |Mix of species absent
(Ampelisca | *Euphilomedes, |(dominant); (dominant); dominant); (dominant), no's), with increasing [Amphiura, *Nassarius, Capiteiia, Capitella, Capitella, Capitelia, Nebalia | Capitelia, Nebalia | Nassarius,
*Polydora cf Neanthes, *Neanthes, *Neanthes, *Neanthes, *Euphilomedes, |crustacea and Lysilla, *Corbula, Nebalia [Nebalia Nebalia (abundant); (decreasing Corbuia,
socialis, *Corophium, “Phoxocephalid |*Phoxocephalidae | *Corophium, *Polydora cf d: g __ |*Mediomastus, |*Echinocardium, |(dominant), |(dominant); |(extremely *Nassarius, abundance); *Neanthes,
Key Biotic *Phoxocaphalidae| *Polydora ef s, “Nebalia socialis, annelids Key Biotic L.y, “Phoxocephalidae | *Corouia, | *Corbuia, dominant) “Neanthes, *Nassarius, “Echinocardium,
Indicators socialis, “Dimorphostylis *Phoxocephalidae | *Euchons *Apseudes, Indicators Ly asira *Nemertea *Nassarius,* | *Nassarius, *Corbula, *Echinocardium , |*Phoxocephalidae)
*Tethygenia, "Polydora cf Neanthes  |*Neanthes “Phoxocep *Pr *Nemertea
“Gumacea socialis,
*Phoxocephalidae *Euphilomedes, Shannon >1<2, NO . N
“Nephtys N . o <1; No. spp. >1<2; No. spp
Phty: Index >2 >2 :;p 50% of|<1; No. spp. <50% of ref <50% of ref ~50% of ref >2
Shannon >1<2; No. spp . . <1; No. spp. <50%|>1<2; No. spp
B < 3 . <! >, Total
Index 2 = >50% of ref 1, No. spp. <50% of ref of ref >50% of ref 2 ot Same as ref %10 ref 20 ref %20 ref x10 ref
Total
x Red:
Abundance [3ame as ref X3 ref x6-9 ref X6-9 ref 3 ref edox 0-100mv (or  |o-i00mv (or| 0-100mV (or  |0-100mV (or
Potential |>100mv <omv <0mV
>50% ref) >50% ref) >50% ref) >50% ref)
Redox 00mY 0-100mV {or 0-100mV (or <Omv Omv 0-100mV (or  [0-100mV (or (mV)
Potential (mV)|~ >50% ref >50% >50% ref] >50% Sulphide
{mV) ref) e ref ref P o oo o |Beiowaetectin [osoum [>100un >100uM >50UM Below detection
Sulphide |Bel ! ; -
Cmu‘:) {uM} d:tzc“t'ion Below detection | >50uM >100uM >100uM >50uM Below detection
' Photo ScorelPos've 0t0-25 -2.510 -4 <4 -2510-4 O0to-25 Pos've
Benthic Phot:
Mecore JPosie Oto-3 4103 <4 <4 4103 0t0-3
Video Score]-5 2.55 <2.5 Neg've Neg've <25 2.5-5
Video Score |>5 255 <25 Neg've Neg've <25 255
Prevalence of Continuous Prevalence of
Prevalence of . . burrow/faunal . burrow/faunal
- Conti tches/mats of
. Algae, burrow faunal . Any evidence of Point at which Video track/tubes; Squat on '!‘“°“S patches/mats o of Squat lobsters,  |track/tubes;
Video Ech s tracks tu Sea slugs Any evidence of Beggiatoa, Gas  |Beggiatoa, Gas  |Sea slugs sea slugs are Features [Brtlestars  |o o e squat [lObsters, dogfBedaiatoa, Gas bubbles, Beggiatoa, Gas [~ Britflestars. squat
Features chiurans ract/ uoes; (Pleurobranchia) |bubbles, Black sediments; bubbles, Black  |(Pleurobranchia)|displaced -S4 whelk Black sediments; bubbles, Black 9 - 54
Sipunculans |Echiurans/ d ’1 ) " | lobsters, dog sediments lobsters, dog
Sipunculans sediments, (temporal) whelk ’ whelk
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5.1.2 Methods

5.1.2.1 Site Information

Storm Bay

The Trumpeter Bay Marine Farm Lease (MF261), operated by Huon Aquaculture Pty Ltd, is
in Storm Bay in southeast Tasmania, approximately 1.5km seaward of Trumpeter Bay. In
2014 the Storm Bay off Trumpeter Bay North Bruny Island Marine Farming Development
Plan (MFDP) Area was amended to establish four new zones south of Trumpeter Bay
(hereafter referred to as Storm Bay leases 1-4). A further amendment in 2018 has seen the
approval of a new marine farming zone approximately 1.5 km east of Yellow Bluff (hereafter
referred to as East of Yellow Bluff). Sampling in this study focused on the Trumpeter Bay
and Storm Bay 1 leases (Figure 5.1-3).

These leases are moderately protected from the prevailing westerly winds and more exposed
to southeast winds and seas which are generally uncommon, especially during summer
periods. Water depth ranges between 25-30 m in the Trumpeter lease and 35—45 m at Storm
Bay 1. In accordance with Schedule 3B, baseline environmental surveys were conducted
prior to commencement of aquaculture operations on each of the study leases. In August
2014, a baseline survey of the north eastern part of the Trumpeter lease was conducted prior
to the commencement of farming operations in November 2014 (Aquenal 2014). The
baseline surveys for Storm Bay leases 1 and 2 were conducted in July 2015, with farming
operations commencing on lease 1 in April 2016. A second survey occurred in April 2016
prior to Huon Aquaculture’s planned expansion into the south-eastern area of the lease
(Storm Bay sites 1-4 ; Aquenal 2016). The sedimentary environment at both study leases was
found to be typical of sediments in deep (>20 m) and exposed locations; fine sands
dominated, and silt and clay fractions were low (Aquenal 2015).

Southern Channel

The East of Lippies Marine Farm Lease (MF78) operated by Tassal Pty Ltd is in the southern
D’Entrecasteaux Channel on the coast between Scott Point and Tower Bay. The lease was
originally established in 2004 but its position and size were amended in 2014 and farming
began in late 2016. The area is dominated by saline oceanic waters with some freshwater
influences from the Huon River system flowing south out of the D’Entrecasteaux Channel.
As the area is situated in the open channel, the effects of severe weather from the south west
are not moderated by land. Water depths across the area are relatively deep and range from
35 to 50 m. The lease area is dominated by silty sand substrate and is approximately 1 km
from the shoreline (Figure 5.1-4).

LIn April 2016 a baseline survey of the south-eastern section of the lease was conducted prior to
commencement of farming on that part of the lease (Aquenal 2016). The sampling in this study was focused on
the north-eastern section of the lease where farming commenced in November 2014.
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Figure 5.1-3 The location of the Trumpeter (TR) and Storm Bay (SB) leases 1-4.

Figure 5.1-4 The location of the East Lippies (EL) lease in the southern channel.
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Macquarie Harbour

The MFDP for Macquarie Harbour was approved in 1998, with production in the harbour
growing to approximately 9,000 tonnes in 2011. In 2012 the Macquarie Harbour MFDP area
was amended from 564 Ha to 926 Ha to facilitate industry expansion (Figure 5.1-5).
Macquarie Harbour represents quite a different growing environment than elsewhere in the
state. Located on the west coast of Tasmania the harbour has a shallow restricted entrance to
the ocean which opens into a long deep basin with depths ranging from 0-50 m in the centre
of the harbour. The water column is highly stratified due to significant freshwater flows from
the Gordon and King Rivers, making the surface waters ideal for growing salmonids.
However, the stratification and narrow entrance mean that water column exchange with the
ocean is limited, particularly for bottom waters where dissolved oxygen concentrations are
consistently low as a result. Productivity in the system is also considered to be low owing to
the tannin rich freshwater layer limiting light penetration, and as such the sediments in the
harbour are inherently depauperate of benthic invertebrates. However, changes in benthic
condition in the harbour have been observed since mid-2013, with routine benthic monitoring
showing an increase in the abundance of opportunistic polychaetes on the sediment surface in
and around marine farming lease areas. To investigate this response, IMAS was
commissioned to carry out targeted surveys at selected leases in early 2015 (Ross et al. 2016).
The leases were chosen to represent operational activity, with each lease having a different
farm history and location along the length of the harbour. For this study, surveys were
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Figure 5.1-5 The location of the Table Head Central (THC), Gordon (GR), Strahan (SH) and Franklin (FR) leases in Macquarie Harbour
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undertaken at the same four leases to enable us to access the broader dataset and support a
more comprehensive interpretation. These leases were: MF133 Table Head Central (operated
by Petuna) is the closest to the harbour entrance with depths ranging from 20-50 m; MH219
Gordon (operated by Tassal) and MH267 (operated by Huon) are situated mid harbour with
depths ranging from 20-40 m and 35-42 m respectively, and MH266 Franklin (operated by
Tassal), the lease furthest from the harbour mouth, has depths ranging from 25-36 m. MH219
has been farmed consistently since 2000, whereas the other 3 leases have only become
operational since the amendment of the MFDP area was approved in 2012; farming
commenced at lease MH133 and MMH267 in April 2013 and at MH266 in January 2014.

5.1.2.2 Survey Design

For all study leases, samples were collected along transects beginning at a stocked cage
extending outwards from the lease. At the Storm Bay and Southern Channel leases, there
were three transects with sites at 0 m (i.e. directly adjacent to the cage), 35 m, 100 m, 200 m,
500 m and 1000 m from the cage (Figure 5.1-8). In Macquarie Harbour?, there were two
transects at each lease, with sites at 0 m, 50 m, 100 m, 250 m, and 500 m from the cage. In
addition, outer control sites were sampled (at least 1000 m from the cage) at all leases, and
there were also inner control sites (100-300 m from cages) at the Storm Bay and Southern
Channel leases. It is important to note that the sites along the transect were chosen to assess
the effect of distance from the source of enrichment whilst minimising other sources of
variability (e.g. changes in depth, sediment composition) whilst the control sites were
included to compare the sediment conditions and benthic communities associated with
farming against the broader ecology of the local area. The specifics of the sampling design
for each of the regions are provided below.

Storm Bay

The Trumpeter (TR) and Storm Bay 1 (SB1) leases were surveyed in Winter 2016, Summer
2017, Winter 2017, and Summer 2018. The intention was to spread these surveys over
different stages of the farming cycle (e.g. sampling at peak production and after fallowing) to
see how the footprint changed and if recovery could be detected. We sampled every ~ 6
months to capture high and low points in production cycle for each lease (Figure 5.1-6). At
the Trumpeter lease, the four surveys corresponded to late production (Winter 2016; 20
months after the fish were first introduced), end of the first production cycle/start of
fallowing (Summer 2017; first month of the fallowing period), end of fallowing/start of the
next production cycle (Winter 2017; 6 months after fish were harvested) and peak production
(Summer 2018; 2 months following the production peak).

2 The survey and sampling design at Macquarie harbour was different to ensure consistency with a proceeding study (FRDC
2014-038).
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Figure 5.1-6 Monthly feed input into the north and south grid of the Trumpeter lease over the years 2016-2018, showing when surveys one
to four (S1-S4) were completed in the current IMAS study. Note, all the transects were in the north grid where farming commenced earlier
(Figure 5.1-8). To overcome the constraints of commercial in confidence considerations, feed information is provided in relative terms.

At the Storm Bay 1 lease, the transects were across two grids with different production
cycles. On the northern grid the four surveys corresponded to the start of production (Winter
2016; 1 months after the fish were first introduced), mid production cycle (Summer 2017; 9
months into production), late production (14 months into production) and fallow (Summer
2018; 3 months after most fish were harvested). The southern grid was similar except that
the first survey was 3 months into the production cycle and there was a 2-3-month fallow
period between surveys 1 and 2 (Figure 5.1-7).
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Figure 5.1-7 Monthly feed input into the north and south grid of the Storm Bay lease over the years 2016-2018, showing when surveys one
to four (S1-S4) were completed in the current IMAS study. Note, the upper transect was on the north grid and the middle and lower transects
on the south grid (Figure 5.1-8). To overcome the constraints of commercial in confidence considerations, feed information is provided in
relative terms.
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Figure 5.1-8 Map of the Trumpeter (left) and Storm Bay 1 (right) leases showing sampling site locations. Upper, Middle and Lower refer to
each transect with sites at 0, 35, 100, 200, 500 and 1000 m from the cage. ‘CI” are inner control and ‘CO’ the outer control outer sites.

Southern Channel

The Lippies lease was surveyed in Autumn 2017, Spring 2017 and Autumn 2018. The
intention was to spread these over different stages on the farming cycle (e.g. at peak
production and after fallowing) to see how the footprint changed and if recovery could be
detected. We sampled every ~ 6 months to try to capture high and low points in production
for the lease (Figure 5.1-9). As a result, the three surveys corresponded to mid-production
(Autumn 2017; 7 months after the fish were first introduced), peak production (Spring 2017;
13 months after the fish were first introduced) and fallow (Autumn 2018; 2-3 months after
most fish were harvested).

At the Lippies lease, the three transects (upper, middle, and lower) extended perpendicular
outwards to the predominant direction of the lease (Figure 5.1-10). The transects were at the
southern end of the lease where the farm was first stocked. Each transect consisted of six
sampling sites at various distances from the cage, including one site directly adjacent to the
cages (0 m), 35 m, 100 m, 200 m, 500 m, and 1000 m. During survey one the 1000 m site 1-
ELM-6 was found to be positioned over patchy reef and gravel and was therefore replaced in
future surveys by 1-ELM-6a, positioned 850 m from the cage and offshore away from the
reef. Additionally, four inner control sites (approximately 100-300 m from the cages) and
four outer control sites (approximately 900-1200 m from the cages) were sampled to provide
a measure of natural variability (Figure 5.1-10). Sediment nutrient fluxes were only measured
in surveys 2 and 3, and sampling was restricted to the upper and middle transect sites (see
further details below).
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Figure 5.1-9 Monthly feed input into the north and south grid of the Lippies lease over the years 2015-2018, showing when surveys one to
three (S1-S3) were completed in the current IMAS study. Note, all of the transects were on the south grid because farming commenced
earlier in the study. To overcome the constraints of commercial in confidence considerations, feed information is provided in relative terms.
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Figure 5.1-10 Map of the Lippies lease showing the sample locations.
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Macquarie Harbour

The Table Head Central (THC), Gordon (GR), Strahan (SH) and Franklin (FR) leases were
surveyed six times between January 2015 and October 2016 as part of FRDC 2015-024 but
were continued under FRDC project 2016-067. Because the results of all the Macquarie
Harbour surveys have been synthesised in reporting for FRDC 2016-67 (see Ross et al.
2021), the results section in this report provides a detailed assessment of the of the first 6
surveys in a format consistent with that used for the other regions. While the original
intention was to spread these over different stages on the farming cycle (e.g. at peak
production and after fallowing) in the same manner as the southern region locations to see
how the footprint changed with production load, and if recovery could be detected, this was
in fact difficult to achieve in Macquarie Harbour as the production cycles were so different
both between and within the leases. Consequently, we sampled every ~ 3-4 months at this
location to try to capture the high and low points in production for the lease (Figure 5.1-11).
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Figure 5.1-11 Monthly feed input at the Macquarie Harbour study lease from 2013-2016, showing when surveys 1 - 6 were completed in the
current IMAS study. To overcome the constraints of commercial in confidence considerations, feed information is provided in relative
terms.
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Figure 5.1-12 Map showing the Macquarie Harbour control (blue) and lease transect (blue) sites at Table Head Central (THC, MF133),
Gordon (GR, MF219), Strahan (SH, MF267) and Franklin (FR, MF266). There are two transects at each of the study leases with five sites at
0, 50, 100, 250 and 500 m from the cage on each transect.

5.1.2.3 Sample Collection
Physico-chemical

At each site samples were collected using a quad-corer consisting of Perspex tubes (250 mm
long, 45 mm internal diameter) to evaluate sediment sulphide, redox, particle size, organic
carbon and nitrogen content and their isotopic composition (8°N, §*3C) (see Appendix Y for
a data overview). For the parameters used in the current licence conditions, the methods of
collection and analysis of data were in accordance with those outlined in Schedule 3 of the
Marine Farm Licence Conditions.

In the laboratory, redox was measured at 3cm depth using a Hach HQ30d oxidation-reduction
potential (ORP or redox potential) probe, calibrated with ZoBell’s solution prior to analysis
using the method described in Macleod et al. (2004). Redox potential was recorded once the
probe had stabilised (i.e. when the meter displayed constant values for approximately 10
seconds). The probe was re-calibrated after every three measurements.

Sulphides in sediments were measured using a TPS WP-90 meter. Sub-samples of sediment
(2 mL) were extracted from a port in the side of each core tube 3cm below the sediment
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surface using a 5 mL syringe. The samples were then placed in a glass vial containing 2 mL
SAOB (refer to Macleod et al. 2004) and sulphide concentration was measured (mV) by
placing the probe into the vial, and slowly stirring the sediment / buffer mix until the reading
stabilised. The mV readings were converted to sulphide concentration using a calibration
curve as outlined in Macleod and Forbes (2004).

Samples for carbon and nitrogen content and isotopic composition were ground and the
sample for carbon analysis was acidified with a dilute HCI solution to dissolve solid
carbonates. The Water Studies Centre (Monash University) analysed the samples on an
ANCA GSL2 elemental analyser interfaced to a Hydra 20-22 continuous-flow isotope ratio
mass-spectrometer (Sercon Ltd., UK). The precision of the elemental analysis was 0.5 pg for
both C and N (n = 5). The precision of the stable isotope analysis was £0.1%o for 3C and
+0.2%o for °N (SD for n=5). Stable isotope data are expressed in the delta notation (§**C and
31°N), relative to the stable isotopic ratio of Vienna Pee Dee Belemnite standard (RVPDB=
0.0111797) for C and atmospheric N2 (RAir = 0.0036765) for nitrogen.

Because the current licence schedule specifies that percent organic carbon is measured using
the loss on ignition (LOI) technique rather than via the elemental analyser as described,
samples were also analysed using the LOI technique for comparison. The top 2 cm of core
was oven dried at 60 °C for 24hrs and the total organic carbon calculated based on the loss on
ignition at 500 °C after 4 hours.

A profile of the physio-chemical properties of the overlying water column (dissolved oxygen,
salinity, pH and temperature) was obtained at each sampling location using an YSI EXO2
Sonde, with measurements recorded every 5 m.

The top 2cm of sediment collected in cores was used to determine percentage organic carbon.
In the laboratory, percent organic carbon was calculated after drying (60 °C for 24hrs) by loss
of organic carbon on ignition at 500 °C.

Macrofauna

Benthic macrofauna was sampled in triplicate at each site using a Van Veen Grab (surface
area 0.0675 m?). All grab samples were wet sieved to 1mm and preserved in 10% formalin:
seawater (4% formaldehyde) in the field. In the laboratory, samples were washed and stored
in ethanol. After being sorted, the infauna was identified to the lowest possible taxonomic
level and counted.

Visual

Underwater video surveys of the study sites were conducted in parallel® with the benthic
sampling. Three minutes of footage were collected at each site and the footage assessed
following the methods described by Macleod and Forbes (2004) and outlined in Schedule 3V.
The videoing was carried out by the respective companies and subsequently analysed by
IMAS staff. The original table of features used for scoring ROV in Macleod and Forbes
(2004) was expanded to include additional variables that were not previously scored but were
indicative of impacted or unimpacted conditions (Table 5.1-2) for all farming areas around
Tasmania. The variables measured included numeric categorisation of sediment colour,

8 The ROV surveys were not possible for all surveys and in some cases the timing was not fully aligned with the benthic sampling
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Beggiatoa density, presence of gas bubbles, feed pellets and faeces, farm debris, prevalence
of burrows, faunal tracks, worm tubes, and the abundance of key fauna (e.g. molluscs,
ophiuroids, annelids, capitellids, dorvilleids, NZ screw shells, seastars). These measures were
then used to score the footage for each site according to the key features that were determined
to be indicative of impacted or unimpacted conditions (Table 5.1-1; Macleod and Forbes
2004). Features that indicated a detrimental affect (e.g. gas bubbles, pest species,
opportunistic fauna, pellets and faeces) were subtracted from the score, while features that
were deemed to have little or no impact (e.g. worm tubes, brittle stars) were given a positive
score. Therefore, the higher the score, the better the sediment condition. This method
provided a way to assess the health (or impact level) of the sediment from video footage.

Table 5.1-2 Key features and scoring levels for video assessment. Features highlighted in bold are those that have been added to the original
Macleod and Forbes (2004) study.

Video feature Scoring levels Weighting | Category
1. Gas bubbles 0-Absent | 1-On distubance 2-Spontaneous outgassing 10 -ve
2. Sediment Colour black/grey 0-Normal | 1-Not normal (compared to reference) 1 -ve
3. Beggiatoa 0-Absent | 1-Patchy 2-Thin mat  3-Thick mat L.5 -ve
4. Pellets/Faeces 0-Absent | 1-Few 2-Many 3-Feed spill 1 -ve
5. Farm derived debris 0-Absent | 1-Present 1 -ve
6. Burrows/mounds density 0-Absent | 1-Few 2-Many 3-Dense 1.5 +ve
7. Worm Tubes/casts 0-Absent | 1-Present 1 +ve
8. Faunal Tracks 0-Absent | 1-Present 1 +ve
9. Algal Cover 0-Absent | 1-Sparse 2-Moderate  3-Dense L.5 +ve
10. Brittle stars 0-Absent | 1-Present 1.5 +ve
11. NZ Screw Shell 0-Absent | 1-Few 2-Many 1 +ve
12. Dog Whelks Nassaritis 0-Absent | 1-Few 2-Many 1 -ve
13. Side gill sea slugs 0-Absent | 1-Few 2-Many 1 -ve
14. Heart urchins 0-Absent | 1-Few 2-Many 1 +ve
15. Squat lobsters 0-Absent | |-Few 2-Many 1 -ve
16. Swarming epibenthic

crustaceans 0-Absent | 1-Few 2-Many 1 +ve
17. Echiurans & Annelids 0-Absent | 1-Few 2-Many 1.5 +ve
18. Dorv. Schistomeringos loveni 0-Absent | 1-Few 2-Many 1.5 -ve
19. Dorv. Ophryotrocha shieldsi 0-Absent | 1-Few 2-Many L5 -ve
20. Sabellids 0-Absent | 1-Few 2-Many 1 +ve
21. Capitella 0-Absent | 1-Few 2-Many L5 -ve
22. Fish 0-Absent | 1-Few 2-Many 1 +ve
23. Other Crustaceans 0-Absent | 1-Few 2-Many 1 +ve
24, Seastars others 0-Absent | 1-Few 2-Many 1 +ve
25. Other Fauna 0-Absent | 1-Few 2-Many 1 +ve
26. Net Wash 0-Absent | 1- Sparse 2-Moderate to dense cover 1.5 -ve
27. Metacarcinus novaezelandiae 0-Absent | 1-Few 2-Many 1 -ve
28. Asterias amurensis 0-Absent | 1-Few 2-Many 1 -ve

Sediment processes

Samples for measuring sediment nutrient fluxes were collected using a HAPS bottom corer
which takes well defined, undisturbed cores from soft sediments (Kanneworff & Nicholaisen
1973). Sample tubes (cores) were made of polycarbonate (inner diameter 127 mm; length 300
mm). All cores were carefully inspected and only those with sediment collected to a depth of
80-120 mm with an undisturbed sediment-water interface were used. All cores were capped
and transferred to a bin filled with bottom water for transport back to the laboratory. To
ensure that incubations conditions remained like bottom water conditions in the field, a bilge
pump was used to collect 100 litres of bottom water (~ 1m above the sediments). Water
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column profiles of salinity, temperature and dissolved oxygen were also taken at each site
using a YSI 6600 V2 Multi Parameter Water Quality Sonde with YSI 650 MDS logger.

The cores were transferred to temperature controlled baths and allowed to equilibrate
overnight in site water at in situ temperature and oxygen concentrations. All cores were
stirred continuously throughout the equilibration period and during the incubation via a
battery-operated stirrer mounted in the core lid with the stirring rate set to ensure mixing of
the water column but without agitating the sediment surface. During the equilibration period
the core lids were raised approximately 10 mm above the cores such that they were not sealed
and water could mix freely with tank water; this was to minimise oxygen depletion and the
accumulation of analytes in the cores during the equilibration period. Note, all incubations
were undertaken in the dark given that little light is likely to reach the sediment at the survey
sites due to the depth (>25 m).

To start the incubation, the cores were sealed and flushed with site water (gravity fed via
sample ports in the core lid) for approximately 20 minutes. Samples for measuring benthic
respiration and nutrient flux (oxygen (Oz2), dissolved inorganic carbon (DIC), ammonium
(NH4"), nitrite (NO2), nitrate (NO3") and phosphate (PO*) were collected at 3-time intervals
over the course of the incubation: 30 minutes after flushing was finished, mid incubation and
at the end of the incubation period. Samples for analysis of NH4*, NO2", NOs and PO4>* were
filtered (0.45 pm; 30 mm polypropylene housing; Bonnet) and stored in 12-mL high density
polyethylene sample tubes. Nutrient samples were frozen until analysis. Samples for DIC
were filtered (0.45 pm; 30 mm polypropylene housing; Bonnet) and preserved in a 12-mL
Exetainer with 20 pl HgCl» and refrigerated until analysis. Simultaneously, DO concentration
was measured using HACH LDO101 (HACH, Colorado USA) optical DO probe. Dissolved
oxygen was measured at the same time intervals using a Hach HQ40d with DO probes. The
length of incubation is determined by the rate of oxygen depletion allowing for a total drop of
no more than 10-20% in oxygen saturation. This equated to incubations running for between
3 and 24 hrs. The fluxes of each analyte were calculated based on the change in concentration
over time, while taking into consideration the water volume inside the cores and surface area
of the sediment (Dalsgaard et al. 2000). Values were corrected for any replacement of water.

All nutrient samples (NH4*, NO2', NOs™ and POs*) were analysed at IMAS using flow
injection analysis (FIA) (Lachat Quikchem 8000 Flow injection Analyser, spectrophotometric
detector). All nutrient analyses followed the procedures in Standard Methods for Water and
Wastewater (APHA 2005). DIC was analysed based on the Coulorometric method using a LI-
7000 CO2/H20 gas analyzer (LI-COR Biosciences, Lincoln, NE, USA).

Figure 5.1-13 Haps bottom corer (left) and an undisturbed sediment core collected using a polycarbonate sample tube (right).
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5.1.2.4 Data analysis

To establish the magnitude and scale of the benthic response to farming, the effect of distance
on response parameters (i.e. sediment, physio-chemical and macrofauna) was investigated for
each survey. To visualise the effects of distance from the source of enrichment, each
parameter was graphed against distance along the transect using bar charts and heat maps
produced in R (R Core Team 2014). Plots of response variables by distance from the cage
with a smoother fit using loess (x SE) are also provided in Appendix A. The inner and outer
control sites were included (where available) to assess changes along the transects due to
farming versus natural variability observed in the area.

All response parameters were tested for the effect of distance from cages along the transect
with a generalised linear model (GLM) in R (R Development Core Team 2014). Graphical
analysis of residuals showed that linearity and variance homogeneity were improved by log
transformation of distance from the cage. For comparison between control sites and different
transect distances a factorial ANOVA was performed, and post hoc tests were conducted
using the ‘multcomp’ package.

Lease performance

To determine whether the current set of indicators and thresholds (see BOX 1) are “fit for
purpose’ in these different growing regions, the environmental performance at 35/50 m from
cage and 35 m from the lease boundary were assessed via two planned comparisons
conducted following the ANOVA:

1. 35 m from cage versus outer control (CO)
2. 35 m from lease versus outer control (CO).

Environmental performance at farmed leases was assessed at 35 m outside the lease boundary
(see introduction). At most farm sites, cages were well within the lease boundary, and as
such the distance between the source of enrichment (the cage) and the 35 m compliance point
was variable. For example, at the Lippies lease, cages were approximately 200 m from the
compliance point. Therefore, our planned comparisons were conducted to assess two
distinct, but related questions on lease performance. Comparison 1 assessed how the impact
footprint from the cage compared to the original studies, and comparison 2 assessed how the
lease was performing at the actual compliance point (i.e. Cl sites). The second comparison
was further separated into two, with the first comparing the CO with the distance on the
transect that correspond to the 35 m from lease (e.g. 200 m at Lippies) and the second
comparing CO with CI. The CI sites were all 35 m from lease compliance points, but unlike
the transect distance that was 35 m from the lease, they were spread around the lease
boundaries and thus, represented variability in the area. Note, because the purpose of this
study was to explore whether there could be other, more suitable indicators and thresholds,
these tests were not limited to the indicators listed in Figure 5.1-2.

Temporal response

To determine whether the benthic response changed in time (i.e. across surveys), the response
parameters were compared across surveys with a GLM at the two distances closest to the
cages (0 and 35/50 m) and at the three distances furthest from the cages (500, 1000 and CO).
It is hypothesized that changes observed at 0 m and 35/50 m sites are more likely attributed to
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farming, whereas changes observed at 500 m or greater are likely to reflect variation due to
other external drivers.

Multivariate analysis

Multivariate analysis was used to investigate the changes in the macrofauna community with
distance from the cage using recent developments in model-based approaches to explanatory
models and ordination (see review by Warton et al. 2015). These methods specify a
statistical model for abundances jointly across many taxa, accounting for correlations
between species to simultaneously explore interactions across taxa and the response of
abundance to environmental variables.

A multivariate GLM was used to test the relationship between distance and species
composition with the ‘manyglm’ function on the ‘mvabund’ package (Wang et al. 2012) in R.
Species with fewer than 10 occurrences in total were removed, as these contained little
information but could strongly influence the model after rescaling. A negative binominal
distribution with a log link was used, and model assumptions were evaluated by examining
plots of Dunn-Smyth residuals (Wang et al. 2012). Goodness of fit was evaluated using a
pseudo-R?, calculated as the difference in log-likelihood between the full and intercept-only
multivariate models. Variable significance was estimated using the Wald Statistic, accounting
for correlation between variables using the identify option. Species specific univariate results
were calculated using an adjusted step-down procedure. For species where a significant
distance effect was found, a fourth corner model with a LASSO penalty was fitted and the
resulting coefficient matrix was plotted as a heat map.

Further explanation of the multivariate data was done using joint statistical modelling, which
incorporated into a single model the impact of abundance on environmental predictors and
interspecific interactions (Warton et al. 2015). We used a latent variable model (LVM) with a
negative binomial family and log link (Niku 2017) to create an unconstrained ordination to
visualise the main trends between transect distances in terms of their species composition
(Hui et al. 2015). The role of the latent variables in LVM is to account for unknown or
unmeasured variability, and by inducing correlations between taxa, enable an unconstrained
ordination for visualizing distance and species patterns. The shared environmental response
between species to distance from the cages was evaluated using the significant correlations
between columns of the response matrix in the LVM and presented as an environmental
correlation plot (Warton et al. 2015). Likewise, the residual correlation and precision
matrices were used to estimate correlations between species not accounted for by their shared
environmental response (Pollock et al. 2014). The role of the latent variables in LVM is to
account for unknown or unmeasured variables, and by inducing correlations between taxa,
enables an unconstrained ordination for visualizing distance and species patterns. LVMs
were estimated using Bayesian Markov chain Monte Carlo methods via the ‘boral’ package
(Hui 2016) in R.

Comparison with previous conditions

To assess whether the biological community and the physical and chemical characteristics
changed through time we compared our data with that recorded in previous surveys. This
required a careful selection of sites to ensure data were from the same (or similar) locations.
Where available we included farm, compliance, and control sites. This was not done for
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Macquarie Harbour given the limited overlap in sites for comparison, but see Ross et al.
(2016) and (2021) for a comparison with previous conditions

Southern Channel

Figure 5.1-14 shows the original lease and the sites surveyed in the 2004 baseline, 2016
baseline (i.e. following the change in position and size of the lease in 2004) and by IMAS
from 2017-18. For the comparison of compliance sites, the following sites were used across
the three data sets: 2004 (S2 & S3), 2016 (S3, S4, S5 & S6), and for 2017-18, 100 m (U100,
M100, L100) and CI (CI1, CI2 CI3 Cl4) sites. For the comparison at control sites, there was
only the one site with overlap across all three data sets: 2004 (S6), 2016 (S9), and 2017-18
(CO4). Farm sites were only sampled and available in 2017-18 0 m (U0, MO, LO) sites.

Storm Bay

Trumpeter lease. Figure 5.1-15 shows the original lease and the sites surveyed in the 2014
baseline of the northern end and the 2016 baseline of the southern end and by IMAS from
2016-18. For the comparison of compliance sites, the following sites were used across the
three data sets: 2014 (S1,S2,S3), 2016 (NA-no overlap), and for 2016-18 (C11,CI2,CI3). For
the comparison at control sites, there was one site (referred to hereafter as control site x) with
overlap from the 2014 baseline (C1) and the IMAS surveys (CO2) and one site (referred to
hereafter as control site x) from the 2016 baseline (S12) with the IMAS surveys (CO1). Farm
sites were only sampled and available in the IMAS 2016-18 surveys 0 m (U0, MO, LO) sites.

Storm Bay 1 lease. Figure 5.1-16 shows the lease and the sites surveyed in the 2015 baseline
and by IMAS from 2016-18. For the comparison of compliance sites, the following sites
were used across the two data sets: 2015 (S5,56,57,58,S9 & S10) and for 2016-18, 100 m
(U100, M100, L100) and CI (Cl4, CI5 CI6) sites. For the comparison at control sites, there
were two sites with overlap from the 2015 baseline (C2 & C6) and the IMAS surveys (CO3
& CO4).
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Figure 5.1-14. Map showing historical lease for Lippies and sites for baseline surveys conducted in 2004 (purple), 2016
(orange) and the current IMAS survey over 2017-2018 (blue).
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Figure 5.1-16 Map showing the Storm Bay 1 and sites for the baseline surveys conducted in the 2015 (orange) and the current IMAS survey
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5.2 Southern Channel (Lippies Lease)
5.2.1 Results

5.2.1.1 Physico-chemical
Redox

Redox potential for all three surveys was oxic and >100 mV at all sites (Figure 5.2-1). Redox
potential generally increased with distance from the cages and the effect of distance was
significant in all three surveys (Figure 5.2-1; Table 5.2-1). Redox potential 35 m from the
cage sites was lower than at the outer control sites in all three surveys, but this difference was
only significant in survey 3 (Table 5.2-1). Redox potential at the 200 m transect sites (35 m
from the lease boundary) was similar to the outer control sites in surveys 1 and 2. In survey 3
redox potential was significantly higher at the outer control sites compared to the 200 m
distance. Redox potential was on average higher across all sites in survey 3 compared to
surveys 1 and 2, however the effect of surveys was only significant at the sites closest to the
cages (0 and 35 m) and at the 500 m site, not at the two most distant sites (1000 m and outer
control (CO); Table 5.2-2).

Sulphides

Sulphide concentrations (M) decreased with distance from the cages (Figure 5.2-2) and the
effect of distance was significant across all three surveys (Table 5.2-1). Although sulphide
concentrations were on average higher at the 35 m sites compared to the outer control sites in
each survey, the difference was not significant. Sulphide concentrations at the 200 m transect
sites (35 m for lease boundary) and outer control sites were very low in all three surveys and
not significantly different (Table 5.2-1). There was a significant effect of survey at the sites
closest to the cages (0 and 35 m) but not at the more distant sites (500 m, 1000 m and CO;
Figure 5.2-2, Table 5.2-2). This was most notable in survey 2 where sulphide concentrations
were elevated at the 0 and 35m sites compared to surveys 1 and 3 (Figure 5.2-1).

Survey 1 | Survey 2 Survey 3 ] Survey 1 [ Survey 2 Survey 3

Redox potential (mV)
Sulphide concentration (1M}

CO 0 35100200500 00C cO C
Distance from cage (m)

|
|

CO 0 351002005001000 CO 0 35 100200500000 CO
Distance from cage (m)

Figure 5.2-1 Average (+SE) redox potential (mV) and sulphide concentration (uM) at 3cm depth in sediment with distance from the cages
(on transects) and at outer controls (CO) for each survey at the Lippies lease. Redox and sulphide were not measured at the inner control
sites.
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Figure 5.2-2 Redox and sulphide (predicted mean + 95% confidence intervals) from the GLM comparing surveys 1, 2, and 3 at the two
distances closest to the cages (0 and 35m) and at the distances furthest from the cages (500, 1000m and CO). It is hypothesized that changes
at the closer sites are more likely attributed to farming, whereas changes observed at 500m or greater likely to reflect variation due to other,
external drivers.

Sediment particle size

The sediment particle size distributions appeared broadly similar along the transect except for
the 1000 m distance sites, which contained more coarse sand (i.e. greater percentages of 2
mm, 1 mm, 0.5 mm and 0.25 mm size fractions) than all other transect sites (Figure 5.2-3).

100+

) <063 mm
N
O 0.063 mm
o 80
= mm 0125 mm
% 60 = 0.25mm
o
-qc-; 0.5mm
£ 404 B 1mm
=

B Z2mm
$ 201
2 4 mm

D“-l__*_—___*!_l_*_——
N
© H $ S & \Q@ o P

Distance from cage (m)

Figure 5.2-3 The cumulative percentage of standard sediment particle sizes at each distance from the cages (on transects) and at inner (CI)
and outer controls (CO).

Organic carbon and nitrogen and stable isotopes
Organic carbon content (%)

The organic carbon content (%) of the sediments was highly variable across the transect and
control sites (Figure 5.2-5). In surveys two and three the highest values were recorded
closest to the cage (Om), but the effect of distance was only significant in survey 3 (Table
5.2-1). There was no significant difference in organic carbon content between the 35 m and
outer controls, 200 m and outer controls or between the inner and outer control sites in each
of the surveys (Figure 5.2-5; Table 5.2-1). There was a significant increase in organic carbon
content across surveys at the cage site (0 m), with survey 1 having a lower level than the
other two surveys (Figure 5.2-6; Table 5.2-2). There also appeared to be a general increase in

L Organic carbon in survey 1 was also measured using the loss on ignition technique (LOI) with values ranging
for 2-6% across sites compared to 0.15-1.1% as measured with the elemental analyser on the same survey,
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organic carbon content across other sites between survey 1 and 2, but the effect of survey was
not significant at those distances (i.e. 35 m, 500, 100 m and CO).

Organic nitrogen content (%)

In all three surveys the organic nitrogen content (%) of the sediment was higher at cage (0 m)
sites compared to the transect and control sites (Figure 5.2-4); the effect of distance was
significant in all three surveys (Table 5.2-1). There was no significant difference in organic
nitrogen content between the 35 m and outer controls, 200 m and outer controls or between
the inner and outer control sites in any of the surveys (Figure 5.2-4; Table 5.2-1). Although
the organic nitrogen content at Om increased between survey 1 and 2, the effect of survey was
not significant at 0 m or the other distances tested (Figure 5.2-5; Table 5.2-2).

C:N molar ratio

The carbon to nitrogen molar ratio (C:N) of the sediment was more depleted (typical of feed
inputs) closest to the cages at 0 m sites, particularly in surveys 1 and 2 (Figure 5.2-4);
however, the effect of distance was only significant in survey 2. There was no significant
difference in C:N ratio between the 35 m and outer controls, 200 m and outer controls or
between the inner and outer control sites in each of the surveys (Figure 5.2-4; Table 5.2-1).
Although the C:N ratio at 0 m increased between survey 1 and 2, the effect of survey was not
significant at 0 m or the other distances tested (Figure 5.2-5; Table 5.2-2).
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¥ O

05
0.05
0.0 0.00

0 351002005001000 CICO 0 351002005001000 CICO 0 351002005001000 CICO 0 351002005001000 CICO 0 351002005001000 CI CO 0 351002005001000 CI CO
Distance from cage (m) Distance from cage (m)

Survey 1 Survey 2 Survey 3

0 B -hj»% = %%%JHL 11

C:N (molar)
o

0 351002005001000 CICO 0 351002005001000 CI CO 0 35 1002005001000  CI CO
Distance from cage (m)

Figure 5.2-4 Average (+SE) of percent carbon (%C) and nitrogen (%N) and C:N molar ratio with distances from the cages (on transects) and
at inner (CI) and outer controls (CO) for each survey at the Lippies lease.

Carbon (8'3C) and Nitrogen (5'°N)

The carbon and nitrogen isotopes of the sediments at the Lippies lease showed values typical
of the Channel environment, averaging -22.50 (+1.20 %o) for 8*3C and 8.28 (+0.66 %o) for
81N across all three surveys (Figure 5.2-6; see BEMP Annual Report 2017/18), but with the
0 m sites clearly distinguished from the remaining transect sites and controls on the dual
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isotope plot (Figure 5.2-7). This pattern reflected the slightly depleted carbon isotope
signatures at the 0 m sites in survey 2 and 3 where the effect of distance was significant, and
the depleted nitrogen isotope signature at the 0 m sites in all three surveys (Table 5.2-1).
Whilst there was no significant difference in the carbon or nitrogen isotope signature between
the 35 m and outer controls, 200 m and outer controls or between the inner and outer control
sites in each of the surveys (Figure 5.2-4; Table 5.2-1), the influence of farm derived organic
matter is evident at the 35 m from cage site in dual isotope plot for surveys 2 and 3 (Figure
5.2-7). The effect of survey was significant at the 0 m site for both carbon and nitrogen
isotopes but not at the 35 m and more distant sites (500 m, 1000 m and CO; Figure 5.2-8,

Table 5.2-2).
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Figure 5.2-5 Percent carbon (%C) and nitrogen (%N) and C:N molar ratio (predicted mean + 95% confidence intervals) from the GLM
comparing surveys at the two distances closest to the cages (0 and 35 m) and at the distances furthest from the cages (500, 1000 m and CO).
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Figure 5.2-6 Carbon (5'3C) and nitrogen (5'°N) stable isotopes values (average +SE) with distance from the cages (on transects) and at inner
(CI) and outer controls (CO) for each survey at the Lippies lease.
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Figure 5.2-7 Distribution of sites/distances based on carbon and nitrogen stable isotopes with error bars for each survey at the Lippies lease.

—_—1 =2 — 3 —_—1— 2 — 3
20 o . 9.0
o N 8.5
21 o — 5
8.0
?(_) 22 7 : EZ 75 4 .
w w
27 : 70 4
24 657
254 | 604 T
T T T T T T T T T T
0 35 500 1000 CO 0 35 500 1000 Cco
Distance Distance

Figure 5.2-8 Carbon (5*3C) and nitrogen (5'°N) stable isotopes values (predicted mean + 95% confidence intervals) from the GLM
comparing surveys at the two distances closest to the cages (0 and 35 m) and at the distances furthest from the cages (500, 1000 m and CO).

Dissolved oxygen

There was some evidence of slightly depleted bottom (measurement taken at 1 m above the
substrate) water oxygen levels at the sites closest to the cages, but the effect of distance was
only significant in survey 2 (Figure 5.2-9, Table 5.2-1). There was no significant difference in
bottom water DO between the 35 m and outer controls, 200 m and outer controls or between
the inner and outer control sites in any of the surveys (Table 5.2-1). There was a significant
change in bottom water DO between surveys as shown by the comparison of sites both close
and more distant from the cages (Table 5.2-2). Bottom water DO ranged from ~6.5 mg/L
(80% saturation) in survey 1 (Autumn 2017) to ~ 8.6 mg/L (99% saturation) in survey 2
(Spring 2018), and ~ 7.4 mg/L (93% saturation) in survey 3 (Autumn 2018) (Figure 5.2-10).
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Figure 5.2-9 Average dissolved oxygen (DO) concentration (mg/L) in bottom water with distance from the cages (on transects) and at inner
(CI) and outer controls (CO) for each survey at the Lippies lease.
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Figure 5.2-10 Average dissolved oxygen (DO) concentration (predicted mean + 95% confidence intervals) from the GLM comparing
surveys at the two distances closest to the cages (0 and 35 m) and at the distances furthest from the cages (500, 1000 m and CO).

48



Table 5.2-1 Results of the generalised linear model testing for the effect of distance for all physico-chemical parameters for each survey and
the planned contrasts from the factorial ANOVA comparing the control sites and transect distances. Significant responses (p < 0.05) are
shown in bold.

Planned contrasts
F ratio P COv35m COv200m COvCl

Redox

Survey 1 9.734 0.007 0.19455 0.78460

Survey 2 9.114 0.008 0.485 0.999

Survey 3 16.778 0.001 <0.001 <0.001
Sulphide

Survey 1 42.224 <0.001 0.533 0.973

Survey 2 26.22 <0.001 0.339 0.998

Survey 3 47.191 <0.001 0.875 0.992
Organic Carbon (%)

Survey 1 0.021 0.887 0.942 0.479 0.567

Survey 2 2.093 0.167 0.695 0.930 0.830

Survey 3 4.799 0.044 0.999 0.967 0.969
Organic Nitrogen (%)

Survey 1 21.458 <0.001 0.896 0.882 0.790

Survey 2 19.654 <0.001 0.893 0.905 0.696

Survey 3 5.798 0.028 0.997 0.962 0.982
3%C

Survey 1 0.299 0.592 0.546 0.247 0.354

Survey 2 6.727 0.020 0.965 1.000 0.999

Survey 3 4.632 0.047 0.904 0.978 0.995
BN

Survey 1 39.675 <0.001 0.971 0.989 1.000

Survey 2 106.696 <0.001 0.299 0.916 1.000

Survey 3 75.955 <0.001 0.467 0.970 0.991
C:N

Survey 1 1.479 0.242 1.000 0.737 0.853

Survey 2 7.115 0.017 0.694 0.996 1.000

Survey 3 0.454 0.510 1.000 1.000 0.987
Dissolved Oxygen (mg/L)

Survey 1 0.543 0.472 0.607 0.803 1.000

Survey 2 6.673 0.020 0.956 0.996 0.992

Survey 3 0.069 0.796 0.986 0.968 0.922
Total Abundance

Survey 1 19.948 <0.001 1.000 1.000 1.000

Survey 2 57.557 <0.001 0.885 1.000 0.999

Survey 3 6.623 0.020 0.997 0.970 0.992
Species Richness

Survey 1 1.66 0.216 0.840 0.262 0.696

Survey 2 14.666 0.001 0.932 0.966 0.777

Survey 3 6.366 0.023 0.926 0.739 0.906
Species Diversity

Survey 1 42.532 <0.001 0.926 0.507 0.766

Survey 2 47.925 <0.001 0.750 0.843 0.944

Survey 3 9.177 0.008 0.973 1.000 0.998
ROV Score

Survey 1 na na na na na

Survey 2 76.442 <0.001 <0.001 0.427 0.298

Survey 3 47.871 <0.001 0.002 0.113 0.155
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Table 5.2-2 Results of the generalised linear model testing for the effect of survey at the two distances closest to the cages (0 and 35/50m)
and at the three distances furthest from the cages (500, 1000 and CO). Significant responses (p < 0.05) are shown in bold.

0m 35m 500 m 1000 m CcoO
Redox <0.001 <0.001 0.004 0.074 0.074
Sulphide <0.001 0.026 1.000 1.000 1.000
Organic Carbon (%) 0.010 1.000 0.547 1.000 1.000
Organic Nitrogen (%) 0.7443 1.000 1.000 1.000 1.000
31C 0.001 0.827 1.000 0.456 1.000
3N <0.001 1.000 1.000 1.000 1.000
CN 0.077 0.879 0.615 0.615 0.963
Dissolved Oxygen (mg/L) <0.001 <0.001 <0.001 <0.001 <0.001
Total Abundance <0.001 1.000 1.000 1.000 1.000
Species Richness 0.060 0.004 0.131 0.131 0.131
Species Diversity <0.001 1.000 0.849 1.000 1.000
ROV Score 0.032 1.000 0.784 1.000 1.000

5.2.1.2 Macrofauna

Across all three surveys, 60,747 invertebrates were collected across 234 grab samples,
comprising 295 different taxa. Overall, polychaetes were the most abundant taxon at the
Lippies lease, making up 68% of the total taxa abundance, followed by crustaceans (22%),
molluscs (7%) and nemerteans (1%), echinoderms (1%) and others (< 1%). Polychaetes and
crustaceans were present in 100% of the samples, molluscs in 98%, nemerteans in 90% and
echinoderms in 80% of the samples.

Forty four percent of the taxa were crustaceans, 31% polychaetes, 17% molluscs, 3%
echinoderms, 1% nemerteans and 4% other. The most abundant taxon at the Lippies lease
over the three surveys were Capitella sp., making up 43% of the total abundance, followed by
the amphipods Byblis mildura (8%) and Ampelisca cf. australis (6%), capitellid polychaete
Mediomastus sp. (4%), spionid Paraprionospio coora (3%), scaligregmatid polychaete
Scalibregma cf. inflatum (3%), spionid Prionospio kulin (2.7%), terebellid Ampharetid sp.
(2.5%) and other taxa (1.5% or less). All these taxa remained reasonably abundant across all
three surveys.

Total abundance

The total abundance was clearly elevated at the cage site compared to the other transect
distances in all three surveys (Figure 5.2-11), with the effect of distance significant in all
three surveys (Table 5.2-1). There was no significant difference in total abundance between
the 35 m and outer controls, 200m and outer controls or between the inner and outer control
sites in any of the surveys (Table 5.2-1). There was a significant effect of survey at the cages
(0 m) but not at 35 m or more distant sites (500 m, 100 m and CO; Figure 5.2-12, Table
5.2-2). At the cage sites, total abundance increased from an average of 14,369 ind. m2 in
survey 1 to 26,193 ind. m2in survey 2, before decreasing to 6,503 ind. m in survey 3.

Species richness

In survey 1, there was no clear pattern of species richness with distance from the cage, but in
surveys 2 and 3 species richness was reduced at the cage sites compared to the other distances
(Figure 5.2-11, Table 5.2-1). There was no significant difference in species richness between
the 35 m and outer controls, 200 m and outer controls or between the inner and outer control
sites in each of the surveys (Table 5.2-1). Apart from the cage sites, species richness
increased across all distance and control sites between surveys 1 and 2; however, the effect of
survey was only significant at the 35 m sites (Figure 5.2-12, Table 5.2-2).

50



Species diversity

The species diversity index (H”) was clearly lower at the cage site compared to the other
transect distances in all three surveys (Figure 5.2-11), with the effect of distance significant in
all three surveys (Table 5.2-1). There was no significant difference in species diversity
between the 35 m and outer controls, 200 m and outer controls or between the inner and outer
control sites in each of the surveys (Table 5.2-1). There was a significant effect of survey at
the cages (Om) but not at 35m or more distant sites (500 m, 100 m and CO; Figure 5.2-12,
Table 5.2-2). At the cage sites, the diversity index value decreased from an average of 1.0 in
survey 1to 0.3in survey 2, before increasing to 1.9 in survey 3 (Figure 5.2-11).
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Figure 5.2-11 Average abundance (ind. m-2), species richness (number of species per grab) and species diversity (Shannon-Wiener diversity
index, H) with distance from the cages (on transects) and at inner (CI) and outer controls (CO) for each survey at the Lippies lease.

Multivariate analysis

The multivariate GLM showed distance significantly influenced the composition of the
faunal assemblages in all three surveys. For the species that showed a significant effect of
distance the fourth corner coefficients are plotted using a LASSO penalty for each survey in
Figure 5.2-13, 5.2-14 & 5.2-15 (see Appendix A for plots of individual species abundance by
distance.)

Of the more common species in survey 1 the polychaete Capitella sp., showed the strongest
positive relationship with proximity to the cage, and the amphipods Bybilus mildura and
Ampelisca cf. australis, a strong negative relationship with proximity to the cage (Figure
5.2-13). Other species to show strong positive relationships with proximity to the cages
included the polychaetes Euchone limnicola, Glycerid sp., Leitoscoloplos bifurcates and
opisthobranch gastropod Philine spl. Other species that showed strong negative relationships
with proximity to the cages included the amphipod Phoxocephalid sp3, the brittle star
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Figure 5.2-12 Average abundance, species richness and species diversity (predicted mean + 95% confidence intervals) from the GLM
comparing surveys at the two distances closest to the cages (0 and 35 m) and at the distances furthest from the cages (500, 1000 m and CO).
Amphuria elandiformis, the tanaid Apseudid sp2 and the polychaete, Armandia sp. In survey
2 double the number of species showed a significant relationship with distance (Figure
5.2-14), with the polychaete Capitella sp. again the most common species showing a positive
relationship with proximity to the cages. Other species to show strong positive relationships
with proximity to the cages included the other capitellid polychaete Mediomasutus sp., the
nereid polychaete Perinereis sp., bivalves Theora lubrica and Corbula gibba, gastropods
Syrnola bifasciata and Turbonilla fusca, and the anemone Edwardsia sp. Species indicating
negative relationships with proximity to the cages included the amphipods Bybilus mildura
and Ampelisca cf. australis, brittle star Amphuria elandiformis, bivalve Pratulum thetidis and
polychaete Armandia sp. In survey 3 (Figure 5.2-15) the number of species showing strong
positive relationships with proximity to the cages increased relative to surveys 1 and 2. These
species included the polychaetes Pectinaria cf. dodeka, Mediomasutus sp., Perinereis sp.,
Phyllodocid sp2, Leitoscoloplos bifurcates. Glycerid sp. and Cirratulid sp2., amphipods
Phoxocephalid sp2 and Oedicerotid sp2., bivalves Theora lubrica and Corbula gibba,
gastropods Syrnola bifasciata and Turbonilla fusca, the heart urchin Echinocardium
cordatum and the cumacean Dimorphostylis cottoni. Similarly, there was an increase in the
number of species identified to have a strong negative relationship with proximity to the
cages; these species included amphipods Bybilus mildura, brittle star Amphuria elandiformis,
tanaid Apseudid sp2, bivalves Pratulum thetidis, Ennucula obliqua, Channelaxinus
adelaideanus and Ungulinid sp., and spionid polychaete Prionospio kulin, terebellid
polychaete Terebellides kowinka and scalibregmatid polychaete Scalibregma inflatum.

The unconstrained ordination from the LVM showed a separation of samples based on their
species composition and relationship with distance from the cage (i.e. along latent variable 1;
Figure 5.2-16). In survey 1, species composition at the Om and to a lesser extent species at 35
m were distinct from the assemblage found at 100m and further from the cages. Of the ten
most important species identified in the LVM, the polychaetes Capitella sp., Euchone
limnicola, and Glycerid sp., were characteristic of the assemblages found near the cages and
the source of enrichment, whilst the polychaete Armandia sp., the brittle star Amphuria
elandiformis and amphipods Phoxocephalid sp3, Bybilus mildura, and Ampelisca cf. australis
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were characteristic of the assemblages more distant from the cages and source of enrichment.
Variability in species composition at the 1000 m most likely reflected the coarser sediments
found at this distance (Figure 5.2-3). Both the bivalve Corbula gibba and the amphipod
Aorid spl. were particularly common at the 1000 m sites.

In survey 2, a clearer separation in species composition according to distance was apparent,
with the assemblages at 0 m and 35 m becoming more distinct and separation emerging
between 100 m and 200 m (Figure 5.2-16). The polychaete Capitella sp. was again a
characteristic species of the community at 0 m but was found in much higher abundances at
both 0 m and 35 m compared to survey 1. In survey 2, the bivalve Theora lubrica and
gastropods Syrnola bifasciata and Turbonilla fusca were also characteristic of the
assemblages of the sites nearest the cages, and more so at 35 m; in survey 1 these three
mollusc species were rare or absent across all sites. The species identified in the LVM as
most characteristic of sites more distant from the cages in survey 2 were the brittle star
Amphuria elandiformis, bivalve Pratulum thetidis, tanaid Apseudid sp1, and the polychaetes
Armandia sp. Epidiopatra hupferiana; all these species were more abundant at 100 m and
more distant sites.

Species composition at 0 m and 35 m from the cage was again distinct from that observed at
the more distant sites in survey 3, but the assemblages at the other distances appeared more
similar unlike the situation in survey 2. Capitella sp. were clearly the most abundant species
at 0 m but their abundance was markedly lower (~ 4000 ind. m™) than that observed at 0 m in
surveys 1 (~12,600 ind. m?) and 2 (~25,000 ind. m?). They were also far less abundant at 35
m in survey 3 (~ 5 ind. m?) compared to survey 2 (~ 1100 ind. m?). In survey 3, the bivalve
Theora lubrica was again identified in the LVM as characteristic of sites in proximity to the
cages, but this time it was far more abundant at 0 m than 35 m. Cirratulid and Glycerid
polychaetes were also identified as characteristic of the Om sites; in surveys 1 and 2 they were
also predominately found at the sites closest to the cages (0 and 35 m). The mussel Mytilus
galloprovincialis was characteristic of the sites closest to the cage in all surveys, although not
as abundant in surveys 1 and 2 and was only recorded at the sites closest to the cages. The
presence of Mytilus galloprovincialis is most likely a function of biofouling on farm
infrastructure being dislodged. Another mytilid Amygdalum striatum was characteristic of the
35 m sites in survey 3 but was very rare or absent at other distances and was not found in the
previous 2 surveys. Another species that was far more abundant in survey 3 compared to the
previous two surveys, and characteristic of the 0 and 35 m sites, was the heart urchin
Echinocardium cordatum. The species identified in the LVVM as most characteristic of sites
distant from the cages in survey 3 were the brittle star Amphuria elandiformis and terebellid
Amaena trilobata, with Amphuria more common from 100 m and Amaena from 35 m and
further from the cages. In survey 3, the tanaid Kalliapseudes struthi was identified in the
LVM characteristic of the variability in species composition observed at the 1000 m sites.
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Figure 5.2-13 Species contribution to community composition (Fourth corner coefficients) with LASSO penalised fits for species that show
a significant effect with distance from the farm in survey 1.
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Figure 5.2-14 Species contribution to community composition (Fourth corner coefficients) with LASSO penalised fits for species that show
a significant effect with distance from the farm in survey 2.

54



Ungulinid.sp. 1
Theora.lubrica 1
Terebellides. kowinka 1

_ Syrnola.bifasciata 1
Scahbrelgma.cf..lnﬂatum 1
rionospio.kulin 1
Pratulum.thetidis 1
Phyllodocid.sp.2 1
Phoxocephalid.sp.3 1
PhoxoceBhalgd.sp.Z
’hotis.sp.3

_ Perinereis.sp.
Pectinaria.cf..dodeka
Paraprionospio.coora
Oedicerotid.sp.2 1

: emertean.sp.11
Mytilus.galloprovincialis 1
Leifoscoloplos.bifurcatus 1
Kalliapseudes.cf..struthi 1
Glycerid.sp. 1

~ Ennucula.obliqua 1
Echinocardium.cordatum 1
Dimorphostylis.cottoni 1
Corbula.gibba 1

- _ Cirratulid.sp.2 1
~hannelaxinus.adelaideanus 1
Chaetodermatid.sp. 4

value

04

§ 0.2

Capitella.sp.
Byblis.mildura
Apseudid.sp.2

Aorid.sp.11
Amygdalum.striatum 1
Amphiura.elandiformis 1
Ampharetid.sp.1 1
Ampelisca.cf..australis 1
Amaeana.trilobata 1

TR THRRRL

ey e e O
NIECRORNF RS
Distance from cage (m)

Figure 5.2-15 Species contribution to community composition (Fourth corner coefficients) with LASSO penalised fits for species that show
a significant effect with distance from the farm in survey 3.
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5.2.1.3 Visual

There was a significant effect of distance on ROV health scores, with 0 m sites having the
lowest scores of -2 (£ 0.3) and 1.2 (+ 1.4) for surveys 2 and 3 respectively (Figure 5.2-17,
Table 5.2-1). ROV scores improved at 35 m to 3 (x 0.8) in survey 2 and 3.5 (x 0.8) in survey
3, and scores were > 5 from 100 m to 1000 m on the transects and at the inner and outer
control sites. There was a significant difference in ROV scores between the 35 m and outer
controls in both surveys, with ROV scores lower at the 35 m sites, but there was no
significant difference in scores between the 200 m transect sites (35 m for lease boundary)
and outer controls or between the inner and outer control sites in each of the surveys (Table
5.2-1). There was a significant effect of survey at the cages (0 m) but not at 35 m or more
distant sites (500 m, 100 m and CO; Figure 5.2-18, Table 5.2-2).
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Figure 5.2-17 ROV scores (average +SE) with distance from the cages (on transects) and at inner (Cl) and outer controls (CO) for survey 2
and 3 at the Lippies lease. ROV assessments were not conducted in survey 1.
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Figure 5.2-18 ROV scores (predicted mean + 95% confidence intervals) from the GLM comparing surveys at the two distances closest to the
cages (0 and 35 m) and at the distances furthest from the cages (500m, 1000m and CO). It is hypothesized that changes at the closer sites
were more likely attributed to farming, whereas changes observed at 500m or greater were likely to reflect variation due to other external
drivers.

5.2.1.4 Sediment Processes

Sediment respiration measured via dissolved oxygen consumption decreased as a function of
distance from cage in both surveys 2 and 3 (Figure 5.2-19, Table 5.2-3). Similarly, respiration
measured as dissolved inorganic carbon production (i.e. principally carbon dioxide produced
during respiration) decreased as a function of distance from cage in both surveys (Figure
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5.2-19, Table 5.2-3). Rates of respiration measured by both oxygen consumption and
dissolved inorganic carbon production were significantly higher in survey 2 at the Om cage
sites (~4800 Oz pmol m hand ~ 5600 DIC umol m? h't) compared to survey 3 at the 0 m
cage sites (~2100 O, umol m2 h'tand ~ 1800 DIC pmol m h'1). At the other distances
respiration rates were generally higher in survey 3 compared to survey 2, but the difference
was not significant at the two distances tested (i.e. 35 m and 500 m; Figure 5.2-20,Table
5.2-3).
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Figure 5.2-19 Sediment respiration: dissolved oxygen and dissolved inorganic carbon fluxes (umol m-2 h-1) (+ SE) with distance from the
cages on transects in survey 2 and 3 at the Lippies lease. Sediment flux assessments were not conducted in survey 1 or at inner and outer
controls.
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Figure 5.2-20 Sediment respiration rates (umol m? h?) for dissolved oxygen and dissolved inorganic carbon (predicted mean + 95%
confidence intervals) from the GLM comparing surveys at the two distances closest to the cages (0 and 35 m) and at the distance furthest
from the cage (500 m). It is hypothesized that changes at the closer sites were more likely attributed to farming, whereas changes observed
at 500m or greater were likely reflecting variation due to other, external drivers.

Fluxes of ammonium also decreased as a function of distance from cage in both surveys
(Figure 5.2-21, Table 5.2-3). Although average ammonium fluxes were higher in survey 3 at
0, 35 and 500 m, the difference between surveys was not significant (Figure 5.2-22, Table
5.2-3). For nitrate + nitrite, fluxes were directed into the sediment (i.e. uptake) at several sites
in both surveys (Figure 5.2-21). In survey 2, there was a significant effect of distance, with
the flux into the sediment decreasing with distance from the cage and at 500m, there was a
release of nitrate + nitrite from the sediment (Table 5.2-3). In survey 3, there was also a
general trend of nitrate + nitrate shifting from net uptake to net release as a function of
distance from the cage; however, the fluxes were quite variable, and the effect of distance
was not significant (Table 5.2-3). The rate of nitrate + nitrate uptake was significantly higher
in survey 2 compared to survey 3, but there was no significant difference in rates at the two
other distances tested (35 and 500 m; Figure 5.2-22,Table 5.2-3).

Fluxes of phosphate were low (< 4 pmol m? h) across both surveys and all distances except
for the cage site in survey 2, where the phosphate flux was 139 pmol m2 h (Figure 5.2-23).
Despite the elevated phosphate flux at 0 m in survey 2, the effect of distance and survey were
not significant (Figure 5.2-24, Table 5.2-4).
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Table 5.2-3 Results of the generalised linear model testing for the effect of distance for sediment nutrient fluxes for surveys 2 and 3 and
results of the generalised linear model testing for the effect of survey at the two distances closest to the cages (0 and 35) and at the distance
furthest from the cages that was measured in both surveys (i.e. 500 m). Significant responses (p < 0.05) are shown in bold.

Effect of survey
Effect of Distance Oom 35m 500 m
F ratio p p o] p
Dissolved Oxygen
Survey 2 38.648 <0.001 <0.001 0.759 0759
Survey 3 5.052 0.048
Dissolved Inorganic
Survey 2 13.143 0.011 0.038 1.000 1.000
Survey 3 8.453 0.016
Ammonium
Survey 2 11.98 0.013 1.000 1.000 1.000
Survey 3 15.676 0.003
Nitrate + Nitrite
Survey 2 40.476 <0.001 <0.001 0.879 0.903
Survey 3 1.647 0.228
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Figure 5.2-21 Sediment ammonium and nitrate + nitrite fluxes (umol m? h') (+ SE) with distance from the cages on transects in surveys 2
and 3 at the Lippies lease. Sediment flux assessments were not conducted in survey 1 or at inner and outer controls.
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Figure 5.2-22 Sediment flux rates (umol m? h) for ammonium and nitrate + nitrite (predicted mean + 95% confidence intervals) from the
GLM comparing surveys at the two distances closest to the cages (0 and 35 m) and at the distance furthest from the cage (500 m).
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Figure 5.2-23 Sediment phosphate flux (umol m? h) (+ SE) with distance from the cages on transects in surveys 2 and 3 at the Lippies
lease. Sediment flux assessments were not conducted in survey 1 or at inner and outer controls.
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Figure 5.2-24 Sediment flux rates (umol m h'*) for phosphate (predicted mean + 95% confidence intervals) from the GLM comparing
surveys at the two distances closest to the cages (0 and 35 m) and at the distance furthest from the cage (500 m).

5.2.1.5 Historical comparison

Redox potential values (mV) were variable across surveys pre farming, ranging from an
average of 111 mV in 2004 to 278 mV in 2016 at control sites. Average values at the control
sites were higher in the more recent surveys, ranging from 342 — 674 mV (Table 5.2-4).
Redox values at the compliance sites were similar to the control sites in the baseline surveys,
while in two of the three surveys since farming commenced average redox values were lower
(albeit highly variable in 2017 survey 1) at the compliance sites compared to the control site.
Sulphide concentrations at the control site were negligible (<2 pM) in both 2004 and 2016
years. Across the three recent surveys, average sulphide concentrations ranged from 0 — 4 uM
at the control site location. Except for one reading at a compliance site in 2017 survey 2 (31
UM, site average 10.4 uM), sulphide concentrations were also negligible (<2 uM) at
compliance sites pre and post farming. Farm sites showed the highest sulphide concentrations
(ranging from 22 - 124 uM) and the lowest redox potential (ranging from 103-376 mV)
relative to the compliance and control sites across the three recent surveys.

Macrofaunal abundance (ind. m2) was variable across the two baseline surveys prior to
farming, ranging from an average of 4311 ind. m in 2004 to 2474 ind. m in 2016 at the
control site. A similar range in abundances was observed across the three surveys conducted
since farming commenced, ranging from an average of 1753 ind. mto 3477 ind. m? at the
control site. Average abundance at the compliance sites showed a similar pattern and whilst it
was lower relative to the control sites, this pattern was consistent across all surveys, both pre
and post commencement of farming. As such the difference likely reflects natural spatial
variation between the compliance and control sites independent of farming.

The average number of macrofaunal families at the control site ranged from 17 to 27 in 2004
and 2016 respectively, and from 24 to 39 across the more recent surveys. A similar pattern
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was observed at the compliance sites. Macrofauna diversity ranged from 0.7 to 2.6 in 2004
and 2016 respectively, and from 1.9 to 2.9 across the more recent surveys. Diversity was
typically higher at the compliance compared to the control sites across all surveys, both pre
and post the commencement of farming. Apart from the number of families in survey 1, farm
sites generally showed the highest abundance, lowest diversity and lowest number of families
compared to the compliance and control sites.

The unconstrained ordination from the LVM showed a separation of samples based on their
family composition and relationship with sample location (i.e. Cl, CO and 0 m) and survey
(Figure 5.2-25). Not surprisingly, there was a clear separation of farm (0 m) sites from the
compliance and control sites with Capitellidae (mostly Capitella sp.), the key indicator family
of farm sites. The families Semelidae (the introduced bivalve Theora lubrica) and
Glyceridae (polychaete Glycera tridactyla) were far less common but characteristic of the
farm sites and more notable in the 2018 survey. There was no clear or consistent separation
in family composition between compliance and control sites across the surveys pre and post
the commencement of farming. However, the 2004 community was closely grouped and
distinct from the 2016 baseline and 2017-18 surveys. The families driving this separation
were amphipods from the family Maeridae and Isaeidae, Sphaeromatidae isopods and
Nuculanidae bivalves, largely only recorded in the 2004 survey. In contrast, squat lobsters
from the family Galatheidae and callinassid shrimp were largely only found in the other
surveys. It is important to note it was not changes in the most common family Ampeliscidae
(amphipods) at the compliance and control sites across all surveys that drove the separation
but changes in the less common families.

Treatment
® 0
® c
Maerida co

Survey
® 2004
A 2018

Latent variable 2

| 2017 1
+ 20172
B 20183

Latent variable 1

Figure 5.2-25 Biplot showing latent variable model (LVVM) unconstrained ordination of samples and species coefficients for inner and outer
control sites from baseline surveys in 2004, 2016 and IMAS surveys 1 -3 conducted over 2017-18. For comparison with the effects of
farming, sites sampled directly adjacent to the cages (Om) in the surveys conducted since the commencement of farming are also included.
Survey and sample location are identified by colour and symbol. Only the ten most important species are plotted (those with the strongest
response to the latent variables). Species in the same direction and far from the origin are more correlated.
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Table 5.2-4 Historical comparison of average physiochemical and macrofaunal parameters between pre- 2004 and 2016) and post-farming (three recent IMAS surveys) baselines surveys at the Lippies lease. Note, for
sulphide and redox, the 2017-2018 data only include one site (ELM3).

Sulphide (M) Redox (mV) Number of Families Abundance (indiv. m?’) Diversity (H')
Surveys AVG SD COUNT AVG SD COUNT AVG SD COUNT AVG SD COUNT AVG SD COUNT
2004
compliance 0.0 (0.1) 6 113 (18) 6 19 (5) 6 3943 (1504) 6 1.0 (0.3) 6
control 0.0 (0) 3 111 (52) 3 17 (3) 3 4311 (1625) 3 0.7 (0.1) 3
farm
2016
compliance 1.7 (2.6) 12 282 (75) 12 27 (3) 12 1975 (372) 12 2.6 (0.2) 12
control 0.2 (0.2) 3 278 (83) 3 27 (5) 3 2474 (640) 3 2.3 (0.3) 3
farm
2017 survey 1
compliance 1.1 (1.9) 3 302 (144) 3 25 (4) 12 1295 (377) 12 2.7 (0.2) 12
control 4.0 (4.6) 3 121 (15) 3 24 (5) 3 1753 (109) 3 2.3 (0.2) 3
farm 33.8 (164) 5 134 (56) 5 25 (5) 9 14369  (10659) 9 0.8 (0.5) 9
2017 survey 2
compliance 10.4 (17.9) 3 346 (32) 3 37 (6) 12 2705 (547) 12 2.9 (0.2) 12
control 1.1 (7) 3 342 (20) 3 39 (5) 3 3477 (586) 3 2.5 (0.5) 3
farm 123.6  (88.8) 5 178 (65) 5 16 (5) 9 26193  (11508) 9 0.2 (0.1) 9
2018 survey 3
compliance 03 (0.1) 3 420 (19) 12 35 (3 12 2958 (518) 12 2.5 (0.2) 12
control 0.0 (0) 3 673 (13) 3 30 (1) 3 3022 (374) 3 19 (0.5) 3
farm 22.0 (11.2) 5 376 (31) 5 27 (7) 9 6504  (5040) 9 18 (0.8) 9
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5.2.2 Discussion

The benthic community at Lippies was highly diverse with 165 different taxa recorded at the
control sites. Crustaceans were the most abundant (47% of total abundance), followed by
polychaetes (34%), molluscs (13%) and echinoderms (3%). The most abundant taxa were the
amphipods Byblis mildura and Ampelisca cf. australis, polychaetes Paraprionospio coora,
Prionospio kulin, Scalibregma cf. inflatum, Mediomastus sp., Ampharetid sp.1, bivalve
Pratulum thetidis, brittle star Amphiura elandiformis and Nemertean sp.1.

Response to enrichment

The overall benthic community changed discernibly with proximity to the cages, and that
response pattern varied between surveys. The variation appeared to be influenced by the
stocking regime (intensity of farming); the grid had been stocked for seven months at survey
1, thirteen months at survey 2 (with feed inputs increasing over this period), whilst in survey
3 the grid had been largely fallow for the preceding three months.

The biodiversity metrics, species richness (S), total abundance (N), and Shannon-Weaver
Diversity Index (H’) showed response patterns consistent with prior research and the
guidelines previously established for the south (Macleod and Forbes 2004). Total abundance
peaked at the cage sites, whilst species diversity and richness were typically reduced at the
cage sites before peaking at the intermediate distances from the cage. This is in line with
previous research and the expectation that highly impacted sites can be less diverse (Keeley
et al. 2015; Macleod and Forbes 2004; Pearson and Rosenberg 1978). In survey 1 species
diversity, but not richness was reduced at the cage sites compared to the controls but in the
next survey both diversity and richness were significantly lower at the cage sites compared to
the control sites. This is consistent with the longer stocking period and increase in feed
inputs at survey 2 compared to survey 1. According to the guidelines produced for sandy and
more exposed sites by Macleod and Forbes (2004), these metrics are consistent with a
moderate (diversity index H’ >1<2) and major impact (diversity index H’ <1, No spp. <50%
ref) in each survey, respectively. The increase in total abundance at the cage sites relative to
the control sites in surveys one and two (~x10-12 ref) is considered indicative of major
effects for a sandy site. In survey 3 after the grid had been largely fallow for three months all
three metrics were indicative of improved conditions at the cage sites, falling into the ‘minor
to moderate effects’ impact categories for an exposed sandy site; total abundance was <x3,
the diversity index H’ ~2 and the number of species was >80% relative to reference
conditions at the control sites.

Community structure at the cages was also characteristic of sites impacted by organic
enrichment (Figure 5.2-26); Capitella sp., was the dominant taxon making up 88, 99 and 62%
of the total abundance in surveys one, two and three, respectively. Several other taxa were
characteristic of the cage sites, but aside from another capitellid polychaete, Mediomastus sp.,
they were not common. However, in survey 3 there was a notable increase in the abundance
of several taxa at the cage sites, including the polychaetes Pectinaria cf. dodeka and
Phyllodocid sp.2, heart urchin Echinocardium cordatum, dogwhelk Nassarius nigellus and
two introduced bivalves Corbula gibba and Theora lubrica. This result likely reflects
improved sediment conditions. Macleod et al. (2008) found Nassarius nigellus, Theora
lubrica and Corbula gibba indicative of recovering sediments and minor/moderate impacts
and that Echinocardium cordatum appeared to thrive at low levels of enrichment. Edgar et
al. (2005) in a metanalysis of macrobenthic and sediment data across 20 leases in south-
eastern Tasmania highlighted the dominance of the dogwhelk Nassarius nigellus, the bivalve
Mysella donaciformis, the polychaete Terebellides sp., the heart urchin Echinocardium
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cordatum and the introduced bivalve Corbula gibba in communities within the farm lease
area but distant from the cages. Further from the cage, the change in the community was also
consistent with improving sediment conditions, with several other taxa increasing in
abundance at the intermediate distances (35-200 m from the cage). This included the
polychaetes Prionospio kulin, Scalibregma cf. inflatum, Terebellides kowinka, Ampharetid
sp.1, Amaeana trilobata, tanaid crustacean Apseudid sp.2, bivalve Channelaxinus
adelaideanus. These taxa were likely benefiting from low levels of enrichment and indicate
minor effects.

In this study, at the more distant sites which were 500 m and greater from the cages, many of
these species remained common, but the presence of species such as the bivalve Pratulum
thetidis, amphipod Bybilus mildura and brittle star Amphiura elandiformis characterised a
different type of community where there appeared to be no evidence of the impacts of
organic enrichment. These results are consistent with previous findings of a state-wide
assessment of benthic monitoring at salmon farms in Tasmania (Edgar et al. 2010). Subtle
changes to macrofaunal communities were evident out to at least 35 m from the lease
boundary (i.e., compliance sites) or 50-150 m from cages (Edgar et al. 2010). In this study
the subtle changes in macrofaunal communities were evident out to 200 m from the cages,
noting the inner controls (CI) or compliance sites were on average 100 m from cages at
Lippies.

It is also important to acknowledge the potential challenge of spatial confounding when
interpreting the patterns in the context of enrichment. The 1000 m sites had a different
macrofaunal community but also a different sediment type. The coarser sediments at 2000 m
compared to the other transect distances and control sites was the likely driver of the different
macrofaunal community in this instance, with the four crustacean taxa notably more
common, namely the tanaids Kalliapseudes struthi and Apseudid sp.1 and amphipods Aorid
sp.1. and Ampelisca cf. Australis being those often found in sandier sediments. This
highlights the importance of establishing baseline conditions prior to farming and monitoring
through time to distinguish farm induced change from natural variability. Nonetheless, the
inclusion of control sites that represent a broader range of environmental conditions and
ecology and not only the conditions at the lease is imperative when assessing impacts.

Changes in sediment chemistry were also consistent with the response to organic enrichment,
but most of the chemical parameters appeared less sensitive than the biological measures.
Redox potential was depleted, and sulphide concentrations elevated at the sites in closer
proximity to the cages (i.e. 0 & 35 m), and in survey 3 both measures improved, consistent
with the period of fallowing. In contrast, C and N signatures (content, ratio and isotopes)
were indicative of enrichment effects, but typically only at the 0 m cage site with 3*°N and
the nitrogen (%) content the most sensitive measures. Similarly, previous research in
Tasmania reported most abiotic metrics were not sensitive enough to detect the more subtle
effects of farming (Edgar et al. 2005; Macleod et al. 2004).

The sediment process measurements provided greater insight into the broader footprint of
organic loading (Figure 5.2-27). Rates of organic matter mineralisation were clearly elevated
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Figure 5.2-26 Average abundance (ind. per grab) of key taxa with distance from the cages (on transects) and at inner (Cl) and outer controls
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Figure 5.2-27 Summary of sediment fluxes at the Lippies lease. Fluxes of oxygen, dissolved inorganic carbon, ammonium, nitrate + nitrite
and phosphate with distance from the cages averaged (+ SE) across surveys.

at the 0 m cage sites relative to the other distances, a finding consistent with the physico-
chemical and macrofaunal response parameters. The bulk of organic matter deposition and
processing that causes more significant benthic changes occurred under or very close to (< 35
m) the cages. Importantly though, the process measurements documented the more
extensive, albeit subtler, spatial input and influence of organic matter deposition. Elevated
respiration rates and ammonia production were evident out to 100 -200 m from the cages,
even though at much lower levels than at the cage. This was consistent with the more subtle
changes in benthic communities evident at the same spatial scales. Another important finding
was the level of responsiveness observed in the process rates of the near cage sediments. In
the second round of process measurements undertaken following three months of fallowing,
oxygen consumption and dissolved inorganic carbon production (principally carbon dioxide)
were twofold lower compared to the previous assessment when fish production biomass was
close to its peak within the study grid. Although rates of ammonia production were similar
across surveys, the uptake of nitrate + nitrite was much lower following fallowing.
Interestingly, process rates at the other distances were more elevated in the second survey
compared to the first. This may reflect the influence of higher temperatures in March
compared with the first survey undertaken in September and the resultant influence on
metabolic rates. It may also reflect a reduced ecophysiological responsiveness at the more
distant sites given the inherently lower faunal numbers and stability at these sites and
between surveys relative to the cage sites. At the cages, faunal numbers significantly reduced
between surveys. For example, there was a fourfold decline in faunal abundance from total
26,193 ind. m™ in the first survey to 6503 ind. m2in the second survey.

The strong benthic effect gradient near the cages was reflected in the visual health score. The
cage sites clearly had the lowest health scores and the sites 35 m from cages were also clearly
more affected than the more distant sites. Not surprisingly though, the more subtle effects
revealed by the detailed assessment of the faunal communities and process rates were not
distinguishable from the visual health score. The visual assessment method could
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discriminate broad categories of impact, i.e. what would be considered minor to major
impacts, but was less able to distinguish between no evidence of impacts to minor impacts.

Implications for monitoring and management

The benthic response at the Lippies lease was largely consistent with the findings of previous
research in southeast Tasmania. Highly enriched sediment conditions and major impacts were
restricted to the immediate proximity of the cage at the 0 m sites where deposition rates were
known to be significantly elevated relative to other distances (see chapter 7.3). This was
further illustrated by the markedly higher processing rates measured at the 0 m sites
compared to all other distances. However, at 35 m from the cage there were still notable
changes in the faunal community. More subtle effects were also evident out to 100-200 m
from the cages based on changes in faunal community composition. This gradient was
reflected in the change in process rates with distance from the cage and much lower rates of
organic matter deposition relative to that seen immediately adjacent to the cages. The key
physico-chemical measures were consistent with moderate to minor benthic effects as
described by Macleod and Forbes (2004) for sandy/exposed sites. Changes in the biotic and
abiotic response parameters between surveys also demonstrated the role of, and response to,
farm management with improved sediment conditions from most parameters at the cage site
in the third survey after three months of fallowing.

From a monitoring perspective, the results also documented the value of the visual health
assessments that are a critical element of ongoing monitoring in Tasmania. Although the
method may not have the sensitivity to reliably discriminate the more subtle benthic effects,
the visual scores were in close agreement with the other parameters in detecting the major to
minor effects observed at cage and 35 m sites. Consistent with the assessments at the other
locations in this study, the findings at Lippies highlight the importance of establishing
baseline conditions prior to farming and ongoing monitoring when distinguishing farm
induced changed from natural variability.
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5.2.4 Appendix

Environmental variables by distance from cage

Smoother fitted using loess +- SE
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Species abundance by distance from cage
Smoother fitted using loess +- SE
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5.3 Storm Bay
5.3.1 Results

5.3.1.1 Physico-chemical
Redox

Trumpeter. Redox potential generally increased with distance from the cages. Apart from
survey 4, the effect of distance was significant in all surveys (Figure 5.3-1, Redox potential at
the 35 m sites was on average lower than at the outer control sites in all three surveys, but this
difference was only significant in survey 3 (Table 5.3-1). Redox potential at the 200 m sites
(35 m from lease boundary) was similar to the outer control sites in surveys 1 and 4; in
surveys 2 and 3 redox potential was lower at 200 m compared to the outer control sites, but
this difference was only significant in survey 3. The effect of survey was significant at the 0
m cage site and at 1000 m but not at the other distances (35 m, 500 m and CO; Figure 5.3-2,
Table 5.3-2); redox potential was lower at the 0 m cage sites in surveys 1 and 2 compared to
surveys 3 and 4.

Storm Bay 1. Redox potential increased with distance from the cages in all 4 surveys. The
effect of distance was significant in surveys 2 and 3but not 1 and 4 (Figure 5.3-1,Table
5.3-1). Redox potential at the 35 m sites was significantly lower than at the outer control sites
in surveys 1 and 2 but not 3 and 4 (Table 5.3-1). Redox potential at the 200 m transect sites
(35 m for lease boundary) was significantly lower than that at the outer control sites in survey
1 but not in the other three surveys. There was a significant effect of survey at the sites
closest to the cages (0 and 35 m) but not at the more distant sites (500 m, 1000 m and CO;
Figure 5.3-2, Table 5.3-2); redox potential was higher at the 0 and 35 m cage sites in survey 4
compared to the earlier surveys.
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Figure 5.3-1 Average (+SE) redox potential (mV) at 3 cm depth in sediment with distance from the cages (on transects) and at outer controls
(CO) for each survey at the Trumpeter (left) and Storm Bay (right) leases. Redox was not measured at the inner control sites and 500 and
1000 m were not sampled in survey 1.
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Figure 5.3-2 Redox (predicted mean + 95% confidence intervals) from the GLM comparing surveys at the two distances closest to the cages
(0 and 35 m) and at the distances furthest from the cages (500, 1000 m and CO) at the Trumpeter (left) and Storm Bay (right) leases. It is
hypothesized that changes at the closer sites were more likely attributed to farming, whereas changes observed at 500 m or greater were
likely to reflect variation due to other external drivers.

Sulphides

Trumpeter. Sulphide concentrations (LM) decreased with distance from the cages in all three
surveys where it was measured (surveys 2, 3 & 4). The effect of distance was significant in

all three of these surveys (Figure 5.3-1, Table 5.3-1). Sulphide at the 35 m sites was higher
than at the outer control sites in all three surveys, but this difference was only significant in
survey 3 (Table 5.3-1). Sulphide concentrations at the 200 m transect sites (35 m for lease
boundary) were also higher than the outer control sites in all three surveys, but the differences
were not significant. Sulphide concentrations varied more between surveys at the sites closest
to the cages (0 and 35 m) compared to the more distant sites (500 m, 1000 m and CO; Figure
5.3-2, Table 5.3-2) but the effect of survey was only significant at 35 m.

Storm Bay 1. Sulphide concentration (M) generally decreased with distance from the cages
in all three surveys where it was measured (surveys 2, 3 & 4); the effect of distance was
significant in all three of these surveys (Figure 5.3-3, Table 5.3-1), but it was clearly more
variable in survey 3. Sulphide at the 35 m sites was higher than at the outer control sites in all
three surveys, but this difference was only significant in survey 3 (Table 5.3-1). Sulphide
concentration at the 200 m transect sites (35 m for lease boundary) was also higher than that
at the outer control sites in all three surveys, but the differences were not significant. There
was a significant effect of survey at the sites closest to the cages (0 and 35 m) but not at the
more distant sites (500 m, 1000 m and CO; Figure 5.3-4, Table 5.3-2); sulphide
concentrations were higher at the 0 and 35 m cage sites in surveys 3 and 4 compared with 2.
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Figure 5.3-3 Average (+SE) sulphide concentration (uUM) at 3 cm depth in sediment with distance from the cages (on transects) and at outer
controls (CO) for each survey at the Trumpeter (top) and Storm Bay (bottom) leases. Sulphide was not measured in survey 1 or at the inner
control sites.
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Figure 5.3-4 Sulphide (predicted mean + 95% confidence intervals) from the GLM comparing surveys at the two distances closest to the
cages (0 and 35 m) and at the distances furthest from the cages (500, 1000 m and CO) at the Trumpeter (left) and Storm Bay (right) leases. It
is hypothesized that changes at the closer sites were more likely attributed to farming, whereas changes observed at 500 m or greater were
likely to reflect variation due to other external drivers.

Sediment Particle Size

The cumulative sediment particle sizes appeared broadly similar with distance from the cage
for both Trumpeter and Storm Bay leases (Figure 5.3-5). At both leases, sites closer to the
cages showed a lower percentage of very fine sands (0.063 mm fraction) but higher
percentage of fine sands (0.125 mm fraction) compared to sites more distant from the cages.
The other notable difference across sites is the greater percentages of medium sands (0.25
mm size fraction) at the outer controls for both leases and the inner controls for Storm Bay.
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Figure 5.3-5 The cumulative percentage of standard sediment particle sizes at distance from the cages (m) and inner and outer control sites
at the Trumpeter (left) and Storm Bay 1 (right) leases.

Organic carbon and nitrogen and stable isotopes
Organic carbon content (%)

Trumpeter. The effect of distance on organic carbon content (%) of the sediments was
significant in surveys 1 and 2 but not in surveys 3 and 4 (Figure 5.3-6, Table 5.3-1); in
surveys 1 and 2 the organic carbon was notably elevated at the 0 m sites compared to the
other distances. Organic carbon at the 35 m sites was generally higher than at the outer
control sites in all surveys, but the differences were not significant (Table 5.3-1). Organic
carbon content at the 200 m transect sites (35 m for lease boundary) was higher than the outer
control sites in all four surveys, but the differences were not significant. There was a
significant effect of survey at the 0 m cage site but not at the 35 m or more distant sites (500
m, 1000 m and CO; Figure 5.3-7, Table 5.3-2).

Storm Bay 1. The effect of distance on organic carbon content (%) of the sediments was
significant in surveys 1 - 3 but not in survey 4 (Figure 5.3-6, Table 5.3-1). In surveys 1 and 3
the organic carbon was notably elevated at the 0 m sites compared to the other distances. The
organic carbon content at the 35 m sites was not significantly different to the outer control
sites in each of the surveys (Table 5.3-1). Except for survey 4, organic carbon content at the
200 m transect sites (35 m for lease boundary) was also not significantly different to the outer
control sites. In survey 4, the significant effect reflects a very low organic carbon content
measured at the outer control sites There was a significant effect of survey at the 0 m cage
site but not at the 35 m or more distant sites (500 m, 1000 m and CO; Figure 5.3-7, Table
5.3-2).
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Figure 5.3-6 Average (+SE) of percent carbon (%C) with distances from the cages (on transects) and at inner (Cl) and outer controls (CO)
for each survey at the Trumpeter (left) and Storm Bay 1 (right) leases.
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Figure 5.3-7 Percent carbon (%C) (predicted mean + 95% confidence intervals) from the GLM comparing surveys at the two distances
closest to the cages (0 and 35 m) and at the distances furthest from the cages (500, 1000 m and CO) at the Trumpeter (left) and Storm Bay 1
(right) leases.

Organic nitrogen content (%)

Trumpeter. The effect of distance on organic nitrogen content (%) of the sediments was
significant in surveys 1, 2 and 4 but not in survey 3 (Figure 5.3-8, Table 5.3-1); in surveys 1
and 2 the organic nitrogen was notably elevated at the 0 m sites compared to the other
distances. Organic nitrogen at the 35 m sites was generally higher than at the outer control
sites in all surveys, but the differences were not significant (Table 5.3-1). Similarly, organic
nitrogen content at the 200 m transect sites (35 m for lease boundary) was higher than the
outer control sites in all four surveys, but again the differences were not significant. There
was no survey effect on organic nitrogen content at the sites closest to the cages (0 and 35 m)
or the more distant sites (500 m, 1000 m and CO; Figure 5.3-9, Table 5.3-2).

Storm Bay 1. The effect of distance on organic nitrogen content (%) of the sediments was
significant in surveys 1 and 3 but not in surveys 2 and 4 (Figure 5.3-8, Table 5.3-1). In
surveys 1 and 3 the organic nitrogen content was notably elevated at the 0 m sites compared
to the other distances, whereas in surveys 2 and 4 organic nitrogen content increased with
distance from the cage. Organic nitrogen content at the 35 m and 200 m sites was not
significantly different to the outer control sites in any of the four surveys (Table 5.3-1). There
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was a significant effect of survey at the 0 m cage site but not at the 35 m or more distant sites
(500 m, 1000 m and CO; Figure 5.3-9, Table 5.3-2).
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Figure 5.3-8 Average (+SE) of percent nitrogen (%N) with distances from the cages (on transects) and at inner (Cl) and outer controls (CO)
for each survey at the Trumpeter (left) and Storm Bay 1 (right) leases.
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Figure 5.3-9 Percent nitrogen (%C) (predicted mean + 95% confidence intervals) from the GLM comparing surveys at the two distances
closest to the cages (0 and 35 m) and at the distances furthest from the cages (500, 1000 m and CO) at the Trumpeter (left) and Storm Bay 1
(right) leases.

C:N molar ratio

Trumpeter. There was no clear change with distance for the C:N ratio of the sediments in any
of the surveys (Figure 5.3-10, Table 5.3-1). There was also no clear or consistent difference
in C:N ratio at the 35 m and 200 m sites compared to the outer control sites across the four
surveys; in survey 1 the comparisons with the outer control were significant owing to the
high C:N ratios sampled at the outer control (Table 5.3-1). There was no survey effect on the
C:N ratio at the sites closest to the cages (0 and 35 m) or the more distant sites (500 m, 1000
m and CO), but again the more distant sites appeared more variable (Figure 5.3-11, Table
5.3-2).

Storm Bay 1. There was no clear change with distance for the C:N ratio of the sediments in
any of the surveys (Figure 5.3-10, Table 5.3-1). The C:N ratio was higher at the 35 m and 200
m sites compared to the outer control sites in three of the four surveys, but the differences
were only significant in survey 4 (Table 5.3-1). There was no survey effect on the C:N ratio
at the sites closest to the cages (0 and 35 m) or the more distant sites (500 m, 1000 m and
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CO); however, there was clearly more variation at the more distant sites (Figure 5.3-11, Table
5.3-2).
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Figure 5.3-10 Average (+SE) C:N molar ratio with distances from the cages (on transects) and at inner (ClI) and outer controls (CO) for each
survey at the Trumpeter (left) and Storm Bay 1 (right) leases.
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Figure 5.3-11 C:N molar ratio (predicted mean + 95% confidence intervals) from the GLM comparing surveys at the two distances closest
to the cages (0 and 35 m) and at the distances furthest from the cages (500, 1000 m and CO) at the Trumpeter (left) and Storm Bay 1 (right)

leases.
Carbon (6*°C)

Trumpeter. The effect of distance on §'3C of the sediments was significant in surveys 1 and 2
but not in surveys 3 and 4 (Figure 5.3-12, Table 5.3-1); in survey 1, §*3C was more enriched
closer to the cage, while in survey 2 the opposite pattern was observed. Except for survey 4,
there was no significant difference in 5!3C between the 35 m and outer controls, 200 m and
outer controls or between the inner and outer control sites. Survey 4 reflected the enriched
313C at the outer control sites and interestingly more enriched §3C levels were also recorded
in survey 4 at the Storm Bay 1 lease at several the sites. There was a significant effect of
survey at the 0 m and outer control sites but not at the 35 m, 500 m, and 1000 m sites (Figure

5.3-13, Table 5.3-2).

Storm Bay 1. The effect of distance on §'3C of the sediments was significant in surveys 2 and
3 but not in surveys 1 and 4 (Figure 5.3-12, Table 5.3-1); in both surveys 2 and 3, §*C was
more enriched closer to the cage. In survey 1 there was a significant difference in §'3C
between the 200 m and outer control sites. Otherwise, there were no significant differences in
513C between the 35 m and outer controls, 200 m and outer controls or between the inner and
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outer control sites across all four surveys. There was no significant effect of survey at the 0
and 35 m sites or more distant sites (500 m, 1000 m and CO; Figure 5.3-13, Table 5.3-2).
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Figure 5.3-12 Carbon (5*3C) stable isotopes values (average +SE) with distance from the cages (on transects) and at inner (CI) and outer
controls (CO) for each survey at the Trumpeter (left) and Storm Bay 1 (right) leases.
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Figure 5.3-13 Carbon (5*3C) stable isotopes value (predicted mean + 95% confidence intervals) from the GLM comparing surveys at the two
distances closest to the cages (0 and 35 m) and at the distances furthest from the cages (500, 1000 m and CO) at the Trumpeter (left) and
Storm Bay 1 (right) leases.

Nitrogen (6*°N)

Trumpeter. The effect of distance on §*°N of the sediments was significant in all surveys
(Figure 5.3-14, Table 5.3-1). §**N was more depleted closer to the cage in all surveys. §*°N of
sediments at the 35 m sites was more depleted than at the 200 m, inner and outer control sites
in all surveys, but the differences were not significant (Table 5.3-1). There was no significant
effect of survey at the 0 m, 35 m or more distant sites (500 m, 1000 m and CO; Figure 5.3-15,
Table 5.3-2).

Storm Bay 1. There was a gradient of more depleted 5°N sediment closer to the cage in all
of the surveys, but the effect of distance was only significant in surveys 1 and 4 (Figure
5.3-14, Table 5.3-1). 5'°N of sediments at the 35 m sites was typically more depleted than at
the 200 m and outer control sites, but only in survey 1 was there a significant difference
between the 35 m outer control sites and between the inner and outer control sites (Table
5.3-1). There was no significant effect of survey at the 0 m, 35 m or more distant sites (500
m, 1000 m and CO; Figure 5.3-15, Table 5.3-2).
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Figure 5.3-14 Nitrogen (5*°N) stable isotopes values (average +SE) with distance from the cages (on transects) and at inner (Cl) and outer
controls (CO) for each survey at the Trumpeter (left) and Storm Bay 1 (right) leases.
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Figure 5.3-15 Nitrogen (5'°N) stable isotope value (predicted mean + 95% confidence intervals) from the GLM comparing surveys at the
two distances closest to the cages (0 and 35 m) and at the distances furthest from the cages (500, 1000 m and CO) at the Trumpeter (left) and
Storm Bay 1 (right) leases.

1 2
-18
-20
| |+ -+
Y
-22
Distance
-~ 0
-~ 35
o - 100
o 3 4 - 200
~ 500
— 1000
-18 = Cl
co
20
e =
-22 _+— ﬁﬁ*:
24
[ 7 8 9 8 7 8 9

15,

3°N

Figure 5.3-16 Distribution of sites/distances based on carbon and nitrogen stable isotopes for each survey at the Trumpeter lease.
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Figure 5.3-17 Distribution of sites/distances based on carbon and nitrogen stable isotopes for each survey at the Storm Bay 1 lease.

Dissolved oxygen (DO)

Trumpeter. There was some evidence of slightly depleted bottom water oxygen levels at the
sites closest to the cages, but the effect of distance was only significant in survey 2 (Figure
5.3-18, Table 5.3-1). There was no significant difference in bottom water DO between the 35
m and outer controls, 200 m and outer controls or between the inner and outer control sites in
surveys 2 and 4 (Table 5.3-1); in survey 3 limited replication precluded the planned
comparisons. There was a significant effect of survey across all sites (0 m, 35 m, 500 m, 1000
m and CO; Figure 5.3-19, Table 5.3-2), with lower bottom water DO in survey 2 compared
with surveys 3 and 4.

Storm Bay 1. There was some evidence of slightly depleted bottom water oxygen levels at the
sites closest to the cages, but the effect of distance was only significant in survey 2 (Figure
5.3-18, Table 5.3-1). Replication only allowed the planned comparisons to be run in survey 2
and showed significant differences in bottom water DO between the 35 m and outer controls,
but not between the 200 m and outer controls or between the inner and outer control sites
(Table 5.3-1). There was a significant effect of survey across all sites compared (0 m, 35 m,
500 m, 1000 m; Figure 5.3-19, Table 5.3-2), with bottom water DO being lower in survey 2
than surveys 3 and 4, particularly at the sites closest to the cage (0 and 35 m).
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Figure 5.3-19 Bottom water dissolved oxygen concentration (predicted mean + 95% confidence intervals) from the GLM comparing surveys
at the two distances closest to the cages (0 and 35 m) and at the distances furthest from the cages (500, 1000 m and CO) at the Trumpeter

(left) and Storm Bay 1 (right) leases.

Table 5.3-1 Results of the generalised linear model testing for the effect of distance for all physico-chemical parameters for each survey and
the planned contrasts from the factorial ANOVA comparing the control sites and transect distances. Significant responses (p < 0.05) are

shown in bold.

Planned contrasts

F ratio

P COv35m

| COv200m

| covcl
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Redox

Trumpeter
Survey 1 7.035 0.026 0.425 0.987
Survey 2 33.015 <0.001 0.227 0.227
Survey 3 16.838 0.001 <0.001 <0.001
Survey 4 0.79 0.387 0.452 0.986
Storm Bay 1
Survey 1 3.307 0.099 <0.001 0.016
Survey 2 34.139 <0.001 0.008 0.325
Survey 3 33.438 <0.001 0.983 0.783
Survey 4 2.419 0.139 0.859 0.961
Sulphide
Trumpeter
Survey 2 14.936 0.001 0.386 0.669
Survey 3 9.202 0.008 <0.001 0.278
Survey 4 7.226 0.016 0.336 0.818
Storm Bay 1
Survey 2 11.498 0.004 0.477 0.875
Survey 3 5.142 0.038 0.032 0.273
Survey 4 10.253 0.006 0.301 0.948
Organic Carbon (%)
Trumpeter
Survey 1 13.277 0.005 0.999 0.917 0.818
Survey 2 14.05 0.002 0.247 0.249 0.660
Survey 3 0.746 0.401 0.505 0.701 0.653
Survey 4 0.183 0.674 0.058 0.161 0.886
Storm Bay 1
Survey 1 38.976 <0.001 0.999 0.818 0.763
Survey 2 5.167 0.037 0.999 0.665 0.970
Survey 3 28.988 <0.001 0.475 0.923 0.913
Survey 4 1.796 0.199 0.104 0.001 0.674
Organic Nitrogen (%)
Trumpeter
Survey 1 9.429 0.012 0.953 0.739 0.814
Survey 2 19.434 <0.001 0.749 0.614 0.774
Survey 3 0.969 0.340 0.215 0.906 0.915
Survey 4 4.663 0.046 0.173 0.373 0.606
Storm Bay 1
Survey 1 65.305 <0.001 0.998 0.983 0.694
Survey 2 1.962 0.180 1.000 1.000 0.994
Survey 3 12.507 0.003 0.986 1.000 0.991
Survey 4 2.388 0.142 0.999 0.855 0.998
3%C
Trumpeter
Survey 1 6.552 0.028 0.973 0.996 0.993
Survey 2 8.19 0.011 0.991 0.986 0.989
Survey 3 1.791 0.199 0.435 0.087 0.302
Survey 4 0.423 0.525 0.001 <0.001 0.001
Storm Bay 1
Survey 1 2.232 0.159 0.066 0.017 0.846
Survey 2 29.423 <0.001 0.150 0.862 0.719
Survey 3 8.221 0.011 0.739 0.913 1.000
Survey 4 0.35 0.562 0.618 1.000 0.901
BN
Trumpeter
Survey 1 15.718 0.003 0.617 0.576 0.981
Survey 2 10.079 0.006 0.980 0.616 0.992
Survey 3 10.158 0.006 0.107 0.477 0.949
Survey 4 26.602 <0.001 0.740 0.929 0.976
Storm Bay 1
Survey 1 8.86 0.014 0.002 0.227 <0.001
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Survey 2 3.426 0.083 0.394 0.270 0.830
Survey 3 2.205 0.157 0.498 0.315 0.923
Survey 4 29.167 <0.001 0.229 0.855 0.958
C:N
Trumpeter
Survey 1 1.14 0.311 <0.001 <0.001 <0.001
Survey 2 2.572 0.128 0.209 0.384 0.901
Survey 3 0.333 0.572 1.000 0.997 0.997
Survey 4 1.806 0.198 0.276 0.305 0.627
Storm Bay 1
Survey 1 3.754 0.081 0.989 0.525 0.133
Survey 2 0.004 0.845 0.727 0.292 0.993
Survey 3 0.022 0.845 0.827 0.838 0.947
Survey 4 0.107 0.883 0.012 <0.001 0.562
Dissolved Oxygen (mg/L)
Trumpeter
Survey 2 18.034 0.001 0.665 0.994 0.903
Survey 3 3.976 0.081
Survey 4 0.092 0.766 0.997 0.987 0.973
Storm Bay 1
Survey 2 17.392 0.001 0.010 0.185 0.574
Survey 3 1.932 0.195
Survey 4 2.997 0.114
Total Abundance
Trumpeter
Survey 1 11.572 0.007 1.000 0.993 0.997
Survey 2 0.483 0.497 0.828 0.981 0.994
Survey 3 3.122 0.096 0.989 0.986 0.996
Survey 4 0.074 0.790 0.997 0.731 0.956
Storm Bay 1
Survey 1 11.964 0.006 0.985 1.000 0.997
Survey 2 0.698 0.416 0.996 0.999 0.999
Survey 3 16.563 0.001 0.993 0.999 1.000
Survey 4 0.187 0.671 0.981 0.991 1.000
Species Richness
Trumpeter
Survey 1 18.046 0.002 0.507 0.299 0.390
Survey 2 34.843 <0.001 0.021 0.864 0.930
Survey 3 1.546 0.232 0.992 0.820 0.533
Survey 4 25.628 <0.001 0.883 0.914 0.928
Storm Bay 1
Survey 1 10.907 0.008 0.642 0.663 0.145
Survey 2 16.537 0.001 0.999 0.999 0.910
Survey 3 7.991 0.012 1.000 0.762 0.628
Survey 4 16.287 <0.001 0.591 0.758 0.914
Species Diversity
Trumpeter
Survey 1 516.965 <0.001 0.014 0.477 0.762
Survey 2 52.032 <0.001 0.013 0.060 0.677
Survey 3 15.968 0.001 0.320 0.994 0.958
Survey 4 43.839 <0.001 0.813 0.998 0.981
Storm Bay 1
Survey 1 127.219 <0.001 0.758 0.983 0.228
Survey 2 32.65 <0.001 0.842 0.936 0.939
Survey 3 44.428 <0.001 0.698 0.329 0.345
Survey 4 25.291 <0.001 0.359 0.824 0.984
ROV Score
Trumpeter
Survey 2 28.275 <0.001 0.024 1.000 0.611
Survey 3 82.378 <0.001 0.430 0.685 0.592
Survey 4 19.826 <0.001 0.477 0.842 0.279
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Storm Bay 1
Survey 2 108.05 <0.001 0.916 0.988 0.654
Survey 3 109.92 <0.001 0.070 0.950 0.769
Survey 4 1.260 0.235

Table 5.3-2 Results of the generalised linear model testing for the effect of survey at the two distances closest to the cages (0 and 35/50 m)
and at the three distances furthest from the cages (500, 1000 and CO). Significant responses (p < 0.05) are shown in bold.

0om 35m 500 m 1000 m CO
Trumpeter
Redox 0.001 0.644 0.448 <0.001 0.907
Sulphide 0.067 0.001 1.000 1.000 1.000
Organic Carbon (%) <0.001 1.000 1.000 1.000 1.000
Organic Nitrogen (%) 0.126 0.336 1.000 1.000 1.000
38C 0.001 1.000 1.000 1.000 <0.001
38N 0.838 0.372 0.149 0.839 0.839
C:N 0.848 0.793 0.908 0.440 0.908
Dissolved Oxygen (mg/L) <0.001 <0.001 <0.001 <0.001 0.004
Total Abundance 1.000 0.815 0.681 1.000 1.000
Species Richness 0.184 0.014 <0.001 <0.001 0.184
Species Diversity 0.002 0.165 0.171 0.020 0.616
ROV Score <0.001 0.554 1.000 1.000 1.000
Storm Bay 1

Redox 0.031 0.041 1.000 1.000 1.000
Sulphide 0.014 0.011 1.000 1.000 1.000
Organic Carbon (%) <0.001 0.551 0.551 0.551 0.551
Organic Nitrogen (%) <0.001 1.000 1.000 1.000 1.000
38C 0.253 1.000 0.474 1.000 0.719
SN 1.000 1.000 1.000 1.000 1.000
C:N 0.261 1.000 0.261 0.192 1.000
Dissolved Oxygen (mg/L) <0.001 <0.001 <0.001 0.003

Total Abundance 0.013 1.000 1.000 1.000 1.000
Species Richness 0.232 0.754 0.032 0.083 0.754
Species Diversity <0.001 0.022 0.488 1.000 1.000
ROV Score <0.001 0.116 0.726 <0.001 0.726

5.3.1.2 Macrofauna

Across the four surveys, 33,997 and 42,156 invertebrates were collected from a total of 258
grab samples at Trumpeter and Storm Bay 1 leases respectively, comprising 339 different
taxa at Trumpeter and 335 different taxa at Storm Bay 1. Overall, polychaetes were the most
abundant taxon at the Trumpeter lease, making up 40% of the total taxa abundance, followed
by crustaceans (34%), molluscs (13%), cnidarians (10%), echinoderms (2%), nemerteans
(1%) and others (< 1%). At Storm Bay 1 polychaetes made up a bigger proportion of the
community (52%) followed by crustaceans (25%), molluscs (10%), cnidarians (9%),
echinoderms (2%), nemerteans (1%) and others (< 1%).

At Trumpeter, polychaetes and crustaceans were present in 100% of the samples, molluscs in
98%, cnidarians in 74%, echinoderms in 70% and nemerteans in 63% of the samples. At
Storm Bay 1, polychaetes and crustaceans were present in 100% of the samples, molluscs in
99%, cnidarians in 73%, echinoderms in 64% and nemerteans in 72% of the samples.

At Trumpeter, 38% of the taxa were crustaceans, 28% polychaetes, 26% molluscs, 3%
echinoderms and 5% other. Storm Bay 1 was similar, with 38% of the taxa being crustaceans,
29% polychaetes, 25% molluscs, 4% echinoderms and 4% other. The most abundant taxon at
Trumpeter over the four surveys was Capitella sp., making up 18% of the total abundance,
followed by the anemone Edwardsia sp. (9.7%), amphipod Ampelisca cf. australis (5.5%),
pectinarid polychaete Pectinaria antipoda (4.5%), gastropod Nassarius nigellus (3.9%),
amphipods Tethygeneia sp. (3.2%), Isaeid sp.1 (2.3%) and Tipimegus cf. thalerus (1.8%),
spionid polychaetes Spionid sp.4 (3%) and Paraprionospio coora (1.8%), bivalve Placamen
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placidum (1.6%) and other taxa (1.5% or less). All these taxa remained reasonably abundant
across all four Trumpeter surveys.

At Storm Bay 1 the most abundant taxa over the four surveys were Capitella sp., making up
32% of the total abundance, followed by the anemone Edwardsia sp. (9.2%), pectinarid
polychaete Pectinaria antipoda (3.2%), spionid polychaete Prionospio kulin (3.2%), tanaid
Apseudid sp.1 (2.8%), gastropod Nassarius nigellus (2.7%), amphipods Aorid sp.1 (2.6%)
and Ampelisca cf. australis (2.4%), polychaete Paraonis sp.1 (2.4%) and other taxa (1.4% or
less). Again, all these taxa remained reasonably abundant across all four Storm Bay 1
surveys.

Total abundance

Trumpeter. Total abundance was often elevated at the cage site compared to the other transect
sites, but the effect of distance was only significant in survey 1 (Figure 5.3-20, Table 5.3-1).
There was no significant difference in total abundance between the 35 m and outer controls,
200 m and outer controls or between the inner and outer control sites for any of the surveys
(Table 5.3-1). There was no significant effect of survey at the 0 and 35 m sites or more
distant sites (500 m, 100 m and CO; Figure 5.3-21, Table 5.3-2).

Storm Bay 1. Total abundance was often elevated at the cage site compared to the other
transect distances, but the effect of distance was only significant in surveys 1 and 3 (Figure
5.3-20, Table 5.3-1); in the other surveys abundance was more variable across sites and the
pattern with distance was not as evident. There was no significant difference in total
abundance between the 35 m and outer controls, 200 m and outer controls or between the
inner and outer control sites in any of the surveys (Table 5.3-1). There was a significant effect
of survey at the 0 m cage site but not at the other distances (35 m, 500 m, 100 m and CO;
Figure 5.3-21, Table 5.3-2); in surveys 2 and 4 the average abundance at the 0 m sites was
<200 ind. m* compared with >400 ind. m? in surveys 1 and 3.
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Figure 5.3-20 Total abundance (m?; average +SE) with distance from the cages (on transects) and at inner (CI) and outer controls (CO) for
each survey at the Trumpeter (left) and Storm Bay 1 (right) leases. Data not available for 500 m and 1000 m locations in Survey 1.
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Figure 5.3-21 Total abundance (m; predicted mean * 95% confidence intervals) from the GLM comparing surveys at the two distances
closest to the cages (0 and 35 m) and at the distances furthest from the cages (500, 1000 m and CO) at the Trumpeter (left) and Storm Bay 1
(right) leases.

Species richness

Trumpeter. Species richness decreased closer to the cage on the transects in all four surveys,
and except for survey 3, the effect of distance was significant with levels being generally
lower nearest to the cages than elsewhere on the transects or than at control locations (Figure
5.3-22, Table 5.3-1). There was no significant difference in species richness between the 35
m and outer controls, 200 m and outer controls or between the inner and outer control sites in
each of the surveys, except between 35 m and the outers control sites in survey 2 (Table
5.3-2). There was an increase in species richness across surveys at all distances. The effect of
survey was significant at the 35 m, 500 m and 1000 m sites but not at the sites closest (0 m)
and most distant from the cage (CO) (Figure 5.3-23, Table 5.3-2).

Storm Bay 1. Species richness decreased closer to the cage on the transects in all four surveys
and the effect of distance was significant in all surveys (Figure 5.3-22, Table 5.3-1). There
was no significant difference in species richness between the 35 m and outer controls, 200 m
and outer controls or between the inner and outer control sites in each of the surveys (Table
5.3-2). The effect of survey was significant at the 500 m site but not at the other distances (0
m, 35 m, 1000 m & CO) (Figure 5.3-23, Table 5.3-2).
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Figure 5.3-22 Species richness (per grab; average +SE) with distance from the cages (on transects) and at inner (CI) and outer controls (CO)
for each survey at the Trumpeter (left) and Storm Bay 1 (right) leases.
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Figure 5.3-23 Species richness (per grab; predicted mean + 95% confidence intervals) from the GLM comparing surveys at the two
distances closest to the cages (0 and 35 m) and at the distances furthest from the cages (500, 1000 m and CO) at the Trumpeter (left) and
Storm Bay 1 (right) leases.

Species diversity

Trumpeter. Species diversity index (H”) was lower closer to the cage (particularly at the 0 m
cage site) compared to the other transect distances in all four surveys (Figure 5.3-24), with
the effect of distance significant in all four surveys (Table 5.3-1). In surveys 1 and 2, species
diversity was significantly lower at the 35 m compared to the outer control sites. All other
planned comparisons across the 4 surveys were not significantly different (Table 5.3-1).
Species diversity was typically lower across all sites in survey 1 compared to the other
surveys; however, the effect of survey was only significant at 0 m and 1000 m (Figure 5.3-25,
Table 5.3-2).
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Figure 5.3-24 Species diversity index (average +SE) with distance from the cages (on transects) and at inner (CI) and outer controls (CO) for
each survey at the Trumpeter (left) and Storm Bay 1 (right) leases. Data not available for 500 m and 1000 m locations in Survey 1.
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Figure 5.3-25 Species diversity index (predicted mean + 95% confidence intervals) from the GLM comparing surveys at the two distances
closest to the cages (0 and 35 m) and at the distances furthest from the cages (500, 1000 m and CO) at the Trumpeter (left) and Storm Bay 1
(right) leases.
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Storm Bay 1. Species diversity index (H’) was again lower closer to the cage (particularly at
the O m cage site) compared to the other transect distances in all four surveys (Figure 5.3-24),
with distance exerting a significant effect across all four surveys (Table 5.3-1). Although
species diversity was lower at the 35 m site compared to the outer control sites in 3 of the 4
surveys, the differences were not significant. Other planned comparisons across the 4 surveys
were not significant (Table 5.3-1). There was a significant survey effect at the 0 and 35 m
sites but not at the more distant sites (500 m, 1000 m and CO; Figure 5.3-25, Table 5.3-2).

Multivariate analysis

The multivariate GLM showed that faunal assemblages changed with distance from the cages
in all four surveys at both Trumpeter and Storm Bay 1. For the species that showed a
significant effect of distance, the fourth corner coefficients were plotted using a LASSO
penalty for each survey (see Appendix A for plots of abundance by distance for individual
species).

Trumpeter. Of the more common species in survey 1 the polychaetes Capitella sp. and
Onuphid sp.1, showed the strongest positive relationship with proximity to the cage, and the
anemone Edwardsia sp. and isopod Anthurid sp.4 showed a positive relationship with
distance from the cage (Figure 5.3-26). In survey 2, the polychaete Capitella sp. was again
the most common species and showed a positive relationship with proximity to the cages
(Figure 5.3-27). Other species to show positive relationships with proximity to the cages
included the sea slug Pleurobranchaea maculata, the nereid polychaete Perinereis sp., tanaid
Leptochelid sp.1 and the crab Halicarcinus rostratus. Species to show negative relationships
with proximity to the cages included the amphipods Bybilus mildura, Aorid sp.1, Ampelisca
cf. australis and Isaeid sp.3, the isopod Anthurid sp.2, the fan worm Euchone varibilis,
spionid polychaetes Prionospio kulin and Spionid sp.4, the scalibregmatid polychaete
Scalibregma inflatum, and polychaetes Arabella sp. and Ampharetid sp.1.

In survey 3, the species showing a positive relationship with proximity to cage included the
polychaetes Capitella sp., Pectinaria antipoda, Mediomasutus sp., Glycera tridactyla,
Dipolydora gairdi, gastropods Nassarius nigellus, Anachis atkinsoni, Syrnola bifasciata and
Turbonilla fusca, the nemertean sp.1 and the amphipod Tethygeneia sp. Species that showed
a negative relationship with proximity to the cages (and/or positive relationship with distance
from the cage) included the polychaetes Arabella sp. and Ampharetid sp.1. Euchone varibilis,
amphipods Tipimegus thalerus, Bybilus mildura and Ampelisca cf. australis and Isaeid sp.3,
the isopod Anthurid sp.3-4, bivalves, Placamen placidum and Callista diemenensis and the
anemone Edwardsia sp.

In survey 4 there was a large increase from survey 3 in the number of species (27 — 47) that
showed a significant relationship with distance (Figure 5.3-28). The polychaete Capitella sp.
again topped the list of species showing a positive relationship, but other species included the
bivalves Mytilus galloprovincialis, Fulvia tenuicostata and Raeta pulchella, gastropods
Nassarius nigellus and Pyramidellid sp.1, nemertean sp.1, amphipod Isaeid sp.3, and
polychaetes Perinereis sp., and Pectinaria antipoda. Similarly, there was an increase in the
number of species identified to have negative relationships with proximity to the cages; these
species included amphipods Tipimegus thalerus, Phoxocephalid sp.3, Bybilus mildura and
Ampelisca cf. australis, the isopod Anthurid sp.1-4, bivalves Pratulum thetidis, Placamen
placidum, Myadora sp.1 and Callista diemenensis, and polychaetes Arabella sp. and
Ampharetid sp.1.

The unconstrained ordination from the LVM showed a separation of samples based on their
species composition and relationship with distance from the cage (i.e. along latent variable 1;
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Figure 5.3-32). In survey 1, species composition at 0 m was distinct from the assemblages
found at the other distances. The 35 m and 200 m assemblages were also distinct from each
other with the 100 m assemblage overlapping both distances. Of the ten most important
species identified in the LVM, the polychaete Capitella sp. was characteristic of the 0 m sites
(~4280 ind. m™), but it was also reasonably common out to 200 m (~380, 250 and 20 ind. m
at 35, 100 and 200 m sites respectively). The polychaetes Onuphid sp.1 and Dipolydora
gairdi and gastropod Turbonilla fusca were most common at 35 m and distances further from
the cages; Onuphid sp.1 and Turbonilla fusca were most common at 35 m and Dipolydora
gairdi at 100 m. The bivalve Placamen placidum, the anemone Edwardsia sp., amphipods
Isaeid sp.1 and Tipimegus cf. thalerus, isopods Anthurid sp.4 and Nemertean sp.1 were
identified as most characteristic of sites more distant from the cages; none of these species
were present in the 0 m samples. Tipimegus cf. thalerus was only found at 100 and 200 m
sites and Anthurid sp.4 at 200 m only.

In survey 2 there was clear separation in species composition according to distance, with the
assemblage at 0, 35, 100 and 200 m becoming more distinct from each other and the 500 and
1000 m sites which overlapped each other (Figure 5.3-32). The polychaete Capitella sp. was
again characteristic of the community at 0 m, but in much lower abundances compared to
survey 1 and only found at 0 m (~1900 ind. m2) and 35 m (~10 ind. m). Other species
characteristic of sites closer to the cages included the sea slug Pleurobranchaea maculata, the
tanaid Leptocheliid sp.1, the crab Halicarcinus rostratus and the polychaete Perinereis sp.
The polychaetes Mediomastus sp. and Dipolydora gairdi were not found at the 0 m sites but
were most common between 35 and 200 m. The amphipod Isaeid sp.3, isopod Anthurid sp.4
and polychaetes Euchone variabilis and Ampharetid were characteristic of the more distant
sites from the cages.

The separation in species composition according to distance was again evident in survey 3,
but with greater overlap in community composition across the 100-1000 m sites relative to
survey 2 (Figure 5.3-32). Capitella sp. was again characteristic of the community at 0 m, but
in lower abundance (~1300 ind. m*) compared to surveys 1 (~4280 ind. m2) and 2 (~1900
ind. m2). The amphipod Tethygeneia sp., gastropod Syrnola bifasciata, polychaete Glycera
tridactyla and Nemertean sp.1 were all characteristic of the assemblages at sites closer to the
cages. The polychaete Dipolydora gairdi was most abundant at the 35 and 100 m sites. The
amphipods Isaeid sp.3 and Aorid sp.1 and the polychaete Scalibregma cf. inflatum were
characteristic of the more distant sites from the cages.

The separation in assemblages according to distance was more evident in survey 4 compared
to the previous surveys (Figure 5.3-32). Capitella sp., Perinereis sp. and Mytilus
galloprovincialis were characteristic of the 0 m sites. The gastropod Pyramidellid sp.1,
cumacean Gynodiatylid sp.1 and polychaete Oweniid sp. were characteristic of the
intermediate distances with Pyramidellid most abundant at 35 and 100 m, Oweniid sp. at
100 m, and Gynodiatylid sp.1 at 100 and 200 m. Species characteristic of the more distant
sites from the cages were the polychaete Ampharetid sp.1, cumacean Litogynodiastylis sp.,
amphipod Isaeid sp.3 and bivalve Myadora sp.1.

Storm Bay 1. Of the more common species in survey 1 the polychaetes Capitella sp. and
Onuphid sp.1, and amphipod Jassa sp.1 showed the strongest positive relationship with
proximity to the cage, but Onuphid sp.1 was more common at 35 m rather than 0 m (Figure
5.3-30). The species that showed a negative relationship with proximity to the cages were the
polychaete Ampharetid sp.1, isopod Anthurid sp.4 and tanaid Apseudid sp.1, with all three
species most common at the 100 and 200 m sites.
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In survey 2, the polychaete Capitella sp. was again the most common species and showed a
positive relationship with proximity to the cages. Other species to show positive relationships
with proximity to the cages included the amphipod Jassa sp.1, the caprellid Caprella penatis,
the heart urchin Echinocardium cordatum, the polychaete Perinereis sp. and Nemertean sp.1.
Aside from Caprella penatis and Jassa sp.1, peak abundance was found at 35 m rather than 0
m sites (Figure 5.3-31). There was a group of species more positively correlated with
intermediate distances; these included the amphipods Tipimegus cf. thalerus, Hirsutonuphis
intermedia, and Hippomedon cf. Hippolyte and the gastropod Anabathrid sp.2. Species
showing negative relationships with proximity to the cages (and positive relationships with
more distant sites) included the amphipods Bybilus mildura, Aorid sp.1, Ampelisca cf.
australis, and Phoxocephalid sp.3, the isopod Anthurid sp.4, the tanaid Apseudid sp.1, the
anemone Edwardsia sp., polychaetes Paraprionospio coora and Scalibregma inflatum, and
the gastropod Maoricolpus roseus.

In survey 3, the species showing a positive relationship with proximity to the cages included
polychaetes Capitella sp., Pectinaria antipoda, Perinereis sp., Cirratulid sp.2, the gastropod
Anachis atkinsoni, the amphipod Jassa sp.1, the caprellid Caprella penatis and the tanaid
Leptocheliid sp.1 (Figure 5.3-33). Species positively correlated with the intermediate
distances included the ostracod Euphilomedes sp., the cumacean Gynodiatylid sp.1, the
amphipod Hirsutonuphis intermedia, the nemertean sp.1 and the gastropod Turbonilla fusca.
Species showing negative relationships with proximity to the cages (and positive
relationships with more distant sites) included the amphipods Bybilus mildura, Aorid sp.1,
Ampelisca cf. australis, the isopod Anthurid sp.4, the tanaid Apseudid sp.1, the anemone
Edwardsia sp., and the gastropod Pagurixus handrecki.

In survey 4, the species showing a positive relationship with proximity to the cages included
the polychaetes Capitella sp., Phoxocephalid sp.2 and Perinereis sp., the bivalve Mytilus
galloprovincialis and the gastropod Nassarius nigellus (Figure 5.3-34). Species positively
correlated with the intermediate distances included the isopod Anthurid sp.4, the tanaid
Kalliapseudes struthi, amphipods Tipimegus cf. thalerus and Lysianassid sp.1, the polychaete
Spionid sp.4 and the bivalve Pratulum thetidis. Species showing negative relationships with
proximity to the cages (and positive relationships with more distant sites) included the
amphipod Bybilus mildura, the tanaid Apseudid sp.1, and the spionid polychaete Prionospio
kulin.

The unconstrained ordination from the LVM showed a separation of samples based on their
species composition and relationship to distance from the cage (i.e. along latent variable 1;
Figure 5.3-35). In survey 1, species composition at the 0 m and to a lesser extent at 35 m
were distinct from the assemblages found at 100 m and 200 m from the cages. Of the ten
most important species identified in the LVM, the polychaete Capitella sp. was characteristic
of the 0 m sites (~8,450 ind. m2), but it was also reasonably common out to 200 m (~1140,
180 and 220 ind. m at 35, 100 and 200 m sites respectively). The amphipod Jassa sp.1 was
also characteristic of the assemblages found near the cages but was rare in comparison to
Capitella sp. The polychaete Onuphid sp.1 was most abundant at 35 m. The species identified
as most characteristic of sites more distant from the cages were the polychaetes Prionospio
kulin and Ampharetid sp.1, the isopod Anthurid sp.4 and the tanaid Apseudid sp.1.

In survey 2 there was clearer separation in species composition according to distance, with
the assemblages at 0 m and 35 m becoming more distinct and separation emerging between
100 m and 200 m sites and the 500 and 1000 m sites (Figure 5.3-35). The polychaete
Capitella sp. was again a characteristic species of the community at 0 m, but in much lower
abundances compared to survey 1 and only found at 0 m (~2150 ind. m), 35 m (~100 ind. m"
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2y and 100 m (~2 ind. m). The amphipod Jassa sp.1 and the caprellid Caprella penatis were
also characteristic of the assemblages found near the cages, with Jassa sp.1 in much higher
abundance at the 0 m site in survey 2 (~440 ind. m2) compared to survey 1 (~40 ind. m™).
The heart urchin Echinocardium cordatum was most abundant at 35 m sites and the onuphid
polychaete Hirsutonuphis intermedia at 35 and 100 m sites. The amphipods Bybilus mildura,
Isaeid sp.3 and Aorid sp.1, the screw shell Maoricolpus roseus and the polychaete Sabellid
sp.2 were characteristic of sites with increasing distance from the cages; Isaeid sp.3 and
Maoricolpus roseus were notably more abundant at the 1000 m sites compared to other
distances.

The separation in species composition according to distance emerged further in survey 3; the
assemblages at 0 m, 35 m, 100, 200 m were distinct from each other and the 500 and 1000 m
sites (Figure 5.3-35). Capitella sp. abundance increased in survey 3 and it was again
characteristic of the 0 m sites (~6,600 ind. m™), but also reasonably common out to 200 m
(~770, 180 and 30 ind. m at 35, 100 and 200 m sites respectively). The amphipod Jassa
sp.1, the polychaete Cirratulid sp.2, the tanaid Leptocheliid sp.1 and the caprellid Caprella
penatis were all characteristic of the assemblages at sites closer to the cages. In contrast the
amphipods Byblis mildura, Isaeid sp.3, bivalves Pratulum thetidis and Myadora sp.1, and the
spionid polychaete Paraprionospio coora were characteristic of sites with increasing distance
from the cages. In survey 4 there was greater overlap in assemblages at 0 and 35 m sites and
at 100 and 200 m sites, while the 500 m and 1000 m sites were distinct from each other and
the other distances (Figure 5.3-35). Capitella sp. returned to lower abundances in survey 4 at
the 0 m sites (~1290) but remained in high abundances at the 35 m sites (~690 ind. m2). The
bivalve Mytilus galloprovincialis and polychaetes Perinereis sp. and Phyllodocid sp.2. were
also characteristic of sites closer to the cages; a similar pattern was observed for these species
in the other surveys, but they were not in the top ten most significant species identified by the
LVM. Of these three species, Perinereis sp. was the most common with an average
abundance of ~100 and 210 ind. m? at 0 and 35 m, respectively. The polychaete Spionid sp.4
was found at all distances except the 0 m sites and was most common at the 200 and 500 m
sites. The amphipod Lysianassid sp.1 while particularly common was more common (~20
ind. m) at the 100 and 200 m sites. The amphipods Isaeid sp.3, Phoxocephalid sp.3, the
polychaete Scalibregma cf. inflatum and the bivalve Myadora sp.1 were only found at the 500
and 1000 m sites and in all cases, they were far more abundant at 2000 m.
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Figure 5.3-26 Species contribution to community composition (Fourth corner coefficients) with LASSO penalised fits for species that show
a significant effect with distance from the Trumpeter lease in survey 1.
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Figure 5.3-27 Species contribution to community composition (Fourth corner coefficients) with LASSO penalised fits for species that show
a significant effect with distance from the Trumpeter lease in survey 2.
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Figure 5.3-28 Species contribution to community composition (Fourth corner coefficients) with LASSO penalised fits for species that show
a significant effect with distance from the Trumpeter lease in survey 3.
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Figure 5.3-29 Species contribution to community composition (Fourth corner coefficients) with LASSO penalised fits for species that show
a significant effect with distance from the Trumpeter lease in survey 4.
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Figure 5.3-30 Species contribution to community composition (Fourth corner coefficients) with LASSO penalised fits for species that show
a significant effect with distance from the Storm Bay 1 lease in survey 1.
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Figure 5.3-31 Species contribution to community composition (Fourth corner coefficients) with LASSO penalised fits for species that show
a significant effect with distance from the Storm Bay 1 lease in survey 2.
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Figure 5.3-32 Biplots showing latent variable model (L\VVM) unconstrained ordination of samples and species coefficients for surveys 1 -4 at the Trumpeter lease. Samples collected at different distances along the transects from the cage are
identified by colour and symbol. Only the ten most important species are plotted (those with the strongest response to the latent variables). Species in the same direction and with similar distance from the origin are more correlated.
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Figure 5.3-33 Species contribution to community composition (Fourth corner coefficients) with LASSO penalised fits for species that show a significant effect
with distance from the Storm Bay 1 lease in survey 3.
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Figure 5.3-34 Species contribution to community composition (Fourth corner coefficients) with LASSO penalised fits for species that show a significant effect
with distance from the Storm Bay 1 lease in survey 4.
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Figure 5.3-35 Biplots showing latent variable model (L\VVM) unconstrained ordination of samples and species coefficients for surveys 1 -4 at the Strom Bay 1 lease. Samples collected at different distances along the transects from the cage
are identified by colour and symbol. Only the ten most important species are plotted (those with the strongest response to the latent variables). Species in the same direction and with similar distance from the origin are more correlated.
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5.3.1.3 Visual

Trumpeter. There was a significant effect of distance on ROV health scores, with 0 m sites
clearly having the lowest scores in each of the surveys (Figure 5.3-36;Table 5.3-1). There
was a significant difference in ROV scores between the 35 m and outer controls in survey 2,
with ROV scores lower at the 35 m sites, but there was no significant difference in scores
between the 200 m transect sites (35 m for lease boundary) and outer controls or between the
inner and outer control sites in each of the surveys (Table 5.3-1). There was a significant
effect of survey at the cages (0 m) but not at 35 m or the more distant sites (500 m, 100 m and

CO; Figure 5.3-37, Table 5.3-2).

Storm Bay 1. The 0 m cage sites had the lowest ROV health scores in each of the surveys, but
the effect of distance was not significant in survey 4 (Figure 5.3-36;Table 5.3-1). There was
no significant difference detected in ROV scores between the 35 m and outer controls, 200 m
and outer controls or between the inner and outer control sites in the 2 surveys (survey 2 & 3)
where these tests could be conducted (Table 5.3-1). There was a significant effect of survey
at the 0 m and 1000 m sites but not at the other sites (35 m, 500 m and CO; Figure 5.3-37,

Table 5.3-2).
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Figure 5.3-36 ROV health score (average +SE) with distance from the cages (on transects) and at inner (ClI) and outer controls (CO) for each
survey at the Trumpeter (left) and Storm Bay 1 (right) leases. Data was not available for Survey 1.
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Figure 5.3-37 ROV health score (predicted mean + 95% confidence intervals) from the GLM comparing surveys at the two distances closest
to the cages (0 and 35 m) and at the distances furthest from the cages (500, 1000 m and CO) at the Trumpeter (left) and Storm Bay 1 (right)

leases. Data was not available for Survey 1.
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5.3.1.4 Sediment Processes

Trumpeter. Sediment respiration measured via dissolved oxygen consumption decreased as a
function of distance from cage in both surveys (Figure 5.3-38, Table 5.3-3). Similarly,
respiration measured as dissolved inorganic carbon production (i.e. principally carbon
dioxide produced during respiration) decreased as a function of distance from cage in both
surveys (Figure 5.3-38, Table 5.3-3). Rates of respiration measured by both oxygen
consumption and dissolved inorganic carbon production were markedly higher in survey 3 at
the 0 m cage sites (~7500 O, umol m2 h'tand ~ 9000 DIC pmol m h) compared to survey
4 at the 0 m cage sites (~2000 O, umol m? h'tand ~ 3500 DIC pmol m ht). At the other
distances respiration rates were generally higher in survey 4 compared to survey 3.

Fluxes of ammonium also decreased as a function of distance from cage in both surveys
(Figure 5.3-39, Table 5.3-3), with much higher fluxes recorded at 0 m in survey 3 compared
to 4. Again, at the other distances, ammonium fluxes were generally higher in survey 4
compared to survey 3. Nitrate + nitrite fluxes were directed into the sediment (i.e. uptake) at
several sites across both surveys (Figure 5.3-39). In survey 3, there was a significant effect of
distance, with the flux into the sediment decreasing with distance from the cage, and from
200 m there was a release of nitrate + nitrite from the sediment (Table 5.3-3). In survey 4,
there was also a general trend of nitrate + nitrate shifting from net uptake to net release as a
function of distance from the cage; however, the fluxes were quite variable, and the effect of
distance was not significant in survey 4 (Table 5.3-3). The rate of nitrate + nitrate uptake was
higher in survey 3 compared to survey 4 at the 0 m cage sites, but there was no clear
difference in rates at the other distances.

Fluxes of phosphate were elevated at the cage site and the effect of distance was significant in
both surveys (Figure 5.3-40, Table 5.3-3). Like the other nutrients, phosphate release at 0 m
was higher in survey 3 compared to survey 4, but at the other distances, the release was
generally higher in survey 4 compared to 3.
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Figure 5.3-38 Sediment respiration: dissolved oxygen (left) and dissolved inorganic carbon right) fluxes (umol m2 h?) (+ SE) with distance
from the cages on transects in survey 3 and 4 at the Trumpeter (top) and Storm Bay 1 (bottom) leases. Sediment flux assessments were not
conducted in surveys 1 and 2 or at inner and outer controls.

Storm Bay 1. The patterns with distance and between surveys were like those seen at
Trumpeter. Sediment respiration measured via dissolved oxygen consumption and dissolved
inorganic carbon production (i.e. principally carbon dioxide produced during respiration)
decreased as a function of distance from cage in both surveys (Figure 5.3-38, Table 5.3-3).
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Rates of respiration measured by both oxygen consumption and dissolved inorganic carbon
production were considerably higher in survey 3 at the 0 m cage sites (~5500 Oz pmol m? h-
tand ~ 6000 DIC umol m h't) compared to survey 4 at the 0 m cage sites (~800 Oz pmol m
h™tand ~ 1500 DIC umol m2 h'1). At the other distances respiration rates also appeared
marginally higher in survey 4 compared to survey 3.

Fluxes of ammonium also decreased as a function of distance from the cage in both surveys
(Figure 5.3-39, Table 5.3-3), with much higher fluxes recorded at 0 m in survey 3 compared
to 4. At the other distances, amffmonia fluxes were generally higher in survey 4 compared to
survey 3. Nitrate + nitrite fluxes were directed into the sediment (i.e. uptake) at several sites
in both surveys (Figure 5.3-39). In survey 3, there was a significant effect of distance, with
the flux into the sediment decreasing with distance from the cage, and from 100 m there was
a release of nitrate + nitrite from the sediment (Table 5.3-3). In survey 4, there was also a
general trend of nitrate + nitrate shifting from net uptake to net release as a function of
distance from the cage; however, the effect of distance was not significant (Table 5.3-3). The
net flux of nitrate + nitrate was more positive in survey 4. The uptake was lower in survey 4
compared to survey 3 at the 0 m and 35 m from cage sites, and the rate of release was higher
at 100 m and 200 m in survey 4 compared to 3. Fluxes of phosphate were elevated at the cage
site in survey 3 and the effect of distance was significant (Figure 5.3-40, Table 5.3-3). In
contrast there was no clear pattern of response with distance from the cage in survey 4.

Table 5.3-3 Results of the generalised linear model testing for the effect of distance for sediment nutrient fluxes for surveys 3 and 4 at the

Trumpeter and Storm Bay 1 leases. Because nutrient fluxes were only measured on 2 transects at Trumpeter and 1 transect at Storm Bay 1,
planned comparisons between sites and surveys were not conducted.

Trumpeter Storm Bay 1
F ratio p F ratio p
Dissolved Oxygen
Survey 3 21.635 0.010 25.872 0.007
Survey 4 165.56 <0.001 14.412 0.019
Dissolved Inorganic Carbon
Survey 3 18.65 0.012 23.809 0.008
Survey 4 107.74 <0.001 31.312 0.005
Ammonium
Survey 3 14.822 0.018 24.039 0.008
Survey 4 14.843 0.018 55.388 0.002
Nitrate + Nitrite
Survey 3 27.501 0.006 45.425 0.003
Survey 4 4.390 0.104 5.171 0.085
Phosphate
Survey 3 14.246 0.020 15.201 0.018
Survey 4 59.890 0.002 4.078 0.114
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Figure 5.3-39 Sediment ammonium (left) and nitrate + nitrite (right) fluxes (umol m? h'?) (+ SE) with distance from the cages on transects in
survey 3 and 4 at the Trumpeter (top) and Storm Bay 1 (bottom) leases. Sediment flux assessments were not conducted in surveys 1 and 2 or
at inner and outer controls.
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Figure 5.3-40 Sediment phosphate flux (umol m? h?) (+ SE) with distance from the cages on transects in survey 3 and 4 at the Trumpeter
(top) and Storm Bay 1 (bottom) leases. Sediment flux assessments were not conducted in surveys 1 and 2 or at inner and outer controls.

5.3.1.5 Historical comparison

Trumpeter. Redox potential values (mV) at each of the control sites used from the 2014
(control x) and 2016 (control y) baselines varied between an average of 286 mV and 149 mV
respectively (Table 5.3-4). In the IMAS surveys, the average varied between 224 and 451 mV
at control x and 193 and 346 mV at control y. Not surprisingly the average redox value at the
farm sites was substantially lower (3 -109 mV) except in the final survey when it was higher
(219 mV) and within the range recorded at the controls. Sulphide concentrations at the
control sites were negligible (<2 uM) during the 2014 and 2016 baselines. Average sulphide
concentrations across three IMAS surveys were negligible at control x whilst at control y they
ranged from 8 - 68 M. As expected, farm sites showed the highest sulphide concentrations
(ranging from 22 - 124 uM) and the lowest redox potential (ranging from 33-202 mV)
relative to the control sites across the three recent surveys (Table 5.3-4).

Macrofaunal abundance (ind. m2) was quite variable across the control sites in the two
baseline surveys prior to farming, ranging from an average of 583 ind. m at control x in
2014 to 2449 ind. m at control site y in 2016. In the four IMAS surveys, average abundance
was similarly variable at both control sites. Control site x ranged from 1215-2247 ind. m*and
control y from 430-1812 ind. m. Average abundance at the compliance sites displayed a
similarly large range in abundance (1182-2742 ind. m2), but typically fell within the range
observed at the control sites in each of the surveys. As expected, the average abundance at the
farm sites was higher than at the control and compliance sites ranging from an average of
2788 ind. m to 4440 ind. m. The average number of macrofaunal families was highly
variable across the sites used from the two baseline surveys prior to farming, ranging from 18
at control y in 2014 to 49 at control site x in 2016. In the IMAS surveys, the number of
families recorded was also variable, ranging from 13-39 at control sites and 24-43 at the
compliance sites. Except for survey 3, the number of families at the farm sites was lower
than at the control and compliance sites. Macrofauna diversity ranged from 2.4 to 3.4 at the
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baseline survey sites, and from 2.2 to 3.2 across the more recent surveys at the control and
compliance sites. Diversity was lower at the farm compared to the compliance and control
sites across all surveys. Overall, and as expected, farm sites generally showed the highest
abundance, lowest diversity and lowest number of families compared to the compliance and
control sites.

The unconstrained ordination from the LVM showed a separation of samples based on their
family composition and relationship with sample location (i.e. Cl, CO and 0 m) and survey
(Figure 5.3-41). Not surprisingly, there was a clear separation of farm (0 m) sites from the
compliance and control sites with Capitellidae (mostly Capitella sp.) the key indicator family
of farm sites. The families Mytilidae (bivalves), Phoxichlidiidae (sea spiders), Palaemonidae
(shrimp) and Janiridae (isopods) while far less common were typically found at the farm sites
when present. There was no clear or consistent separation in family composition between
compliance and control sites across the surveys pre- or post- the commencement of farming.
The 2016 baseline control site clustered in the middle of the distribution of control and
compliance sites from the IMAS surveys, and there was general overlap between the 2014
compliance sites and the IMAS sites. Control site x in 2014 sits distinct in the top right of the
plot, and while there is no overlap with the same site in the IMAS surveys, the cluster of
IMAS control sites at the top right represent the same site. Although rare, the family
Arcturidae (isopods) was characteristic of this site in both 2014 and the IMAS surveys, while
the family Whiteleggiidae (tanaids) was only found in the IMAS samples and not the 2014
samples at this site.

Storm Bay 1. Figure 5.3-42 shows the lease and sites surveyed in the 2015 baseline and by
IMAS from 2016-18. For the comparison of compliance sites, the following sites were used
across the two data sets: 2015 (5,6,7,8,9 & 10) and for 2016-18 (100 m {SBU3, SBM3,
SBL3} sites and Cl {SBCI-4, SBCI-5 SBCI-6 sites). For the comparison at control sites,
there were two sites with overlap from the 2015 baseline (C2 & C6) and the IMAS surveys
(SBCO3 & SBCO4).

Redox potential values (mV) at the compliance and control sites in 2015 varied between an
average of 230 mV and 268 mV respectively (Table 5.3-5). Average values at the control
sites were typically higher in the more recent IMAS surveys, ranging from 218 — 423 mV.
Redox values at the compliance sites remained high but were lower at the compliance sites
compared to the control site in the IMAS surveys, most notably in the first 2 surveys.
Sulphide concentrations at the compliance and control sites were negligible (<3 uM) in the
2015 baseline. Across the three recent surveys in which sulphide was measured, average
sulphide concentrations ranged from 0 — 14 uM at the control sites. Sulphide concentrations
were variable but higher at the compliance sites relative to the controls in the IMAS surveys,
notably higher in survey 4. As expected, farm sites showed the highest sulphide
concentrations (ranging from 28 - 173 uM) and the lowest redox potential (ranging from 7-
169 mV) relative to the compliance and control sites across the IMAS surveys.

Macrofaunal abundance (ind. m) at the compliance and control sites in 2015 varied between
an average of 1087 and 2225 ind. m™, respectively. A similar range in abundances was
observed across the IMAS surveys, ranging from an average of 1575 ind. m to 1998 ind. m™
at the control sites, and from 1513 ind. m to 2300 ind. m™ at the compliance sites. The
average number of macrofaunal families at the compliance and control sites in 2015 varied
between 27 and 28, respectively. In the IMAS surveys, the numbers of families ranged from
an average of 22 to 33 at the control sites, and from 30-35 at the compliance sites.
Macrofauna diversity at the compliance and control sites in 2015 varied between an average
of 2.7 and 2.8, respectively. In the IMAS surveys, diversity ranged from an average of 2.3 to
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2.9 at the control sites, and from 2.5 to 3.1 and 0.7 to 2.6 at the compliance sites in 2004 and
2016 respectively, and from 1.9 to 2.9 across the more recent surveys. In comparison, farm
sites had the highest abundance, lowest diversity and lowest number of families compared to
the compliance and control sites across all the surveys.

The unconstrained ordination from the LVM showed a separation of samples based on their
family composition and relationship with sample location (i.e. CI, CO and 0 m) and survey
(Figure 5.3-42). There was a clear separation of farm (0 m) sites from the compliance and
control sites and again Capitellidae (mostly Capitella sp.) was the most common key
indicator family of farm sites. The families Semelidae (the introduced bivalve Theora
lubrica), Mytilidae (bivalves), Ischyroceridae (amphipods), Amphilochidae (amphipods),
Leptochelidae (tanaids) were far less common but more characteristic of the farm sites. There
was no clear or consistent separation in family composition between control sites between the
2015 baseline and IMAS surveys. For the compliance sites, there was some indication of a
separation in family composition between the baseline and IMAS compliance sites which
were typically sitting to the left of the baseline sites in the ordination.
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Figure 5.3-41 Biplot showing latent variable model (LVVM) unconstrained ordination of samples and species coefficients for inner and outer
control sites from the baseline surveys in 2014, 2016 and IMAS surveys 1 -4 conducted over 2016-18 at Trumpeter. For comparison with
the effects of farming, sites sampled directly adjacent to the cages (0 m) in the surveys conducted since the commencement of farming are
also included. Survey and sample location are identified by colour and symbol. Only the ten most important species are plotted (those with
the strongest response to the latent variables). Species in the same direction and far from the origin are more correlated.

106



Treatment
e 0
e Cl

co

Dt Survey
2015
2016_1
2017_2
20173
2018_4

Latent variable 2

B+ mpe

Lé;tent variable 1

Figure 5.3-42 Biplot showing latent variable model (L\VVM) unconstrained ordination of samples and species coefficients for inner and outer
control sites from the baseline survey in 2015 and IMAS surveys 1 -4 conducted over 2016-18 at Strom Bay 1. For comparison with the
effects of farming, sites sampled directly adjacent to the cages (0 m) in the surveys conducted since the commencement of farming are also
included. Survey and sample location are identified by colour and symbol. Only the ten most important species are plotted (those with the
strongest response to the latent variables). Species in the same direction and far from the origin are more correlated.
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Table 5.3-4 Historical comparison of physiochemical and macrofaunal parameters at the Trumpeter lease between the 2014 and 2016 baseline surveys and the four IMAS surveys conducted since farming commenced.
Sites chosen were based on overlap across surveys to minimise any confounding due to spatial variation. Note, control site x refers to site C1 in the 2014 baseline and site CO2 in the IMAS surveys, while control site y
refers to site 12 in the 2016 baseline and site CO1 in the IMAS surveys.

Sulphide Redox Number of Families Abundance (indiv. m'Z) Diversity (H')

Surveys AVG SD  COUNT AVG 5D COUNT AVG SD  COUNT AVG SD  COUNT AVG 5D COUNT
2014

compliance 0 (0) 9 291 (56) 9 21 (4) 9 700  (166) 9 2.7 (02) 9

control x 0 (0) 3 286 (84) 3 18 (7) 3 583 (202) 3 2.4 (0.4) 3
2016

control y 2 ) 3 149 (42) 3 49 (3) 3 2449 (252) 3 3.4 (0.1 3
2016_1

compliance 24 (6) 9 1182 (482) 9 2.5 (0.3) 9

control x 451 (9) 3 23 (4) 3 1215 (291) 3 2.6 (0.4) 3

control y 193 (201) 3 13 (8) 3 430 (3200 3 2.2 (0.8) 3

farm 50 (85) 5 8 (4) 9 4440  (3115) 9 0.3 02) 9
2017 2

compliance 33 (8) 9 1317 (479) 9 3.0 (0.3) 9

control x 0 (0) 3 400 (45) 3 36 (2) 3 1240  (31) 3 33 (0.1 3

control y 10 (10) 3 243 (25) 3 36 (2) 3 1812 (185 3 3.1 (0.1 3

farm 33 (33) 5 5 (49) 5 18 (4) 9 2788 (1630) 9 1.3 (03 9
2017 3

compliance 31 (5) 9 1361 (386) 9 3.0 (0.1) 9

control x 0 (0) 3 371 (50) 3 27 (3) 3 1407  (297) 3 2.9 (02) 3

control y 8 (8) 3 227 (83) 3 23 (4) 3 741 (207) 3 2.9 (02) 3

farm 173 (173) 5 109 (52) 5 25 (5) 9 3129 (2098) 9 2.0 (05 9
2018 4

compliance 43 (8) 9 2742 (877) 9 3.2 (0.2) 9

control x 0 (0) 3 24 (111) 3 37 (3) 3 2247  (177) 3 3.0 (0.1 3

control y 68 (68) 3 346 (119) 3 39 (3) 3 2074 (121) 3 3.2 (02) 3

farm 202 (20200 5 219 (92) 5 24 (4) 9 3040 (1798) 9 2.0 (05 9
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Table 5.3-5 Historical comparison of physiochemical and macrofaunal parameters at the Storm Bay 1 lease between the 2015 baseline survey and the four IMAS surveys conducted since farming commenced. Sites
chosen were based on overlap across surveys to minimise any confounding due to spatial variation.

Sulphide Redox Number of Families Abundance (indiv. m'z} Diversity

Surveys AVG SD COUNT AVG SD COUNT AVG SD COUNT AVG SD COUNT AVG SD COUNT
2015

compliance 3 (4) 18 230 (94) 18 27 (5) 18 1087 (322) 18 28 (0.3) 18

control 1 (1) 6 268 (32) 6 28 (7) 6 2225 (1435) 6 2.7 (0.2) 6
2016_1

compliance 182 (147) 5 30 (7) 18 2300 (623) 18 25 (0.4) 18

control 423 (10) 6 22 (7) 6 1649 (1159) 6 23 (0.3) 6

farm 13 (57) 5 18 (8) 9 9184 (7477) 9 0.6 (0.4) 9
2017_2

compliance 9 (5) 5 160 (62) 5 32 (10) 18 1513 (740) 18 3.0 (0.3) 18

control 0 (0) 6 306 (67) 6 33 (13) 6 1575 (1102) 6 29 (0.5) 6

farm 28 (21) 5 7 (72) 5 15 (3) 9 2910 (763) 9 1.0 (0.3) 9
2017_3

compliance 18 (10) 5 212 (58) 5 35 (5) 18 1567 (412) 18 31 (0.2) 18

control 5 (7) 6 218 (93) 6 26 (9) 6 1602 (1110) 6 26 (0.2) 6

farm 110 (85) 5 39 (110) 5 12 (5) 9 7180 (4866) 9 0.5 (0.2) 9
2018 _4

compliance 127 (107) 5 306 (97) 5 35 (4) 18 2020 (525) 18 31 (0.1) 18

control 14 (25) 6 361 (49) 6 31 (7) 6 1998 (1011) 6 29 (0.2) 6

farm 173 (143) 5 169 (190) 5 23 (6) 9 2899 (1800) 9 21 (0.4) 9
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5.3.2 Discussion

The benthic communities at the control sites at both the Storm Bay 1 and Trumpeter leases
were highly diverse with 187 and 198 different taxa recorded respectively. Crustaceans were
the most abundant taxa, making up 41-59% of the community, followed by polychaetes (18-
25%), cnidarians (4-22%) molluscs (10-15%) and echinoderms (1-2%). The most abundant
taxa were the anemone Edwardsia sp., amphipods Ampelisca cf. australis, Tethygeneia sp.,
Isaeid sp.2, Aorid sp.1, and Tipimegus cf. thalerus, the ostracod Euphilomedes sp.,
polychaetes Prionospio kulin and Pectinaria antipoda, and the bivalve Pratulum thetidis.

Response to enrichment

The biodiversity metrics, species richness (S), total abundance (N), and Shannon-Weaver
diversity index (H’) showed response patterns consistent with prior research and the
guidelines established for southern Tasmania (Macleod and Forbes 2004). While total
abundance peaked at the cage sites, species diversity and richness were typically reduced
before increasing with distance from the cage. Previous research has shown faunal
assemblages at impacted sites are less diverse but more abundant due to the dominance of a
few opportunistic species (Keeley et al. 2015; Macleod and Forbes 2004; Pearson and
Rosenberg 1978). These faunal metrics also generally responded to farm management as
expected. At the Trumpeter lease the first two surveys followed periods of continuous
stocking (20 and 27 months respectively from when farming first began on the lease in late
2014). The faunal metrics at the cage sites in both surveys were consistent with moderate
(diversity index H’ >1<2) to major (diversity index H’ <1, No spp. <50% ref) impact based
on the guidelines produced for sandy and more exposed sites by Macleod and Forbes (2004).
The third survey followed a five-to-six-month fallow period, and the metrics were indicative
of improved conditions and minor impacts at the cage sites (i.e., diversity index H’ = 2, No
spp. = ref, total abundance x 2 ref). Seven months after the lease was restocked, the faunal
metrics at the cage site in survey 4 were again indicative of minor to moderate impacts
depending on the metric used (diversity index H> = 2, No spp. = 50% ref). At the Storm Bay
1 lease, species richness and diversity were reduced at the cage sites relative to the more
distant sites in all four surveys, but total faunal abundance was far more elevated at the cage
sites relative to the more distant sites in surveys 1 and 3 compared to 2 and 4. 1. Because the
transects were across two grids that had different stocking regimes the response to farming
was more difficult to interpret at Storm Bay. Nonetheless, feed inputs were lower in the
months preceding surveys 2 and 4 on the southern grid that included two or three transects.
The only time the diversity index was >2 at the cage site was in survey 4 when both grids had
been fallowed for 1-2 months. Importantly, at Storm Bay 1, like Trumpeter, the change in
these faunal metrics observed at 35 m from the cage did not exceed the minor impact
category across any of the surveys.

Changes in the taxonomic and functional ecology provided greater insight to the ecological
and functional changes in response to farm derived organic enrichment. The opportunistic
polychaete Capitella sp. was by far the most dominant (67% and 81% of the total abundance
at Trumpeter and Storm Bay 1 respectively) and characteristic species of the community at
the cage sites at both leases. Similarly, the bivalve Mytilus galloprovincialis and the
amphipod Jassa sp., though not particularly abundant, were more common at the cage sites.
The presence of Mytilus galloprovincialis was most likely a result of net cleaning, given it is
a common fouling species on net infrastructure. The change in species composition at the
cage sites at Trumpeter was also consistent with farm stocking regimes. Capitella sp. were
less common, and a wide range of other species were far more abundant at the cage sites
relative to the other surveys, during survey 3 when the lease had been fallowed for five-to-six
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months. The species that became more abundant at the cage sites over this period included
species such as polychaetes Pectinaria antipoda and Perinereis sp., the gastropod Nassarius
nigellus and amphipods from the family Phoxocephalidae. These species were likely
responding opportunistically to the low to moderate levels of organic enrichment and the fact
other environmental conditions had improved. The gastropod Nassarius nigellus and
amphipods from the family Phoxocephalidae are both known to be indicative of recovering
sediments and minor/moderate impacts (Macleod et al., 2008).

More broadly, there was a shift in species composition with increasing distance from the cage
evident across both leases (Figure 5.3-44, Figure 5.3-45). Several taxa increased in
abundance at intermediate distances (35-200 m from the cage). Many of these species were
sessile suspension feeders or surface deposit feeders taking advantage of the increased food
supply but were more sensitive to the highly enriched conditions directly under and adjacent
to stocked pens than their more mobile and tolerant deposit feeding counterparts. Species
such as the heart urchin Echinocardium cordatum, and polychaetes Mediomastus sp. and
Nemertean sp.1 were generally most common closer to the source of enrichment at 35 m,
while other species such as polychaetes Spionid sp.4 and Hirsutonuphis intermedia,
amphipods Tipimegus cf. thalerus and Hippomedon cf. hippolyte, the ostracod Euphilomedes
sp., and the brittle star Ophiura cf. kinbergi were more common at distances beyond100-200
m. Again, this shift most likely reflects differences in their sensitivity to environmental
conditions. A number of these species (or families) are known to be characteristic of the
transitory community between heavily impacted and unimpacted communities (e.g., Pearson
& Rosenberg 1978; Macleod et al., 2008; Edgar., 2005; 2010). This includes Nassarius,
Echinocardium, Phoxocephalidae, Euphilomedes, Nemertea, Spionidae, Pectinaria and
Tethygeneia. At the transect sites most distant from the cage (500-1000 m), several of these
species remained common, but the increased presence of species such as the amphipods
Ampelisca cf. australis, Bybilus mildura, Isaeid sp.3 and Aorid sp.1, and polychaetes
Paraprionospio coora, Prionospio kulin, Ampharetid sp.1 and Scalibregma cf. inflatum
characterised a community shift that reflects little to no evidence of any particular adverse or
increased impacts of organic enrichment. This is consistent with the findings of Macleod et
al., (2008) who found crustaceans were more dominant and typical of relatively unimpacted
conditions at the sandy exposed site, and Hall (1994) who reported crustaceans as often being
particularly sensitive to organic enrichment. In this study crustaceans made up 6-12% (15-
30% at 35 m) and polychaetes 77-88% (37-58% at 35 m) of the community at 0 m from the
cages at both leases compared to 42-47% for crustaceans and 22 -31% for polychaetes at the
outer control sites. Ampeliscid amphipods have been reported to be particularly sensitive to
organic enrichment (Macleod et al., 2008), with Ampelisca characteristic of unimpacted
sediments at an exposed/sand site in that study.

It is also important to acknowledge the potential challenge of spatial confounding when
interpreting the patterns in the context of enrichment. At the Trumpeter lease and to some
extent at the Storm Bay 1 lease, there were differences in the communities at 500 and 1000 m
from the cage; however, the sediments were naturally finer at the 1000m position (greater
percentages of 0.063 mm particles), which may help explain the increased presence of several
Ampelisca and other amphipod species at this site. Whilst there were also subtle differences
in the sediment types at the inner and outer controls relative to the other sites, this was not
actually reflected in a clear or constant difference in the community assemblage. Thus,
establishing baseline conditions through time prior to farming and monitoring is clearly an
important tool to distinguish farm induced change from natural variability. This also
highlights the importance of using a suite of indicators, both biotic and physico-chem when
establishing cause and effect as discussed below.
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Redox potential and sulphide concentrations appeared to be the most useful changes in
sediment chemistry to detect the gradients of enrichment with distance from cages. Redox
potential was more depleted and sulphide concentrations elevated in proximity to the cages
across all surveys at both Storm Bay leases. However, changes in redox appeared to be more
sensitive to changes in farm management than sulphide concentrations. In survey 3 at
Trumpeter and survey 4 at Storm Bay 1, redox potential was higher at the cage site consistent
with fallowing/lower stocking preceding the surveys. Sulphide concentrations on the other
hand varied significantly between surveys and did not appear to respond to farm
management. Macleod and Forbes (2004) also noted the challenges with probe stability and
comparability across surveys for sulphide, suggesting it is more useful to describe spatial
patterns of enrichment rather than temporal change. The sulphide levels and the ascribed
impact stages based on Macleod and Forbes (2004) are also inconsistent with the response
determined using faunal assemblages. Sulphide concentrations were 100-300 puM from the
cage out to 100 - 200 m in surveys 3 and 4 at both leases, consistent with major effects, yet
changes in the faunal community data indicated only minor impacts extended beyond 35 m
from the cage. The C and N signatures (content, ratio and isotopes) were indicative of
enrichment effects, but typically only at the 0 m cage site, with 5!°N the most sensitive
measure.

As both sulphide and redox are measured at depth in the sediments, they may measure the
longer term, persistent effects of farming relative to the measures that integrate the sediment
surface, where sediment re-oxygenation by resuspension, bioturbation and diffusion occur
more rapidly. Both % C and N of the sediments were typically far more enriched at the cage
site, but otherwise there was no consistent discernible difference that could be attributed to
distance at either lease. The C and N contents of the cage sediments were lower in survey 3 at
Trumpeter following the period of fallowing and it was notable the content of both C and N
were lower at the cage sites in surveys 2 and 4 at the Storm Bay 1 lease. This may indicate
the sediment conditions had improved in response to farm management strategies, given two
of the three transects were on the southern grid that had experienced two-to-three months of
low feed inputs prior to these surveys. Regardless, it was only the 8*°N signature of the
sediments that appeared sensitive enough to distinguish these more subtle effects of farming.
This is an improvement on previous investigations of fish farm impacts in southeastern
Tasmania which suggested isotope ratios, including §*°N, lacked discriminatory power to
detect farm effect changes due to the background and input isotope signatures being too
similar in their isotopic signatures (Edgar et al., 2005; Macleod et al., 2004). Interestingly the
improved sensitivity reported here likely reflects the recent shift in protein sources used in
fish feeds. Historically, fishmeal was the dominant protein source, and as such it was not
readily distinguishable from the background signature 5'°N typical of marine organic matter.
Now, however, terrestrially derived sources of protein (e.g., plant proteins), which typically
have more depleted 5°N values, make up an increasing fraction of the protein used in fish
feeds and so are more discernible.

Sediment respiratory activity proved highly sensitive to the more subtle effects of
enrichment. Rates of organic matter mineralisation were clearly elevated at the 0 m cage sites
relative to the other distances. These results are consistent with findings for the physico-
chemical and macrofaunal response parameters; the bulk of organic matter deposition and
processing that lead to more significant benthic changes occurred under and within very close
proximity (< 35 m) to the cages. Importantly though, the process measurements documented
the more extensive spatial input and influence of organic matter deposition. Elevated
respiration rates and ammonia production were evident, albeit at much lower levels than at
the cage, out to 100 -200 m from the cages (Figure 5.3-43). This is consistent with the more
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subtle changes in benthic communities and the more sensitive abiotic parameters (i.e., redox,
sulphide and 8*°N) evident at the same spatial scale. An important finding from other studies
(e.0., Keeley et al. 2019; Valdemarsen et al. 2015) is the high level of responsiveness that
process rates provide in near cage sediments to farm inputs.

At Storm Bay 1, oxygen consumption and dissolved inorganic carbon production (principally
carbon dioxide) at the cage was > 5-fold higher in survey 3 when biomass was close to its
peak compared to survey 4 when the grid had been fallow for a few months. Although not to
the same extent, this was also reflected in the rates of ammonia and phosphate production and
nitrate uptake. In contrast, the change between surveys at the Trumpeter lease was not
consistent with expectations based on stocking of the cage grid; process rates were higher at
the cage site in survey 3 compared to survey 4, despite an extended period of fallowing/low
stocking before survey 3. Importantly though, despite the greater stocking prior to survey 4 at
the grid scale, the cage at the origin of the middle transect (i.e., process measurements were
only conducted on this transect) was stocked at the time of sampling in survey 3 and not
survey 4. This suggests process rates may be highly sensitive to both the timing of, and
proximity to, the source of enrichment. It is also notable the process rates at the intermediate
distances (35-200 m) were more elevated in survey 4 compared to survey 3. This may reflect
the footprint further from the cage reflects the overlap of multiple cages, and thus, the

response is indicative of grid scale inputs relative to the measurements taken directly adjacent
to the cages.
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Figure 5.3-43 Summary of sediment fluxes at the Storm Bay leases. Fluxes of oxygen, dissolved inorganic carbon, ammonium, nitrate +
nitrite and phosphate with distance from the cages averaged (+ SE) across leases and surveys.

The strong benthic effect gradient near the cages was reflected in the visual health score. The
cage sites clearly had the lowest health scores and the 35 m from cage sites were also clearly
lower than the more distant sites. The more subtle effects revealed by the faunal communities
and process rates were not as distinguishable from the visual health score. From a regulatory
monitoring perspective, the visual assessment method could discriminate what would be
considered moderate to major impacts but was less able to distinguish across the range from
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no evidence of impacts to minor impacts. Importantly, the scoring categories were consistent
with those proposed by Macleod and Forbes (2004) for exposed/sandy sites; scores at the
cage site were consistent with major to moderate impacts (typically negative and always <
2.5), minor to moderate impacts at 35 m (typically <2.5 and always <5) and minor to no
evidence of impacts at the more distant sites (typically >2.5). However, the variability of
scores in both space and time was notable, highlighting the importance of a time series at
cage, compliance, and reference sites for optimal interpretation.

Implications for monitoring and management

The results at the Storm Bay leases were consistent with those reported elsewhere for
southeast Tasmania. Benthic faunal evaluation was the most robust and sensitive measure of
sediment condition and response to enrichment. Macleod and Forbes (2004) highlighted
regional differences in the key biotic and abiotic indicators and their thresholds based on
substrate type from more exposed sandy to sheltered muddier sites in southeast Tasmania.
The results described here for both Storm Bay leases were broadly consistent with the
indicators and their depiction of different impact stages for the more exposed sandy site. The
key biotic and abiotic indicators were all indicative of moderate to major impacts at the cage
sites and minor to moderate impacts at the 35 m sites. This is consistent with the changes in
faunal community composition and the gradient depicted by the benthic process rates; both
measures were able to distinguish more subtle effects that extended further from the cage.

The performance of the physico-chemical parameters as indicators of enrichment was quite
variable; most parameters could discern the major effects near the cage, but only redox, §°N,
and to a lesser extent sulphide, appeared capable of reliably distinguishing moderate to minor
effects. Biodiversity metrics, total abundance clearly depicted highly enriched conditions, but
species richness appeared far more sensitive for discerning moderate to minor effects.
Importantly, the results did validate the performance and utility of visual indicators and the
ROV health scoring for monitoring major to moderate sediment impacts. However, the
results highlighted the importance of using other measures of sediment condition (e.g. faunal
evaluation) in conjunction with visual assessment when a more detailed understanding of
farm effects is required.

Finally, it is important to note while the results at Storm Bay were in broad agreement with
the criteria proposed by Macleod and Forbes (2004) based on the exposed/sandy
environment, there were inevitable site-specific differences, particularly regarding the
indicator species. For example, although Capitella appeared to be largely ubiquitous in its
response to highly enriched conditions at all leases in southern Tasmania, there were also
inherent differences in the species composition and the response to enrichment between
leases and regions. Thus, establishing monitoring locations that minimise background
environmental variability as well as establishing baseline conditions over time are necessary
and important initial steps for the effective management of these systems.
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Figure 5.3-44 Average abundance (ind. per grab) of key taxa with distance from the cages (on transects) and at the outer controls (CO) sites
across surveys at Storm Bay lease.
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5.3.4 Appendix

5.3.4.1 Storm Bay 1

Environmental variables by distance from cage
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Species abundance by distance from cage

Smoother fitted using loess +- SE
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5.3.4.2 Trumpeter

Environmental variables by distance from cage

Smoother fitted using loess +- SE
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Species abundance by distance from cage
Smoother fitted using loess +- SE
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5.4 Macquarie Harbour
5.4.1 Results

5.4.1.1 Physico-chemical
Redox

Table Head Central. Redox potential generally increased with distance but was often highly
variable between replicate measurements, sites, and surveys; the effect of distance was only
significant in survey 4 (Table 5.4-1). Redox was only measured on one transect, precluding
planned comparisons between controls and the 50 m from cage or 100 m (~35 m from the
lease boundary) from cage sites; however, there was no evidence of a consistent difference
between the control and 50 or 100 m from cages sites across the surveys. Similarly, there was
no test for the effect of survey, and Figure 5.4-5 highlights the variability within and between
surveys at all distances.

Gordon. There was a clear effect of distance on redox potential at the Gordon lease.
Interestingly redox potential was lower in closer proximity to the cages in surveys 1 and 4,
but higher in surveys 5 and 6; the effect of distance was significant in all surveys with the
exception of survey 5 (Figure 5.4-2, Table 5.4-1). There was no consistent difference
between the control and 50 or 100 m sites across the surveys. In surveys 1 and 4 redox was
lower at the 50 and 100 m sites compared to the control sites. In survey 5 it was higher at the
50 m site compared to 100 m and the controls, and in survey 6 there was no clear difference
between these sites. Redox varied more between surveys at the 0 and 50 m sites compared to
the more distant 500 m and control sites (Figure 5.4-5).

Strahan. With the exception of survey 6 when redox potential decreased with distance from
the cages there was no clear pattern with distance (Figure 5.4-4, Table 5.4-1). There was no
evidence of a consistent difference between the control and 50 or 100 m sites across the
surveys. There was perhaps more variability across surveys at the cage site, but otherwise
there was no clear difference in the change across surveys at the sites closer to, or more
distant from the cages (Figure 5.4-5).

Franklin. Like at the Strahan lease, redox potential was typically negative at all transect and
control sites. Apart from survey 1, redox potential was markedly lower at the cage site
compared to the other distances, but the effect of distance was only significant in survey 4
(Figure 5.4-3, Table 5.4-1). There was no evidence of a consistent difference between the
control and 50 or 100 m sites across the surveys. Consistent with the other leases, Figure
5.4-5 highlights the variability within and between surveys at all distances, with the most
notable change occurring at the cage site between the survey 1 and the subsequent surveys.
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Figure 5.4-1 Average (£SE) redox potential (mV) at 3cm depth in sediment with distance from the cages (on transects) and at outer controls
(CO) for each survey at the Table Head Central lease. Redox was not measured at the Table Head Central lease in surveys 2 and 3.
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Figure 5.4-2 Average (+SE) redox potential (mV) at 3cm depth in sediment with distance from the cages (on transects) and at outer controls
(CO) for each survey at the Gordon lease. Redox was not measured at the Strahan lease in surveys 2 and 3.
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Figure 5.4-3 Average (+SE) redox potential (mV) at 3cm depth in sediment with distance from the cages (on transects) and at outer controls
(CO) for each survey at the Strahan lease. Redox was not measured at the Strahan lease in surveys 2 and 3.
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Figure 5.4-4 Average (£SE) redox potential (mV) at 3cm depth in sediment with distance from the cages (on transects) and at outer controls
(CO) for each survey at the Franklin lease. Redox was not measured at the Franklin lease in surveys 2 and 3.

_— 11— 4 — 5 —65
—_—1 =4 — 5 — 6
100 100
=
| y .
i
(=8 _100,—
g
L)
[
-200
T T r T T T T T
0 50 500 co 0 50 500 co
Distance Distance
—_— 11— 4 — 5 — 6 —_— 11— 4 — 5 — 8
20 0
o -
50
20 -
-100 -
40_
60 -150 -
80 - =200 -
100 250
T T T T T T T T
0 50 500 co 0 50 500 co
Distance Distance

Figure 5.4-5 Redox (predicted mean + 95% confidence intervals) from the GLM comparing surveys at the two distances closest to the cages
(0 and 50 m) and at the distances furthest from the cages (500,and CO) at the Table Head Central (top left), Gordon (top right), Strahan
(bottom left) and Franklin (bottom right) leases.

Organic carbon and nitrogen and stable isotopes
Organic carbon content (%)

Table Head Central. Although organic carbon content (%) was often higher at intermediate
distances on the transect (50 - 250 m) there was no clear or consistent effect of distance in
any of the surveys (Figure 5.4-6, Table 5.4-1). Organic carbon content (%) was often lower at
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the control compared to the 50 or 100 m sites, but the differences were not significant due to
the variation between replicates. There was no clear survey effect on organic carbon content
at the sites closest to the cages (0 and 50 m) or the more distant sites (500 m and CO; Figure
5.4-10, Table 5.4-2).

Gordon. In surveys 1 and 2, organic carbon content (%) was higher at the cage site, but there
was no clear or constant effect of distance across the surveys (Figure 5.4-7, Table 5.4-1).
Organic carbon content (%) was often lower at the control compared to the 50 or 100 m sites;
this difference was significant for both 50 and 100 m in surveys 5 and 6 and 100 m in survey
4. There was a significant effect of survey at the sites closest to the cages (0 and 50 m) but
not at