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1 Executive Summary
This submission has been prepared in response to a letter from the Environmental Protection
Authority Tasmania (EPA) Director (Wes Ford) to Huon Aquaculture Company Pty Ltd (Huon) and
Southern Ocean Trout Pty Ltd dated 29 November 2016 regarding salmonid aquaculture production
in Macquarie Harbour (MH).
In the letter the EPA Director sets out a series of draft determinations (Draft Determinations) for
biomass levels in MH and advises there will be a conversion of biomass to a total permissible dissolved
nitrogen output (TPDNO), and that determinations will be made in accordance with the objectives of
the Marine Farming Planning Act 1995 (MFP Act), and the Resource Management Planning System
(RMPS) of Tasmania and specifically the social, economic and environmental impacts.
The letter invites Huon to make a submission regarding the Draft Determinations by 3 January 2017.
In summary Huon’s submissions, set out in greater detail in this document, are;
•

•

•

•

•

•
•
•
•

The biomass limit for the whole of MH should be reduced to a level below 10,000T (the total
industry biomass was 10,169 at the end of August 2016 when environmental conditions were
already compromised). If immediate action is not taken to reduce biomass to a level that
allows it to recover the entire harbour may need to be completely fallowed to enable
recovery.
There is a direct correlation between employment and biomass levels and Huon will not
accept any further discriminatory decision making that may place the long-term security of
jobs at Huon at risk. Huon has been at pains to protect the jobs of its employees by not
operating in a “boom and bust cycle”, the rapid increases in biomass by other operators was
a risk that was accepted by each operator and the consequences must also be apportioned
in that context. Further, Huon submits that it is preferable to maintain the security of
employment through more conservative management of biomass now, rather than place all
employment at risk if the entire harbour needs to be fallowed.
The Draft Determinations appear to endorse biomass limits based on commercial strategies
and does not give sufficient consideration to the available science indicating deteriorating
environmental conditions;
The Draft Determinations will continue to provide the other operators in MH with a
commercial advantage over Huon and in effect, punishes Huon for its lower risk tolerance
and prudent management of MH whilst rewarding the higher risk strategies of other
operators;
MH is strategically important to Huon Aquaculture and the salmon farming industry more
broadly and the biomass limits indicated in the Draft Determinations do not support the
long-term sustainability of MH for salmon farming;
Huon supports the conversion to a TPDNO based biomass limit;
The EPA should reconsider the Draft Determinations and set biomass limits for the whole of
MH that are based on scientific evidence and that apply equitably to all operators in MH;
The EPA should provide a transparent assessment of the scientific information on which a
final determination is made; and
Huon has a longstanding concern about the decision-making process followed by the State
Government with respect to MH.
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This submission firstly addresses the importance of ensuring that the biomass limits in MH promote
sustainable development and secondly addresses the environmental, social and economic impacts of
the Draft Determinations in the following sections of this document;
•
•
•
•
•

the strategic importance of the MH growing region;
the current environmental conditions in MH;
Huon’s support for a conversion to a TPDNO biomass calculation;
the social and economic impacts of the biomass determinations; and
the inequity in the allocation method and Huon’s concerns with respect to a lack of
transparency in decision making and the consequences that flow from this.

2 Draft Determinations and Statutory Framework
The Draft Determinations are as follows:
1. Reduction of harbour-wide standing biomass to 14,000 tonnes by 31 January 2017 by
reducing the 2015 harvest fish at a faster rate than may otherwise be planned. The 14,000
tonnes will be apportioned on the percentage basis of biomass in the Harbour for the
November reporting period. For Huon, this equates to a total permissible biomass (tonnes
per hectare) of 12.87 that may be stocked within the combined area of Lease No’s; 216,
220 and 267 as set out in Attachment 3 of the 29 November letter.
2. Maintenance of a harbour-wide standing biomass of 14,000 tonnes for the period 31
January 2017 – 30 April 2017. For Huon, this equates to a total permissible biomass
(tonnes per hectare) of 15.12 that may be stocked within the combined area of Lease
No’s; 216, 220 and 267 as set out in Attachment 2 of the 29 November letter.
3. Conversion of a harbour-wide standing biomass of 14,000 tonnes to a TPDNO for the
period 1 May 2017 to 30 April 2019.
The letter indicates that environmental monitoring information obtained from January and May 2017
surveys may also “result in further management control directions that may result in further lease
based reductions.” In addition, the letter also states that, “Should it be required, this reduction will
take into account the level of compliance of each lease and the available pen bays available to grow
stock (benthic management controls).”
The EPA Director specifies the following information requests to assist in making statutory
determinations:
1. Recent accurate biomass data; and
2. Harvest plan to 31 January 2017.

The objectives of the Statutory Framework
As indicated in the covering letter to the Draft Determinations the decisions must have regard to the
objectives of the MFP Act and the objectives of RMPS. The primary consideration in this context is
sustainable development as is demonstrated by the objectives set out below;
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The MFP Act purpose and objectives are stated as:
(1) The purpose of this Act is to achieve well-planned sustainable development of marine farming
activities having regard to the need to –
(a) integrate marine farming activities with other marine uses; and
(b) minimise any adverse impact of marine farming activities; and
(c) set aside areas for activities other than for marine farming activities; and
(d) take account of land uses; and
(e) take account of the community's right to have an interest in those activities.
(2) A person must perform any function or exercise any power under this Act in a manner which
furthers the objectives of resource management.
The objectives of the RMPS are –
(a) to promote the sustainable development of natural and physical resources and the maintenance
of ecological processes and genetic diversity; and
(b) to provide for the fair, orderly and sustainable use and development of air, land and water; and
(c) to encourage public involvement in resource management and planning; and
(d) to facilitate economic development in accordance with the objectives set out in paragraphs (a),
(b) and (c); and
(e) to promote the sharing of responsibility for resource management and planning between the
different spheres of Government, the community and industry in the State.

In clause 1(a), sustainable development means managing the use, development and protection of
natural and physical resources in a way, or at a rate, which enables people and communities to
provide for their social, economic and cultural well-being and for their health and safety while –
(a) sustaining the potential of natural and physical resources to meet the reasonably
foreseeable needs of future generations; and
(b) safeguarding the life-supporting capacity of air, water, soil and ecosystems; and
(c) avoiding, remedying or mitigating any adverse effects of activities on the environment
In addition, in the context of MH, any decision making with respect to biomass limits for MH needs
to take into consideration the Environmental Impact Statement (EIS) prepared to facilitate the
expansion of salmon farming in MH and approved by the State Government in May 2012 and by the
Commonwealth Environment Minister’s decision under sections 75 and 77A of the Environment
Protection and Pollution Control Act 1999 (EPBC Act) dated 12 October 2012 (the Minister’s
Decision).
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The EIS at p381 states:
“The ultimate aim of the adaptive management program is to monitor the gradual production
increase over time and increase knowledge in relation to the sustainability and feasibility of the
proposed amendment. Monitoring any potential adverse effects will be associated with the
application of relevant mitigation measures based on the severity of the observed impacts.”
The Ministers Decision states that:
“the proposed action is not a controlled action, provided it is undertaken with the manner described
in the enclosed decision document. This means that, provided that the action is undertaken in that
way, it does not require further assessment or approval under the EPBC Act before it can proceed.”
Huon’s submission is that the statutory objectives and the EIS and Ministers Decision clearly set the
context of sustainability being a primary consideration and for taking a precautionary approach.
Equally the objectives as set out above emphasise the importance of public and industry
involvement in planning which can only be achieved by transparent decision making.

3. Strategic importance of Macquarie Harbour Growing Region
Macquarie Harbour (MH) is an important part of Huon’s total production.
MH provides a discreet biosecure region where the disease status is uniquely different to other
growing areas in the state. Over many years, Huon has worked proactively and consistently to mitigate
environmental and agricultural risk to the business by developing 3 discreet biosecure growing regions
for Huon; MH; Huon River and D’Entrecasteaux Channel; and Storm Bay. This has been a deliberate
strategy as Huon has long recognised the significant risk posed by disease outbreak and environmental
factors outside its control.
Pursuing this strategy has necessitated significant investment by Huon and is evidenced by capital
investment in the region of over $50M since Huon commenced farming in the region.
MH production focusses on non-maturing triploid salmon which are critical to meet market demand
during certain times of the year (typically March-April-May) and rainbow trout.
In this context MH plays a vital role in ensuring;
1. continuous supply to market over a 12 month period of appropriate market size fish;
2. ability to grow and market rainbow trout; and
3. a discreet biosecure region to reduce agricultural and environmental risk.
Given the strategic importance of MH, Huon has, since 2014, consistently and repeatedly advocated
for a conservative approach to management of the water-way to protect the long-term sustainability
of MH as a growing region.
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4 Environmental Conditions in MH
Summary of Environmental conditions submissions
Huon’s submissions with respect to the environmental condition of MH can be summarised with
these key points that are expanded on further in this section;
•

•

•

•

•
•
•

•

•

The Draft Determinations appear to endorse biomass limits based on commercial strategies
and do not give sufficient consideration to the available science indicating deteriorating
environmental conditions. This is evidenced by the statements of all three operators in MH
that the Draft Determination would have no material impact on their business and it is
assumed that the biomass limit is based on the companiesproduction levels of those
operators rather than any scientific basis.
The serious benthic and water column environmental conditions now evidenced in MH were
present before the end of September 2016 when the combined industry biomass in MH was
only 11,600 tonnes.
The Draft Determinations reduction to 14,000 tonnes by the end of January 2017 and the
process implemented by the EPA to finalise that decision ratifies the biomass that was
already in MH and places no pressure on operators to do anything meaningful in
remediating the serious environmental conditions in the short term.
The 14,000 tonnes Draft Determination is less than the original 15,643 tonne limit (52.5%)
set by the Ministers Decision and which Huon and Petuna made numerous requests and
representations to DPIPWE to maintain in September 2014. However, now that the system
has been allowed to sour to such a serious state and if the EPA continue to ignore the
science the likely inevitable outcome will be that all salmon farming in MH will need to cease
for a number of years before production can return, if at all.
Despite repeated requests by Huon, since 2013, as to the basis of the biomass limit there
has been no transparency in the decision making process by DPIPWE/EPA.
The allocation of biomass to individual operators in MH and the environmental
performances of individual operators in MH has only been known to DPIPWE/EPA.
No single operator, and particularly Huon as the smallest operator, can significantly
influence the overall environmental conditions in MH. Equitable action needs to be taken on
a harbour-wide basis.
The IMAS briefing of November 2016 (noting that the final report has not yet been
published) set out key points that appear to show the serious and rapid deterioration of
environmental conditions in MH as at September 2016 when the biomass was below 11,600
tonnes, well below the 14,000 tonnes proposed in the Draft Determinations.
The biomass limit for the whole of MH should be set below 10,000 tonnes. This proposed
biomass limit is scientifically based on the actual production biomass (reported in the MH
AMA 36-month Report) being farmed in MH in 2016 in the period immediately prior to the
rapid and severe wide-scale deterioration of environmental conditions uncovered in
September and subsequent surveys.

Since mid-2014 Huon has provided numerous written submissions and face to face presentations to
DPIPWE/EPA and Government detailing the available scientific results and information that should
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underpin appropriate regulatory decision making in MH. At no stage during this entire period has
DPIPWE/EPA provided any substantive response to Huon’s concerns regarding the science or
provided any transparent scientific basis for regulatory decisions which have included two
determinations to increase the MH biomass limit since mid-2014, one as late as April 2016.
Four key areas of concern have been consistently described by Huon, including:
1.
2.
3.
4.

Declining dissolved oxygen (DO) Levels at Depth
Souring of sediment ecology
Potential for mass mortality of salmon as a result of depleted DO near the surface
Disease and Production Issues

MHDOWG Report
As early as February 2014, the Tasmanian Salmonid Growers (TSGA) established the Macquarie
Harbour Dissolved Oxygen Working Group (MHDOWG) in response to concerns over an already
evident significant declining trend in DO levels in MH.
The Report of the MHDOWG (Aug 2016) included the following points (among others):
•
•
•
•

“There is a clear downward trend in the DO levels of the deep-water (> 15m) of MH over the
period 2009-present (ie. Aug 2016).”
“DO levels less than 2 mg/L are now very common below 20m and occasionally come to
within 12 m of the surface.”
“There have been a number of significant changes over the period 2009-present… This period
also coincides with a major expansion of salmon aquaculture.”
“While a number of factors were hypothesised that might be contributing to the downward
trend in DO, it was acknowledged that there were significant gaps in scientific information
that made it impossible to accurately attribute changes to aquaculture or otherwise.”

Under these circumstances both Huon (and Petuna at the time) strongly asserted to Government
(including DPIPWE) in September 2014 that the existing biomass limit set by the Commonwealth of
15,643 tonnes (52.5%) be maintained until further information was available to demonstrate
increased biomass was sustainable.

DO Decline 2014 - 2016
Since 2014, there have been extensive data sets produced by industry, government and research
organisations reinforcing the ongoing concerning trends in DO across MH.
On 28th October 2014, John Whittington (Secretary DPIPWE) requested information from Huon to
support a review of factors important to the sustainability of salmon farming in MH. Huon provided
an extensive response, including making the following points which clearly forewarned of current
poor environmental conditions:
•

“Even in late 2013, significant increases in DO levels at depth were closely followed by
significant declines and return to the overall downward trend in DO. Therefore, the latest
increase in DO cannot be considered as anything more than a short-term event until a longer
term assessment of sustainability is undertaken. It would be inappropriate to base any long
term decision on biological capacity of MH on this recent and short term effect, particularly
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given the previous 5 years of data. Should the recent short term slight increase in DO at
depth not be sustained and the trend of the last 5 years re-ensue there is a real possibility
that large areas of MH bottom waters and sediments could become anaerobic at some stage
in the not too distant future”.
As acknowledged by the EPA in its recent announcements about environmental conditions in MH, DO
levels monitored through a range of sources have been virtually zero below 20 m depth for months
since mid-2016 across wide-scale areas of the harbour. There has been a recent recharge in bottom
water DO in late 2016, but the same points made by Huon above apply to this situation. The zero DO
readings in 2016 represent a new low point in the declining DO trend in MH. Obviously at zero it cannot
go any lower. On 9 January 2015, Huon provided DPIPWE with extensive comments on the Draft
DPIPWE MH Status Report, including making the following points regarding the potential for mass
mortality events:
•

“There needs to be an explanation that when there is an influx of marine water over the sill
of the harbour causing a deep water “recharge event”, this can also be a period of high risk
to farmed fish because of bottom marine water pushing the deeper poorly oxygenated water
layers closer to the surface… such an event could result in a rapid mass mortality (potentially
large areas of the harbour across lease sites) if DO levels reaching the surface layers are not
viable for fish.”

Petuna have reported two significant mortality events associated with this predicted scenario (ie. May
2015 and February 2016). In addition, Huon has provided DPIPWE with detailed environmental data
recorded during February 2016 (including hourly DO readings at one metre depth intervals) clearly
showing this phenomenon.
Concern over the potential for a mass mortality to occur was stated by Wes Ford on two occasions in
early 2016. Firstly in a letter dated 21 January 2016 where he stated “In my view, the likelihood of a
mass fish kill in Macquarie Harbour is sufficiently high that any company farming in the harbour should
assume that such an event will occur at some time.” and again in a letter dated 22 March 2016 where
he stated “I continue to hold the views expressed in my letter of 21 January 2016, that aquaculture
companies individually and collectively have a responsibility to prepare and plan for potential future
mortality events that are, in my opinion, reasonably foreseeable.”
In April 2016, John Whittington wrote to industry confirming that the MH biomass limit had been
increased to 21,500 tonnes. No scientific basis for the decision was provided.
The current unprecedented low DO levels (ie. virtually zero) at 20-25 m depth significantly increase
the risks associated with this potential mass mortality scenario.
In the response to DPIPWE on 9 January 2015 above, Huon made further points which clearly
forewarned of the current seriously degraded sediment conditions in MH:
•
•

Huon noted that the DRAFT DPIPWE MH Status Report had stated that benthic monitoring
had shown that the depositional modelling in the EIS was not accurate.
Huon also commented that given Tassal’s Lease 266 was non-compliant (ie. numerous
dorvilleid worms) for kilometres in both directions (including sq. kms. of the World Heritage
Area in the southerly direction) and that this had progressed rapidly over a short period of a
few months (ie. between Aug and Nov 2014) that immediate destocking of the lease should
be undertaken. Huon noted that “to allow the continued increase in biomass on this lease
risks anaerobic sediments across a wide area of the harbour seafloor …… The potential
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•

negative impact this issue has for Industry and Government is enormous. It seems
inconsistent for other companies to have to deal with much lower levels of impact, if Tassal’s
Lease 266 is not required to effectively remediate what is a vastly larger impact.”
Huon also stated that “It is known that the presence of numerous Dorvilleid worms will
progress to anaerobic conditions and Beggiatoa mats if remediation is not put in place. To
ignore such a wide area of Dorvilleid proliferation without immediate remediation would
seem to run a risk of wide-scale progression to anaerobic sediments. If Dorvilleid worms are
not used as an indicator of nutrient enrichment and non-compliance what would be the step
between normal and Beggiatoa?”

Despite the above points made by Huon, the DPIPWE response outlined in a letter from John
Whittington on 9 April 2015 (4 months prior to the release of the Cawthron Review of the Status of
MH) was that Dorvilleid worms will be removed by DPIPWE as a compliance indicator species in MH
pending research outcomes.
In response to the later letter from John Whittington dated 9 April 2016, Huon made the following
points which forewarned of the current seriously degraded sediment conditions in MH:
•

•

“It is Huon’s view that the use of Dorvilleid worms as an indicator species should be
maintained whilst the research is conducted. Huon has formed this view based on several
factors (1) there is no current science to indicate that they should NOT be used as an
indicator species, and (2) that the removal of Dorvilleids as a trigger requiring management
response could be viewed cynically by the community and stakeholders, seen as a means to
demonstrate lease compliance and environmental performance at a time of heightened
interest and sensitivity resulting from the impending Senate Inquiry.”
“Huon’s concern is that since August 2014 there has been a significantly increased
prevalence (and increasing) of Dorvilleids at compliance sites and whilst their presence may
not be a trigger for management controls, it does indicate that things are changing in MH.
Huon is also concerned that if we wait until we detect Beggiatoa, that management controls
required to manage the farm sites back to compliance are likely to be more significant and
take longer.”

IMAS/FRDC Report 2016
The IMAS/FRDC Report released in 2016 found that “Both species of Dorvilleids appear to be good
indicators of organic enrichment from salmon farming in Macquarie Harbour.” and “Comparisons with
surveys conducted in 2000 and 2012 indicate that there have been some harbour-wide changes both
in the benthic communities and in the overall abundance of Dorvilleids since the onset of large scale
salmon farming…There is also some evidence that the harbour wide changes have occurred in the last
2-3 years…”
The IMAS Report showed that Dorvilleids should be reinstated as indicators of non-compliance.
Also forewarning of current environmental conditions in MH:
•

•

Greg Dowson’s (EPA) statement in the DPIPWE MH Status Report that “DO at 20-25 and 4045 m has declined since 2010 and 2009 respectively and is outside the long term range for MH.
The low DO would represent high risk to significant modification of the ecosystem.”; and
Executive summary of the Cawthron report (released August 2015) states “Recent monitoring
results have revealed changes in key indicators that appear to be inconsistent with anticipated
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environmental effects. For example, seabed video surveys show changes in benthic indicators
that are symptomatic of increased enrichment, and water quality monitoring indicates a
harbour-wide decline in DO. There are related concerns that fish health status in MH is
indicating a biological system under stress.”

IMAS/CSIRO November 2016 briefing
On 25th November 2016, numerous senior Huon staff attended a briefing by IMAS researchers
regarding results of various IMAS/CSIRO projects in MH. Key points presented which also relate to
areas within the World Heritage boundary include:
•
•
•

•
•
•

DO levels of zero are widespread across MH below 20 m depth.
There has been a rapid progression of sediment deterioration across MH.
Based on sediment samples collected in October 2016, there are now large areas of the
sediments in MH extending well beyond lease boundaries where no living organisms can be
found.
The environmental conditions in MH are now such that IMAS researchers can no longer be
certain as to what will happen even if DO levels in bottom waters recharge.
Scientists are uncertain as to what the low DO conditions might mean for spawning and
recruitment of the Maugean skate population.
IMAS presented terms for the current situation in MH such as the sediments being “soured”
and “on the brink.”

November 2016 Draft Determination
Results of routine compliance monitoring of the sediments in and around salmon farming leases in
September 2016 and the subsequent research results and the information provided since in the IMAS
presentation in November was the basis on which Wes Ford (EPA) made a public announcement on
15th November 2016 which included that:
•

He had made a DRAFT determination to reduce the biomass limit in MH from 21,500 tonnes
to below the 2013 biomass limit of 15,437 tonnes. The proposed new biomass limit is
understood to be 14,000 tonnes.

Huon is of the strong view that 14,000 tonnes is not a sufficient reduction in the biomass limit to
ensure recovery and sustainability of DO and sediment conditions in MH. In fact, the determination of
14,000 tonnes by end of January 2017 is in effect meaningless given it makes virtually no difference
to actual planned commercial salmon biomass in MH over this period, indeed allowing biomass to
continue to increase despite the serious and potentially worsening environmental conditions in the
interim period while a new biomass limit is ratified.
Huon asserts that the new biomass limit should be set below 10,000 tonnes. The previous benthic
compliance survey was done in January 2016 and the serious deterioration in sediment results
uncovered during September 2016 were already occurring following a total reported industry biomass
of only 10,169 tonnes at the end of August 2016. Also, as stated by Wes Ford (Director EPA) in his
public announcement on 15th November 2016, “water quality monitoring showed that the low levels
of dissolved oxygen in the deeper parts of the harbour have continued for much of the year, reaching
a record low.” Given that benthic conditions have seriously deteriorated somewhere in the period
between January and September 2016 and unprecedented low DO levels were evident well before
September 2016, it does not make scientific sense to have a biomass limit greater than 10,169.
Figure 1 below has been taken from the Report of the MH DOWG released in August 2014.
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Figure 1 EPA DO data in MH from 1993 to 2014 with addition of comment from Huon

However, the biomass limit in MH is no longer about a long-term sustainable biomass. It now must be
set to a level to allow recovery of the environment in MH so that it can then be farmed sustainably. If
the environmental warning signs continue to be ignored, then there is a strong likelihood that all
salmon farming in MH will need to cease for several years to allow the necessary recovery. On this
basis Huon strongly asserts the new biomass limit must be below 10,000 tonnes.
Huon DO data in the following charts is consistent with the data available from other sources and
shows that significant issues with mid and bottom water DO levels cf. historical trends were occurring
as early as June 2016 when total reported industry biomass in MH was only 7,958 – 8,366 tonnes.
Internal Huon DO and Sediment Data
Below are historical DO Charts for Huon’s MH Gordon Lease updated through to 28th Dec 2016.
Figure 2 Historical DO chart for Huon's MH Gordon Lease at 0-15m depth
Dissolved Oxygen readings at 0, 5, 10, and 15 M depths at the MH Gordon Lease
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Figure 3 Historical DO chart for Huon's MH Gordon Lease at 15-30 m depth

There has been an increase in DO levels in bottom waters since mid-December. However, the DO level
in more surface waters (5-10 m) is declining as is expected going into January. The pattern of DO levels
in surface waters is now very dependent on prevailing weather conditions. Historical information tells
us that surface DO can decline significantly and rapidly over periods of hot calm conditions.
Water temperature at 1 m on 29 December 2016 was 22.2 oC. As outlined in detail in previous
submissions by Huon to Government and in public research reports, farmed salmon in MH will
increasingly become wedged between high water temperatures in surface layers and unviable low DO
in deeper layers within the net volume. This scenario not only causes stress in the fish, affecting fish
welfare, it increases the likelihood of mass mortality should DO become so low that fish can no longer
survive and increases the possibility of fish disease issues due to a combination of fish stress and a
compromised immune system.
DO levels at 20 – 25 m are still near zero and therefore present a significant risk of fish mortality,
particularly during the initial phase of any extreme windy weather events from the north west.
Hydro Tasmania has advised industry that Gordon River flow will remain at environmental flow levels
during the 2016/17 summer so there is little prospect of freshwater inflow to assist with surface DO
levels. The reduced freshwater flow from the Gordon River can be expected to assist the potential for
influx of oceanic water along the bottom of the harbour which will improve DO levels in bottom waters
but this effect can also push deoxygenated water closer to the surface.
Huon considers that the early months of 2017 (potentially through to June) as a high risk period for
mass mortality, and very dependent on prevailing weather patterns.
Sense T/ IMAS DO readings during December 2016 - DO levels in surface waters are already trending
downwards as expected at this time of year as shown in figures 4 and 5.
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Figure 4 Sense T/IMAS DO readings December 2016 for Huon's Strahan Lease at 6.4m depth

Figure 5 Sense T/IMAS DO readings December 2016 for Huon's Strahan Lease at 10.8m depth

Sediment (Benthic) Conditions
Since the official benthic surveys in September 2016 for Leases 267 and 220, Huon has undertaken
another official addendum survey on 24 November 20162016. In addition to these official benthic
surveys which have been reported to EPA, follow up benthic surveys around Leases 267 and 220 have
also been undertaken in early December 2016. In general, the early December survey showed a
progression of benthic impacts with areas of Beggiatoa occurring over a bigger area than seen two
weeks earlier on 24 November 2016.
There has been a recharge of DO in bottom waters since this time. However, the impact of this on
sediment conditions is uncertain (as presented by IMAS researchers). Huon will be undertaking further
internal surveys in early January in the lead up to the official January 2017 EPA survey.
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5 Biomass data and harvest planning
Historical biomass data against biomass limits for Huon
Huon has taken a conservative approach to stocking in MH and has reduced stocking levels by 20%
(based on smolt entries) since 2013 as part of Huon’s risk mitigation strategy and adaptive
management framework.
Figure 6 shows that whilst Huon has increased production in MH, the increases have been incremental
over a number of years and consistently below biomass limits imposed on it.
Huon’s commitment to appropriately managing MH to protect the long-term viability of the region for
salmon farming and to protect the local environment is evidenced most clearly in the summer of 20152016 when harvesting was brought forward in response to deteriorating environmental conditions.
This demonstrates that Huon remains committed to the region by taking appropriate mitigation action
when environmental and fish health conditions indicate it is required.
Figure 6 Huon historical biomass levels compared to biomass limits

Biomass data and harvest planning for period 1st December 2016 to 31st January 2017
As can be seen from Figure 7, Huon has taken swift and appropriate action to reduce biomass in MH
in direct response to significantly deteriorating environmental conditions in MH. Huon has brought
forward its harvest schedule for the region by three months in response to challenging environmental
conditions.
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Figure 7 Huon biomass data and harvest plan (1st December 2016 – 31st January 2017)

Week Ending

Harvest Biomass Total by week (T)

30/11/2016

Total Closing Biomass (T)
3,167

7/12/2016

58

3,195

14/12/2016

69

3,211

21/12/2016

91

3,202

28/12/2016

74

3,203

4/01/2017

162

3,104

11/01/2017

126

3,039

18/01/2017

153

2,978

25/01/2017

168

2,922

1/02/2017
190
Based on actual data downloaded from Fishtalk

2,865

6 Conversion of biomass to a total permissible dissolved nitrogen
output (TPDNO)
As indicated in previous Huon submissions to DPIPWE, Huon is in favour of converting a biomass limit
to a TPDNO as occurs elsewhere in Tasmania. A TPDNO provides a more meaningful scientific basis to
biomass control and resulting environmental impacts. Specifically, it does not allow production
(biomass) to be effectively increased by manipulating smolt entries and harvest strategy.
Apportionment of allowable harbour-wide TPDNO (as with biomass) must be undertaken across
operators on an equal tonnes per hectare of lease area basis.
Operators may not be able to utilise their full allocation of TPDNO if the environmental conditions of
their leases do not support such utilisation. Specifically, management controls and the ability to
manage leases within environmental compliance triggers may mean that despite having an unutilised
portion of an allocated TPDNO, the environmental conditions at that specific site do not support its
utilisation.
Allocation of TPDNO should not be allowed to become a tradeable item between operators in MH.
The ongoing methodology used to calculate and report TPDNO should be consistent with that used
elsewhere in Tasmania.
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7 Social and economic considerations
As indicated in the letter from the EPA of 29 November 2016, any biomass determination must
consider the social, economic and environmental impacts. With respect to the social and economic
impacts Huon is an important employer in Tasmania and the social and economic impacts of any
biomass determination are set out in detail in this section.

Employment
Direct employment
Huon Aquaculture currently employees 25 people directly in its Macquarie Harbour (MH) growing
region. There are 1,8611 employed persons in the West Coast Local Government AREA (LGA) and
Huon currently represents 2% of direct employment for the LGA. This percentage increases to 7%
when considered in the context of employed persons in Strahan2.
Importantly, the roles at Huon are predominantly full time with only one of the current 25 positions
offered part-time. In addition, the roles are permanent roles, that is, not contract or seasonal in
nature. Huon may from time to time utilise local casual staff during particularly busy periods.
The median salary for Huon’s MH employees is
compared to the median for the West Coast
3
Council Area of $49,026 (exclusive of government pensions and allowances). Further, the lowest
salary for Huon’s MH employees
higher than the local area’s median. This
reflects Huon’s commitment to; (1) appropriately remunerate its employees, (2) attract and retain
high calibre and skilled employees, and (3) the skilled nature of its workforce.
A recent internal survey of Huon’s Strahan-based employees indicated that 86% were the primary
income earner for their household. In addition, the survey indicated that 40% of employees had
immediate family members working at either Huon or other salmon growing operators in the area.
This suggests that any reduction in employment at any of the growers may impact employees of Huon.

1

http://stat.abs.gov.au/itt/r.jsp?RegionSummary&region=65610&dataset=ABS_REGIONAL_LGA&geoconcept=R
EGION&maplayerid=LGA2014&measure=MEASURE&datasetASGS=ABS_REGIONAL_ASGS&datasetLGA=ABS_RE
GIONAL_LGA&regionLGA=REGION&regionASGS=REGION Accessed 7/12/2016
2

http://www.censusdata.abs.gov.au/census_services/getproduct/census/2011/quickstat/UCL621026
Accessed 13/12/2016
3

http://stat.abs.gov.au/itt/r.jsp?RegionSummary&region=65610&dataset=ABS_REGIONAL_LGA&geoconcept=R
EGION&maplayerid=LGA2014&measure=MEASURE&datasetASGS=ABS_REGIONAL_ASGS&datasetLGA=ABS_RE
GIONAL_LGA&regionLGA=REGION&regionASGS=REGION Accessed 7/12/2016
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Figure 8 Huon Aquaculture employment and average standing biomass between FY2010-FY2017(F) including estimated
employment at lower biomass level
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It can be seen from Figure 8 that employment (FTE) correlates very closely with biomass levels.
Huon has conservatively managed in MH to ensure the long-term security of its employees.
Whilst employment (FTE) remains above pre-expansion (2012), Huon’s employment peaked in FY2015
at 40 before dropping by 13% in FY2016 and a further 11% in the first half of FY2017.
Based on the correlation between biomass and employment (FTE), Huon estimates that a reduction
in harbour-wide biomass to 10,000T and Huon’s proportion of that on an equal T/HA basis, would
result in a drop in employment from 31 (FTE) to 28 (FTE) or a loss of 3 FTE’s.
Importantly, a harbour-wide fallowing would result in the loss of all employment for an undetermined
period.
Any disproportionate reduction in biomass will flow through to employment. This is particularly
unacceptable as Huon has deliberately managed conservatively in MH to protect the long-term
employment of the team in Strahan. This is discussed in further detail in Section 10.

Indirect employment
In May 2015, the Tasmanian Salmon Growers Association (TSGA) commissioned an Economic Impact
Assessment by KPMG (the Report). The Report found that the Tasmanian Salmonid Aquaculture
Industry (Industry) provided support for over 2,700 FTE jobs in the state. This is based on both direct
and indirect employment. At that time, the industry directly employed 1,365 FTE’s and generated a
further 1,421 FTE’s from both industry effects and consumption effects.
For the purpose of estimating the indirect employment generated from Huon in the Strahan region,
the calculation has been based on industry effects only (i.e. excludes consumption effects) and uses
the same multipliers as contained in the Report.
Figure 9 sets out Huon’s net employment effect for the Strahan region based on both direct and
indirect FTE jobs at a range of biomass limits. Huon’s direct employment currently generates a further
9 indirect FTE jobs. This reduces to 7 FTE jobs at a harbour wide biomass of 10,000T. Importantly, the
indirect employment is likely to impact in regional and remote areas and Strahan particularly.
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The net employment effect would see total FTE employment as a result of Huon operations fall from
44 at FY2016 levels to 35 at 10,000T (a reduction of 9 FTE jobs).
Figure 9 Net employment effect of Huon Strahan operations at a range of biomass levels
50
45
40
35
30
25
20
15
10
5
FY2016

10,000T
Direct

Indirect

As noted earlier in this section, Huon has deliberately managed conservatively in MH to protect the
long-term employment of the team in Strahan and the flow on impact that this has in the local Strahan
and wider west-coast community.
As stated in the EIS that facilitated the expansion, that “the ultimate aim of the adaptive management
program is to monitor the gradual production increase over time and increase knowledge in relation
to the sustainability and feasibility of the proposed amendment. Monitoring any potential adverse
effects will be associated with the application of relevant mitigation measures based on the severity
of the observed impacts.”
If the adaptive management program had been applied and the production increase had been gradual,
it is likely that the employment generated from Huon and the wider industry would be stable and
secure as the biomass levels would be sustainable. However, the rapid increase in biomass by either
another operator or operators has resulted in a significant environmental impact that is experienced
by all operators, including Huon.
Huon maintains that there is a direct correlation between employment and biomass levels and Huon
will not accept any further discriminatory decision making that may place the long-term security of
jobs at Huon at risk. Huon has been at pains to protect the jobs of its employees by not operating in a
“boom and bust cycle”, the rapid increases in biomass by other operators was a risk that was accepted
by each operator and the consequences must also be apportioned in that context.
Further, Huon submits that it is preferable to maintain the security of employment through more
conservative management of biomass now, rather than place all employment at risk if the entire
harbour needs to be fallowed.

Impact of decision-making uncertainty on employment in the region
Huon currently maintains a workforce of 25 individuals with 24 of those positions full-time. Due to the
uncertainty of potential production levels and uncertain decision making in relation to the
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apportionment of biomass as well as potential impact of stocking decisions of other operators and
their impact, Huon has deliberately held employment at this level for some time with additional
support provided by staff from other regions. It is Huon’s view that until there is a higher level of
confidence in the production levels that can be sustained in MH it would not be fair to the employees
of the community to, in effect, provide temporary or non-secure roles.

Economic impact of Huon Strahan operations
Huon’s Strahan operations has directly resulted in significant capital investment and payment of
operational costs to Tasmanian suppliers and service providers.

.
Where ever possible, Huon purchases goods and services locally.

Social investment in the region
Huon is committed to the communities in which it operates and this is evidenced in a range of ways.
Huon actively participates in the community by seeking out the community’s views at the West Coast
Community Advisory Forum, provision of funds either directly to community groups and projects or
through Huon’s Helping Hard grant program. Further, Huon encourages employees to be active
participants in the community through sporting and community groups as well as volunteering.
A recent internal survey of Huon’s Strahan-based employees showed that;
Family
−
−
−

The average household size is 4 persons
50% of employees have school aged children
Over 80% of employees with school aged children have them in local schools

Community participation
−
−
−

One third (33%) of employees regularly participate in organised sport or community groups in
the area such as football, basketball, bowls and Landcare
40% of employees regularly volunteer at local organisations including Landcare and Active
Strahan.
66% of employees have another member of their immediate household regularly volunteering

Huon’s Helping Hand Grant program was established in 2013. Since 2014, Huon has contributed
around $30,000 in direct funding to West Coast organisations. The funds have contributed to a range
of activities including; Beach to Bay fun run, wet weather clothing for primary school students, a fridge
for the primary school, and assisting the Senior Citizens Club to refurbish their kitchen.
In a remote community, such as Strahan, the efforts of Huon’s employees and the support provided
by Huon, directly contributes to the sustainability and vibrancy of the local community.
Huon takes the opportunity to re-state the importance of MH as a growing region and that Huon has
managed conservatively in MH to protect the long-term security of employment in the region. Huon
will also continue to support the wider community through support of projects and initiatives as well
as supporting its employees and their families to be active participants in the community.

Huon Aquaculture Company Pty Ltd – Macquarie Harbour submission to EPA (3 January 2016)

Page 18 of 28

8 Discriminatory decision making
The Draft Determination proposes that the 14,000T limit will be apportioned on the percentage
basis of biomass in MH for the November reporting period. This allocation will mean that Huon, who
has voluntarily reduced biomass to reduce its impact on the deteriorating conditions in MH, will
receive a lesser allocation than the other operators who have not done so.
As the smallest operator in MH, Huon’s actions to voluntarily reduce biomass has not resulted in
improvements to the wider MH environment.

Risk mitigation by Huon
It is well documented that Huon has taken a conservative and responsible approach to farming in MH.
Huon has applied the adaptive management principle to its own operations by reducing production in
MH by over 20% since 2013. In addition, Huon has implemented risk mitigation strategies to further
reduce both environmental and agricultural risk as a result of the stocking strategies of other
operators in the waterway. Risk mitigation activities include; accelerated harvest, installation of an
oxygenation system into all pens, as well as commissioning extensive research into environmental and
fish welfare conditions.
This conservative approach has had both a financial and social impact on Huon and its employees.
Specifically, Huon recently reduced its permanent workforce in Strahan by 5 to the current level of 25.
This is a direct result of the reduction in production in MH. Similarly, the cost of installing oxygenation
grids and their ongoing servicing comes at a cost of over $1M. The costs associated with the additional
research funded by Huon was also substantial.
It is reasonable to conclude from the publicly available information that Huon is the most conservative
operator in MH. This is reflected in Huon’s production which has been well below biomass limits since
2012 when a biomass limit of around 15,500 tonnes was first set during the approval for the
expansion. Figure 6 shows Huon’s biomass against the DPIPWE/EPA set limits since 2012.

Risk acceptance by competitors
As noted in section 5, Huon has a conservative approach to management of MH.
Huon has been at pains to protect the long-term sustainability of the growing region and the security
of the jobs that come from it. The rapid increases in biomass by other operators was a risk that was
accepted by each operator and the consequences must also be apportioned in that context.
Further, in MH specifically, the risk accepted by one or more operators is then imposed on the
remaining operators. It is because the waterway was viewed in essence as “a single lease” that the
risk profiles and actions of operators becomes shared. This has been evidenced particularly by Huon’s
inability to improve environmental conditions in the Harbour by its own conservative management
and mitigation actions.
In addition, there are a range of interests outside of the industry that are likely to be affected by the
industry’s performance including; WHA, MH environment generally, maugean skate, local Strahan
community, long-term employment in region, tourism operators, expansion of salmon farming
elsewhere in Tasmania, and the Tasmanian brand.
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In this context it is unacceptable to impose risk on others without complete transparency on any
available scientific information, information on prevailing environmental performance of leases, and
the scientific basis for regulatory decision making.
Operators must also accept the commercial consequences of their own increased risk profile if it
results in unacceptable environmental impacts.
Huon has maintained a biomass limit that is consistent with its apportionment of the approximately
15,500T limit set by the Minister’s decision. This decision was made based on Huon’s understanding
of the changes in environmental and fish health conditions as discussed in section 4.

Area Management Agreement in Macquarie Harbour
There is an Area Management Agreement for salmonid aquaculture in Macquarie Harbour between
Huon, Petuna Aquaculture Pty Ltd and Tassal Operations Pty Ltd.
The Area Management Agreement was a condition of the expansion in 2012.
Section 6.8 deals with apportionment of biomass and is stated here.
“Should any adjustments to the carrying capacity per ha or net stocking density limits occur, it is agreed
they will be applied to each Party on an equal basis with each Party enjoying the same maximum
tonnage per ha averaged over the Company’s total leases operated in Macquarie Harbour and the
same maximum stocking density limit. Each Party will then immediately act to ensure that the Party
becomes compliant with the adjusted capacities and limits as soon as practically possible.”

Discriminatory decision making applied to biomass allocation
Licence conditions and management controls imposed by any relevant statutory or government
authority supersede the conditions of the AMA which provides for an equal apportionment of biomass
on a tonnes per hectare basis between all three operators in MH.
As can be seen from Figure 10, the increases in biomass levels have not been apportioned equally, as
the total biomass has not been distributed on an equal tonnes/per hectare basis.
The Draft Determinations allocation method does not treat the operators equitably and provides a
commercial advantage to operators who have not taken self-imposed measures to reduce biomass.
The proposed allocation method effectively punishes Huon for taking measures to ameliorate its
impact on MH.
Figure 10 sets out the disproportionate allocation and then values the lost proportion in terms of gross
profit (not production value).
Whilst Huon is not privy to the biomass allocations to the other operators, it is assumed that as
Huon has received a disproportionately lower amount of T/HA, that the remaining T/Ha were
allocated to another operator or operators. Huon has valued the disproportionate T/Ha as an
EBITDA profit value to provide a guide to the potential value that has been provided by the
Government’s discriminatory decision making to Huon’s competitors.

Huon Aquaculture Company Pty Ltd – Macquarie Harbour submission to EPA (3 January 2016)

Page 20 of 28

The table above shows that Huon has consistently been apportioned biomass below its equitable
proportion of the total biomass limit on a tonnes per hectare basis. The value of the disproportionate
allocation totals an estimated
. This has the effect of providing Huon’s competitors
with the benefit of that value and represents an intervention in the AMA and the commercial
operation of its business. Specifically, the DPIPWE/EPA have directly intervened to provide Huon’s
competitors with a significant potential commercial advantage by (1) allocating the additional T/Ha to
a competitor(s) and (2) by removing Huon’s ability to utilise a potentially tradeable asset if it was
unable to utilise the tonnage itself.
Huon has formed the view that it has been unfairly discriminated against regarding biomass allocation
based on the lack of information regarding any scientific or environmental basis on which the decision
has been made to reduce Huon’s biomass allocation on a T/Ha basis as a proportion of the total
biomass. Huon has, on numerous occasions, requested the basis for decision making in this regard but
has failed to receive any detailed response.
In the context of the Draft Determinations for which this submission has been prepared, the pattern
of discrimination appears to continue with the advice that the EPA intends the reduction to 14,000 T
biomass to “be apportioned on the percentage basis of biomass in the Harbour for the November
reporting period.” Huon continues to be commercially disadvantaged for behaving responsibly whilst
a competitor or competitors are receiving preferential decision making that materially advantages
those operators and to the detriment of MH environmental conditions and long term sustainability of
the growing region.
As will be discussed in detail in section 9 of these submissions, it appears that the decision to allow
the additional smolt to be put to sea in September 2014 and the absence of a biomass limit between
then and October 2015 has facilitated the current situation in both an environmental and biomass
context.
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Huon would welcome any information from the EPA as to what justification has been used to
facilitate the current inequitable allocation in the Draft Determinations.

9 Transparency of decision making
Huon remains concerned that there is a lack of transparency in decision making by the DPIPWE and
the EPA, particularly in relation to biomass determinations and environmental performance in
Macquarie Harbour.

Timeline of decision making in relation to biomass
Letters of 26 and 29 September 2014 from Acting Secretary DPIPWE, Michelle Mosely to
Huon Aquaculture
The decisions of DPIPWE in its letters dated 26 and 29 September 2014, allowed MH to become
stocked beyond the biomass levels that were set by the biomass cap established by the Ministers
Decision. Specifically, the limit set by the Minister’s Decision was at 52.5% of the total allowable
biomass of 29,500 tonnes which equates to approximately 15,500 tonnes.
26 September 2014
The DPIPWE letter of 26 September advised that;
1. A review has been carried out in accordance with measure 2(f) of the Minister’s Decision; and
2. No biomass limit applies to MH under the Minister’s Decision
The letter states: “In coming to my decision I note the biomass limit set as part of the Non Controlled
Action Particular Manner (NCAPM) determination made by the then Minister for Environment, the
Hon. Tony Burke MP, lapsed on 18 October 2013. The view is based on the fact the Tasmanian Salmonid
Growers Association provided a review report to the Department, on behalf of the three companies.
The Commonwealth Department of Environment has been advised that the review has been
undertaken and that the biomass limit has lapsed.”
This was the first formal notification that the biomass limit had lapsed, following informal advice at a
meeting with DPIPWE representatives in mid-September 2014. At no time between October 2013 and
September 2014 had Huon received any advice (formal or informal) that the biomass cap had lapsed.
In its letter of 26 September 2014 DPIPWE initially exercised a power under Management Control 3.01
of the Macquarie Harbour Farming Development Plan to prevent further smolt introductions to MH
which, at a practical level, allowed for biomass of around 19,000 tonnes in MH.
It is Huon’s view that the exercise of this power instead of setting an appropriate biomass limit did not
take sufficient account of the precautionary principle, which requires that DPIPWE be satisfied with
full scientific certainty that an increase in the sustainable biomass will not cause serious or irreversible
damage, as set out in section 391 of the EPBC Act. The 26 September letter fails to set out any proper
consideration as to why the peak biomass amount of 19,000 tonnes had been chosen or provide any
scientific basis upon which DPIPWE could be positively satisfied that this level would not cause
degradation or serious or irreversible environmental damage.
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29 September 2014
By its letter dated 29 September 2014, the directions contained in the letter of 26 September were
revoked and further smolt were allowed to be put to sea. The letter states “While taking action to
immediately stop further smolt going to sea was prudent given the uncertainty about the long term
capacity of the Harbour, it clearly had immediate consequences on the financial position of two
companies.”
It can be reasonably inferred that the “two companies“ were Petuna and Tassal as Huon had not made
any representation to that effect.
The statement also clearly indicates that the decision to allow further smolt entries was not made
based on DPIPWE being positively satisfied that this level would not cause degradation or serious or
irreversible environmental damage.
The letter also states that “In my agreeing to allow the final smolt introductions for 2014 to go to sea
over the coming days, two companies acknowledged on Friday night that fish may have to be cropped
out at a later point. Should the maximum peak biomass limit set in March 2015 be less than the
predicted January 2016 biomass level, based on the projected 2014 and 2015 year class data provided
to the department in late August, fish will need to be culled.”
Importantly, the letter of 29 September 2014 states; “I acknowledge that the approximately 500,000
smolt that will go to sea this week will not be a significant contributor to the total biomass in January
2015, however they will contribute to the 2015/16 summer biomass.”
Despite this indication in the letter of 29 September 2014, DPIPWE failed to apply a biomass limit in
March 2015 or at any time before 9 September 2015. The current biomass levels in MH can be directly
linked to the decision of 29 September 2015 to allow the further smolt to be put to sea and to the
subsequent failure to set biomass caps in March 2015 – September 2015.

Letter of 28 October 2014 from DPIPWE Secretary, John Whittington to Huon Aquaculture
28 October 2014
By letter of 28 October 2014 DPIPWE advised Huon that it “…reiterate(s) the position outlined in the
Acting Secretary’s letters of 26 and 29 September 2014 relating to salmonid production in the Harbour:
−
−
−

A limit on the biomass of farmed salmonids in Macquarie Harbour will be implemented from
March 2015.
Current information suggests that the limit level will be in the order of the 2014/15 summer
peak biomass.
Initially the biomass limit will be established for a period of three years to be reviewed in March
each year.”

The letter also identifies that monitoring data collected since October 2011 had not exceeded any of
the limit levels set out in the Minister’s Decision and indicated “no significant departure from the
scenarios modelled as part of the EIS prepared to support the draft amendment…” However, the letter
goes on to state that “Monitoring of the benthic responses to salmon farming in MH is showing effects
not previously seen in this growing area or other salmon farming areas in south-eastern Tasmania.
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While these impacts are of concern they are being managed within the existing adaptive management
framework.”
Whilst the letter goes on to state that a range of monitoring and research projects will be undertaken
to better understand the waterway across a range of indicators including dissolved oxygen and benthic
responses, DPIPWE actively sanctioned an increase in production in MH of 23%.
Huon’s response to this letter is shown in Appendix 1.

Letter of 9 April 2015 from DPIPWE Secretary, John Whittington to Huon Aquaculture
9 April 2015
A draft determination regarding biomass was received by Huon on 9 April 2015. The letter sets out
the intended maximum total biomass for MH at 20,020 and Huon’s proportion of that total for the
following three years.
The draft determination requests details of smolt entries for Huon for 2015 and advises that the
Secretary “will be considering, in parallel with this process, the determination of appropriate benthic
management controls that will be required under Management Controls 3.1 and 3.4.5 and
implemented through conditions on the Marine Farming Licence.
Huon’s response (sent 24 April) to the draft determination of 9 April 2015 is shown as Appendix 2.
In effect, the only biomass decision applying to MH for the period 28 September 2014 to 9 October
2015 was contained in the letter of 28 September 2014 indicating that there was no biomass limit in
the Harbour.

Letters of 18 September and 9 October 2015 from DPIPWE Secretary, John Whittington to
Huon Aquaculture.
18 September 2015
The DPIPWE letter of 18 September 2015 sets out a further draft determination to the earlier draft
determination received on 9 April 2015. There is no variation between the two draft determinations
in relation to the tonnage per hectare allocated to Huon. However, the reference to total biomass in
MH was not contained in the later letter. In addition, this letter does not provide any guidance on how
the level was determined nor responds to the concerns outlined by Huon in its response (Appendix 2)
to the earlier draft determination.
Huon’s response to the letter of 18 September is provided as Appendix 3. The response was provided
to Mr Whittington on 4 October 2015. Huon’s response requested further information on harbourwide biomass and the scientific basis on which the decision was made. It also suggests that the timing
of biomass decisions be re-considered to better align production planning with biomass decisions.
9 October 2015
On 9 October 2015, Huon received the final biomass determination. There were no changes to the
draft determination, no further information provided on whole of harbour biomass and no response
to any of the concerns or suggestions outlined in Huon’s response of 4 October (Appendix 3).
The biomass determination applied for the period ending 30 June 2016.
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Letters of 24 February and 28 April 2016 from DPIPWE Secretary, John Whittington to Huon
Aquaculture.
24 February 2016
By letter of 24 February 2016 DPIPWE advised that it was reviewing the biomass determination of 9
October 2015 in the context of “an updated Macquarie Harbour Status Report that has been prepared
by the Department” and invited Huon to provide any specific lease performance/fish health
information that would assist in making a determination.
On 16 March 2016, Huon provided a briefing note under cover letter together with two research
reports to the Secretary in response to the letter of 24 February 2016 and is provided as Appendix 4
28 April 2016
Following the provision of the briefing note and research reports, Huon received a final biomass
determination on 28 April 2016 that included an increase in maximum permissible biomass above that
approved on 9 October 2015. There was no information provided on whole of harbour biomass, no
response to any of the concerns or suggestions outlined in Huon’s response of 16 March and no
scientific basis was provided for the increase in biomass
In accordance with the events set out above, Huon is concerned that there has been a lack of
transparency, consistency and clarity around decision making of Government in relation to biomass
dating back to 2014.

10 Summary of inability to comply with the terms of the Minister’s Decision as a
result of DPIPWE decision making on biomass
It is Huon’s view that in failing to set appropriate biomass limits, and despite concerns being raised
over an extended period by Huon, DPIPWE has failed to comply with a number of conditions imposed
by the Minister’s Decision including the following;
Condition 1a – take measures to prevent substantial benthic visual, physio-chemical or biological
changes attributable to marine farming operations at, or extending beyond 35 metres from the
boundary of any lease area;
Condition 1d – if a substantial benthic visual, physio-chemical or biological impact is detected as a
result of benthic video assessment, targeted management responses must be implemented within 10
weeks of the assessment;
Condition 2b – take measures to prevent the rolling annual median value of quarterly water quality
indicator values for…dissolved oxygen, as recorded within the compliance region from exceeding the
identified limit level.
Huon has, on numerous occasions, requested confirmation from DPIPWE that appropriate remedial
action be undertaken to ensure compliance with the conditions imposed by the Minister’s Decision.
Huon is of the view that it is unable meet the conditions under the Minister’s Decision in the absence
of a concerted effort by all operators in MH and appropriate management of biomass by DPIPWE.
Huon is unable to comply as Minister’s Decision applies to the three operators in the MH farming
region and as a result, is unable to direct and determine appropriate management actions to halt and
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reverse deteriorating environmental conditions. It is Huon’s view that biomass is the single most
effective management of environmental impact in the area and that it has been consistently set by
DPIPWE (since the removal of the original cap in late 2013) at a level that has been, and continues to
be, likely to cause deteriorating environmental conditions.
In addition, without access to information regarding lease compliance and management controls on a
harbour-wide and current basis, Huon cannot assure itself that appropriate measures are being taken
to comply with the conditions as set out above.

11

Legal Options

On 30 November 2016, Huon wrote to the Commonwealth Minister for Sustainability, Environment,
Water, Population and Communities (Appendix 5), requesting direct intervention by the Federal
Government in Macquarie Harbour following the receipt of the Tasmanian EPA Director’s draft
determination in relation to biomass in the Harbour for the Summer of 2016/17.
This letter indicated that Huon was of the view that whilst it is complying with lease conditions
pursuant to the MFP Act 1995 and licence conditions pursuant to the Living Marine Resources
Management Act 1995 (Tas), it is unable to demonstrate compliance with the Minister’s
determination.
Given Huon’s longstanding concern about the failure of DPIPWE and the EPA to properly manage MH,
Huon reserves its rights to pursue legal actions in both the Federal and State jurisdictions with respect
to ensuring compliance with the Minister’s decision and to obtain an appropriate biomass limit and
equitable allocation for MH.

12 Conclusion
In conclusion, Huon submits;
1. MH continues to be of strategic importance to Huon’s operations and in recognition of that,
Huon has conservatively managed in MH for an extended period including rigorous application
of the adaptive management framework to its own operations. Huon’s commitment to the
region is reflected in its investment of over $50M since Huon commenced farming in MH.
2. The Draft Determinations propose a biomass limit that is significantly in excess of what the
current scientific evidence suggests is a sustainable level for MH. Huon submits that the
biomass limit should be set below 10,000 tonnes for the whole of MH.
3. The Draft Determinations will not provide for sustainable development and are therefore
inconsistent with the objectives of the MFP Act and the resource management planning
system.
4. The Draft Determinations allocation method does not treat the operators equitably and
provides a commercial advantage to operators who have not, taken self-imposed measures
to reduce biomass. The proposed allocation method effectively punishes Huon for taking
measures to ameliorate its impact on MH.
5. There is a direct correlation between employment and biomass levels and Huon will not
accept any further discriminatory decision making that may place the long-term security of
jobs at Huon at risk. Huon has been at pains to protect the jobs of its employees by not
operating in a “boom and bust cycle”, the rapid increases in biomass by other operators was
a risk that was accepted by each operator and the consequences must also be apportioned in
that context.
6. There is a history of poor decision making in relation to the increase of MH biomass levels
over a protracted period which has led directly to the current situation in MH. Huon also
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7.

8.

9.
10.

considers that the adaptive management framework has not been applied effectively and
instead biomass has repeatedly been raised when the scientific evidence has not supported
it.
There is a significant lack of transparency, consistency and clarity around decision making of
Government in relation to biomass. Specifically; responses to specific concerns identified by
Huon are not addressed with either (1) provision of information/rationale that has been used
as a basis for a decision or (2) any change to decision making and specifically from “draft
determination” to “final determination” of biomass limits. In addition, there has been a
consistent reduction of information provided to Huon regarding biomass determinations and
specifically information pertaining to whole of Harbour biomass.
The process involved in decision making leading up to the Draft Determinations is inconsistent
with the objectives of the MFP Act and the resource management planning system in that the
process has not involved transparent decision making.
Huon supports the conversion to a TPDNO based biomass limit.
Huon submits that the Draft Determinations should be reconsidered to impose a sustainable
limit and equitable allocation.
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Appendix 1

Appendix 2

Appendix 3

Jane Gallichan
Subject:

Macqaurie Harbour

From: Peter Bender
Sent: Sunday, 4 October 2015 9:18 PM
To: 'Whittington, John (DPIPWE)'
Subject: Macqaurie Harbour
Dear John,
Thank you for your letter dated 18th September 2015 regarding your proposed
determination in regard to maximum permissible biomass in Macquarie Harbour (MH) and
subsequent to your letter dated 8th April regarding the same issue.
We note that the later letter (18th Sep) does not include any information on intended
whole of MH permissible biomass. This makes it difficult for Huon to comment on
whether we believe the proposed biomass limit for Huon’s three leases are appropriate
or not. Given that it is generally accepted production in MH should be considered as
one lease it is the whole of MH biomass that will be critical in understanding
production sustainability in the region. Therefore your letter 18th September provides
no context within which to be able to provide comment on your Huon specific
determination.
Huon is of the strong view that regardless of how the maximum permissible biomass of
20,020 tonnes was determined, having a harbour wide cap allows for crucial
transparency for a whole of harbour approach from all parties.
We believe a stated cap in the determination is critical to the future success of
farming in the region.
Furthermore, the proposed future process for the determination and notification of
permissible biomass limits in MH are not practical. The annual notification will occur
at a time just after the smolt have already been transferred to MH. A longer term
determination to give industry more certainty in production planning is desired.
Huon’s position would see a maximum permissible biomass set for a rolling two year
period (reviewed annually), which is subject to environmental performance in MH.
Huon understands that a short term decision or amendment on maximum permissible
biomass can be made at any time if an issue arises, but it seems unnecessary to build
this uncertainty into the process.
We look forward to a further discussion with you regarding the determination following
consideration of the above concerns. We would also like to understand better the
scientific basis for you coming to your decision.
Regards,
Peter
Peter Bender | Managing Director
Huon Aquaculture Group Limited
PO BOX 42, Dover | TAS 7117
T 03 6295 8101 | F 03 6295 8161 | M 0409 009 541
E pbender@huonaqua.com.au | W www.huonaqua.com.au
-

-

|

|
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Appendix 4

Jane Gallichan
From:
Sent:
To:
Cc:
Subject:
Attachments:

Peter Bender
Wednesday, 16 March 2016 11:02 AM
John.Whittington@dpipwe.tas.gov.au
Thomas, Tony (DPIPWE) (Tony.Thomas@dpipwe.tas.gov.au);
Graham.Woods@dpipwe.tas.gov.au; Jane Gallichan; Steve Percival
Commercial in confidence - Briefing note and research reports
DEMPSTER_FRDC_2016_MH_summer production environment.pdf; CSIRO-IMAS
MH DO Drawdown report- Final.pdf; 26th Feb 2016 - Briefing to DPIPWE Macquarie Harbour .pdf

Dear John,
I am writing in response to your letter of 24 February 2016 regarding your impending decision on biomass limits in
Macquarie Harbour (MH).
Huon maintains the strong view that a lower biomass cap that is consistent with the Commonwealth Minister for
Sustainability, Environment, Water, Population and Communities decision under sections 75 and 77A of the
Environmental Protection and Pollution Control Act 1999 (EPBC Act) dated 12 October 2012 in respect to the Marine
Farming Expansion in Macquarie Harbour, whereby the Minister decided that the proposed action was not a
controlled action and set a maximum biomass cap of 52.5% of the modelled maximum sustainable biomass of
29,500 tonnes (or 15,488 tonnes) set by measure 2(f), would be more prudent until there is sufficient confidence
that the environment can safely support the biomass level and reduce the risk of a mass mortality event.
Huon believes that, based on the findings of recent research studies (as enclosed with this commercial-inconfidence briefing note), the Harbour, and potentially the World Heritage Area, is at environmental risk and the
potential for a mass mortality event continues to increase.
In Huon’s view, whole-of-Harbour management of biomass is the single most effective method of preventing a mass
mortality event by reducing pressure on the waterway.
Huon accepts that, in accordance with Management Control 3.3.6 of the Plan, the responsibility for making a
determination on the maximum permissible biomass resides with you as the Secretary of the Department of Primary
Industries, Parks, Water and the Environment as regulator.
Based on the research findings contained in the attached briefing, Huon also proposes that you consider “effective”
stocking density as an appropriate management control. That is, stocking density based on the effective net volume,
not the actual net volume. This means that where dissolved oxygen levels fall to levels that are sub-optimal for
salmonid welfare, that only the volume of the net that allows for safe stocking is used when determining
appropriate stocking density per hectare. As can be seen from the attached research reports, a net depth of no
more than 5 metres should be used to calculate stocking density.
Huon will continue to manage its farming operations in MH in what we believe to be a safe and sustainable manner
regardless of total permissible biomass allocation and takes this opportunity to re-state the actions that it has taken
to manage its operations in the Harbour;
1. Reduced smolt introductions
Huon reduced its smolt introduction for 2014YC fish from 1.2million down to 900,000 in direct response to
increasing concern and evidence of a compromised waterway. Huon’s production in the harbour does not
reflect the Company’s ability to increase production in MH or sell the fish. 2015 YC smolt introductions were
maintained at similar numbers to 2014 YC. Huon’s intention is to further reduce smolt introductions for the
2016 YC by around 25,000.

1

2. Harvest commencement of 2014YC fish brought forward and accelerated harvest
Reducing Huon’s exposure to the sensitive Macquarie Harbour growing region and potential for a mass
mortality event has been the primary driver behind the decision to accelerate and bring forward the 2015
harvest.
3. Installation of on-farm oxygenation system for MH leases
In late 2015, Huon purchased and installed 25M x 25M netox oxygenation grids into all of Huon’s twenty five
salmon pens in MH. The infrastructure needed to operate this system has cost in excess of $1million dollars.
This does not include the cost of oxygen and resources to undertake logistics of maintaining oxygen delivery
to the leases.
4. Effective stocking density
Based on recent research findings (as enclosed), Huon has taken the decision to manage stocking density
based on dissolved oxygen or “effective” net volume. Specifically, Huon calculates stocking density based on
a 5 metres net depth.
Notwithstanding the above, Huon remains concerned that the enclosed nature of the waterway makes the
Company’s farming operations in MH vulnerable to the farming practices and stocking strategies of other operators.
Huon is of the view that;
1.

Total allowable biomass in the Harbour should be in the vicinity of the previous cap of 15,488 tonnes (and
potentially lower) until a greater level of confidence in the waterways ability to sustain the proposed level
of production; and
2. “Effective” stocking density based on dissolved oxygen should be used as a management control across all
leases in the Harbour;
Huon Aquaculture has identified overstocking or environmental mismanagement of the Macquarie Harbour growing
region as a key reputational risk to the business as evidenced in our financial reporting to the stock exchange and via
our “Sustainability Dashboard”.
Specifically, the Company is of the view that either a catastrophic environmental or fish health (disease or mortality)
event, or significant and potentially long-term environmental degradation would result in;
a.
b.
c.
d.

a total loss of social licence to farm in Macquarie Harbour,
a potential loss of social licence for other farming regions,
reduced likelihood of achieving social acceptance for farming activities in new regions, and
extremely low probability of achieving social licence for farming activities in new regions that have
high/unique environmental values.

Huon will take all necessary steps to protect its reputation should a mass mortality event occur and maintains that
mitigating the risk of a mass mortality event should be a priority of the Tasmanian Government.
Huon also takes this opportunity to advise that in coming months it will be providing additional information on its
Sustainability Dashboard when it is relaunched. At this time the Company intends to include current and ongoing
information on dissolved oxygen levels as well as a summary of the research reports attached. The purpose of this is
to demonstrate the Company’s ongoing commitment to transparency.
In summary, Huon makes the following points:
1. Huon has voiced serious concern regarding the health of Macquarie Harbour and potential for a mass
mortality event since 2014.
2. Huon has self-managed conservatively in Macquarie Harbour in the absence of, in its view, appropriate
regulation of biomass harbour-wide.
2

3. Huon has lead investment in and commitment to further research in Macquarie Harbour to better
understand the MH environment and to inform the regulatory decision on appropriate biomass. Huon is of
the firm belief that current biomass in the Harbour is too high.
4. Huon has taken a range of steps to minimise the potential for a mass mortality event in Macquarie Harbour.
5. Huon is currently preparing a mass mortality crisis management plan and will participate in mass mortality
crisis management plan for the industry.
6. Huon remains committed to the Macquarie Harbour farming region and intends to farm the region safely
and sustainably for the long-term.
I thank you for the opportunity to provide the attached briefing and research reports that have informed the
Company’s position and I hope it is of assistance in determining an appropriate biomass limit in MH and other
management controls.
I look forward to your response in due course. (note: link to download video of fish provided here:
https://huonaqua.sharefile.com/d-scfc5b9fb60c42fa9 )

Yours sincerely,
Peter

Peter Bender | Managing Director
Huon Aquaculture Group Limited
PO BOX 42, Dover | TAS 7117
T 03 6295 8101 | F 03 6295 8161 | M 0409 009 541
E pbender@huonaqua.com.au | W www.huonaqua.com.au
-

-

|

|
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Huon Aquaculture Company – BRIEFING PAPER to DPIPWE
(26th February 2016)

Environmental and Production Update on Macquarie Harbour
1. Executive Summary
Huon Aquaculture Company (Huon) has provided extensive information to the Department of
Primary Industry, Parks, Water and Environment (DPIPWE) over the last few years in relation to
the sustainability of salmonid production in MH. Huon’s consistent position has been, and still is,
that the allowable production biomass in MH is currently too high given the unique characteristics
of the harbour and the substantial evidence of a deteriorating environment. Huon has repeatedly
asked the DPIPWE, as the regulator to reduce allowable production biomass in MH at least
down to the 52.5% of the modelled maximum sustainable biomass of 29,500 tonnes (or 15,488
tonnes) initially set by the Commonwealth Minister for Sustainability, Environment, Water,
Population and Communities in October 2012. It is Huon’s view however, that 52.5% is still likely
to be too high for safe and sustainable production, given the history of DO decline within MH.
Huon has also raised the issue of only using viable net volume for the calculation of stocking
density. It is clear that the environmental conditions in MH are not suitable throughout the full
depth of the water column within the net at certain times of the year. Information provided in
this Briefing Paper provides clear evidence that the fish are forced into a relatively narrow band
of water depth by both surface high water temperature and unviable DO deeper in the net.
Huon’s view is that during the critical summer months only a depth band of 5 m should be used
for calculating stocking density. In certain circumstances, as has occurred this year, the fish do
not even fully utilise a 5 m depth band.
Huon noted with interest the recent comments by the Director of the Environment Protection
Authority (EPA) in Tasmania (Wes Ford) in his letter dated 21 January 2016 to salmon farming
companies and the TSGA. The concerns expressed in the Director’s letter are completely
consistent with those that Huon has been stating over the last few years in regard to MH. We are
therefore hopeful that the concerns expressed by Wes Ford will provide further impetus for the
DPIPWE as Regulator to act on reducing MH production biomass in the interests of salmonid
farming sustainability in that region. The statements made by Wes Ford in the letter included:
 “In my view, the likelihood of a mass fish kill in Macquarie Harbour is sufficiently high that
any company involved in farming in the harbour should assume that such an event will
occur at some time and should plan and prepare accordingly. Such a plan must include
contingency for a catastrophic loss of a significant percentage of the fish held in the pens
within a short timeframe.”
 “The recent Cawthron report identified that there is a genuine risk associated with farming
fish above waters of chronically low and/or declining oxygen status and that this risk is
exacerbated by increasing water temperatures. The report indicated that both of these
conditions operate in Macquarie Harbour during summer months.”
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 “A mass kill in Macquarie Harbour last year that resulted in approximately 300 tonnes of
morts appears to have highlighted the difficulties in disposing of even a relatively modest
volume of dead fish.”
 “According to the Cawthron report the restricted water body, multiple farming sites in
close proximity and multiple operators with a mix of salmonid species of differing ages
means that any mass mortality will inevitably place the health of other farms at risk.”
 “I strongly encourage the industry to actively develop a contingency plan and supporting
infrastructure to manage the waste generated by a mass fish kill. Failure to do so may
result in a situation causing serious environmental harm and considerable damage to the
reputation of the industry.”
In the first paragraph of the Executive Summary of the Cawthron Report (August 2015)
commissioned by the DPIPWE it states:
 “Recent monitoring results have revealed changes in key indicators that appear to be
inconsistent with anticipated environmental effects. For example, seabed video surveys
show changes in benthic indicators that are symptomatic of increased organic enrichment,
and water quality monitoring indicates a harbour-wide decline in dissolved oxygen (DO).
There are related concerns that fish health status in MH is indicating a biological system
under stress.”
In any normal “Risk Assessment” process it is widely accepted and fundamental that a balance is
considered between the risk that a particular event will occur versus the consequences of that
event occurring. In this instance in MH the Regulator appears to be embarking on a high risk
strategy despite the consequences of environmental or production failure being enormous, not
only for salmon farming, but including a range of other significant stakeholders who will be
severely impacted.
It is concerning to Huon that the threat of a mass mortality event in MH is not being effectively
managed in a preventative context so that the potential for such an event to occur would be
materially reduced. In addition to the general risk imposed by low DO levels, the risk of mass
mortality in the event of sudden and strong windy conditions is significantly increased by the fact
that DO levels are already low and close to the surface. If DO levels weren’t so critical, the risk
associated with rapid mixing events would largely disappear. In Huon’s view, the management of
biomass in the region is the single most effective method of preventing a mass mortality event by
reducing pressure on the waterway. It is Huon’s view that this specific issue has not been
effectively managed through regulation to maintain the biomass at lower levels in MH.
The purpose of this Briefing Paper from Huon is to further help inform DPIPWE’s impending
decision as regulator (March 2016) on the Biomass Production Limit for Macquarie Harbour (MH)
over the following 12 months.
For its part, Huon has outlined in this Briefing Document:
 Additional information updating DPIPWE on environmental conditions in MH
 An outline of the research being undertaken by Huon in relation to MH
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 An update on production performance in MH
 Discussion around the methodology used for calculating Stocking Density within pens
 The mitigation measures Huon has undertaken to try to reduce the risk of serious
environmental harm, poor fish welfare and production performance, and ultimately a mass
mortality event in MH
 The measures Huon has in place to deal with a mass mortality event should this occur
 Discussion around the impact of the El Nino weather pattern
 Attribution of DO drawdown
 A summary of Huon’s position in regard to sustainable Biomass Limits in MH
Section 10 provides information sourced from the Cawthron Report, MHDOWG Report and
CSIRO/IMAS Report that suggests the contribution of fish biomass to DO drawdown in MH is
significant. This indicates the importance of appropriate regulation of fish biomass in MH to
provide a sustainable environment.
There is still a positive opportunity for DPIPWE as regulator to demonstrate to the wider
community that regulation of salmonid farming in MH is transparent and effective. Based on the
extensive information available, not only from Huon, Huon urges the DPIPWE to reduce allowable
production biomass in MH. In Huon’s view, not to do so is reckless.
Huon remains committed to sustainable production in the MH farming region.
2. Background to Adaptive Management of Salmonid Farming in Macquarie Harbour
Expansion of salmonid farming in Macquarie Harbour (MH) was approved in 2012, potentially
enabling production to increase to 29,500 tonnes per year. Since 2012, there has been a steady
production increase to the present level of ca. 20,000 tonnes per year.
The proposed expansion, was constrained at the time of initial approval by a decision of the
Commonwealth Minister for Sustainability, Environment, Water, Population and Communities
under sections 75 and 77A of the Environmental Protection and Pollution Control Act 1999 (EPBC
Act) dated 12 October 2012 that it was not a controlled action provided that it was undertaken in
the manner set out in the decision (Non Controlled Activity Particular Manner (NCAPM)). Among
other measures this action set a maximum biomass cap of 52.5% of the modelled maximum
sustainable biomass of 29,500 tonnes (ie. 15,488 tonnes) until biomass limit levels were reviewed
by the Tasmanian Government in 2013.
It is important to note that at the time the measures set out in the NCAPM were put in place
industry was not certain as to the environmental parameters within which a sustainable
aquaculture industry could operate due to the unique features of MH. As such an adaptive
management approach was to be adopted by industry and regulated by the Tasmanian
Government (primarily through Department of Primary Industry, Parks, Water and Environment
(DPIPWE)) so that continual monitoring of industry activities and its effect on the environment
could be carried out and biomass levels could accordingly be adapted to the information obtained
from the monitoring.
3|Page
HUON AQUACULTURE COMPANY | BRIEFING PAPER TO DPIPWE RE: MH BIOMASS |COMMERCIAL IN CONFIDENCE | 26 FEBRUARY 2016

The approval was contingent on an extensive monitoring program of benthic (seabed) health
indicators, water quality parameters, and fish health status which was intended to inform
Adaptive Management decision-making.
It was obvious and concerning by late 2013 that there was a significant downward trend in DO in
MH to the extent that the MH DO Working Group (MHDOWG) was set up specifically to
investigate the issue. The first Report of the MHDOWG (August 2014) confirmed in its Summary
(p4.) that:
 “There is a clear downward trend in dissolved oxygen (DO) levels of the deep-waters (> 15
m) of Macquarie Harbour over the period 2009-present” (ie. August 2014).
 “DO levels less than 2 mg/L are now very common below 20 m and occasionally come to
within 12 m of the surface”.
 “There have been a number of significant changes over the period from 2009-present.”
……………………… “This period also coincides with a major expansion of salmon aquaculture”.
In the Report’s Discussion (p. 40-41), it states among other things that “further data will be clearly
required before the decline in DO can be definitively attributed” ……………………………..
“Environmental and industry management responses to the current situation will depend on how
the MH system responds to future conditions. While there has been some recent recovery in DO
due to extreme weather conditions in early August 2014, we don’t know how long these conditions
will persist. Factors such as river flows (without the influence of carbon pricing) and other system
wide changes (particularly if deep-water conditions move from hypoxic to anoxic events) may be
significant over the longer term. The future conditions cannot be accurately predicted at this stage
and it is conceivable that the harbour will move to a new equilibrium based on events over the last
5 years.”
Despite the obvious deterioration in DO over several years and the stated uncertainty in
understanding and attribution of that DO decline by the experts on the MHDOWG, the
Regulator’s (ie. Tasmania Government) decision in late 2014 was to remove the 52.5% biomass
cap for salmonid production in MH.
Surprisingly after having made the decision to remove of the 52.5% biomass cap, the Secretary
(DPIPWE) subsequently wrote to all three companies growing salmonids in MH (October 2014)
requesting specific information on fish health, water quality and sediment health with the intent
to review this information using expertise from within the DPIPWE and also engage relevant local
experts from, for example IMAS and CSIRO for assistance with advice, analysis and interpretation
of this data. This work became the DPIPWE “MH Status Report”. It would seem to have been more
appropriate to undertake the review before making a decision to remove the biomass cap given
the deteriorating environmental conditions.
The Cawthron Institute in New Zealand was subsequently contracted by the DPIPWE in early 2015
to review the DPIPWE’s “MH Status Report”.
In the first paragraph of the Executive Summary of the Cawthron Report (August 2015) it stated:
 “Recent monitoring results have revealed changes in key indicators that appear to be
inconsistent with anticipated environmental effects. For example, seabed video surveys
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show changes in benthic indicators that are symptomatic of increased organic enrichment,
and water quality monitoring indicates a harbour-wide decline in dissolved oxygen (DO).
There are related concerns that fish health status in MH is indicating a biological system
under stress.”
Despite the Cawthron Report findings, the biomass cap in MH was set by the DPIPWE and remains
well over the initial 52.5% at around 67-70% of the modelled maximum sustainable biomass of
29,500 tonnes.
3. Introduction
Huon has provided extensive information to the DPIPWE over the last few years in relation to
sustainability of salmonid production in MH. The purpose of this Briefing Paper is to further help
inform DPIPWE’s impending decision (March 2016) on the Biomass Production Limit for Macquarie
Harbour (MH) over the following 12 months to March 2017.
This Briefing Paper aims to:
 Provide background information from the literature on the impact of environmental
conditions on fish performance
 Provide updated information on environmental conditions in MH
 Outline the research being undertaken by Huon in relation to MH
 Provide an update on Huon’s production performance in MH
 Discuss the validity of the methodology used for calculating Stocking Density within pens
 Provide an outline of measures undertaken by Huon to mitigate against the risk associated
with environmental conditions in MH
 Outline the capacity and difficulties associated with dealing with mass mortality in MH
 Summarise Huon’s position in regard to sustainable Biomass Limits in MH
3. Background on the Impact of Environmental Conditions on Fish Performance
Environmental conditions, in particular dissolved oxygen (DO) and water temperature are well
known to impact fish performance. Chart 1 (provided by EWOS – international salmon feed
supplier) summarises the expected impact of DO (% saturation) on growth rate (%) and feed
conversion rate in healthy fish. As DO decreases, growth rate declines and food conversion rate
increases. Death is expected at around 35% saturation.
Chart 1. EWOS Guidelines on Dissolved Oxygen Impact
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Chart 2 shows the impact that water temperature has in addition to DO (% saturation) i.e. at
higher water temperature fish will die at a higher DO % saturation than at lower water
temperatures. (Note - circles are the DO level at which death occurs while triangles represent the
Initial Limiting Oxygen Saturation (ILOS) i.e. DO level at which feed rate starts to decline).
Chart 2. Impact of dissolved oxygen and temperature on fish appetite and death

Fish in MH are regularly experiencing DO levels within nets that would be expected to result in
death. There have been two mortality “incidents” reported over the last twelve months associated
with the sudden mixing of poorly oxygenated deeper water with surface water. However, despite
the critically low DO levels seen within pens general mortality has remained relatively low. How
close the general fish population are to dying is difficult to be certain of, but certainly, DO levels
are critically low by internationally accepted standards and fish behaviour in MH at certain times
clearly indicates that the fish are severely compromised (see video of 14 YC fish provided - Feb
2016).
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4. Update on Environmental Conditions in MH
4.1 Dissolved Oxygen and Water Temperature
Huon monitors DO, water temperature and salinity daily at our three leases in MH. At the Middle
Harbour Leases (Gordon – Lease 267 and Strahan – Lease 220) parameters are monitored at 1m
intervals from the surface to 25m, while at the Pelias Lease (Lease 216) parameters are monitored
at 1m intervals from the surface to 15m. Chart 3 and 4 shows this data for the MH Gordon Lease
(267) from 11 April 2013 for DO and water temperature respectively (note - red broken lines
indicate the same date in each year for reference).

Chart 3. DO readings at 0, 5, 10, and 15 M depths at the MH Gordon
Lease (267)
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Chart 4. Water temperature data at depths 0m, 5m, 10m and 15m at
MH Gordon Lease (267)

It can be seen that DO levels at 0m, 5m, 10m and 15 m all declined to lower levels and earlier in
the 2015/16 summer than in previous years. Water temperature has also been higher at the
surface in the 2015/16 summer, however there has been no significant difference in water
temperature at 5m, 10m and 15m. (It should be remembered however that water temperature
reached as high as 26 oC in the top two meters on the afternoon of 16th Feb 2015 which is not
represented in Chart 4 data which only shows morning readings)
Charts 5–23 show the same long term DO (mg/L) and water temperature (oC) data for the MH
Gordon Lease (267) separated for each individual depth [red circles are DO (mg/L) – left Y Axis;
blue stars are water temperature (oC) – right Y Axis; X Axis is dates from 11/4/1013 to 11/3/2016].
Note the significant decline in DO in 2016 compared to the previous two years, particularly at
depths 3m, 4m, 5m, 6m and 7m (chart titles highlighted in red). These depths correspond to
where the fish are concentrated during the same critical period (see later in this document) and
are likely to be indicating the significance of fish respiration in DO drawdown. (Note - Charts 22
and 23 are the same as Charts 20 and 21 except that Y Axis has been modified)
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Chart 9 - 5 m
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Chart 14 - 10 m
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In early February (2016) DO declined to such critical levels that Huon started measuring DO at 1 m
intervals in the top 10 m every hour. This monitoring continued until after a wind event occurred
over the period from late on the Friday 12th February through to early on Tuesday 16th February.
Chart 24 shows these hourly data. In the few days prior to the windy weather, DO levels even at
3m were declining rapidly reaching as low as 4.7 mg/L, while at 4m it reached 2.7 mg/L. During
this period the fish showed significant stressed behaviour with rapid gasping, exaggerated and
rapid opercular movement and increased swimming speed (ram ventilation). Late on Friday 12th
the wind started to increase with the peak in windy weather occurring on Monday 15th. During
this period there were rapid and marked fluctuations in DO at all depths down to 10m and below.
This period of wind interrupted what was a rapidly deteriorating trend in surface DO. However in
the very initial stages, the wind created marked fluctuations in DO at depths down to 10m. These
fluctuations had the potential to cause significant mortality. Once the initial few mixing days
passed there was a general recharge of DO in all depths down to around 8m. However, depths
below 8 m were still relatively low and historical patterns show that there is still a period of 2-3
months when DO can decline again before the usual DO recharge in winter. The upcoming pattern
10 | P a g e
HUON AQUACULTURE COMPANY | BRIEFING PAPER TO DPIPWE RE: MH BIOMASS |COMMERCIAL IN CONFIDENCE | 26 FEBRUARY 2016

of DO between now and winter will be very dependent on the prevailing weather conditions that
ensue.
Chart 24. Hourly DO levels at depth 1-10m (Sat 6th - Tue 16th Feb 2016)
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Additional DO data is also available from mid-December 2015 from the Sense T Environmental
Strings located at Huon’s MH Strahan Lease, Tassal’s Franklin Lease and Petuna’s TableHead Lease
which DPIPWE has direct access to on the Sense T Website. The seriousness of the low DO prior to
the windy conditions from 12th – 16th Feb 2016 was clearly evident at all three sites. However, a
previous recharge preceded by very low DO levels in late January associated with windy weather is
also clearly evident. Note the rapid decline following the late January recharge when the weather
returned to a period of light winds and hot conditions. Chart 25 shows the Sense T DO data for
Huon’s MH Strahan Lease.
It is very clear that without these two windy periods (ie. late January and mid-February) DO levels
would have been extremely critical. While windy periods result in various levels of DO recharge in
surface waters it is also very clear that if DO levels at water depths shallower than 15 m are
allowed to reach very low levels, then the initial mixing stages of the recharge event could be
critical in precipitating mass mortality. This danger obviously decreases if DO levels are not at such
critically low levels prior to the mixing.
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Chart 25. Sense T Dissolved Oxygen Data (% saturation) - Strahan Lease
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Gordon and King River Flow

Gordon River water flow results in DO recharge of surface waters across MH where the salmon
leases are located. This has been important in maintaining surface DO over the 2015/16 summer.
However, Huon’s understanding from Hydro Tasmania’s advice through the TSGA is that water
flow through the Gordon Power Station was planned to be significantly lower than what occurred.
Increased flow only occurred because of the issue with the BassLink cable. Given the low water
storage levels in the Gordon Dam, originally Hydro were not intending to release water through
the Gordon River Power Station other than to meet environmental flows of only around 10
m3/sec. Subsequent to the BassLink issue flows have been substantially above this since midDecember 2015 - ranging from 150-250 m3/sec (See Chart 26).
Surface DO levels in MH would likely have been even lower if Hydro Tasmania had only released
an environmental flow of 10 m3/sec as originally intended.
There was a complete shutdown of the Gordon Power Station on Sat 20 th / Sun 21st February
which luckily was after the DO recharge period on the previous weekend and not prior to the
recharge.
Periods of increased water flow from the King River resulting from high local rainfall and/or water
released from Lake Bradbury through the John Butters Power Station are well known to result in a
plume of potentially toxic heavy metals being distributed across the Harbour towards the salmon
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leases. The concentration of heavy metals in this plume can be high especially after an extended
period of low flow in the Queen and King Rivers because the heavy metals will have built up within
the river system. The water discharged from the King River is acidic (low pH) which means the
heavy metals in the water are dissolved and therefore more toxic. Once the dissolved metals mix
with seawater out in MH, the pH increases and the heavy metals precipitate out (becoming less
toxic) and fall to the seabed.
If sea conditions in MH are rough, then mixing and precipitation occurs fairly quickly. However the
worst case scenario for salmon leases is when sea conditions are relatively calm (ie. heavy metals
stay in an acidic freshwater surface layer in their dissolved toxic form). If winds are light and from
the northwest pushing surface plumes southeast towards the salmon leases and incoming tides
are pushing water further south into the Harbour along the salmon leases, then this combination
of conditions will distribute the toxic plume the greatest distance south towards and into the
salmon leases. This will be exacerbated even further if flow out of the Gordon River which will
push the plume away from the salmon leases is low.
Hydro’s advice to industry (through TSGA) on Thursday 10th March is that the John Butters Power
Station will be returning to service over the subsequent couple of days. Their plan is to have two
short runs of up to 3 hours each on 10th and 11th March as part of the commissioning program.
Once these commissioning tests are completed, the Hydro plan to return to normal service from
midday 11th March. For the first three days the power station discharge will be capped at 5900
megalitres per day approx. (68 m3/sec) and will be limited to 12 hours a day. However, following
this the plan is to return to full capacity.
This advice indicates that there is a risk period pending, particularly over the following couple of
weeks.

Chart 26. Water flows for the Gordon River and John Butters Power Stations – data provided by Hydro
Tasmania
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5. Update on Huon’s Research Program in MH
5.1 Introduction
Huon fully participates in all collaborative TSGA/Government research projects relating to MH.
These projects won’t be discussed in this document in any detail as these results are available and
presented through other means.
However, in addition to the above research broader projects Huon is involved in additional
research across several topics related to the MH environment and salmonid production. These
include:
 CSIRO/IMAS ancilliary project – “Mechanisms and causal attribution of dissolved oxygen
drawdown in MH” – Please see the Project Team’s Final Report attached to this Briefing.
 University of Melbourne/SINTEF (Norway) project - “Identifying the nature, extent and
duration of critical production periods for Atlantic salmon in Macquarie Harbour, Tasmania,
during summer” – Please see the Project Team’s Final Report attached to this Briefing.
 Sense T/IMAS ancilliary project – Use of technology to remotely monitor in real-time the
DO and water temperature of MH sites at different depths – as well as monitor the depth,
DO and temperature at which individual tagged fish locate themselves within the water
column – Please see further discussion in this Briefing.
 Deakin University project – PHD study investigating genetic and immunoassay markers to
assess health in salmon (joint project with Ridley Aquafeeds and Petuna) – Please see
further discussion in this Briefing.
5.2 Sense T/ IMAS Project
The broader Sense T/IMAS project objectives were to remotely monitor DO, temperature and
depth data from environmental strings of probes located at various sites in MH as well as probes
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attached to individual fish within production pens. Readings are transmitted at regular intervals
throughout the day and accessible remotely by approved project participants on the project
website.
The project was initially intended to be a whole of Industry collaborative project. However, Tassal
and Petuna withdrew from some aspects of the project.
The data generated from environmental strings located on Tassal’s Franklin Lease, Huon’s Strahan
Lease and Petuna’s Tablehead Central Lease are shared by all of Industry and Marine Farming
Branch (DPIPWE) on the project website.
However, the data generated from individual fish and the environmental strings within the
associated pens in only accessible to Huon and the Sense T/IMAS project team. Information from
the Huon (only) aspects of the project is discussed below. Below is a diagram of the environmental
probe set up within each of two project pens plus a photo of the probe attached to fish within
these pens.

Charts 27-32 show examples of the depth, DO and water temperature profiles for individual fish
over the period from 12th December 2015 through to 20th February 2016. (Note – the period of
windy weather that resulted in some more extended recharge of DO in surface depths occurred
from late on Friday 12th through to early on Tuesday 16th February 2016). There is a consistent
pattern of the individual fish swimming in shallower water and within a narrowing depth range as
DO and water temperature conditions become more critical in late January and early February.
This is consistent with the findings in the University of Melbourne project which used
echosounders to determine the swimming depths of the entire population.
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Chart 27. Fish 12 Profile (Pen WS1415) - DO, Temperature and Depth
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Chart 30. Fish 8 Profile (Pen WS1415) - DO, Temperature and Depth
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Chart 31. Fish 7 Profile (Pen WS1415) - DO, Temperature and Depth
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Chart 32. Fish 6 Profile (Pen WS1403) - DO, Temperature and Depth
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5.3 Deakin University - PhD Project
This PhD project will sample production fish from MH (Huon and Petuna) and a south east site
(Huon only) every 2 months over the full production cycle. Initial samples were taken in December
2015, but no results are available as yet.
Parameters measured will include:
 Biometric indices: feed intake, growth, feed efficiencies (FCR), specific growth rate (SGR),
mortality.
 Hepatosomatic indices (HSI%), viscerosomatic indices (VSI%), spleen size, gut length, fillet
yield (%), condition factor (K), gonadosomatic index (GSI%), sex, cardiosomatic index
(CSI%), muscle pH
 Apparent nutrient digestibility of diets according to comparative acid insoluble ash content.
 Proximate composition – Crude protein, Lipid, Moisture, Ash, Fatty acid profile
 Gene expression through qPCR will be undertaken to look at the expression of genes
relating to stress, inflammatory response, appetite control, nutrient utilisation and growth.
 Enzyme Immunoassay (EIA)/radio immunoassay (RIA) kits will be selected to look at
hormone/metabolite changes relating to stress, appetite, growth, immune function, fillet
quality and oxidation. Current selections are Cortisol, Leptin, Ghrelin, Lysozyme, Glycogen
and TBARS.
6. Update on Huon’s Production Performance in Macquarie Harbour (MH)
There has historically been a cost of production advantage in MH mainly due to fish not getting
Amoebic Gill Disease. However this cost of production benefit has been eroded by poorer fish
performance and the increasing risk of catastrophic losses due to environmental conditions.
Huon doesn’t experience the same fish performance in MH compared to south east sites and
performance over the summer period in MH is deteriorating with each year. This is not
unexpected given the background information on fish physiology presented in Section 3 of this
Briefing Document.
Feed rates have been significantly compromised in the recent summer compared to the previous
summer and compared to similar size 15 YC populations in the south east this summer (See Charts
33 – 38).
Also note that fish were starved on quite a few days when environmental conditions were
particularly risky to reduce oxygen requirements and minimise risk.
(Note - MH pen IDs start with the prefix WS whereas south east pens have no prefix)
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Chart 33. Daily Feed Rate in MH 14YC from 1st Dec 2015
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Chart 34. Comparison of Feed Rates in MH 13 YC (2014/15) and 14 YC (2015/16)
in 2nd summer at sea
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Chart 35. Comparison of Average Feed Rate for MH 13YC (2014/15) and
MH 14YC (2015/16) in 2nd summer at sea
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Chart 36. Comparison of Feed Rates in MH 14 YC (2014/15) and MH 15 YC
(2015/16) in first summer at sea
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Chart 37. Comparison of Average Feed Rate for MH 14 YC (2014/15) and
15YC (2015/16) in first Summer
Average 15 YC
Average 14 YC

Average Daily Feed Rate (%)

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4

0.2
0

Chart 38. Comparison of Feed Rates from 1/12/15 in MH 15YC and South East
15 YC Populations of similar size
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Normally Huon only grows triploid fish in MH. However, in 2013 the 13YC populations included
diploid and triploid stocks which afforded an opportunity to directly compare fish performance
between diploid populations in MH with diploid populations in the south east. (Note - The labels
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on the X Axis identify the Pen ID, Smolt Transfer Date and Smolt Size for easy comparison. The pens
are in chronological order of smolt transfer date along the X axis)
There is a consistent pattern in the 13YC diploids that fish transferred to MH at about the same
time and smolt weight are anywhere from 500 -1500g smaller (as at 29th December 2014 ie. year
after transfer) than similar fish transferred to the south east. For example, Pen 1352 was
transferred to the south east on 7th Sep @ average smolt weight of 65g, while Pen WS1313 was
transferred to MH on 10th Sep @ average smolt weight of 100g (therefore the MH population had
a weight advantage at smolt transfer), yet as @ 29th December 2014 - Pen 1352 was 5.039 kg and
Pen WS1313 was 3.775 kg (difference of 1.264 kg). Similarly Pen 1355 was transferred to the
south east on 12th Sep @ average smolt weight of 90g, while Pen WS1314 was transferred to MH
on 13th Sep @ average smolt weight of 120g (therefore again the MH population had a weight
advantage at smolt transfer), yet as @ 29th December 2014 – Pen 1355 was 4.954 kg and Pen
WS1314 was 3.773 kg (difference of 1.181 kg). The pattern is consistent across all comparisons.
Chart 39. Comparative Average Weight as @ 29/12/14 for 13YC MH and 13YC
South East populations
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7. Stocking Density Calculations
The MH Area Management Agreement states that “The Parties agree that, whilst complying with the
individual peak pen stocking maximum of 15 kg/m3, the maximum permissible stocking density can
be extended for up to 40% of the pens of the current harvest year class biomass of salmonid fish
(inclusive of those pens already harvested) to a maximum of 17 kg/m3 at any one time, as long as
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the average for the total number of nets being held on the applicable sites does not exceed 15
kg/m3”.
There is no reference to viable net volume in this requirement. Net depth in particular is
important in the stratified MH environment if DO levels within the net volume being used to
calculate stocking density are insufficient for good fish performance and in some cases to keep the
fish alive.

20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

Stocking Density (kg/m3)
Fish Number

Stocking Density Limit

110000
100000
90000
80000
70000
60000
50000
40000
30000
20000
10000
0
-10000
-20000
-30000
-40000

Fish Number

Stocking Density (kg/m3)

Chart 40. Current Huon Stocking Densities in MH 14YC and 15YC (early
March 2016)

Current Huon stocking densities for both the 14YC and 15YC populations are well below the
stocking density requirements (see Chart 40 above). However, these Huon stocking densities are
calculated using total net volume which includes an 8 m side wall to the net and then a cone down
to approx. 17 m depth.
Net Specifications
Pen circumference (inside collar)
Total depth of inner net (m)
Total depth of inner net when set (m)
Total depth of outer predator net (m)
Side wall depth (m)
Base depth (m)
Volume of sides of net (m3)
Volume of base of net (m3)
Total volume under water (m3)

160m-15mm
160
15
17
19
8
7
15212
4185
19397

160m-35mm
160
15
17
19
8
7
15212
4185
19397
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Even if stocking density in Huon pens is calculated only using the net volume within the 8 m (7.8m)
side wall, the stocking densities are still well within the 15 kg/m 3 limit. If fish populations are only
utilising a 5 m depth band then some stocking densities would be close to the 15 kg/m 3 limit.
However, if fish populations are only utilising a 2 m depth band then some stocking densities (or
swimming densities) could be as high as 40-45 kg/m3.
By comparison – if the stocking density in a net with 15 m side walls is 15 kg/m 3 then the fish in
that same net would be 45 kg/m3 if only swimming in a 5m depth band and 112 kg/m3 if only
swimming in a 2 m depth band (see Chart 41)
The results of projects by University of Melbourne/SINTEF and Sense T/IMAS show that it is not
unusual for fish populations to be swimming within a 2-3 depth band sandwiched between high
surface water temperature and deeper poor DO levels.
Any stocking density calculation not considering the net depth in relation to water temperature
and DO is meaningless from a fish welfare perspective given the well understood stratified profile
of DO and water temperature in MH.
Huon’s position is that stocking density should only be based on a maximum depth band of 5m
during the summer period from early December to late April.
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Chart 41. Comparison of Stocking Density Calculation
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8. Outline of Huon’s Risk Mitigation Measures in relation to MH Environmental
Conditions
8.1 Introduction
Huon has undertaken a number of measures to mitigate against the risks associated with farming
in MH. These include measures previously communicated plus more recently implemented
measures.
As previously communicated, in addition to using 160M circumference pens with shallow nets
(only 8 m side wall) to keep fish up in the surface depths where dissolved oxygen is more
satisfactory, Huon maintains relatively low fish numbers and stocking density. Importantly Huon
considers the suitability of environmental conditions at different depths when calculating stocking
density. Net volume where DO levels are not high enough to keep fish alive over extended periods
cannot realistically be considered meaningful in stocking density calculations.
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8.2 Harvest of 2014 YC fish has commenced earlier than planned and at an accelerated
rate.
Reducing Huon’s exposure to the sensitive MH growing region and potential for a mass mortality
event in 2016 has been the primary driver behind the decision to accelerate and bring forward the
2016 harvest in MH. Huon had already harvested well over 20% of its MH 14 YC stocks prior to the
end of February when normally harvesting wouldn’t have commenced till early March. Harvesting
has continued in MH at an accelerated rate.
8.3 Installation of on-farm Oxygenation System for MH Leases
In late 2015, Huon purchased and installed 25m x 25m NETOX oxygenation grids in all of Huon’s 25
salmon pens in MH (see Figure 1 below). In conjunction with BOC Gases, Huon has developed and
installed a series of barges and distribution systems on the leases to deliver oxygen from pallet
tanks on the barges to the NETOX grids in each pen. Oxygen is stored in a 33,000 kg oxygen tower
located at the Aquaculture HUB in Strahan. Oxygen is decanted from the tower into pallet tanks
which are moved back and forward from the HUB to the leases. Due to deterioration in
environmental conditions in February 2016, Huon installed a second 33,000 kg oxygen tower at
the Aquaculture HUB to enable logistical flexibility to ensure sufficient oxygen is available for 24
hour a day delivery to pens. Note – BOC Gases have needed to source part of Huon’s oxygen
supply from the mainland because use exceeded local availability. The infrastructure needed to
operate this system has cost in excess of $1 million dollars. This does not include the cost of
oxygen and resources to undertake logistics of maintaining oxygen delivery to the leases.
Figure 1. Diagram of green 25m x 25m NETOX grids within the pens
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33,000 kg Oxygen Towers located at
the Aquaculture HUB in Strahan

Barge with oxygen pallet tanks, oxygen
bottles, vaporiser units and ancillary
infrastructure

MAN 15 oxygen cylinder packs ready to go at
the Aquaculture HUB in Strahan

Photo 1. NETOX oxygenation system working in one of the pens
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Due to the stratified nature of the DO profile in the water column of MH (see Chart 42), experts
from Rantex Marine who are the European suppliers of the NETOX grids were flown in to assist in
setting up the grids to achieve the most cost effective operation. Extensive trialling was
undertaken to understand how to improve the cost effectiveness of oxygenation.
If the NETOX grids are positioned too deep in the water column then because of the very low DO
level, the oxygen is all dissolved into the water within a very small range above the grid. For
example in Chart 42, a NETOX grid positioned at 7 m within the pen would have the total oxygen
supplied dissolved within the depth band of 6.5 to 7 m deep. In this case the oxygen has all been
used up before it reaches the fish above and will be lost outside the pen if there is any tidal
movement.
If the NETOX grids are positioned too shallow in the water column then the oxygen will just bubble
off from the water surface because the water at the depth of the grid and above is already 100%
saturated. For example in Chart 42, a NETOX grid positioned at 3 m within the pen would have
almost the total supplied oxygen bubbling through the water surface and into the atmosphere.
Therefore the most cost-effective position for the NETOX grid in Chart 42 is around 5 m. This
coincidentally is also where most of the fish are sandwiched between the high water temperature
above and the very low DO levels below.
Chart 43 shows an example of the DO improvement achieved by the installation of a NETOX grid
positioned at approx. 5 m within the pen.
Other factors such as patency of holes in the NETOX hose, oxygen flow and pressure also need to
be taken into account in maximising the cost effectiveness of the system.
Chart 42. Depth profile of DO on Huon Leases on the 2 nd Feb 2016

32 | P a g e
HUON AQUACULTURE COMPANY | BRIEFING PAPER TO DPIPWE RE: MH BIOMASS |COMMERCIAL IN CONFIDENCE | 26 FEBRUARY 2016

Chart 43. DO improvement resulting from the installation of a NETOX grid at 5 m depth within the
pen
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8. Mass Mortality Planning
8.1 Potential Causes of Mass Mortality
There are 3 main scenarios that might individually or in combination lead to a Mass Mortality
Event in MH.
(i). A gradual ongoing decline in DO levels within the confines of net volume and creeping closer
and closer to surface depths
 In this scenario the fish will cope by way of various physiological mechanisms until
eventually they can’t compensate any longer. These mechanisms include: maximising the
blood circulation through the gills, rapid movement of the buccal pump system (ie. rapid
pronounced gasping and pronounced rapid movements of the operculae), faster open
mouthed swimming (ie ram ventilation) (See video provided of 14 YC fish in MH).
 If fish do start to succumb, mortality is likely to increase rapidly over a few days to a week
but won’t occur within a couple of hours as might occur in a wind mixing scenario (see
point (ii)).
 Any measures that reduce the fish’s oxygen requirement are beneficial in this scenario eg.
stop feeding, minimise handling (Note use of starvation in 2016 summer for this purpose –
Section 6)
 Huon’s oxygenation system will have some impact in this scenario, but the capacity of the
system will eventually be overwhelmed.
This scenario was very close to reality towards the end of January 2016 and in the weeks leading
up to recent windy weather on weekend of Feb 13 th 2016 - a couple of weeks of continuing hot
calm conditions instead of the windy weather would have been dire for the fish.
(ii). Rapid mixing of deeper poorly oxygen water with surface water.
 In this scenario the fish are faced with a large and rapid change in DO profile within the top
10-15 m. In this case the fish are not only faced with sudden critically low DO levels but
also can become disorientated. Up until the mixing they have been carefully swimming
within a narrow depth band to avoid high temperature above and the unviable DO levels
below. These wind mixing events eventually recharge oxygen in the surface depths,
however fish are very vulnerable during the initial stages of the mixing event.
 In this scenario mass mortality can occur very quickly within a few minutes to a couple of
hours.
 The more compromised the DO profile is leading up to the wind mixing event the greater
the risk to the fish during the initial stages of mixing.
 Huon’s oxygenation system would struggle to be effective in this scenario because it occurs
so rapidly and the associated rough weather conditions would make it unlikely staff can
manage oxygen infrastructure on the leases at the critical time. To work effectively it would
require a level of automation and much larger storage infrastructure for oxygen on the
leases.
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Two such events causing significant mortality within a very short time period have occurred
within last 12 month. In both cases the resulting mortality could easily have been much larger.
(iii). A disease event
 A disease outbreak could cause a rapid onset of mortality or a more chronic mortality
depending on the disease organism involved.
 In this scenario aquatic animal disease biosecurity issues would need to be addressed on
top of other matters relating to dealing with the mortality per se.
 NOTE - POMV has now been confirmed in MH in early 2016 – In other areas of Tasmanian
POMV has been an autumn to spring disease so this upcoming autumn to spring period in
MH will be informative.
8.2 Dealing with a Mass Mortality Event
8.2.1 Introduction
Dealing with a large scale mass mortality event in MH will be extremely challenging, not only for
the salmon farming industry but also a range of other stakeholders.
Huon has noted with interest the recent comments of the Director of Environment Protection
Authority in Tasmania (Wes Ford) in his letter dated 21 January 2016 to salmon farming
companies and the TSGA. The concerns expressed in the Director’s letter are completely
consistent with what Huon has been stating over the last few years in regard to MH and we are
hopeful that Wes Ford’s concerns will provide further impetus for the DPIPWE as Regulator to act
on MH production biomass in the interests of salmonid farming sustainability in that region. The
views expressed by Wes Ford include:
 “In my view, the likelihood of a mass fish kill in Macquarie Harbour is sufficiently high that
any company involved in farming in the harbour should assume that such an event will
occur at some time and should plan and prepare accordingly. Such a plan must include
contingency for a catastrophic loss of a significant percentage of the fish held in the pens
within a short timeframe.”
 “The recent Cawthron report identified that there is a genuine risk associated with farming
fish above waters of chronically low and/or declining oxygen status and that this risk is
exacerbated by increasing water temperatures. The report indicated that both of these
conditions operate in Macquarie Harbour during summer months.”
 “A mass kill in Macquarie Harbour last year that resulted in approximately 300 tonnes of
morts appears to have highlighted the difficulties in disposing of even a relatively modest
volume of dead fish.”
 “According to the Cawthron report the restricted water body, multiple farming sites in
close proximity and multiple operators with a mix of salmonid species of differing ages
means that any mass mortality will inevitably place the health of other farms at risk.”
 “I strongly encourage the industry to actively develop a contingency plan and supporting
infrastructure to manage the waste generated by a mass fish kill. Failure to do so may
result in a situation causing serious environmental harm and considerable damage to the
reputation of the industry.”
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As stated by Wes Ford, the challenges of dealing with a mass mortality event were highlighted as a
result of the approx. 300 tonne mortality at Petuna’s MH operation in early May 2015. In that
event Petuna struggled with the integrity of dead fish after only 8 days even at relatively cool
water temperatures. There was a slick of foul smelling material trailing across the harbour and
numerous trucks reeking of decomposing salmon tracking through Strahan.
In warmer summer water temperatures decomposition of morts will occur much more rapidly
making handling of dead fish extremely difficult after only a few days.
At a recent TSGA meeting it was estimated that there was around 18,000 tonnes of salmon in MH
at the time and the total capacity of industry to remove morts from the harbour was approx. 300
tonnes/day. At this rate it would take 60 days to remove all morts from the harbour should there
be a large scale mass mortality. Obviously this would not be practical with morts becoming
impossible to handle without disintegrating within only a few days at warm water and air
temperatures.
In the event that there are still live fish within the pens, there is potentially going to be competing
interests between harvesting surviving fish versus removal of dead fish.
It should also be noted here that the impact of a mass mortality event in MH extends much more
broadly than just the salmon industry itself. Managing the broader impact on stakeholders will
necessarily need involvement from Government and other stakeholders themselves. For example,
significant potential issues include:
 Impact of visual and odour issues both across the harbour and within Strahan on the
tourism industry
 Human health risks associated with widespread dissemination of decomposing material
across MH. The fatty nature of the material means it will mostly form a slick across the
surface of the harbour.
 Need for a media strategy to mitigate the impact of such an event (which would no doubt
receive national media and probably international media coverage – as occurred with the
relatively modest 300T mortality at Petuna in May 2015 ) on Tasmania’ clean green image
Huon has been an active participant in industry efforts to prepare a mass mortality crisis
management plan and will continue to do so. However, participation by the relevant areas of
government is an integral component of such preparation. For example, the Chief Veterinary
Officer (CVO) has a crisis management plan that supersedes industry plans in the event of a
disease outbreak. It is very important that the CVO’s office, the Office of Biosecurity, DPIPWE
Water Management and Marine Farming Branch, the EPA and Department of Premier and Cabinet
(DPAC) office of Security and Emergency Management should participate in the development of a
crisis response plan for a mass mortality event.
Huon proposes that rather than an isolated preparation by industry for a mass mortality event,
that the State Government should lead a joint industry/government working group to prepare
such a plan to ensure that it is fulsome and robust. Huon considers that in the event of a wide36 | P a g e
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scale mass mortality event, it is likely Government would need to coordinate and direct the
response.
The potentially severe and widespread impacts of a large scale mass mortality in MH
make it even more prudent to take a preventative approach.

8.2.2 Huon Specific Measures
Huon has been concerned about the potential for a mass mortality event in MH since early 2014
and has taken considerable measures to both reduce the potential for a mass mortality event (see
Section 8) and manage a mass mortality event should it occur.
Given the enclosed nature of the MH waterway, making the entire harbour essentially one farming
lease, Huon is impacted by the environmental consequences of the total production biomass in
MH and will be subject to the flow-on effects of mass mortality events occurring anywhere within
the harbour (even if not occurring at Huon leases). Therefore despite undertaking considerable
mitigation measures, Huon remains cognisant that a mass mortality event is an ongoing risk to be
managed by the Company.
Key measures Huon has in place to manage a mass mortality event include:
(i)

Mort liftup retrieval systems in every pen

 The liftup retrieval system enables morts to be pumped to the surface without divers. This
is a much more efficient method of mort retrieval than divers. Local contract divers and
reserve divers from Huon’s southeast operations are also available as required.
(ii)

Vessel availability and suitability

 Huon owns the Captain Bill (34m vessel) which is capable of carrying three semi-trailers or
six ISO tanks that could carry morts back to shore. The Captain Bill is used intermittently in
MH.
 Huon is looking to spend a further $3.2 million to purchase a similar boat (sister ship) so
that Captain Bill can stay in Strahan the whole year and the second large boat could also be
deployed in Strahan to assist in an emergency situation to bring morts back to shore.
 Huon could also use its vessel, the Patricia (capable of taking x1 semi-trailer), which is
routinely used by Huon under contract and take the vessel Wandi (under contract in the
south east) (capable of taking x2 semi-trailers), around to Strahan in an emergency.
(iii)

Waste management

 Huon intends to use the “Gate to Plate” facility to dispose of mortalities. The Company
understands the EPA is currently working with the operators to ensure the facility meets
EPA requirements and we encourage the EPA to prioritise the facility.
 Huon is negotiating trade agreements with waste management companies to secure
suitable trucks at short notice in the event of a mass mortality.
 Huon is considering an Industry Working Group proposal to use large floating liners as an
interim step in the retrieval process. Huon has a number of liners that could be readily
37 | P a g e
HUON AQUACULTURE COMPANY | BRIEFING PAPER TO DPIPWE RE: MH BIOMASS |COMMERCIAL IN CONFIDENCE | 26 FEBRUARY 2016

mobilised from south east operations at short notice for this purpose. The idea proposed is
that the morts would be stabilised in the liners using formic acid (ensiled) to take the
pressure off disposal. However, Huon is still considering the practicality of this option.
 Huon has identified a critical issue to resolve is the identification and securing of a suitable
site for disposal of the morts. This is something industry is discussing with the EPA and
others in DPIPWE. Any assistance EPA can contribute to this process would be appreciated.
(iv)

Staff and equipment

 Huon has a large resource of staff and ancillary equipment elsewhere in the State that can
be readily mobilised to assist in MH in the event of a mass mortality
9. The impact of an El Nino weather pattern on environmental conditions in MH
There has been considerable discussion around the impact that an El Nino weather pattern has on
the environmental conditions in MH this recent summer. While there is no doubt, the current very
strong El Nino pattern has had an impact, not all impacts are necessarily bad and an El Nino
weather pattern in itself cannot be ascribed to the deteriorating DO levels in MH over recent
years.
See the Charts below showing the long term historical DO levels in MH at the EPA monitoring site
12 and the long term historical El Nino and La Nina weather patterns. Two important points can be
made:
 The last very strong El Nino weather pattern occurred in 1997/1998. There was no
significant decline in DO in MH during that period, or indeed in the years prior or following.
 The period of significant decline in MH DO levels from 2010 to 2016 was dominated by La
Nina weather patterns.
It is therefore not valid to ascribe the recent critical DO environmental conditions solely to an El
Nino year.
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10. Attribution of DO drawdown in MH
There are 4 likely main drivers of DO drawdown in MH. These include:
 Benthic BOD
 Pelagic BOD (outside the influence of fish farms)
 Pelagic BOD (resulting from breakdown of fish farm related waste compounds eg.
ammonia)
 Fish respiration
Estimated benthic BOD (1.21 tonne O2/day – MHDOWG 2014 based on Jeff Ross’s work) was
estimated in the MHDOWG Report (2014) at about a third of the total BOD (3.55 tonne O 2/day).
Albeit from a limited number of samples, initial estimates by CSIRO/IMAS (Feb 2016) of pelagic
BOD are approx. 2 tonnes O2/day. The Cawthron Report (Aug 2015) calculated maximum oxygen
consumption rates of salmon-derived ammonium for 20,000 tonnes of fish biomass at about 2.5
tonne O2/day (p. 50).
In both cases the estimated pelagic oxygen drawdown is roughly in accord with the difference in
the MGDOWG Report (2014) between benthic and total BOD.
However, oxygen consumption due to respiration in 20,000 tonnes of salmon was calculated in the
Cawthron Report at approx. 24 tonne O2/day based on mean resting rates of O2 consumption by
fish (50 mg O2/kg fish/hour). The Cawthron Report also noted that the upper limit for O2
consumption during feeding could be as high as 260 mg O2/kg fish/hour.
Based on existing information, it seems likely that oxygen demand from fish respiration is
significantly greater than estimates of benthic or pelagic BOD even when fish are not fed. This
would obviously be more so during feeding and the period after when fish are digesting and
metabolising feed.
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11. Huon’s rationale for its position on Sustainable Biomass in MH
•

DO levels in MH were already declining significantly before the DPIPWE removed the 52.5%
biomass cap in late 2014 – Huon’s view is that removing the biomass limit at that time
given environmental conditions were deteriorating and the understanding of
environmental drivers of DO decline and attribution of the DO decline was poor, meant
that this decision didn’t make sense – at the very least production biomass should be
reduced back to the 52.5% limit. Huon view is that biomass should be reduced even further
given that environmental conditions were already deteriorating at that biomass limit.

•

The environmental conditions in MH in 2016 have been worse than ever - reaching critically
low DO profiles in late Jan/early Feb that were only interrupted by fortuitous wind events –
3 days of windy weather (12th- 15th Feb) halted what was an alarming declining trend in DO in
the week preceding (even at 3 m depth) - there is still 2-3 months of the DO danger season
remaining.

•

There have been two significant mortality events within the last 12 months, both occurring
as a result of rapid mixing of low oxygen water by windy weather – both of which could
have been a lot worse.

•

The risk associated with rapid mixing events reduces or disappears if DO levels are not
allowed to reach critically low levels in surface water depths (0-15m).

•

The only measure that Government and Industry has available to try and minimise the DO
drawdown in MH is management of production biomass. Other drivers are not
controllable!

•

The information presented in Section 10 derived from the MHDOWG Report (2014),
CSIRO/IMAS Report (Feb 2016) and the Cawthron Report (Aug 2015) suggests that fish
respiration on its own (ie. without the BOD of fish waste compounds) is significant
compared to benthic and pelagic BOD.

•

The consequences of a large scale mass mortality event will not only be devastating to the
salmon industry but also a broad range of other stakeholders.
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Executive Summary
Macquarie Harbour (MH) has been the site of Atlantic salmon (Salmo salar) and Ocean Rainbow
trout (Oncorhynchus mykiss) production for approximately 30 years, with a recent expansion of
gross annual production in the harbour. The production environment for salmon throughout the
year is broadly suitable, although the summer months have been identified by Huon
Aquaculture as a critical production period given the combination of high temperatures and low
dissolved oxygen (DO) at production depths within the cages.
In this project, we sought to determine the nature and extent of warm and hypoxic conditions in
Macquarie harbour during summer periods to assist in planning future production strategies.
Specifically, we: 1) summarised the known oxygen requirements of salmon under culture and
the known environmental drivers of their swimming depths and densities; 2) analysed existing
long-term data sets of environmental dissolved oxygen levels and temperature with depth at
Huon Aquaculture leases to determine suitable production depths and how they vary with
season; 3) documented the swimming depths and densities of Atlantic salmon in production
cages in Macquarie Harbour during a critical summer production period in February 2016 using
a cage-based echo-integration system; and 4) combined the environmental and group-based
salmon data to determine the temperatures and dissolved oxygen levels salmon are exposed to
during critical summer production periods.
Long-term data of temperatures across all cage depths (0-15 m) indicated temperatures were
broadly suitable for salmon production for most of the year (6 - 17°C), with the exception of the
surface 3 -4 m layer in late summer where temperatures exceeded 18°C. Salmon actively avoid
water warmer than 17 - 18 °C (Johansson et al., 2006, 2009).
The long-term DO data at Huon Aquaculture’s MH lease sites indicates that suitable depths for
production depend strongly on season. Based on the assumption that DO levels below 6 mg L-1
are sub-optimal for production, only 4 months of the year have suitable DO levels at 10 - 15 m
(July to October) and only 6 months of the year have suitable DO levels at 5 - 10 m (July to
December). DO levels at 0 - 5 m depths were consistently high throughout the 2013 - 2016
monitoring period, with the exception of the intrusion of poor DO waters (3 - 4 mg l-1) into the 4
- 5 m depth layers in February 2015.
During the 3 day period from Feb 12 – 14 when salmon were intensively monitored with the
echo-integration system, over 75% of the salmon biomass in cages crowded into a narrow depth
range between approximately 4 and 6 m depth. Observed fish densities in this depth range were
25 - 35 kg m-3 and 15 - 30 m-3 in the two monitored cages, with packing factors 3-4 times the
overall stocking densities in both cages.
Limiting Oxygen Saturation (LOS) is considered the limit for acceptable DO reductions with
respect to fish welfare (Huntingford and Kadri 2008). Known LOS levels for healthy diploid
salmon are 47% saturation at 16°C and 55 % at 18°C (Remen et al. 2013). LOS have not been
determined for triploid salmon, however, triploids generally perform worse than diploids in
warm temperatures and at low DOs (Hansen et al. 2015). As such, LOS limits are likely higher for
triploids than diploids.
Based on known LOS levels for salmon (Remen et al. 2013), the swimming depths of salmon in
the 4 - 6 m depth range in the period from 12 - 14 Feb, and the environmental DO and
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temperatures, we conclude that LOS was consistently breached throughout this period and that
welfare conditions were unacceptable. 32 - 52 % saturation at 4 m and 26 - 41 % saturation at 5
m over the course of Feb 7 - 14, 2016, at temperatures of 17 - 19°C were consistently below the
known LOS threshold for diploid salmon at 18°C (55%). This is the level at which salmon are no
longer able to metabolically regulate to cope with hypoxia. The effects of environmental
hypoxia on production in MH will include reduced feeding and appetite, poor growth with the
possibility of negative growth rates, elevated levels of ram ventilation to increase water flow
across the gills, and elevated levels of mortality.
As environmental conditions were consistently poor throughout mid-Jan to mid-Feb 2016, it is
likely that DO consistently breached LOS throughout this period. The long-term environmental
data across the 2013-2016 period also indicates that similar periods of unacceptable hypoxia,
though less intense in strength and duration, would have also occurred in the 2013/2014 and
2014/2015 summers.
The effects of poor DO levels in cages in summer can be mitigated in three ways: 1) modifying
the environmental DO levels through adding oxygen to the cages; 2) only feeding fish when DO
levels are above LOS and in the range where they can effectively utilise the feed; and 3)
minimising stocking densities to reduce cage-scale draw down of DO levels.
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Introduction
Salmon production in Macquarie Harbour
Macquarie Harbour (MH) is an approximately 250 km2 embayment on the west coast of Tasmania,
Australia (42˚18.17’S, 145˚23.86’E). The harbour has a narrow entrance to the sea, which creates
an enclosed harbour environment with little flushing and long water residence time. The Gordon
and Franklin river systems provide large freshwater inputs into MH, with waters high in humic
substances and higher plant debris. As such, salinity levels in the harbour are typically low, with a
brackish surface layer common. The surface brackish layer is believed to have distinct advantages
in limiting the impact of the amoebic gill disease causing agent, Neoparamoeba perurans, which is
epidemic elsewhere in Tasmanian salmon production systems. Freshwater inputs lead to tannin
rich waters and low light penetration in the water column, with low dissolved oxygen below the
halocline and in sediments (Cresswell et al. 1989, Carpenter et al. 1991, Koehnken 1996).
MH has been the site of Atlantic salmon (Salmo salar) and Ocean Rainbow trout (Oncorhynchus
mykiss) production for approximately 30 years. The aquaculture industry is currently in a phase of
expansion in the harbour, with gross production growing from 5,000 t in 2008 to 18,000 tonnes in
2015. Maximum allowable standing biomass (i.e. maximum biomass allowable at any one time)
does not necessarily equate to the total gross annual production in one year, which could be more
than this amount. Most salmon production in MH is based on triploid fish, as they provide
advantages in terms of minimising undesirable early maturation. While conditions for growth for
triploid fish are suitable for the majority of the production cycle in MH, summer cage
environments are challenging. During January and February, the surface waters warm, and
dissolved oxygen levels at cage depths reach their lowest levels for the year, creating conditions
far below optimal levels for growth.
Triploids are more susceptible to poor dissolved oxygen conditions than diploids, particularly at
high temperatures (Hansen et al. 2015). Feeding rates and growth performance at 19 °C are
reduced in triploid Atlantic salmon compared to diploids, with the greatest effect on mortality rate
evident at O2 saturation levels of <70%. Determining the nature and extent of warm and hypoxic
conditions in Macquarie harbour during summer periods will assist in planning future production
strategies.
Salmon swimming depths in sea-cages
Environments within fish farms are variable in space and time, with great variation occurring with
depth. Salmon sense and respond to a range of environmental influences on farms (Oppedal et al.
2011a), and in doing so choose the depths at which they swim and the densities in which they
occur. Preferred swimming depths and densities of salmon are the result of active trade-offs
among temperature, light, the entry of feed, oxygen levels or the presence of treatment
chemicals, and an array of internal motivational factors, such as hunger and perceived threats.
Behavioural trade-offs in response to environmental and internal drivers typically result in
schooling at specific depths at densities 1.5 to 5 times their stocking density, and up to 20 times in
extreme cases (Oppedal et al. 2011b). Understanding the behaviour-environment interactions of
fish is critical in determining when they will be exposed to sub-optimal or even lethal conditions.
Further, it can help farmers evaluate mechanisms to modify environments during critical periods
or implement other management practices to improve production.
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Known effects of temperature on salmon swimming depths
At stratified sites where temperature and other environmental variables have been measured in
high spatial and temporal resolution, salmon clearly position themselves vertically in relation to
temperature within sea-cages (Johansson et al., 2006, 2007, 2009; Oppedal et al., 2007; Dempster
et al., 2008, 2009a; Korsøen et al., 2009). Seasonal changes in the vertical distribution of salmon
have occurred concurrent with temperature shifts, suggesting that salmon avoid colder
temperatures (Oppedal et al., 2001a).
Johansson et al. (2006) performed a multivariate analysis to determine which environmental
variables most influenced the vertical distribution of salmon; temperature emerged as the key
environmental factor associated with density and swimming depth. The preferred temperature
range was 16 - 18 °C within a range of 11 - 20 °C. Salmon individuals and groups displayed both
avoidance to water warmer than 17 °C and water at the cold end of the temperature spectrum,
indicating active behavioural thermoregulation (Johansson et al., 2006, 2009). In contrast, in
reasonably homogenous environments where temperature varies little with depth, temperature
does not influence the vertical distribution of salmon (Juell et al., 2003; Juell and Fosseidengen,
2004).
Critical Dissolved Oxygen thresholds for salmon production
Complex spatial and temporal variations in dissolved oxygen (DO) levels exist within sea-cages
stocked with salmon (Johansson et al., 2006, 2007; Vigen, 2008; Stien et al., 2009). Strong vertical
gradients in DO typically coincide with the pycnocline, while fluctuating patterns occur over days
to weeks (Johansson et al., 2006, 2007). Severely hypoxic conditions (30% saturation at 12 °C)
have been recorded over periods of up to 1 h in the centre of a commercial cage and were
correlated with periods of low water flow (Oppedal et al. 2011). Seasonal variations in DO levels
are also frequently observed at commercial salmon farms.
Adequate DO levels are a key requirement to ensure fish welfare and development (Kindschi and
Koby, 1994; Van Raaij et al., 1996; Ellis et al., 2002). Pedersen (1987) showed that at 15 °C, growth
rates of juvenile rainbow trout decreased if fixed levels of DO fell below 7.0 mg O2 l−1 (70% oxygen
saturation) and that trout fed less when fixed levels reached 6.0 mg O2 l−1 (60% oxygen saturation).
A recent study with full-feeding Atlantic salmon held in seawater at 16 °C and given fluctuating
hypoxic saturation levels of 70% led to reduced appetite; 60% additionally initiated acute
anaerobic metabolism and increased skin lesions; 50% additionally initiated acute stress
responses, reduced feed conversion and growth; and 40% additionally caused impaired
osmoregulation and mortalities (Remen et al. 2012). Growth rates and condition factors gradually
decreased and proportions of fish with skin infections gradually increased in severity as hypoxia
levels rose. Lack of energy from aerobic metabolism for fish within the hypoxic groups may have
led to down-regulation of energy-demanding processes such as feed uptake, growth and immune
function (e.g. review by Wu, 2002).
Further work by Remen et al. (2013) established the effects of temperature and hypoxia
acclimation on the routine oxygen consumption rate (ṀO2) and the limiting oxygen saturation
(LOS, defined as the hypoxia tolerance threshold). They used undisturbed, fed fish kept in groups
to resemble commercial aquaculture conditions. ṀO2 was measured using open respirometry
where a progressive decline in O2 was caused by fish O2 consumption during a period of low water
turnover. LOS was defined as the O2 below which fish were no longer able to uphold routine ṀO 2.
Both ṀO2 and LOS were increased exponentially with temperature, but no effect of hypoxia
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acclimation was found. Mean LOS at 6, 12, 16 and 18 °C were 30 ± 1 (mean ± SE), 39 ± 1, 47 ± 1
and 55 ± 2% saturation, respectively. The lower limits determined in this study for acceptable
drops in O2 are widely used to plan and manage aquaculture production in Norway.
A separate study on the Tasmanian salmon stock (Barnes et al. 2011) determined the critical
oxygen threshold (Pcrit) at 22 °C (4.6 ± 0.3 mg l− 1) and 18 °C (3.4 ± 0.3 mg l− 1). Above the Pcrit, fish
are able to regulate their metabolic rate, but once DO drops below the Pcrit this ability ceases and
they become dependent upon the environmental oxygen concentration. Whether these values for
small (150 g), diploid salmon translate to large (1 - 5 kg), tripoid fish remains untested, although
theory suggests that both fish size and triploidy will increase the P crit threshold.
Known effects of DO levels on salmon swimming depths
Despite the importance of DO to production parameters and welfare, little specific information
exists to determine how salmon modify their behaviours within sea-cages in response to suboptimal DO levels. Kramer (1987) classified the response of fish to increasing hypoxic conditions as
changes in activity and vertical or horizontal habitat changes. Like most other aquatic animals, fish
have the capacity to detect and actively avoid low oxygen levels (DO conc 1 - 4 mg l−1/DO sat 15–
60% at 25 °C seawater; Wannamaker and Rice, 2000; Wu, 2002) and migrate vertically in the water
column to avoid hypoxic zones (e.g. Hazen et al., 2009). However, whether salmon actively avoid
depths within sea-cages that have low to intermediate oxygen levels (DO conc 2.5 - 6 mg l−1 or DO
sat 30–75% saturation in 15 °C seawater) remains unresolved.
In an investigation of the environmental parameters influencing the vertical distributions of
salmon at 4 commercial sites, a multivariate analysis indicated that salmon avoided specific depths
in the water column where oxygen saturation levels approached 60% at 15 °C (Johansson et al.,
2007). However, minimum levels of oxygen ranging down to 57% saturation at 14 °C in an
experimental study of different stocking densities did not implicate DO as significantly affecting
fish densities, possibly due to other environmental factors (temperature) exerting greater effect
on vertical positioning (Johansson et al., 2006). This was confirmed by an experiment which
created low DO present at the surface with a tarpaulin skirt when there was a simultaneous strong
temperature gradient with warmest water at surface of 15°C versus 8 °C deeper down. Here, the
salmon preferred the warmest temperature despite potentially lethal DO levels, indicating that
their strong preference for temperature overruled any hypoxia avoidance (Stien et al. 2012).
Need to understand the MH production environment for salmon
For several years, Huon Aquaculture has been monitoring temperature, salinity and DO conditions
at its MH sites to understand the spatial and seasonal variability in the environment. This preexisting, long-term data set clearly identifies the summer months as a critical production period
given the combination of high temperatures and low dissolved oxygen at production depths within
the cages. Monitoring of the environment in MH in late 2015 and early 2016 indicates that
dissolved oxygen levels at cage production depths are the poorest on record over the past 3 years.
This pre-existing work has identified a clear need to understand what salmon are exposed to
during summer conditions.
High-resolution data on salmon swimming depths and schooling densities in relation to
temperature and dissolved oxygen, in particular, will enable determination of how to best manage
current and future production levels in MH. This includes implementing cage management
strategies to minimise negative impacts upon production, timing harvests to avoid compromising
the production potential of its farms, and setting appropriate stocking densities for each cage.
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Objectives
Production environments in MH have been monitored at cage depths for several years by the fish
farming companies. Temperature, salinity and DO levels and how they vary with depth suggest
that there is limited volume in cages suitable for triploids in the summer months. However, there
is no corresponding information about how salmon respond behaviourally to cope with the
challenging environment and if current stocking densities are appropriate. Visual methods, such as
cameras, provide little useful information to assess swimming depths and densities at the scale of
commercial operations. This is particularly so in MH as tannin rich waters have poor visibility.
In this study, we sought to:
1) Analyse existing long-term data sets of environmental dissolved oxygen levels and
temperature with depth at Huon aquaculture leases to determine suitable production
depths and how they vary with season
2) Document the swimming depths and densities of Atlantic salmon in production cages in
Macquarie Harbour during a critical summer production period in February using a cagebased echo-integration system
3) Combine the environmental and group-based salmon data to determine the temperatures
and dissolved oxygen levels salmon are exposed to during critical production periods
4) Recommend options to minimise the effects of poor DO levels on salmon production in
summer

Methods
Leases studied
Long-term measurements of environmental data and short term monitoring of salmon swimming
depths and densities was done for each of two separate leases (Gordon and Strahan) in MH.
Long-term environmental data (2013-2016)
Huon Aquaculture has been taking daily profiles at 1 m depth intervals of temperature, salinity
and dissolved oxygen since 2013.
Fish swimming depths and densities (Feb 12 to 14, 2016)
Two 160 m circumference production cages at each of two separate leases (Gordon and Strahan)
were monitored in MH, one with 500 g - 1 kg fish and one with harvest size 3.5 - 5 kg fish.
Data on swimming depths and densities of salmon in all cages were continuously recorded using a
PC–based echo integration system (Lindem Data Acquisition, Oslo, Norway) connected to
transducers. These were positioned within cages at a quarter-distance (13 m) from the edge at
approximately 8.5 - 9.5 m depth (slightly raised off the net bottom), facing upwards with a 42°
acoustic beam. This gave measures of echo-intensity, which is directly related to fish density, at
depth intervals of 0.5 m between 0.25 - 8.5 m (interference at the surface and 1 m above the
transducer was removed). Outputs of echo strength are given as the mean value of echo intensity
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per minute, and each cell (in depth and time) is calculated as a proportion of the total acoustic
backscatter (sum of echo intensities) received at that time point, across all depths.
Using the data, we calculated the observed fish density (OFD) over all depths at a given hour and
the packing factor (PF) as OFD/stocking density of fish per m3. The packing factor describes how
many times the actual swimming densities of fish is higher than the average cage stocking density.
Ambient temperature and dissolved oxygen measured at 1 m depth intervals outside of cages
within the lease areas were available from Huon’s existing monitoring procedures at the sites.

Results
Seasonal patterns in temperature and dissolved oxygen in MH (2013-2016)
For both the Gordon and Strahan leases (Fig. 1 & 2), temperatures across all depths were broadly
suitable for salmon production for most of the year (6 - 17°C), with the exception of the surface 3 4 m layer in late summer where temperatures exceeded 18°C.
DO levels at 0-5 m depths were consistently high across the 3+ year long-term monitoring period
for both the Gordon and Strahan leases (Fig. 3 & 4), with the exception of the intrusion of poor DO
waters (3 - 6 mg L-1) into the 4-5 m depth layers in mid-February 2015. DO levels at 5 - 10 m depths
were typically sub-optimal for production (range: 3 - 6 mg L-1) across summer and autumn each
year (January to June), although poor conditions occurred as early as October 2015. DO levels at
10-15 m depths were sub-optimal for salmon for almost 8 months per year from Oct/Nov to July in
most years, with some variability.
Fish swimming depths and densities in MH (Feb 12 to 14, 2016)
Over the 3 day period from Feb 12 - 14, 75% of the salmon biomass in both cages at the Gordon
lease crowded into a narrow depth range between approximately 3.5 and 6 m depth (Fig. 5).
Observed fish densities in this depth band were typically 25 - 35 kg m-3 in cage 12 and 15 - 30 m-3 in
cage 13, with packing factors 3-4 times the overall stocking densities in both cages. The swimming
depth pattern was consistent across both day and night. The typical daily variation in swimming
depth (shallow at night, deeper during the day) was not evident. As fish were not fed during this
period, which rules out changes in swimming depths related to feeding, it appears that
temperature alone governed swimming depth preference, with fish crowding into the
temperature range of 17 - 19°C. Avoidance of waters deeper than 6 m could have been driven by
either temperature preference, as waters below 6 m were <17°C, avoidance of poor DO levels, as
waters below 6 m had even poorer DO levels, or a combination of the two. A similar, though more
variable pattern was observed for smaller fish (0.5 - 1 kg) at the Strahan lease (Fig. 6), with fish in
the 4 - 6 m depth band on the 12th and 13th Feb, with the biomass moving shallower and centred
around 3 m on the 14th.
Dissolved oxygen and temperatures at the main swimming depths of salmon (Feb 7 to 14, 2016)
From Feb 7 - 14, 2016, which included the period Feb 12 - 14 where fish swimming depths centred
around 4-5 m depths, DO levels at 4 m dropped as low as 3 mg L-1 (range: 3.0 - 4.8) and at 5 m to
2.5 mg L-1 (range: 2.5 - 3.8; see Fig. 7 for DO levels plotted for Feb 12 to 14). With temperatures of
17 - 19°C and salinities of 20-25 ppt, these readings equate to 32.2 - 52.2 % saturation levels at 4
m and 26.3 - 40.7 % saturation levels at 5 m for the entire week.
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Temperatures from Feb 7 to 14 ranged from 18.2 to 20.2°C at 4 m and 17.4 to 19.1°C at 5 m (see
Fig. 7 for temperatures plotted for Feb 12 to 14). As diploid salmon are known to actively avoid
waters >18 - 19°C (Oppedal et al. 2011), the surface 3.5 m would have been unsuitable, with 4 m
at the upper edge of the preference limit.
Fig. 1 Temperature profile with depth at a reference location outside the cages on the Gordon
lease. Temperature was recorded daily at 1 m depth intervals.
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Fig. 2 Temperature profile with depth at a reference location outside the cages on the Gordon
lease. Temperature was recorded daily at 1 m depth intervals.
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Fig. 3 Dissolved oxygen profile with depth at a reference location outside the cages on the Gordon
lease. DO was recorded daily at 1 m depth intervals.
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Fig. 4 Dissolved oxygen profile with depth at a reference location outside the cages on the Strahan
lease. DO was recorded daily at 1 m depth intervals.
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Fig. 5 Observed fish densities (OFD) with depth inside two cages on the Gordon lease. Vertical
white bars indicate power outages where no signal was received.

Fig. 6 Observed fish densities (OFD) with depth inside a cage on the Strahan lease. Vertical white
bars indicate power outages where no signal was received.
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Fig. 7 Observed fish densities (OFD) with depth inside one cage on the Gordon lease, with
corresponding dissolved oxygen and temperatures measured at a reference location outside the
cage. Dashed line indicates the average swimming depth of the population through time, and
transposed on the dissolved oxygen and temperature plots, the environmental conditions the fish
would have experienced throughout this period. Vertical white bars indicate power outages where
no signal was received.
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Discussion
Suitability of the production environment in Macquarie Harbour
Temperature and salinities at MH production sites are broadly suitable for salmon production
throughout the year at depths of 0 - 15 m, except for the late summer in each of the three years
where data was recorded, where surface waters warmed to exceed 18°C. As salmon usually
position themselves at the warmest possible temperature up to approximately 17°C (Johansson et
al. 2006), temperatures likely strongly influenced their swimming depths in MH throughout the
year. Based on the annual profile, they will swim shallower from January to July, but below the
17°C thermocline when water warms at the surface during summer, and swim deeper from
April/May to October as surface waters cool. Salmon tolerate a wide range of salinities, and there
is limited evidence that fish position themselves vertically with respect to salinity levels once they
are beyond the immediate post-smolt stage after sea transfer (Oppedal et al. 2011a).
The long-term DO data at the MH lease sites indicates that suitable depths for production depend
strongly on season. Based on the assumption that DO levels below 6 mg L-1 are sub-optimal for
production, only 4 months of the year have suitable DO levels at 10 - 15 m (July to October) and
only 6 months of the year have suitable DO levels at 5 - 10 m (July to December). DO levels at 0 - 5
m depths were consistently high across the 3 year+ long-term monitoring period for both the
Gordon and Strahan leases (Fig. 3 & 4), with the exception of the intrusion of poor DO waters (3 - 4
mg l-1) into the 4-5 m depth layers in February 2015.
As salmon choose their swimming depths principally based on temperature, the depth
distributions of DO and temperature have to be considered together to determine if summer
conditions are suitable for production. When high surface water temperatures >18°C occur in the
upper 3-4 m, this will drive salmon to swim deeper than 4 m most of the time. When warm surface
waters coincide with the intrusion of low DO waters as shallow as 4 - 5 m, this severely constrains
depths at which salmon can survive during summer in Macquarie harbour to a narrow depth range
as little as 2 m wide. Conditions were particularly severe in MH in Feb 2016, with DO conditions
extremely poor (3 - 4 mg l-1) at 4 - 6 m depth below the warm surface layer of 0 - 4 m. The longterm environmental data suggests that similar production depth constraints, although less severe
in nature and duration, occurred during the 2013/2014 and 2014/2015 summers.

The severity and consequences of environmental hypoxia in summer
Environmental hypoxia compromises the physiological function of fish. Under hypoxic conditions,
salmon can maintain their routine metabolic rate (RMR, the metabolic rate of fed fish engaged in
voluntary swimming) primarily by increasing gill ventilation and perfusion, until DO reaches a level
where this is no longer effective (Perry and Gilmour 1996, Perry et al., 2009). Below this threshold
DO, termed the limiting oxygen saturation (LOS), the oxygen consumption rate (ṀO 2) begins to
decrease with further reductions in DO (Ott et al. 1980, Stevens et al. 1998). At DO below the LOS,
anaerobic metabolism increases (e.g. Remen et al. 2012a, Vianen et al. 2001), stress responses
occur (e.g. Perry and Reid 1994, Van Raaij et al. 1996) and survival becomes dependent on the
availability of fermentable substrates, the ability to suppress metabolism and to withstand a buildup of anaerobic end-products (Nilsson and Östlund-Nilsson 2008, Richards, 2009). LOS is
considered the limit for acceptable DO reductions with respect to fish welfare (Huntingford and
Kadri 2008).
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Known Limiting Oxygen Saturation (LOS) levels for healthy diploid salmon are 47 ± 1 and 55 ± 2%
saturation at 16 and 18°C (Remen et al. 2013). LOS have not been experimentally determined for
triploid salmon, however, triploids generally perform worse than diploids in warm temperatures
and at low DOs (Hansen et al. 2015). As such, LOS limits are likely higher for triploids than diploids.
Based on these known threshold values (Remen et al. 2013), the swimming depths of salmon in
the 4-6 m depth range in the period from 12 - 14 Feb and the environmental DO and
temperatures, we conclude that LOS was consistently breached throughout this period and that
welfare conditions were unacceptable. 32.2 - 52.2 % saturation at 4 m and 26.3 - 40.7 % saturation
at 5 m over the course of Feb 7 to 14, 2016, at temperatures of 17 - 19°C were consistently below
the known LOS threshold for diploid salmon at 18°C (55%). This is the level at which salmon are no
longer able to metabolically regulate to cope with hypoxia. The effects of environmental hypoxia
on production in MH will include reduced feeding and appetite, poor growth with the possibility of
negative growth rates, elevated levels of ram ventilation to increase water flow across the gills,
and elevated levels of mortality.
As environmental conditions were consistently poor throughout mid-Jan to mid-Feb 2016, it is
likely that DO consistently breached LOS throughout this period. The long-term environmental
data across the 2013-2016 period also indicates that similar periods of unacceptable hypoxic
levels, though less intense in strength and duration, would have also occurred in the 2013/2014
and 2014/2015 summers.
A further important consideration is that wherever comparisons of in-cage DO and reference site
DO have been made (e.g. Johansson et al. 2007), conditions within cages are typically 10-50%
worse due to local scale oxygen draw down by the fish. As all recorded DO levels used in our
analysis came from reference sites 100s of metres from cages, the levels they indicate are likely
higher than those experienced by the salmon within cages.
While the echo-sounder data provides group level average swimming depths, it is possible that
individual salmon periodically accessed the upper 0 - 3 m depth later where DO levels were higher
and obtained some respite from the hypoxic conditions, although the echogram provides little
evidence that fish were in surface waters in any great number or period.
Finally, by way of comparison, the poor DO conditions at Huon’s leases in MH in summer contrast
to its east coast sites. DO measured at cage depths of 0 - 16 m at the Flathead lease in the Huon
Channel in February 2016 indicated DO levels were always optimal for production (85 - 110%
saturation; Appendix Fig. 1).
Possible management actions to limit the effects of environmental hypoxia
Continuous monitoring of DO and temperature within salmon cages is the most accurate way to
determine the likely swimming depths and the DO levels experienced by the fish. Measurements
of temperature at 1 m intervals will provide strong predictive capability of the average swimming
depths of the cage biomass. Fine-scale DO monitoring should focus on the critical depths at which
salmon swim, which is in the waters below their preferred upper temperature limit (19°C), and
within the preferred range of 16-19°C. Wherever this temperature range occurs in summer, the
greatest biomass of salmon is likely to be found. Dissolved oxygen levels should be measured
continuously at a reference point outside of the farm and inside the farm within the most
susceptible cage for low DO levels. Such a cage would be positioned between other cages, where
the least current flow occurs and/or in the cage with highest stocked biomass.
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The effects of poor DO levels in cages can be improved in three ways: 1) modifying the
environmental DO levels through adding oxygen to the cages; 2) only feeding fish when DO levels
are above LOS and in the range where they can effectively utilise the feed; and 3) minimising
stocking densities to reduce cage-scale draw down of DO levels.
Oxygen addition at the correct depth could provide short-term respite when DO conditions are
particularly poor. Our data suggests that DO release at the main depths at which fish swim (4-6 m)
will have greatest effect.
LOS is increased by any factor that increases a fish's metabolic rate, including the quantity of
ingested feed (Forsberg, 1997). Thus, feeding when DO saturation levels are approaching the LOS
is not recommended. While there is no specific information regarding what the LOS thresholds are
for unfed or fed triploid salmon at different temperatures, we recommend a conservative safety
margin of 20% above the LOS as a minimum threshold for feeding. This translates to a >70% DO
saturation level, which also concurs with the results of Hansen et al. (2015), who determined that
triploids fed poorly and had elevated mortality rates at <70% DO saturation at 19°C.
Stocking rates (=salmon biomass/cage volume; kg m-3) will dictate the observed fish densities that
fish will pack into when only narrow depth bands are suitable for the salmon. During Feb 2016,
fish packed at a factor of 3-4 times their stocking density up to 25-35 kg m-3 on the Gordon lease. If
stocking density had been higher, the packing factor and observed fish densities would also likely
have been higher. In other studies, packing factors as high as 10-20 and observed fish densities
>200 kg m-3 have been observed (Oppedal et al. 2011a, 2011b), indicating that when pressed by
the environment, salmon will pack at very high levels. If stocking densities were any higher in MH,
the likelihood of significant cage-scale draw down of DO at the main depths that salmon swim at
would increase. In contrast, lower stocking densities minimises the risk of packing and high
observed fish densities.
Huon Aquaculture already undertakes these strategies at their MH production leases.
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Appendix 1
Appendix Fig. 1 Dissolved oxygen profile with depth at two reference locations outside the cages
on the Flathead lease in the Huon Channel. DO was recorded every 1 minute at 3 m depth
intervals with in situ probes.
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Executive summary
There have been a number of recent reports on, and reviews of, oxygen in Macquarie Harbour
(e.g. MHDOWG 2014, ADS 2015, Knight et al. 2015). These identified some potentially large and
unquantified processes that are likely to be important in the oxygen balance in Macquarie
Harbour. Here we review some observations of dissolved oxygen in Macquarie Harbour and report
on the first measurements of biological oxygen demand (BOD) from the water column. Although
spatially variable BOD was ~ 2 times benthic respiration.
A comparison between long term net drawdown and measured gross rates of oxygen
consumption highlights the role of surface exchange in maintaining oxygen levels above the
halocline while extended periods without mixing lead to significant periods of low dissolved
oxygen in the mid‐water column. Elevated levels of labile organic carbon with fatty acid profiles
characteristic of farm derived material were detected at a depth of 3m close to the cages and
coincident with increased rates of oxygen consumption when compared to the far field site.
Based on this study it is recommended that sufficient measurements of BOD be conducted to
determine the spatial variability of oxygen drawdown and farm derived organic material
throughout the Harbour. In addition a simple model should be developed to better understand
processes important to oxygen cycling; particularly mixing which resupplies most of the oxygen.
This combination would provide a superior capability to manage oxygen in Macquarie Harbour for
the benefit of its many users, the environment and its ecology.

vi
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1

Introduction

Macquarie Harbour is a roughly rectangular harbour (30 km by ~ 8 km and up to ~ 50 m deep) located on
the west coast of Tasmania. It is connected to the ocean through a relatively narrow and shallow entrance
channel. It has two major west coast rivers (King River and Gordon River) discharging to it. Macquarie
Harbour fits into the ‘fjord’ category of water bodies that have well studied hydrodynamics. These include
stratification associated with the inflow of low density fresh water on top of more dense salty water (Figure
1).

Figure 1 Classic circulation pattern for a fjord and applicable to Macquarie Harbour. Note intrusion of dense (cold,
salty) oceanic waters at the bottom and outflow of fresher (less dense) water at the surface.

There are similar water bodies around the world and many along the Australian coast. A large portion of
these also have low dissolved oxygen (DO) in their bottom waters. Like Macquarie Harbour the typical
bottom water resupply is by a combination of low atmospheric pressure and high tide pushing oceanic
water inwards. Low atmospheric pressure is increasingly important in regions with small tidal amplitudes.
The process of bottom water resupply can be increased when the amount of freshwater entering the
Harbour from rivers is low and/or the wind is from the oceanic end of the harbour (northwest in this case).
The oceanic water entering the Harbour is cold and salty (dense) so it mostly sinks to the bottom (Figure 1).
As the atmospheric low pressure system moves away and the oceanic tide falls the fresher surface water
runs out of the Harbour even harder than normal.
The physics of this system are amenable to a hydrodynamic model. There is an uncalibrated model of the
Harbour running (Figure 2) with a range of output products at http://www.marine.csiro.au/~and371/macq/
and as a longitudinal section (Figure 3) at http://www.cmar.csiro.au/cem/macq/anim_macq_sect.gif.
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Figure 2 A sample of the uncalibrated CSIRO hydrodynamic model of Macquarie Harbour. Dynamic real time and
forecast model output can be found at: http://www.marine.csiro.au/~and371/macq/

Figure 3 . An example longitudinal section of Macquarie Harbour showing temperature and salinity as predicted by
the uncalibrated CSIRO model. Dynamic real time and forecast model output can be found at
http://www.cmar.csiro.au/cem/macq/anim_macq_sect.gif.

1.1

Dissolved Oxygen

There have been a number of reports on, and reviews of, dissolved oxygen in Macquarie Harbour. In total
these have been very thorough. A number of processes that consume oxygen were identified. Some of
10
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these were shown to be well measured and we can be reasonably confident about their magnitude (e.g.
respiration within sediments) and some had been calculated with reasonable precision (e.g. respiration by
farmed fish). It seems likely that further investigation of these processes will produce a diminishing return
with only modest increases in our ability to manage DO in the Harbour. Other processes that have a
potential for a significant influence on DO had no measurements. For example Knight et al. (2015)
estimated water column respiration might be 2/3 of the total respiration in the Harbour. In this report we
describe the first measurements of water column biological oxygen demand (BOD) for this water body. We
make the initial estimates of this process for the Harbour and relate these to other processes that consume
or replace oxygen in the waters of Macquarie Harbour.
One of the challenges in building an oxygen budget for Macquarie Harbour has been the lack of rate
measurements for a range of important processes that determine the oxygen concentrations. When
oxygen has become such a critical factor in the Harbour it is sensible to invest in a greater understanding of
these process. Some can be readily observed, such as the intrusions of oceanic water into the bottom
carrying with it a great concentration of DO. Similarly the inflow of fresh water often also carries with it an
increased concentration of DO. The largest DO input is from the atmospheric, often called ventilation.
Unfortunately this source remains unquantified for Macquarie Harbour.

1.1.1

Spatial and temporal oxygen dynamics

The previous conceptual model for oxygen in Macquarie Harbour focused on the importance of respiration
and oxygen consumption at the sediment‐water interface due to the decline in deep‐water dissolved
oxygen levels (MHDOWG 2014). More recently, the decline in mid‐waters has become more evident,
despite some recharge of the bottom waters. These events suggest that oxygen demand in the water
column is a significant driver of declining oxygen levels; a key knowledge gap identified in MHDOWG
(2014).
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Figure 4 Dissolved oxygen profile at a lease site in Macquarie harbour during December 2015

Water column DO has fallen quite consistently since the winter of 2015 but benthic DO has been
persistently greater than midwater DO (Figure 4). This observation makes it clear that significant
respiration must occur in the water column.
There are numerous examples of high rates of respiration at density interfaces or fresh water to salt water
transition zones. Typically these zones are associated with greater abundances of bacteria that are respiring
organic matter. The combination of lower DO and labile organic matter can also establish conditions
conducive to nitrification (2NH4 + 3O2 → 2NO3), which can consume significant amounts of oxygen. As
shown later in this report there is good evidence of surface and mid depth respiration at a number of sites
in Macquarie Harbour at the same time as DO concentrations were stable or increasing at depths ≥ 25m.
These observations indicate that benthic respiration is not the major source of oxygen consumption in this
water body.

1.1.2

Oxygen resupply.

The salinity, temperature and DO balances in Macquarie Harbour suggest that deep water intrusions
periodically resupply DO to the deeper waters while fresh water inputs, wind mixing and the reduction in
stratification due to cooling are likely to determine resupply in surface waters. While there are no
measurements or direct observations of these processes quite a lot of useful information can be obtained
from the monitoring of temperature, salinity and DO. To build a robust budget or predict the future DO
concentrations in Macquarie harbour would require a model that incorporates these processes.
The major process that routinely supplies DO into Macquarie Harbour is exchange with the atmosphere.
Unfortunately oxygen diffusion is so slow that while this is important for the surface layer, it is nearly
12
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irrelevant as a supply of DO for the majority of the water column. In addition O2 is much less soluble in
water than some other gases, for example CO2 (Liss, 1973). For the bulk of the Harbour oxygen exchange
with the atmosphere is almost entirely dependent upon mixing processes. Mixing is increased by reducing
stratification (typically surface cooling) and increasing wind speed especially along the long axis of the
water body. As with bottom water resupply calculating the rate of DO input from the atmosphere is well
suited to a relatively simple model and can be validated by simple observations for a relatively modest cost.
In this report we have taken two approaches to try and understand the importance of water column
respiration to Macquarie harbour. We have used long term DO profiles taken regularly at two lease sites
within Macquarie harbour. Analysis of any long term trends in this data are useful background to the
current situation and allow us to document the net change in oxygen at two locations and multiple depths.
In addition we have measured gross biological oxygen demand (BOD) at multiple depths from 3 sites. The
BOD measurements add quantification for the previously un‐measured pelagic component of the oxygen
cycle in Macquarie Harbour. In combination, these two approaches may fundamentally change our
conceptual understanding of the relative importance of benthic and pelagic processes in drawing down
oxygen in Macquarie harbour.
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2

Methods

2.1

Determination of Net Pelagic DO

Observations of dissolved oxygen concentrations were collected at two sites where Huon Aquaculture
operates fish farms in Macquarie Harbour. The sites were: Middle Harbour Gordon South (Gordon), Middle
Harbour Strahan (Strahan) and Pelias Cove. Data were from mid October 2015 to early January 2016.
Observations were obtained from multiple depths.
A simple statistical analysis was undertaken to estimate the change in DO at 1, 5, 10, 15, 20 and 25m
depths over the duration of the observations by fitting a linear regression to the data with the slope of the
line providing the net rate of change in DO at that depth.
The measured concentrations of DO were corrected for salinity and temperature using simultaneously
collected data following the methods of Benson and Krause (1980, 1984).

2.2

Determination of Gross Pelagic BOD

In order to assess rates of pelagic biological oxygen demand (BOD) samples were collected at 3 sites (Table
1; Figure 5) from 4 depths (3m, 13m, 23m and 2‐3m off the bottom).
Table 1 Co‐ordinates of sample sites for gross pelagic BOD measurements in Macquarie harbour

14

Site

Latitude

Longitude

1

‐42° 22.412

145° 28.289

2

‐42° 18.898

145° 22.628

3

‐42° 18.792

145° 22.800
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Figure 5 Relative sample locations (red flags) within Macquarie harbour

Site 1 was chosen as the furthest site away from the farm leases towards the Gordon River input while still
being in a suitable water depth (30m). Site 2 was adjacent to a double stocked pen and site 3 adjacent to a
single stocked pen. Samples were collected using a 10L niskin bottle and transferred to conventional glass
dissolved oxygen bottles. Samples were collected for measurement by DO probe and Winkler titrations (to
verify probe data). For DO probe measurements 8 bottles were collected at each depth, their DO values
recorded and then sealed with 4 to be measured at 24h and 4 at 48h. For winkler titrations, 4 bottles from
each depth were fixed immediately (T0) and 4 bottles sealed and fixed 48h later. Bottles that were to be
incubated were secured in wire cages and suspended at appropriate depths from the feed barge.
In addition, at each site sonde profiles were recorded and water samples collected from each depth for
nutrient analyses, fatty acid analysis as a proxy for labile organic carbon and to characterize suspended
organic matter and genomics to identify key bacterial groups.
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3

Results

3.1

Pelagic DO

At Gordon the rates of change in oxygen indicated a net loss at all depths except 25m between October
2015 and January 2016 (Figure 6). At the Gordon site the rates of net DO loss were quite low at the surface
and increased ~ 3 times with depth peaking at 15m before falling again with increasing depth. Net
consumption rates were lower at 20m than 15m and rates at 25m were slightly positive; although not
significantly different from zero (Table 2). There was more variability in the rate of net DO loss at 5m than
other depths (Table 2).
At Strahan over the same time period the rate of net oxygen loss was again relatively low at 1m and
increased by a factor of ~3 with depth peaking at 15m. Below 15m net oxygen loss rates declined
becoming slightly positive (not significantly different from zero) at 25m (Figure 7; Table 2).

Table 2 Rates of oxygen decline from two locations estimated from daily measurements of oxygen concentrations
at two locations in Macquarie Harbour, Tasmania. (data shown in Figures 6 and 7).

Site

Depth
(m)

Net rate of O2
change
(mg/L/day)

Standard Probability
error

Change in % DO Probability
saturation

R2

(%/day)

Gordon

1

‐0.012

0.001

<0.0001

‐0.003

<0.0001

0.28

Gordon

5

‐0.023

0.004

<0.0001

Variable

Gordon

10

‐0.027

0.002

<0.0001

Variable

Gordon

15

‐0.033

0.002

<0.0001

‐0.37

<0.0001

0.78

Gordon

20

‐0.012

0.001

<0.0001

‐0.135

<0.0001

0.71

Gordon

25

0.002

0.001

0.1622

Variable

Strahan

1

‐0.013

0.001

<0.0001

Strahan

5

‐0.018

0.002

<0.0001

Strahan

10

‐0.030

0.003

<0.0001

Strahan

15

‐0.036

0.003

<0.0001

Strahan

20

‐0.015

0.002

<0.0001

Strahan

25

0.002

0.002

0.1766
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Figure 6 Plots of oxygen concentrations versus time from the middle harbour Gordon South lease at 5 depths. Data
from Huon Aquaculture over the period 13/10/2015 to 05/01/2016. Linear regressions are shown fitted to the data
to estimate the long term oxygen consumption rate at each depth
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Figure 7 Plots of oxygen concentrations versus time from middle harbour Strahan lease at 5 depths. Data from Huon
Aquaculture over the period 13/10/2015 to 05/01/2016.

The results clearly show (Figure 8) that net oxygen consumption was greatest at intermediate depths
during the period from October 2015 to January 2016 at both sites.
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Figure 8 Summary plots of declines in oxygen concentrations at 6 depths and 2 locations (derived from linear
regressions Data from Huon Aquaculture over the period 13/10/2015 to 05/01/2016
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3.2

Other factors influencing oxygen inputs for Macquarie Harbour

DO data from 2013 and 2014 at Middle Harbour Gordon South showed the maximum DO
concentrations were reached in August for all depths < 20m (Figure 9). At depths > 30m DO
concentrations peaked in February; presumably due to bottom water recharge. For all depths < 20m
the annual minima in DO was during late summer or early autumn (February to March). Following
from these annual minima is a long slow recharge of waters < 20m with DO that is likely to be driven
by several factors.
14
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Figure 9 Seasonal patterns of dissolved oxygen with depth for Middle Harbour Gordon South.

Wind speed makes a significant contribution to oxygen supply into natural waters. There are a range
of predictive equations relating the ‘piston velocity’ of various gases to the wind (e.g. Liss and
Merlivat, 1986; Liss and Slater 1974, Wanninkhof, 1992) where the input is proportional to the
square of the wind speed. For Macquarie Harbour wind speed is typically minimal in February and
rises quite steadily until September (Figure 10).
Seasonal Winds at Strahan (BOM) 2010-2015
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Figure 10 Monthly mean wind speed for Strahan Airport.

20

Investigating Dissolved Oxygen Drawdown in Macquarie Harbour

Temperature will influence DO in a number of ways. First it has a direct influence on the solubility of
oxygen. Oxyen is significantly more soluble in cold water and the maximum DO concentrations are
typically reached at the time of minimum water temperature for waters in equilibrum with the
atmosphere. For example the surface waters in Macquarie Harbour underwent a ~ 3 mg L‐1 change in
DO from their peak in August to late summer (Figure 9). Over the same time period these surface
waters maintained ≥100% oxygen saturation virtually the whole time (Figure 11, top panel).
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Figure 11 Trends in percent oxygen saturation at one site in Macquarie Harbour from October 2015 to January 2016
at 6 depths. Where a trend was likely a model was fit or a locally weighted regression (see Table 2).
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Given that DO at 1m was always ~ 100% saturated it seems reasonable to suggest the surface of Macquarie
Harbour is most often in equilibrium with the atmosphere. Also that changes in the concentration of
oxygen in this surface layer are driven largely by changes in solubility determined mostly by temperature
(Benson and Krause 1984).
The temporal pattern of oxygen concentration (Figure 6) and percent saturation (Figure 11) at 5 and 10m
suggests that both depths experience sporadic net respiration. For example percent saturation fell from
October through much of November at both depths. Given the increasing temperatures percent saturation
would rise if net respiration was zero. At both depths oxygen concentration and percent saturation
recovered somewhat during December. This recovery was likely due to the input of additional fresh water
high in DO into Macquarie Harbour; and possibly the ~ 2x higher than normal winds in late November 2015
(19th to 26th, BOM data, not shown).
It was the depths of 15 and 20m that showed the greatest reduction in DO concentrations and percent
saturation over the period from October 2015 to January 2016 (Figure 11, Table 2). The falling % saturation
was ~ 3 times greater at 15m than 20m (Table 2). These declines appeared to slow down with the onset of
summer such that a nonlinear model was a modestly better predictor of the trends.
The temporal pattern of DO at 25m was quite erratic. There are indications of periodic increases in percent
saturation probably reflecting intrusions of sea water from outside Macquarie Harbour.
Temperature and salinity also influence DO concentrations because of their role in stratification. The
surface waters of Macquarie Harbour are much warmer in summer such that it requires much more wind
energy to overcome the increased difference in density and mix oxygen downwards. Similarly, increased
freshwater inputs to the surface will reduce the effectiveness of a given wind speed to mix oxygen to
depth.
In conclusion, given that February is normally the month of lowest wind speeds and some of the highest
temperatures it can be anticipated that during this month the ventilation of Macquarie Harbour will be less
efficient than other months of the year.
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3.3

Gross Pelagic DO

At the time of sampling all three sites exhibited strong haloclines in the top 10m which were also
accompanied by a thermocline (Figure 12). DO profiles showed a marked decrease in the top 15‐20m,
reaching a minimum around 25m. Sites 2 and 3 then had a subsequent increase in DO at depth.

Figure 12 Sonde profiles from Site 1 (L), Site 2 (M) and Site 3 (R) sampled in Macquarie Harbour, Tasmania

Table 3 Rates of oxygen change during incubations of samples from three locations in Macquarie Harbour,
Tasmania
Site

Depth (m)

DO change (mgO2/L/h)

Standard error

Probability

1

3

‐0.0015

0.0009

0.1301

1

13

‐0.0010

0.0065

0.8766

1

23

0.0021

0.0031

0.5069

1

30

‐0.0081

0.0029

0.0152

2

3

‐0.0038

0.0004

<0.0001

2

13

0.0004

0.0029

0.8991

2

23

0.0027

0.0008

0.0044

2

39

‐0.0004

0.0013

0.7798

3

3

‐0.0023

0.0005

0.0004

3

13

‐0.0018

0.0052

0.7418

3

23

0.0006

0.0007

0.4419

3

41

‐0.0013

0.0007

0.0730

Results from the BOD incubations as measured using the probe are shown in Table 3. Most samples
exhibited a decline in DO over the 48 hour period but notably samples from 23m exhibited a slight increase
in DO over the incubation period though mechanisms for this to occur at depth are unclear. However, only
4 of the sample sets are statistically significant (site 1 @ 30m; site 2 @ 3m and 23m and site 3 @ 3m) due to
the low replication that was possible in this field campaign. Several results determined using Winkler
titrations were unusable due to end point interferences from the high DOC content. A comparison between
the gross measured pelagic BOD at the two cage sites and the long term net DO change calculated from
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data collected at middle harbour Gordon is given in Table 4. At 3‐5m gross rates appear to be greater than
net rates while at other depths gross and net rates appear to be of a similar magnitude. While this is
potentially informative, the comparison is tentative and based on a very small data set with little
replication and includes some unexplained measured increases in DO.

Table 4 Comparison of long term calculated net rate of O2 change and gross change measured over 48 hours at the
closest comparable depth.

Site

Depth (m)

Long term net rate of O2
change (mg/L/day)

Gordon

1

‐0.012

Gordon

5

‐0.023

Gordon

10

‐0.027

Gordon

15

‐0.033

Gordon

20

‐0.012

Gordon

25

0.002

Deep

3.4

Measured O2 change cage sites (mg/L/day)
Site 2

Site 3

-0.0912

-0.0552

0.0096

-0.0432

0.0648

0.0144

-0.0096

-0.0312

Fatty acid content

Total fatty acid concentrations from each depth at the three sites are shown in Figure 13. Concentrations
were greatest in samples from 3m with site 1>>site2>site3 suggesting greatest labile carbon occurred at the
pen sites. Site 1 had only slightly higher concentrations at 3m than at 13m with minimum values at 23m
before an increase again at depth. At site 2 after the 3m samples the next highest concentrations were
close to the bottom while at site 3 all samples deeper than 3m were similar.
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Figure 13 Total fatty acid concentration (ug/L) in samples from different depths at three sites in Macquarie harbor.

Figure 14 Measured DO drawdown (mg/L/h) versus total fatty acid concentration (ug/L) in samples from different
depths at three sites in Macquarie harbour.

A comparison between fatty acid content and measured gross DO change suggests there is some
correlation between measured DO drawdown and total fatty acids (a proxy for labile organic carbon)
measured in the water column (Figure 14), and this relationship is strongest when considering the cage
sites alone (Figure 15)
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Figure 15 Measured DO drawdown (mg/L/h) versus total fatty acid concentration (ug/L) in samples from different
depths at two cage sites in Macquarie harbour.

3.5

Sources of organic matter

One compound that has previously been shown to be elevated in sediments collected close to farms in
Macquarie harbour is Linoleic acid (LA; 18:2w6 fatty acid; Revill et al. 2015). Concentrations of this
compound were greatest at site 2, then site 3 with site 1 exhibiting the lowest concentrations with site 2
approximately double site 1 (Figure 16). At all sites, greatest concentrations of LA were in the 3m samples,
with site 1 also showing an increase at depth, though still less than at 3m.
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Figure 16 Presence of Linoleic acid in water samples collected from different depths at three sites in Macquarie
harbour

3.6

Pending Results

At the time this report was prepared samples were still being analysed for dissolved nutrients and
genomics. When these are available the results will be included in an updated report.
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4

Discussion

4.1

Comparison of gross and net DO

Calculated long term net DO drawdown provides an indication of the average rate of consumption (or
production) over an extended period of time. However, these observed rates of net consumption do not
provide much insight into the gross rates of respiration or oxygen resupply. It is difficult to know from
these calculations alone whether the decline in DO is a function of an increase in oxygen consumption or a
decrease in resupply. Measured rates of gross pelagic BOD in this study were relatively low, averaging
approximately 2.4 mmol/m3/d compared to the frequency mode value of 4 mmol/m3/d from a study of
global estuarine pelagic respiration rates by Hopkins and Smith (2005). A direct comparison of these
different data sets is difficult, especially allowing for the low level of replication in the gross measurements
but it does suggest that the magnitude of measured gross rates are within the range that would facilitate
the calculated long term net changes. Importantly, measured gross BOD rates are approximately twice
those measured for the benthos1, confirming the pelagic system as the key driver in oxygen drawdown.
A further major finding from this study is that gross pelagic BOD is greatest at 3m but net oxygen
consumption is greatest at ~ 15m. This highlights the role that surface exchange of oxygen (probably wind
driven) plays in maintaining DO levels above the halocline, while below this depth, exchange is limited.
However, it also highlights the capacity of surface waters above the halocline to decline rapidly should
exchange processes become limited over an extended period as has recently been observed.

4.2

Sources of Organic Matter Driving DO Drawdown

In this study the analysis of fatty acids associated with water column particulate material was utilised for
two purposes. Fatty acids are labile organic compounds and as such provide a reasonable proxy for the
total labile particulate organic carbon pool. In addition, the profile of compounds present can be used to
provide information on the likely important sources of that organic carbon. Total fatty acid content was
greatest closest to the cage sites with the double stocked cage (site 2) being twice that of site 1, while
samples adjacent the single stocked cage (site 3) were 50% greater than site 1. This is consistent with
elevated inputs of labile organic carbon close to the cages, which also correlated with increased respiration
at 3m. More replication is required to fully understand the spatial and temporal extent of farm effects on
organic matter supply and oxygen consumption
Fatty acid profiles isolated from water samples in Macquarie Harbour are complex with compounds
sourced from terrestrial inputs and phytoplankton as well as aquaculture influences and there is often
overlap in the presence of many compounds in all possible sources. While there is no single unique “tracer”
of farm derived material, it is often possible to associate increased farm derived inputs with elevated levels
of particular compounds. Current feed formulations are a mixture of marine and terrestrially (poultry)
derived material. The presence of carbon from poultry results in feed containing Linoleic acid (LA; 18:2w6
fatty acid) and while this is a naturally occurring terrestrial fatty acid, elevated levels can often be
associated with farm inputs. Site 1 cannot strictly be described as a control site due to the fact that material
in the water column is likely to be mixed through the Harbour, however it does give an indication of far‐
field concentrations for compounds of interest. Elevated total fatty acid concentrations close to the cages
are accompanied by elevated concentrations of LA which is further evidence that elevated labile organic

1

Relative amounts of oxygen consumption were calculated using the measured BOD rates, assuming the same aerial zone of influence used in the
benthic survey (MHDOWG 2014) and converting each depth interval to a volume. Importantly this is only a preliminary comparison and requires
much greater replication to increase confidence.
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carbon at these sites is most likely derived from farm inputs. Low concentrations in the mid‐water column,
even close to the cages, may represent greater dispersion at depth compared to at the surface though it is
also possible that only a small proportion of the material is dense enough to penetrate the halocline but
sufficiently buoyant to not rapidly sink.
As with pelagic BOD measurements, interpretation of the fatty acid data is hampered by a lack of
replication which would increase certainty. In addition, there needs to be more work on methods (for
example compound specific stable isotopes) which may distinguish LA and other fatty acids sourced from
farm inputs with those derived naturally from the surrounding catchment. This would then facilitate a
better understanding of the broader spatial distribution of farm derived material.

4.3

Implications for Macquarie harbour

Declines in DO are occurring throughout the world’s oceans due to increased stratification (Stramma et al.
2010). In the open ocean this is most often associated with warming. In coastal seas it has also been
associated with more precipitation and freshwater runoff (Malone 1991). In the coastal zone declining DO
has also been associated with eutrophication (Ketchum 1969, Diaz and Rosenberg 2008). All of these
external factors are likely to be important in Macquarie Harbour as it’s a highly stratified system with
limited exchange with the ocean. In addition, an increase in oxygen consumption is a reasonable
expectation given the direct respiration of the substantial increase in farmed fish and the increased input of
associated organic matter and ammonium.
The topography of Macquarie Harbour is such that it is conceivable that while surface water may have a
relatively short residence time the strong halocline and shallow sill may conspire to retain much of the mid
water for a significant period of time. Oxygen diffusion is a very slow process such that a body of water
sandwiched between oxygenated fresh water at the surface and occasional intrusions of oxygenated water
at the bottom is essentially “isolated” with no opportunity for horizontal exchange with the ocean and
therefore may be considered a closed system leading to a slow decline in dissolved oxygen. In this situation
it may only require consumption of relatively small quantities of organic matter to drive dissolved oxygen
down to the levels measured. The strong seasonal cycle in DO makes it clear that processes consuming
oxygen dominate from spring to autumn with significant resupply typically occurring during winter. The
multiyear pattern of seasonal decline in DO below the halocline implies a consistent seasonal change in the
balance of oxygen consumption and resupply.
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5

Recommendations for Future Work

The ongoing management of DO in Macquarie Harbour requires a more thorough assessment of the
processes described in this report. A targeted field campaign to measure a few unquantified, or poorly
quantified, processes combined with a simple model is recommended. From the data presented here and
the conceptual model developed, there are several key questions in order to better understand and
manage inputs into Macquarie Harbour:
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What are the rates and primary controls on oxygen exchange with surface water?
On average how long is the mid‐water column “isolated” from oxygen exchange and what
are the main mechanisms for “recovery” of oxygen levels?
What is the spatial variability of DO drawdown across the harbor?
Over what spatial scales can farm influences be detected in the water column?

Investigating Dissolved Oxygen Drawdown in Macquarie Harbour

6

References

ADS. 2015. Report prepared for the Macquarie Harbour DO Working Group by Aquadynamic Solutions Sdn
Bhd.
Benson, B.B., and Daniel Krause, Jr, 1980, The concentration and isotopic fractionation of gases dissolved in
freshwater in equilibrium with the atmosphere. 1. Oxygen: Limnology and Oceanography, vol. 25,
no. 4, p. 662‐671. (Also available at http://www.jstor.org/stable/pdfplus/2835754.pdf.)
Benson, B.B., and Daniel Krause, Jr, 1984, The concentration and isotopic fractionation of oxygen dissolved
in freshwater and seawater in equilibrium with the atmosphere: Limnology and Oceanography, vol.
29, no. 3, p. 620‐632. (Also available at http://www.jstor.org/stable/pdfplus/2836308.pdf.)
Diaz, R.J., Rosenberg, R. 2008. Spreading dead zones and consequences for marine ecosystems. Science 15
Vol. 321, Issue 5891, pp. 926‐929 DOI: 10.1126/science.1156401
Hopkinson, Jr. C.S., and Smith, E.M., 2005. Estuarine respiration: an overview of benthic, pelagic, and whole
system respiration, In ‘Respiration in Aquatic Ecosystems’ del Giorgio, P.A., and le B. Williams, P.J.,
[Eds.] Oxford University Press, USA, 326 pages
Ketchum, B., 1969. Eutrophication of estuaries. Eutrophication: Causes, Consequences, Correctives.
National Academy of Sciences, Washington, D.C, pp. 197±209.
Knight, B., Forrest, B., Johnson, C. 2015. Macquarie Harbour Environmental and Fish Health Monitoring
Review. Prepared for Department of Primary Industries, Parks, Water and Environment Tasmania.
Cawthron Report No. 2729. 93pp plus appendices.
Koehnken L 1996. Macquarie Harbour–King River study. Draft final report. Department of Environment and
Land Management, Tasmania.
Liss, P.S., 1973. Processes of gas exchange across an air‐water interface. Deep‐Sea Res., 20, 221‐238.
Liss, P.S. and Merlivat, L., 1986. Air‐sea exchange rates: introduction and synthesis. In: BuatMenard, P. (Ed).
The role of air‐sea exchange in geochemical cycling. Reidel, Dordrecht, 163‐ 170.
Liss, P.S. and Slater, P.G., 1974. Flux of gases across the air‐sea interface. Nature, 247, 5438, 181‐184.
Malone, T.C. 1991. River flow, phytoplankton production and oxygen depletion in Chesapeake Bay. In:
Tyson, R.V. and T.H. Pearson (eds.), Modern and Ancient Continentintal Shelf Anoxia. Geological
Society special publication no. 58. London: The Geological Society. pp. 83‐93.
MHDOWG 2014. Macquarie Harbour Dissolved Oxygen Working Group Report October 2014. 63 p.
Revill, A.T.; Brock, M. and Nichols, P.D. 2015. Characterising Sediment Organic Matter in Macquarie
Harbour Sediments. CSIRO report for TSGA.
Stramma, L., Schmidtko, S., Levin, L.A., Johnson, G.C., 2010. Ocean oxygen minima expansions and their
biological impacts. Deep‐Sea Research I, doi:10.1016/j.dsr.2010.01.005
Tong GD & Williamson B 1998. Modelling of the hydrodynamics and chemistry of Macquarie Harbour,
western Tasmania. Mount Lyell Remediation Research and Demonstration Program. Supervising
Scientist Report 136, Supervising Scientist, Canberra.
Wanninkhof, R., 1992. Relationship between wind speed and gas exchange over the ocean. J. Geophys.
Res., 97, 7373‐7382.

Investigating Dissolved Oxygen Drawdown in Macquarie Harbour 31

7

Appendix 1. Analysis of seasonal patterns in
Dissolved Oxygen from Macquarie Harbour
Middle South.
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Appendix 5

GAC 162177

30 November 2016

Compliance and Enforcement Branch
Environment Assessment and Compliance Division
Department of the Environment
GPO Box 787
Canberra ACT 2601
By email: compliance@environment.gov.au
Dear Sir/Madam
MARINE FARMING EXPANSION, MACQUARIE HARBOUR, TASMANIA (EPBC 2012/6406)
We act on behalf of Huon Aquaculture Group Ltd (Huon) who, along with two other operators,
undertakes marine farming in Macquarie Harbour (MH), Tasmania.
Given the deteriorating environmental conditions in MH, and prolonged absence of appropriate action
by both the Tasmanian Department of Primary Industries, Parks, Water and Environment (DPIPWE)
and the Tasmanian Environment Protection Authority (EPA), Huon feels compelled to request that you
take urgent enforcement action against DPIPWE.

1

BIOMASS DETERMINATION

Since late 2014, Huon has been requesting that DPIPWE impose a lower biomass limit that will give MH
the best chance of supporting sustainable salmonid farming for the long-term. On 29 November 2016
Huon received a letter from Mr Wes Ford, Director of the EPA (attached). This letter advised that Mr
Ford intended to make determinations that would require the three marine farm operators reduce
standing biomass to 14,000 by 31 January 2017 and then convert the limit to a total permissible
dissolved nitrogen output (TPDNO) to commence on 1 May 2017 (Proposed Biomass Determination).
Huon’s view is that the Proposed Biomass Determination further demonstrates that DPIPWE and the
EPA are failing to properly regulate marine farming in MH and that that this failure will cause the ongoing
deterioration of the environmental conditions of MH.
Prior to receipt of this letter Huon received a letter from Mr Ford on 15 November 2016, outlining a three
month process to determine revised biomass limits in MH.
Following receipt of the letter, Huon representatives met with the Tasmanian Premier, Will Hodgman
and the Tasmanian Deputy Premier and Minister for Primary Industries, Jeremy Rockliff on 18
November. At that meeting, Huon was advised that a decision regarding a safe biomass level in MH
would be made by the EPA Director and the State Government within 7-10 days.
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Subsequently, Huon representatives attended a briefing on environmental conditions in MH by scientists
from the Institute of Marine and Antarctic Studies (IMAS) on 25 November.
The IMAS briefing indicated a further and dramatic deterioration of environmental conditions in MH.
This information is further supported by Huon’s own compliance information obtained during video
sampling on 23 November 2016 which indicated a rapid deterioration of sediment conditions at, and well
beyond, compliance sites.
Huon has been of the view that the biomass limits set by DPIPWE have been inappropriate, and likely
to cause deteriorating environmental conditions, since the removal of the 52.5% biomass limit
(approximately 15,500 tonnes) set by the Commonwealth Minister for Sustainability, Environment,
Water, Population and Communities’ decision on referral dated 3 October 2012 (attached) (Minister’s
Determination).
Further, that the scientific briefing, based on September 2016 data, indicated that the standing biomass
of approximately 11,000 tonnes (at that time) was far in excess of what MH can sustain given the
deteriorated environmental conditions and at that time we were advised that four leases across the
Harbour were non-compliant. .
Whilst Huon does not have information with respect to the other marine farm operator’s biomass, Huon
estimates that, based on the standing biomass, there will be a peak biomass of 14,000 tonnes1 for the
summer 2016/17. The Proposed Biomass Determination will achieve nothing in terms of requiring a
reduction in biomass and in effect preserves the status quo in allowing for the anticipated peak biomass
to be achieved.

In Huon’s view, the, Proposed Biomass Determination is at odds with independent

research and findings and will further exacerbate the extremely low dissolved oxygen levels, and
deteriorated sediment conditions around farming leases as well as in the World Heritage Area within
MH. The Proposed Biomass Determination fails to respond to the scientific evidence which indicates a
need for urgent and immediate action.
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REGULATION OF MACQUARIE HARBOUR BY THE COMMONWEALTH GOVERNMENT

The Minister’s Determination concludes that the proposed action is not a controlled action provided it is
taken in accordance with the manner set out in the decision pursuant to ss.75 and 77A of the
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act). The manner in which the
proposed action must be taken is set out in the form of conditions that must be complied with.
As there are three operators farming in MH and the Minister’s Determination applies to the whole area,
DPIPWE must be responsible for enforcing compliance with the conditions. In particular, DPIPWE is
responsible for setting biomass limits in MH.

1

This is based on expected mortalities and limitations in growth due to the conditions in MH and advice from the
EPA on 15 November to Peter Bender that estimates the biomass peak at 16,000.
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I also refer to the accompanying letter to the Minister’s Determination, addressed to Mr Peter Bender,
Managing Director of Huon Aquaculture Group Ltd (attached).
In accordance with that letter, we write to advise you that Huon is unable to comply with the conditions
in the Minister’s Determination. While Huon is complying with its lease conditions pursuant to the Marine
Farming Planning Act 1995 (Tas) and the licence conditions pursuant to the Living Marine Resources
Management Act 1995 (Tas), it is unable to demonstrate compliance with the Minister’s Determination.
Huon has formed the view, supported by a range of independent scientific evidence that the cumulative
impact of the aquaculture operations in MH is breaching the conditions imposed by the Minister’s
Determination.
As the ‘person taking the action’ for the purposes of the Minister’s Determination, DPIPWE is lawfully
required to comply with the conditions.
As outlined by DPIPWE in the referral information, the action is defined to include “the expansion of
marine farming operations, that will occur consistent with the 2012 amendment to the Macquarie
Harbour Marine Farming Development Plan.....”.2
As previously stated, Huon has been of the view that the biomass limits set by DPIPWE have been
inappropriate, and are likely to cause deteriorating environmental conditions, since the removal of the
52.5% limit set by the Minister’s Determination.
Huon’s concerns have been communicated to DPIPWE and the Commonwealth Minister for the
Environment (Minister) since late 2014.

Communication with the (former) Commonwealth Minister,

Greg Hunt, included the provision of a briefing note and supporting scientific evidence to his Office and
which was also provided to Department of Environment Officer, Chris Oats.
In addition, a Huon representative along with a Petuna Seafoods Tasmania representative, met with
Senator Birmingham in his capacity of Parliamentary Secretary to the Minister for the Environment on
31 September 2014.

3

DPIPWE HAS FAILED TO COMPLY WITH THE MINISTER’S DETERMINATION

In failing to set appropriate biomass limits, and despite concerns being raised by Huon, DPIPWE has
also failed to comply with a number of the conditions imposed by the Minister’s Determination including
the following:
Condition 1a – take measures to prevent substantial benthic visual, physio-chemical or
biological changes attributable to marine farming operations at, or extending beyond 35 metres
from the boundary of any lease area;

2

See the Full Court’s comments regarding ss.523 and 524 of the EPBC Act: Secretary, Department of Primary
Industries, Parks, Water and Environment v Tasmanian Aboriginal Centre Incorporated [2016] FCAFC 129
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Condition 1d – if a substantial benthic visual, physio-chemical or biological impact is detected
as a result of benthic video assessment, targeted management responses must be implemented
within 10 weeks of the assessment;
Condition 2b – take measures to prevent the rolling annual median value of quarterly water
quality indicator values for….dissolved oxygen, as recorded within the compliance region, from
exceeding the identified limit level.
Huon has, on numerous occasions, requested confirmation from DPIPWE that appropriate remedial
action be undertaken to ensure compliance with the conditions imposed by the Minister’s Determination.
Huon is unable to meet the conditions under the Minister’s Determination in the absence of a concerted
effort on the part of all operators and appropriate management by DPIPWE.
Huon would welcome the opportunity to provide the independent scientific evidence and reports
compiled over several years from our operations at MH. Huon will also make its experts available to the
Commonwealth Department of Environment to present the information.
Given Huon’s concerns that it cannot comply with the Minister’s Determination unless there is proper
management by DPIPWE, Huon also reserves its right to seek declarations and injunctions with respect
to the Minister’s Determination in the Federal Court.
Please acknowledge receipt of this correspondence and advise of your intended course of action within
7 days.
Yours faithfully

Catherine Scott
Partner
Ph: (03) 6235 5170
Mobile: 0438 283 129
Email: cscott@pageseager.com.au

Cc

Hon. Josh Frydenberg MP
Minister for Environment and Energy
Parliament House
Canberra ACT 2600
By email: Josh.Frydenberg.MP@aph.gov.au

Mr Jeremy Rockliff
Deputy Premier and Minister for Primary Industries
Level 10, 15 Murray Street
HOBART, TAS 7000
By email: jeremy.rockliff@dpac.tas.gov.au

Mr Wes Ford
Director, Environment Protection Authority
Level 6, 134 Macquarie Street
Hobart TAS 7001
By email: Wes.Ford@environment.tas.gov.au
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Mr Shane Gaddes
Assistant Secretary, Compliance and Enforcement
Department of Environment
By email: Shane.Gaddes@environment.gov.au

