Iiisiana’ [ SIMAS

INSTITUTE FOR MARINE & ANTARCTIC STUDIES

Huon Estuary/D'Entrecasteaux Channel
nutrient enrichment assessment

Establishing the potential effects of Huon Aquaculture
Company P/L nitrogen inputs

Justin Bell, Jeff Roskyrge Mardones, Karen Wikdlen and Catriona MacLeod

October2017

Prepared foDPIPWE

Ih



Institute for Marine and Antarctic Studies, University of Tasmdpisate Bagl9,
Hobart TAS7001

Enquires should be directed to:

Dr Jeff Ross or Dr Catriona Macleod

Institute for Marine and Antarctic Studies
University of Tasmania

Private Bag 49, Hobart, Tasmania 7001, Australia
Jeff. Ros®@utas.edu.au

Ph. (03) 628 8281

Fax (03) 628 8035

The authors do not warrant that the information in this document is free from errors or omissions.

The authors do not accept any form of liability, be it contractual, tortious, or otherwise, for the

contents of this document or for any consequences@ifisim its use or any reliance placed

upon it. The information, opinions and advice contained in this document may not relate, or be
relevant, to a readerods particular circumstandc
individual opinions expressed Ithose persons and are not necessarily those of the Institute for

Marine and Antarctic Studies (IMAS) or the University of Tasmania (UTas).

O The Institute for Marine and Antarctic Studies, University of Tasmania 201

Copyright protects this publitan. Except for purposes permitted by the Copyright Act,
reproduction by whatever means is prohibited without the prior written permission of the Institute
for Marine and Antarctic Studies.



Tabl e of content s

rrrrrrrrrrrrrrrrrrrrr

Nont echni cal summaryeeeeeeeeeeeeeeeeeeeee.

rrrrrrrrrrrrrrrrrrrrrrrrrr

R [ 0 (oo 1§ o [0 o PRSP PPPPPPPPPPPPP 11
B © ] o] 1= o1 1 V=SSP 15
G T |V =1 o o RSP PP P PP PPPPPRPUPPRR 16
3.1 AQUACUIUIE INPULS.....coieiiieieee i eree e eeea bbb e e e e e e e e e e eeens 16
3.2 RIVEI INPULS ...ttt ettt e e e e e e e e e e e e e e e s n e e 17
3.3 Wastewater treatment PIantS.........cviiiiiiiiiiieenee e 17
3.4 INAUSTIAL INPULS......iiie et ieee e eree e e e e e e e e e e e e e e e e e s s as 18
3.5 BEMP @NalYSES.....cooiiiiiiiiiieie et e e ——— 18
3.5.1. Changes in detection limits and laboratories................ccccveccnviiii e, 22

3.6 Biogeochemical MOdElliNG..........uuuuiiiiiiii e eeeer e 22
4 RESUILS & AISCUSSIONL...uuviiiiiiiiiiiiiiiee ettt mnne e enneanes 24
4.1 The nature, timing and location of N INPULS..........ccooooiiiiiiiiicc e 24
4.1.1. AQUACUIUIE INPULS.....uuiiiiiiiiiiiiiiii ettt e e e e e e e e 24
4.1.2. RIVEIINE INPULES.....eiiiiiiiiiiiiieee et enee e 37
4.1.3. Wastewater treatment plant iINPLIS.............uuuiiiiiiiieemiiiiiiieeee e 38
4.1.4. IndUSHral INPULS......uiiiiieii et e e e e e e e e eaenes 39

4.2  Environmental influence of the HAC exceedance.............cccccvvvieeenniieeeeeee 43
i I 1110 Yo 1= o PSPPSRI 43
o o 0101 o] [0 T 1 U 52
4.2.3. DiISSOIVEA OXY QBN ...uiiiii ettt 55
4.2.4. Algal abundance and chlorophgl............cooooiiiiiiiii e 59

4.3 Summary of nutrient and algal results..............ccccuviiimmm e 76
4.4  Considerations for future MONItOIING.......cvvviiiiiiiiiiiiiieeeeeee e 78
4.4.1. Location and timing of SAMPlNG...........eeeeiiiiiiiiiiieeni e 78
4.4.2. Algal performance iINAICALOLS.........coooviiiiiiie i ieeee e aeeee e 81

4.5 Modelled dispersion and ecological response to nutrient inputs................... 81
TNt S N 011 04T - WO PPPPPPTRR 82
A.5.2.  NIITAEE ...ttt ettt e e e e e e e e e et e e e e e e e e e e e e e e e s s nnne s s e e e 82
TG O 4 o (o] 0 o] )V - WSS 82
S S © )4 o [ =] o W PP UPPRT 83
4.5.5. Comparson of observed and modelled resultS..........ccccevveiiiicecicccieeennn. 83



4.6 Summary of biogeochemical modelling results.................ovvvviicceeieeeveeiiiinnnnne 96

5 Conclusions & recommendations............cooouuuuuriimmmnniiiiib e 98
5.1 The nature, timing and location of N INPULS............cccccumiiiimmmnniiiieeeee 98
5.2 Influence on local and broadscale environmental conditians.....................cc. 99
5.3 Modelled dispersion and ecological respe to nutrient inputs......................... 99
5.4  Other important findings and recommendations..................evevieemeeirinnnnnnnnne. Q9

RETEIENCES. ... e reen e 101
Appendix i: Correction for intelaboratory variation in ammonia measurement..104
Appendix ii: Methods used to adjust HAC N inputs for theoretical modelling scenario
106

9 Appendix iii; Bottom nitrate concentration at each BEMP.site...................ovueee.. 107

10 Appendix iv: Bottom ammonia concentration at each BEMP. site...................... 110

11 Appendix v: Bottom dissived oxygen concentration at each BEMP site............ 113



Non-technical summary

Background

Aquaculture, likemostfarming practices, has the potential to impact the environment through
the introduction of nutrientsitrogen(N) in particularcan have an impact asggénerally

limits primary productivity of coastal marine systefNsenters the environment agerfeed
faeces and urineApproximately85% of the N releaseds dissolved(urine)and immediately
available to primaryproducersn the water columnThe remainder is released as particulate
material(faeces and feedyvhich settles onto the seabed where sedtation processes

break down the particulates, consuming oxygen in the processelaaghg various forms of

N back into the water columproviding an additional nutrient sourcefe@dprimary

productivity. This, along with naturally occurring forms df can lead tautrient
enhancemerdndpotentiallyeutrophicatiorand algal blooms

Nutrient inputs from thealmonid aquacultur@dustry inthed 6 Ent r ecas taadaux Cha
Huon region are regulated thrdug feed cap, to help ensure levels remain environmentally
sustainableln the Huon River and Port Esperance Marine Farming Development Plan (MFDP)
area and the DOEntrecasteaux Channel MFDP ar ea
Total Permissibl®issolved Nitrogen Output (TPDNO) limit. This limit and the period over

which it applies has been determined in accordance with the provisions of Management Controls
contained in each of the MFPDs. Dissolved nitrogen outputs that can be dischargedweithin t

MFDP area must not exceed the prescribed limit during anpdr#h period. In July 2015, Huon
Aquaculture Company (HAC) reported to government that it had exceeded its TPDNO limit in

the Huon/Port Esperance MFDP area. Further, it was also clear thatdhlel continue to

exceed this limit for some time

As a resulthepresent study was commissionedja@locument the nature, timing and

location of HACSN exceedance?) assess the extent of any adverse ecological effects using
available monitoring datand 3 evaluate the potential risk of adverse effects using
modelling. The findings of the resultant report would then be usdelp determinavhat (if
any) managememesponse might be needed to reverse any observed negative implaets
Huon EstuarfPort Esperance MFDP area.

The primary resource available for this assessment is data collected Booduscale
EnvironmentaMonitoringProgram (BEMP). The BEMP is@mprehensive environmental
monitoring program thatas designetb track broadscale changes in the system; both natural
and in response to changes in salmon aquaculture inputs and other sources of nusiants. It
legislative requirement of finfish aqaulture license holders in theHdtrecasteaux Channel
and Huon/EsperanddFDP areas. A a result, aange of nutrient, water chemistry and algal
composition data are gathered montthisoughout the year and fortnightiijuring summer.

The nature, timing and location of nitrogen inputs

In the period running up to the reported exceedana€&; slightly exceeded their TPDNO
limit in the D'Entrecasteaux Channel MFDP area from JariuBxgcember 2014, but were
under their limit for the 122nonth periods investigated. However, in the Huon estuary HAC
exceeded their TPDNO limit for the A@onth peiods beginning March 2014February

2015 and were still above the limit for the last 12 month period investigated (Aprii 2015



March 2016). The maximum exceedance?2@2.5t of N, occurred from December 2014
November 2015 and was 44% above the liffhis resulted in the total limit for the
Huon/Port Esperance TPDNO being exceeded by T&%sal weréarmingbelow their
TPDNOIn both theD'Entrecasteaux Chanrehd Huon/Esperance MFDP ardéaseach 12
monthperiod investigatedAs a result wbn condilering the combined limit across both
companies and MFDP areas, the total TPDNO for the southeast was not exceeded.

To provide broader context for the exceedance it is informative to consider how the

distribution and size of farm inputs have changed gimeénception of the industry in the

region in the 1980s. Initially established in the Huon estuary system, the industry expanded

into theD'Entrecasteaux Chanrfebm the mid1990s to 2000s. During this timeguaculture

operations, and thus inputs, wee relativelystableand evenly dispersed throughout the

D' Entrecasteaux Channel and Huon/ Esperance N
production saw both companies increasing tNamputs,most notablyn the lower

D'Entrecasteaux Channel and EmHuon estuary.

The majority of theN exceedance 2015 primarilyoccured at two leases$-[atheadBay and

East of Redcliffs between the Huon Estuary mouth and Port Esperance. Thekmates

containedhe majority ofHAC6 s pr oduct i ogagiondrpatsnemsisedf or t hi s
comparativeljow atall otherHAC leases during this time.

In addition to aquaculture nutrient inputs, nutrients are introduced ingys$tenvia river
runoff, wastewater treatment plants and industrial souftesHuon Riveprovides the
greatest natural catchmemitrientinputs/ water flowsn the D'Entrecasteaux Channel/Huon
River catchmentalthough there can also brgnificant flows from the Esperance, Mountain
and Kermandie riversT'he inputs fronsnug and Northwest Bayivuletsare negligible

Total N, ammonia and nitrite inputs frotheserivers are largely dictated by flowvith the
Huon River havindy farthe highest inputdowever, fitrate inputs are not as closely related
to river flowand as such there can be/ basnsignificant inputs from the Huon, Kermandie
and Mountain RiversElevatednitrate levels irthe latter two riverarepotentiallydue to
inputs from wastewater treatment plants (Kermandie River) and agriculture (Mountain
River).

Wastewater treatmeptants are spread throughout the system and, although their inputs may
belocalised(i.e. at their outfall sitesthey tend to be quitew in comparison to river and
aquaculture inputsndas such aranlikely to have a large influence on the systera as

whole. Industrial inputs are very low.

During the HAC exceedancwitrient contributions from ver flows, wastewater treatment

plants and industrial sources were typical, or lower than average. This would tend to suggest
that such processes/ inputs wardikely to be driving any system wide shifts, should such
shifts have been observed in the D'Entrecasteaux Channel/Huon Estuary system.

Environmental influence of nitrogen exceedance

TheHAC exceedance occurred inaativelylocalised regionbased onttis, the spatial

extent of other inputs and bathymetry of the systtmade senst® divide the system into
three separate regiofe the assessmerit) the centralhorthern D'Entrecasteaux Chanril
theupper Huon estuarand 3)the southern region, incorporating the lower Huon estuary and



southern D'Entrecasteaux Channel where the majoriyioputs andhe exceedance
occurred.

There was no clear long term trend in tddahitrate or total phosphorus evident in the data.
However all these nutrients fluctuated seasonally due to inputs fitnrent rich

subantarctic waterand rivers during the cooler months. For dissolved reactive phosphorus
there was some indication that concentrations have declined throughout the time series
investigated, particularly in surface waters, independent of seasonal vafiatoa.has been

a stable, or slightly decreasing, trend in surface and bottom ammonia in the northern
D'Entrecasteaux Channel and upper Huon estuary regions during the timensesggated.
The same trend was also observed in the southern nggiontil the HAC N exceedance
Since late 2014 (i.e. during the HAC exceedance) there was a niotetiglase irbottom
waterammonia concentratienn the southerregion with an incrasedrequency of
ammoniaconcentrations >fhg/l in the summers of 2014/15 and 2015/A6.a resulta

number of the BEMP sites in this region exceeded the level 1 draft performance indicators in
2015(i.e. summer mean >25% or mean for any one site inetehg>50% of baseling)and

a number of sites in the lower Huon Estuary and southern D'Entrecasteaux Channel have
exceeded the level 3 drgdérformance indicator.e. summer mean >50% or aue for any
single site up 200%).

Dissolved oxygen concentratiaiisplayed no obvious trend in any of the three regions and
notably, dissolved oxygen did not show any declining trendoae thites where bottom
ammonia was elevated in the southern regdana result none of the proposed performance
indicators for disslved oxygen were exceeded durthg period which HAC were exceeding
their TPDNO.

Response of algal communities to the nitrogen exceedance

Nutrient concentrations and their relative ratios can have a large influence on algal
abundance. As such, the regarsed for algal analysis were based on observed nutrient
concentrations and ratios. As a result, the upper Huon Estuary, the lower Huon Estuary and
the D'Entrecasteaux Channel were the areas applied. Analysing the data in this way suggests
no significantdifference inany of the mtrient ratios between the pr@009 2014) and post

(2015 2016)exceedance periods in any region. At all sites, the ratibtofphosphorus

ratios was below 16:1, indicating that the systei isnited. In the D'Entrecasteaux

Channel, silicate levels were Igwhich may limit diatongrowth. Nonetheless, diatoms were

the most abundant phytoplankton group throughout the system, with dinoflagellates being the
second most abundant group (diatomd dimoflagellates represe®2% of the
phytoplanktorabundance However,in terms of the exceedance, there was no significant
difference in diatom or dinoflagellate abundance (2609 2014) and post(2015 2016)
exceedanceConsistent with previous slies, higher peaks in abundance of dinoflagellates
weretypically observed in théluon Estuary

Of all of the environmental variables, tobd nitrate the ammonia:nitrate ratand
temperatur@ppear to be the key driversafanges iphytoplanktorcommunitiesin the
D6 Ent r e Crmmé¢Huan Estuarysystem. This suggests that seaschahges in
temperatur@nd the influxof nitrate(and concomitantariation in totaN and
ammonianitrateratio) associatedavith the influence osub-Antarcticcurrerts are major
drivers of phytoplanktodynamics n t h e D6 EhanmeklwaEsttaeysystexm.



Modelled dispersion and ecological response to nutrient inputs

A biogeochemical model of the D'Entrecasteaux Channel/Huon Estuary system was
originally developed as part of the Aquafim@perativeResearctCentreproject undertaken

to advise managers and industry during the initial expansion of the salmon farming industry.
The model is linked to hydrodynamic and sediment models enabling it to predict the
movement of nutrients throughout the system in all forms and states. This model provides an
estimate of the cycling of particulate and inorganic forms of catd@md phosphorus,
incorporating phytoplankton, zooplankton, macrophyte and detrital compa@mehts

incorporates nutrient inputs from rivers, WWTP and industrial sources. As a result, this
model can be used to simulate and predict the potential ecological response to changes in
both natural and anthropogenic drivers. In this study, biogeochemidallimg was

undertaken to assess the ecological response M ékeeedance under two scenarios. In the
first scenario the actual farm inputs that occurred during the exceedance were used and in the
second scenario the model inputs were identical bud#&@ N inputs were adjusted such

that they remained within their proscribed TPDNO limit. The difference between these two
scenarios was used to identify what, if any, difference the additional nutrient inputs might
have had on the D'Entrecasteaux ChannelfHEstuary system.

The modelled ammonia dispersion resulted in a spatially and temporally variable response in
ammonia concentration, particularly in surface waters and at 10 m depth near where the
exceedance occurred during winter 2015. The responsetonbwaters was less pronounced

and more evident in the upper Huon Estuary and central/northern D'Entrecasteaux Channel in
late winter and spring 2015. Furthermore, due to a net water flow south past the leases where
the exceedance occurred, an increassammonia concentrations was predicted in Port
Esperance. The model predicted that excess ammonia would be either rapidly assimilated by
primary producers or nitrified, with nitrate being more persistent, particularly in bottom

waters where it would be mre widespread throughout the system by northward flowing
currents.

Despite elevated nitrogenous concentrations at all depths in winter during the exceedance, the
modelled chlorophyth concentration was similar in both scenarios, probably because the
redued photoperiod was not conducive to primary productivity. However, as the photoperiod
becan to increase in Auguite model predicted increased chloropfaytoncentrations

during the exceedance, with levels peaking in September and October, and timamgréegaur

similar concentrations from November onward, when HM@puts were comparatively

low. The model also predicted a small (~3%) decline in bottom dissolved oxygen in the
immediate vicinity of the leases in the southern Huon Estuary and southwestern
D'Entrecasteaux Channel during autumn and spring 2015. For the rest of the year there was
no clearly discernible difference between the two model scenarios.

Conclusion

Other than an increase in bottom ammonia concentration in the southern D'Entrecasteaux
Channel and lower Huon Estuary, there was little indication tha¥l theceedance by HAC

has had a large scale impact on the system as a whole. Few changes were apparent in the
BEMP results. However, this may also reflect the fact that there are no BENIRisitie the
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immediate vicinity of where the exceedance occurred, and since the BEMP was designed to
detect system wide shifts in ecological function and not the impacts of localised point source
nutrient emissions this result is perhaps not surprisiragdgichemical modelling indicated

that there could have been relatively large localised changes to a suite of water quality
variables in the immediate vicinity of the exceedance. The model also predicted that there
may have been other more subtle changes larger scales; again such changes are not

likely to be detected in the BEMP sampling given the inherent natural variation in the system.

By the time the present study commenced, H\Dputs had already reduced to
comparativeljow levels and there wdkerefore little benefit in conducting additional
sampling.This is partlybecause the TPDNO limit is based on inputs over a rdiluetye-
monthperiod, and aaresult,it is possible for high nutrient inputs to occur prioato

exceedancef the TPDNOIimit. As such, aquaculture companies should be encouraged to
report that an exceedance is likely to occur to enable sampling during periods when nutrient
inputs are greatestn the event of a future exceedance, it is recommendethtigated

samplingis undertaken as soon as possible around the offending lease(s), and that sampling
continue whilst nutrient inputs are elevated. This would greatly increase the capacity to detect
and monitor for any impact.

We also recommend a number of other variattorBEMP sampling that would increase the
likelihood of detecting any impacts of a futiNeexceedance should it occur, and increase the
effectiveness of the BEMP monitoring program in general. These inguskger

consideration of sample collection timegh respect to the tidal cyglencreasing the

frequency of BEMP sampling, particularly during exceedance eventeased resolution of
water column (CTEI5ondé profiling; addition of phytoplankton performance indicators for
important species (e.gpeies responsible for harmful algal blogctiluca scintillan.

Finally, it is also important to note that despite the exceedance by HAC, the overall TDPNO
limit for the system was not exceeded. This was largely because Tassal were farming well
belowtheir limit. This may also help explain why there was limited evidence of any
broadscalehange observed in the systeks.such, this assessment should not be considered
indicative of the likely system response shaulshputs from farming exeed theexisting

overall limit.
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11 ntroducti on

Aquaculture now provides half of all of the fish consumed globwillly annualproduction
increagng by 5.8%on averagdrom 2005/ 2014(FAO, 2016) Salmonid aquaculture has
grown rapidly in Tasmania over the last two decadeln the 201814 financial year
comprised95% f Tasmani ads ($31.3 mitian KO,405tane{ABARES,
2015)

Paentialenvironmentalmpacts of salmonid aquacultye both the water column and
sediments are well documente(Read and Fernandes, 2003; Soto and Norambuena, 2004;
Buschmann, 2006; @itt et al, 2008) In the water columimpacts stem predominantly

from the introductiorof nitrogen(N) andphosphorugP) to thesystemwith only ~30% of

the nutrients added through fish fdselngremoved as fish when harves{@blkmanet al,
2009) N has the potential tlimit the primary productivity of coastal mae systems

(Howarth and Marino, 200@nd ®nsequentlytheavailability of Nhasthe potential to
influence ecosystem dynamics

N from aquaculturentes the marine environment aseifeed, faeceandurine (Knoph and
Thorud, 1996)Estimates ofotal N inputs range from 2D 43 kg per tonne of Atlantic
salmon produced (reviewed by Cubitt et(2008). Around 80% of the nutrients released
into the environment are dissolved and immediately available to primary producers (e.g.
phytoplankton, macralgae and plantg)/olkmanet al, 2009) The majomutrient released

is ammonidn urine(Brett and Zala, 1975; Bergheiet al, 1991) which isbothreadily
available tgohytoplanktorand preferentially utiliseecause less energyreqjuiredto
transporit through the cell membrarkanother naturally abundant fornag N such as
nitrate(McCarthy, 1981; Raveet al, 1992). As such, thesammoniainputs can affect
phytoplankton abundance, including toXorming species that asssociated witharmful
algal blooms (HAB)xndcanlead toeutrophication (see Box 1 for a more detailed description
of phytoplankton dynamicand the role of nutrients and other environmental drjvers

The particulate organi entering the environment &ed and faeces will also contribute to
the dissolved pal of N in the water columnlf not directly consumed by animals (e.g.
scavengrsor filter feeding invertebrateshe organic mattas broken down by
sedimentation processesd dissolvedN in the form of ammonia and nitrais released
back into thavater column(seeBox 2 for a more detailedescription of the relationship
between finfish aquaculture and tRecycle).

To minimise negative impacts on the environmantl topreventunrestrictegoroductionof
thesalmonid aquaculturiedustryin SE TasmaniaN inputs are regulateloy the Department
of Primary Industries, Parks, Wildlife and Environment (DPIPWiH each salmonid
aguaculture comparyeing allocate@ total permissible dissolvedioutput (TPDNQ in any
12 month periodi.e. a 2 month rolling limit)y The TPDNO effectively caps the total
amount of feed aquaculture companies can put into the sytsiemby limiting the quantity
of fish that can beroduced The TPDNO limitswereset at a levedlesignedo prevenshifts
in thetrophicstateof the systemand aréased on theombinedfindings of tvo independent
researclprojects; theHuon Estuary Stud{Butler et al, 2000 and anAquafin Co-operative
ResearctCentrestudy(Butler et al, 2000; Volkmaret al, 2009)but mostnotably, the
outputs of the biogeochemical model developed for the syestgmart of the Aquafi€o-
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operativeResearch Centre stu@yvild-Allen, 2008) The TPDNO Ilimits were introduced in

2009 with independent control levels being settfon e DO Entrecast eaux Cha
Farming Development Bh (MFDP) Area (1, 140.67 &and the Huorort Esperance MFDP

Area (1,08463 1) (DPIPWE, 2011) Each salmonid aquaculture compasyssued a TPDNO

limit for each MFDParea ands legally obliged to remain within this limituring any12-

monthperiod.

The review of monitoring data for the Huon E
200971 2013foundN inputs to bewithin the TPDNO limits, with inputs in the Huon

EstuaryPort Esperance MFDP Area of ~1000 tonnesiapdts in the D'Entrecasteaux

Channel MFDP aremnging from70971 849 tonnegRoss and Macleod, 2013jowever, in

July 205 Huon Aquaculture Company (HAC) reported to DPIPWE that itgputs br the
HuonEsperance MFDP area were greater {ilanned andhat they hagxceeded their

TPDNO limit for the 12month periodrom August 2014 to July 2015. Furtimore due to
feedinputsbeing elevated over several monithwasclearthat theywould continue to

exceed their TPDNO limit in thluonEsperance MFDP ardar some time to come

As a result of the abovyéehis project was commissionedXpcharacteris¢he nature

(excreton versus waste feed/faeces), timing and location of HACs nutrient inputs using
information sourced from company recoy@y assess the extent of any adverse ecological
effects usingavailablemonitoring dataand 3)evaluate the potential risk of adveeféects

using modellingThe findings of this report will then be ustedconsider what (if any)
management response might be needed to reverse any observed negative impddtsto the
EstuaryPort Esperance MFDP area.

The primary resourcavailablefor this assessment is data collected forBheadscale
EnvironmentaMonitoringProgram (BEMP) The BEMPis a comprehensive environmental
monitoring progranundertaken by finfish aquaculture license holders in the D'Entrecasteaux
Channel and Huon River/PdEsperance MDP areashat wasdesigned based on
recommendations by Volkmagt al. (2009)and Thompsoet al(2008) The BEMP was

initiated in 2009n accordance with thielarine Farming Planning Act 199%ndis a

regulatory requirement described in Schedule 3 BEMP of marine farming licences.

The first analysis of BEMP data was reported in 2(R&ss and Macleod, 2018hd
indicated that most measures were performiitgin acceptable bounds atithtthere had
was no evidence d@rgescale changes the measured parameters otrerstudy period
(200971 2012). However, comparisons with previous studiBsompsoret al, 2008;
Volkmanet al, 2009)suggestedhat there had been some conspicuous changestain
water quality measures (increases in amianand a decrease in dissolved oxygetihe
Huon River estuany indicating thathilst the systenappeared to be copingth thenutrient
and organic inputd was under pressure

12



Box 1. Phytoplankton dynamics- the role of nutrients and other environmental
drivers

The release afiutrientsin bio-available formslue to aquaculturean increase primary productivit
and potentiallyead to eutrophication and algal bloorAs. eutrophication increases, the bacterig
sediments increase in anaerobic metabolism and this sets up a series of positive feedback
mechanisms that increase the release of both N and P to the water column thereby maintair
eutrophication (reviewed by Cloe(®001). While photosynthsis does produce oxygen, several
negativeeffectscan result from large algal blooms: 1) many algal species (dinoflagellates in
particular) produce toxins that can be harmful to farmeddishwild fish 2) filter feeding
shellfish €.g.mussels and oyst® can accumulate these toxins and become toxic for human
consumption; 3) the boom and bust nature of phytoplankton means that large blooms inevitg
off andup to half of the carbon, N, and P contained within the phytoplankton needs to be prc
by benthic aerobic and anaerobic mineralisatimrgenser2013)

While nutrients play a significant role phytoplankton dynamica variety of physical forces and
interactions between various components (e.g. nutrient ratios) play an importamheole
complexity of the interaction among these forces isgmted irFigurel and takes into account:
(1) relative preference for chemically reduced vs chemically oxidized forids (@) relative
availability of inorganid\ and phosphorus; (3) adaptation to high vs low light or the tendency
purely autotrophic vs mixotrophic; (4) cell motility; (5) environmental turbulence; (6) relative
pigmentation quality, from higher relative proportion of carotenoids (brown) te@highative
proportion of phycobiliproteins and chlorophylls (bigeeen or green); (7) temperature; (8) cell
size; (9) relative growth rate; (10) relative production of bioactive compounds such as toxins|
reactive oxygen species; (11) ecological stnategrying from short lived, fast growing r
strategists (e.g. diatoms) to slow growing, long lived K strategists (e.g. dinoflagellates); and
fate of the production in terms of grazing.

BLOOM-FORMING
+ DINOFLAGELLATES/
OTHER FLAGELLATES,

“ Low BIOMASS DIATOMS q
DINOFLAGELLATES/

z
(]
E
£
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b
=
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a

Figure 1: Schematic summarising factors that dictatgphytoplankton abundance(adapted
from Glibert (2016)). Transition of phytoplankton functional types is depicted along 12 axes
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Box 2: The relationship between finfish aquaculture andN cycling

N from aquacultur@nters the marinenvironment as overfeed, faeces and urine, the last of wh
is predominantly across the gill membrafiénoph and Thorud, 1996 stimates oN inputs range
from 207 43 kg per tonne of Atlantic salmon produced (reviewed by Cubitt €G08). Around
80% of the nutrients released into the environment are dissolved and immediately available
primary producers. Particulate orgamatter {.e. faeces, and feed), if not directly consumed by
animals (e.g. scavenging vertebrates or filter feeding invertebrates), is broken down by
sedimentation processes ($eégure?2). Firstly, in oxygenated sediments (oxic), organic matter i
mineralised by aetnc bacteria and som is released into the water column as ammonia or,
following nitrification, nitrate(Rosset al, 2015) Both of these forms are then available for
primary production. In the absence of oxygen (anoxic) nggrate converted to gaseous N via
denitrification and released from the system as it is not suitable for primary pordiNitrate can
also be converted to ammonia via dissimilatory nitrate reduction, which occurs under anoxic
conditions and acts to redgdvic-availableN rather than removing it from the system.

The above processes, which occur under both oxic and anoxic conditions, strongly dictate t
availability of various forms of N and also influence the availability of oxygen for other marin;
organisms. Large nutrient loads can result in a drawdown of eatimtygen concentration, whic
can lead to inefficien processing and an inability to remove nitrate from the system via
denitrification. The release of variongrogerouscompounds into the system in kavailable
forms, along with the ammonia directieleased from fish, can increase primary productivity
leading to eutrophication and algal blooms (detailed in)ox

Nitrogen lost
Q O O from system as Atmosphere
gas (N,) ‘I‘

Water Column

Bioturbation .
Bioirrigation Oxic
o by infauna Sediment

mineralisation

| Anoxic

denitrification Sediment

Figure 2: Schematic representation oN cycling and oxygen consumption during marine
farming operations Source:Rosset al.(2015)
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2 Objectives

1. Establish the nature, timing and location of HACs reported dissdlvaguts in the
context of historical patterns.

2. Assess the extent to which the HAOnputs in the Huon River and Port Esperance
Marine Farming Development Plan (MFDP) area has influenced local and broadscale
environmental conditioni using information from the BEMP, farm inputs (objective 1.
above) and other external nutrient sourced, any targeted regional sampling.

3. Using the data obtained from the farm evaluation together with other forcings, model
the dispersion and ecological response of the system to nutrient inputs (i.e. where does it go
and what does it do).
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3 Met hods

3.1 Aquaculture inputs

A variety of marine aquaculture operations exist in the D'Entrecasteaux Channel/Huon
Estuarysystem including molluscs (oysters and musselskatrdonids Molluscan
aquaculture serves to remove nutrients from the system as these 8pecmankton that
has extracted nutrients from the watelumn However, infish aquacliure does contribute
nutrients to the system through the addition of feed and fish excrAs®uch, spatial and
temporal trends in aquaculture inputs (Nevia fish feed) were investigated, along with
trends in stocking density during the HAC exceedance.

Eachsalmonid aquaculture company is legislatively required to provide DPIPWE with a
monthly breakdown of the quantity of feed input into each lease. Hidtpridanputs were
calculated based on an agréé¢dontent of the feed (7.2%), however the exact N content of
the feed is now known and this has been tis@alculate N inputs recent yearto ensure a
more accurate assessmedther factors used to ceert feed quantities into N input are an
agreed food conversion ratio (FCR) for the Tasmanian industry of 1.35 (i.e. 1.35 kg of dry
feed produces 1 kg of fish), a digestibility coefficient of 90%, afidal estimate athe N
content of the fish producd@%) (Wild-Allen et al, 2005) When all these measures are
combined his suggests that5% of the fee@ntershe envionment as Nwith 15% ofthis
beingparticulateandthe remaining 85% being dissolye&nvironmental P inputs from feed
was estimatedscomprisng 0.4%dissolved inorganic P and 0.4% particulate P of feed mass
based on results frolvild-Allen et al.(2005)

To provide additional insight intthe nature and location of the HAC exceedarttaC

provided amonthly breakdown of fish biomass for the present study. The interaction between
fish biomass and feed inputs can provide insighttimoform of N inputs (i.e. dissolved or
particulate) which has implications for where any negative impacts are likelgdor (i.e.

water column VS benthic).

As the number of fish, their weight, and hence biomass, is generally only estimated when
individual cages are bathed to treat fish for amoebic gill disease, when they are moved for
some other purpose, or when harvegtihere were periods of time for which there was no

fish biomass data availabl&o account for this, in months where fish biomass was not
available, or where the same values were duplicated for multiple months, linear growth was
assumedluring the perid of timefrom the minimum starting biomass through until the
maximum end biomasd-urther, wherish are moved, it results in multipilgomassecords

in a givenmonth (i.e. biomasgecord for each location].o account for thighe biomass

was dividel evenly between the locations (i.e. if the same cohort was reported in two leases
in a given monthhalf of its biomass was allocated to each ledseaddition at harvest the

fish cages are moved to Hideaway Bay and harvesting typically occurs ogeal stays,

weeks, or sometimes months, often resulting in nimomassentriesover this period with
thebiomass decreasirigrough time In this casewe assumed that the last montinalf of
theinitial biomass was present, which is effectively the sasié the entire cage was

harvested in the middle of the month. When partial harvesting occurred in other months,
biomass was estimated as the mean of the maximtiad biomass and minimum end

biomass.
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3.2 River inputs

In addition to nutrient inputs from agculture, nutrients reach the D'Entrecasteaux
Channel/Huon Estuaigystemfrom a variety of natural and anthropogenic sources (river
inputs, wastewater treatment pla(@gWTP), industrial inputs) The following details how
thesevarious sourcewere incoporated into the analysesorderto placethe contribution of
aquaculture in contexandto provide input data for tHeiogeochemical modelling.

River flow data for the Huon River (station 63Bjperance River (station 7208)prthwest

Bay Rivulet (stdon 5201)and Snudrivulet (station5202)were sourced from the Water

Information System Tasmania (WIST) databdsg(//wrt.tas.gov.au/wist/jiFollowing

Bobbi (1998) andRoss and Macleod (2013)ver flow was estimated for the Kermandie

River using a scaled relationship with Riley
Creek flow) where the f édasingalineaReldtionship with Cr e e k
the Huon RiverRiley flow = 0.004 X Huon flow 2.810) during 19921999 when these two

stations were monitored concurrently.

Nutrient concentrations for the Huon River, Esperance River and Snug Rivulet are typically
measured once monthly. There was no recent nutrient concentration data for the Mountain
River, Northwest Bay Rivulet, or Kermandie River. As such, median nutioeiceatrations
presented ilRoss and Macleod (201®@)ere used.

In the absence of a relationship between river flow and nutrient concentration for all

nutrients, other than total, nutrient loads wer calculated followindRoss and Macleod

(2013) whereby nutrient concentratiomg/l) is multiplied by river flow (I/day). For totall,

where a positive relationship exists between flow and nut@mtentration during high

flows, loads were calculated as per other nutrients during low flow, but during high flows
(>7500 ML/day for Huon River; >150 ML/day for Esperance River) loads were calculated
using the power relationships developedRmss and Macleod (2013} relationship could

not be established for the other rivers; thus TN was calculated using the median concentration
as per the other nutrients.

3.3 Wastewater treatment plants

The data rquired to estimate nutrient loads from WWTP was provided by TasWater.
Nutrient loads were calculated by multiplying mean monthly flow rate by nutrient
concentration, which is measured once per month. When nutrient concentration data were
unavailable, thedst available value was carried forward in time until new data were
available, although this was rarely necessary.

An important component of WWTP inputs for the biogeochemical modelling is(Ni@ite

+ nitrate)concentration, which was noteasuredin previous model runéwild-Allen et al,

2005; Wid-Allen et al, 2010; WildAllen and Andrewartha, 2016)VWTP NOx

concentratia was ~0.Ing/l; as such, 0.ing/l, along with actual measured quantity of
ammonia, was subtracted fraotal N, and the remainder was assumed to be detrital labile N.
For total P, 83% was assumed todigsolved inorganic Bnd the rest detrital labile Bs has
been assumed previoughvild-Allen et al., 2005; WildAllen et al, 2010; WildAllen and
Andrewartha, 2016)
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3.4 Industrial inputs

There are three fish processing plahtst discharge intthe D'Entrecasteaux Channel/Huon
Estuary systerand therefore contribute to its nutritional statassaplantsat Dover and
Margate, andhe Tas Seafoodplantat Margate. Tassal provided an annual estimate of the
total N, total P and ammonia concentratiohtheir discharge. No data were available for Tas
Seafood®utputs however in previous analyses (éRpss and Macleod (200)3heN

outputs from this plant werexceedingly low (<1% adthat fromthe Tassalplant at Margate
andtherefore were deemed to éfectively irrelevant in terms of nutrient inputs within the
D'Entrecasteaux Channel/Huon estuary system.

3.5 BEMP analyses

The BEMP program was designed basedhemecommendationsf the Aquafin CRC
project(Thompsoret al, 2008;Volkmanet al, 2009) which investigated theumulative
impacts of finfishaquaculture on the D'Entrecasteaux Chakhglh EstuansystemSites

were selected to coveothMFDP areaspatially and to include areas that are most likely to
be impacted by marine farming operatipbst the emphasis was on maximising the
probabilitythat the design would detect a system wide shift should it ¢seaFigure3 for
spatial representation of BEMP sites and proximity to aquaculture leases)

BEMP surveys are undertaken monthly for most of the year and fortnightly during summer
when theras an elevated risk of algal bloontgutrientsmeasured during BEMP surveys
include both surface and bottom concentrations of Mitaimmonia ¢omprising both

NH3/NHa), nitrate (NQ), nitrite (NOy), nitrate + nitrite (NOx)total P,dissolved reactiv®
(principally PQy) andsilicate (SiQ). However, loth NOx and nitrite haveot been measured
throughout the entire BEMP monitoring perjalus, only results pertaining to nitrate are
presentedn this study (noting that nitrate will generatlgpresent tb majority of NO3.

BEMP nutrient samples are analydsdAnalytical Services Tasmania and reported in terms
of mg of the main analyte in question (e.g. mg of N as)NH

Physiochemical measuremefgsalinity, temperature and oxygen) are takethe surfee,

5 m depth(termed middle hereafteandone meter abovihe bottom(hereafter termed

6 b ot tloadditipn an integrated water sample is taken from the surface to 10 m depth
and this samples is used to measinierophylta concentratioandto obtan algalcounts (to
species level where possihle)

The D'Entrecasteaux Channel/Huon Estuary system has three distinct regions: the relatively
oceanic, deep, southern basin; the estuarine upper Ekioary and the narrow, relatively
shallow central andorthernD'Entrecasteaux Channel regidm investigate how the HAC N
exceedance affected the system at a regional, shaeBREMP sitesveregroupednto the

central anchorthernD'Entrecasteaux Channel (BEMP sites 1, 2, 3, 4, 5), upper Bstoary

(11, 13, 14) and southern region (BEMP sites 6, 7, 8, 9, 1@sé&Figure3). Site 15, the
referencesite in Recherche Bay, was treated individually.

Temporal trends in mean nutrient, dissolved oxygen and chloreplegihcentrations were
investigatedat the abovementioned regional level. When trends were identified in regional
level analyses, further analyses were undertaken at the site level and, where appropriate,
generalised additive moddlGAMs) were fitted to the time series to characterise these
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Figure 3: Map of salmonid aquaculture leases (red) and BEMP monitoring sites (blueite
numbers shown alongsidevi t h 6 M& r ef er r i .iNgte thabfarrmlocationsare i ng si t
correct as of when this study was commissioned (January 2016).
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trends This was done using the default paramet
(version 3.2.2http://www.r-project.org.

As detailed irBox 1, phytoplankton abundance is t@ited by complex interactions between

nutrient concentrations, their ratios, and a variety of phgbamicalparameters. For

example, the Redfield rati&edfield, 1934)s a widely accepteds representing thatio

of C:N:P(106:16:3 found inmarine phytplankton andc¢hanges in this ratio can be used to

make inferences aboféctors influencingphytoplanktorcommunitiesTo analysehe

relationships between phytoplankton abundance at each BEMP site am¥ito@mental

factorsmost likely to influence phytoplankton dynamics (i.e. nutrient concentrations and

ratios), pincipd componentnalysis (PCA) was conducteds i ng t he &6prcompd f
the VegarRpackagePCA resul t s wer e summpglot & efdu byt iapm |
(https://github.com/vgv/ggbiplpto PCA outputs, wich incorporate 68% probability

distributionto the ellipses of the output

In order to establish whethenvironmental factoread a significant effect gohytoplankton
abundancere (2009 2014)and post (2015 2016)HAC N exceedancédependent
variables), generalisedinearmodel (GLM)was fit to thePCA outputfor the first two
principal components both independently and in combindB@1, PC2 and PC1+PC2)
Akaike Information Criteria was used to determine which principal comypsmeeated the
best model.

Themonthlyresponse gbhytoplankton abundance agaiestzironmental factorgas
subjected tomanalysis of variance (ANOVA). Normality and homogeneity of variances
were assessed by Kolmogor@&mi r n ov a n ds HoghoceTokew st weresused
to investigatadifferencedan the interaction terms (i.amongmonths and yeaysvhere
relevant Thecritical significance level of 95%0(= 0.05) wasapplied andall statistical tests
were undertaken usirg.

To assess thiemporal and spatial changes in the dominance of diatoms or dinoflagellates in
t he D06 E n tChanmelwonEstaanysystem, a G Inde¢Clément and Guzman, 1989)
was calculated based on species richness for prei(2009) and post (2015) N exceedance
(Figure40). G index values rage from-1 (dominance of dinoflagellate® +1 (dominance

of diatoms).

An important element in the design of the BEMP monitoring program was the need to
provide data that could be compared with the baselines or trigger values proposed
Thompsoret al.(2008)as being relevant for the identification of change in ecological
function. These recommended baselines and trigg&@empsoret al. (2008); Volkmanet al.
(2009) Tablel) were based on@mbinationof current knowledge, as well as evaluation of
both data collected and the outputs of the high resolution dibgenical modelling
developed as part of the Aquafin CRC studiéslkmanet al, 2009) The trigger values
weredesigned to incorporatareelevels of management resportsmsistent withtherelative
risk to ecological functiomassociated witincreasing temporal or spatetanges in
ecological conditionselative tothe baseline, regardless of cause (natural/anthropogemic).
accordance with this objectivéae performance of ammonia, dibged oxygen and
chlorophyltawas assessed relative to the defined baselines and trigger limiie famtire
BEMP time seris, including the HAC exceedance
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Table 1: Baselines and recommended trigger levels proposed Mplkman et al.(2009) Source:
Ross and Macleod (2013)Note: ammonia baseline and triggers were adjusted to account ftre
inter-laboratory variation in ammonia measurement (see below).

Parameter Standard or Baseline value® Level 1 Level 2 Level 3
Huon Estuary | D’Entrecasteaux (low risk) (moderate risk) (high risk)
Channel
Sediment biota | To be To be determined Significant change over | Significant change in Significant change in
(infauna) determined TBD time since start of multivariate community | multivariate community
TBD assessments at one or structure at 1 site since structure at = 2 or more
more sites + other last assessment + other | locations since last
indicators TBD indicators TBD assessment + other
indicators TBD
Seagrass and TBD TBD Significant change over | Aslevel 1+ TBD As level 1 +TBD
other time or relative to
macrophytes control site.
Sediment ANZECC ANZECC guidelines Significant change over | Significant change at 2 Significant change at = 3
chemistry guidelines for | for metals and TBD time at one site.TBD sites in = 2 indicators. sites in = 2 indicators.
metals and Exceeds ANZECC Exceeds ANZECC
TBD guidelines for low metal | guidelines for high metal
concentrations. TBD concentrations. TBD
Nutrients Summer NH4+ Summer NH,,+ summer mean up 25%, summer mean up 50%, Summer mean +100%, or
surface =0.32 | surface =0.12 pM. or 3 successive annual or 8/10 annual means > | summer mean>1puM (~
UM. Bottom = | Bottom =0.27 uM means > baseline, or baseline for any site, or | ANZECC)
0.42 uM mean for any one site mean for any single site
+50% up 200%
chlorophyll @ sites 10to 14 | Sites 1to 9 summer | Anysite’:annual mean | Anysite’: annual mean | Any site”: annual mean
annual = 1.4 mean = 0.66 pg/L. +100%; or average +200%; or average +400%; or average
pg/L.Summer Annual mean =0.80 | summer mean +50% summer mean +100%; summer mean +200%; or
=17 pg/L pe/L or average annual average annual mean
mean +50% +100%
Phytoplankton 7% obs. > 3x 3.6% obs. > 3x % obs. > 3x median rise | % obs. > 3x medianrise | % obs. > 3x median rise
blooms median chla median chla 50% 100% 200%
Harmful TSQAP data TSQAP data from 7 # of days 7 areas are # of days 7 areas are Not defined
Phytoplankton from 7 areas areas 1997-2007 closed to shellfish closed to shellfish
G. catenatum’® 1997-2007 harvest due to HAB harvest due to HAB
»226 days >336 days
Absolute DO* Channel mean | Channel mean>6 Any 2 channel 50% of channel Channel mean = 6 ppm.
> 6 ppm. Bay ppm. Bay mean>5 | observations = & ppm. | observations = 6 ppm. | Bay mean = 5 ppm. Any
mean >5ppm | ppm Any 2 bay observations | 50% of bay 2 measurements < 1 ppm

= 5 ppm observations = 5 ppm.
Any 2 observations <2
ppm
Relative DO Setat 20" Setat 207 *Number of "Number of Mean falls 10% from
(percent percentile percentile from 1% observations below observations below baseline (~ ANZECC)
saturation) from 1% year year of baseline increases 50% baseline increases

of
observations

observations

100%
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3.5.1. Changes in detection limits and laboratories

During the BEMP monitoring periadthe minimum detectablémit of some analytes
changedFor t he most p aeitherthe halyss odirdeepeetatiymowevér,f e c t
whentheresults areegularlybelow thedetectionlimit (whichis oftenthe casdor ammonia

it is necessary tassignan arbitrary low level value to the full dataset so that

concentration isiot classified agem, as i) below detection level does not necessarily mean
not present and ii) too many zeros in the dataset can create problems in subsequent analyses
In previous studies using the BEMP détay.Rossand Macleod (2013)this discrepancy

was not an issue, and a value of half of the detectable limit was used (i.e. when <0.002 was
reportedfor ammoniaa value of 0.001 was assigned). Howeweny the detection limitor
ammoniahas chang#(newdetecion limit is <0.005) using this method to assign
concentrationsvill resultin two separatgalues(i.e. 0.001 and 0@25) andwill therefore

influence temporal trend&urther, thenew detection limieliminates any results between

0.002 and 0.08 in more recent datalhe onlylogical approachavailablewasto treatall

valuesof 0.0025(i.e. undetectable in recent datajd any values<0.0@®5 from early dataas
0.05 throughout the entire time series.

Theinitial analysis of dissolved nutrierfisr the BEMPwasundertaken by CSIRGnd the
draftbaselines and performance indicateesebased orCSIRO measurementSince June
2012 (BEMP survey 52AST has been contracteddnalysethe dissolved nutrientdt is
known fromaninterlaboratory comarisongEriksen, 2009)hat theras somediscrepancyn
the measurement of ammomiancentratiorbetween the laboratorigSortunately, AST were
contracted to measure totdland totalP for the entire BEMP monitoring period and, when
measuring totaN, also measuredmmonia concentratiomd provisioned this data for the
current studyAs suchammonia data were available from both AST and CSIRO for the first
51 BEMPsurveys (June 20I0May 2012) Using these data, linear model was developed
to convert the baseline ammonia estimatesgseg byWolkmanet al.(2009)(i.e. based on
CSIRO measured ammonia) to values Hign with AST measured ammon{aeeAppendix

i).
3.6 Biogeoclemical modelling

The biogeochemical model of the D'Entrecasteaux Channel/Huon systems was developed
within the Aquafin CRC projectVolkmanet al, 2009) Detailed methodologjor themodel

can be found ivolkmanet al.(2009) with further information ormore recent application of
the modein local systems iWild-Allen et al. (2010) Wild-Allen et al.(2013)andWild-

Allen andAndrewartha (2016)

The biogeochemical modkbas been developed as a packageork alongside the relevant
hydrodynamic and sediment modelhichenabe it to predictthe movement of nutrients
throughout the system. dyclesparticulate and inorganic forms cérbon N and P,
incorporaing phytoplankton, zooplankton, macrophyte and detrital componérdatso
incorporates nutrient inputs from rivers, WWTP and industrial sources (detailed abs\e).
result, it carprovidean understanding ¢fow anthropogenic inputs, such as N from
aquaculturemight affectkey componentsf theecasystemsuch aslgal communities and
oxygen, which caim turnimpact on aquaculture and the broader environment.
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Two modelling scenariosereundertaken as part of the present study, both for the time
period of October 2014 March 2016 (i.e. the time period encompassingHtA€ N
exceedance)n bothscenarioghe nonfarm nutrient loads were as detailed abaves
differencesdetween the scenasrelated to the farm inputscenario used theactualN
inputsfor the two aquaculture companieilst in scenaria@2 theTassal inputand HAC
inputs for the D'Entrecasteaux Channel MFDP asezained as reporteldutthe HAC inputs
for the Huon'Esperance MFDP were adjusted so that they did not exceed their TPDNO limit.
This wasachievedoy re-proportioning the monthlil contribution of each leas® that the
12-month period fronDecembel014until November 201%i.e. the time period of the
largestN inputs) equalled the TPDNO limit. Proportion contribution was based on the
relative monthly contribution of each ledsem 20127 2014 (i.e. when operations were
assumed to beormal).

Several methods were trialled to adjust HN@hputs (seéppendx ii) but the above

method provided the most realistic scenario. Other methods resulted in either unrealistically
low N inputsduring the time periodunrealistictemporal trendsor exceedancef the
Huon/Esperance TPDNQ@Quring some twelve month periods

Modelling results were displayed as the difference between the two scenarios (i.e. the N
inputsduring the exceedaneeinus the adjusted N inputs) to highlight how the HAC N
exceedance could have affected ammonia, nitrate, dissolved oxygen and chlaophyll
concentrations throughout tbeEntrecasteaux Channel/Huon Estuary systdodelling
results were reported for the surface, 10 m and bottom depths.
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4 Res Wldt scussi on

4.1 The nature, timing and location ofN inputs
4.1.1. Aquaculture inputs

HAC exceeedtheir TPDNO limit in the D'Entrecasteaux Channel from Janiiddgcember
2014 (Figure4), wereclose tathelimit from February 2014 January 2015 and below the
limit for the remaining 12Znonth periods investigated. In the Héiésperance MFDRBrea
HAC exceeded their TPDNO limit for the kt2onth periods beginning March 2014
February 201%nd were still exceeding in the last 12 month period investigated, which was
April 20157 March 2016Figure5). The maximum exceedance,292.5t of N, occurred
from December 201% November 2015 and was 44% above the limit. This resulted in the
total Huon/Esperance TPDNO being exceeded by; H&¥pite Tassal operating at around
75% of their permissible TPDNOassaremaineddelow their TPDNQimits in both the
D'Entrecasteaux Channel and Hugsperanc®FDP areagor all of thel2-month period
investigatedJanuary 2014 December 2014 to April 20I5March 2016) Figures4 and 5)

It is important to note that despite the HAC inputs being apewmissibldimits the total
TPDNO for the soutteast (i.e. combined D'Entrecasteaux Channel and Huon/Esperance
MFDP areasyvas not exceededrigure6), becaus¢he Tassainputswere below their limg

in both MFDP areas.

To providesomecontext for the exceedance, it is important to consider how the inputs from
farming have changed in both space and time since farming first began in the Huon Estuary
int he 1By&6mmid2 0 0 Gduaculture operations, and thus N inputs, were rehative
consistent and evenly dispersed throughout the D'Entrecasteaux Channel and
Huon/Esperance MFDP are@$0/ 60% Huon Esperance and +80% D'Entrecasteaux
Channel from 2006 to preseiiBigure?7)®. In themid-l at e @verallprédaction

increasd signficantly (>300% increase in N inputs from 206@009, particularly in the

lower D'Entrecasteaux Channel and lower Huon estiduig.is potentially because previous
studies foundhatthe upper Huon Estuary was showing signs of elevated ammonia and
decreaed dissolved oxygen in bottom watéRess and MacLeod 2018pdthe
acknowledgment thatreas of high water currents are more suitable for farnaisighis
facilitates the dispersal of waste produ&sto and Norambuena, 20GAgrebyimproving
environmental outcomedVatergenerallyflows from south to north in the D'Entrecasteaux
ChannelHerzfeld et al., 2010ps such theouthern regions of the D'Entrecasteaux Channel
and Huon/Esperance MFDP are@B get more benefit fronoceaniovaters, andire
thereforethought to be less susceptible to aquaculture inplaikman et al., 2009hence

the increase in production in these areas

For HAC, tre increase in productias most evident byhe increase in farming at their

Flathead Bay and East of Redcliffs leage Figure 1 for lease locatiomsthe south

western D'Entrecasteaux Channel between the Huon Estuary mouth and Port Esperance, but
within the Huon/Port Esperance MFDP aréheyhave also increased productiorthe

South of Zuidpool Rock leaseithin the D'Entrecasteaux Channel MFDP &tda 2014, the

1 Several finfish aquaculture companies have operated in the D'Entrecasteaux Channel/Huon Estuary system
throughout the years and we have allocated inputs based on the companies who currently operate the leases.
21t must be noted, however, that HAC wdat have any leases in the northern D'Entrecasteaux Channel.
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South of Zuidpool Rock lease had the greatest N inpugsi(es 7 and § and highest fish
biomass Figure9). Although Hideawaay alsohada highfish biomass, fish are generally
only transferred there briefly for harvesting/bathing andeioeebiomass estimates reported
for this site fiereir) are likely to be an overestimate; this is best reflected in the relative low
N inputsat this leaseln 2015, when the South of Zuidpool Rock lease was being divided in
two, theFlatheadBay and East of Redcliffs leases hhd highest fish biomass BfACs
leaseqFigure9), and hencéighestN inputs(Figures 7 and 8)The increase in faring on

these leasesontributedo the exceedance in the Huon/Esperance MFDP area. At these
leases, both biomass and N inputs increased in late 2014 and remained consistently high until
late 2015 before decreasing markedly in 2dHi§yre8). In all other leases, monthly N

inputs and biomass remained comparatively low during this time period.
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Feb 15— Jan 16
Mar 15 - Feb 16 7
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Figure 4: N inputs by Tassal and Huon Aquaculture Company in the D'Entrecasteaux Channel
MFDP area. TPDNO represented by horizontal lines.

FCRO6s ar eof ow effeiandydarned fish (or other animals) convert food into
biomass. They can also provide insight into how N enters the environment (i.e. as urine and

faeces or overfeed). To faldbdmisdatam@R6s accu
essentialThe level of detail in the HAC biomass data was insufficient to calculate FCR
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accuratelybecause there were a number of issues with how the information was captured,
which resulted in occasions where there was duplication within months, or months where
there was no data recorded. As a result, a large proportion of the data was estimated.
Therefore, it was not possible to determine whether an unusually large amount of feed,
relative to fish biomass, was used during the exceedance period.
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Figure 5: N inputs by Tassal and Huon Aquaculture Company in the Huon/Esperance MFDP
area. TPDNO represented by horizontal lines.
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Figure 6: N inputs by Tassal and Huon Aguaculture Company in the combined
D'Entrecasteaux Channel and Huon/Esperance MFDP ared.PDNO represented by horizontal
lines.
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Figure 7: Spatial depiction of annualN inputs by Tassal and Huon Aquaculture Company in
the D'Entrecasteaux Channel and Huon/Esperance MFDP area from 19962015.
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Figure 7 continued: Spatial depiction of annualN inputs by Tassal and Huon Aquaculture
Company in the D'Entrecasteaux Channel and Huon/Esperance MFDP area from 19962015.

29



Huon Aquaculture Company Pty Ltd Tassal Operations Pty Ltd

1
® > P R 4 >
Q NS
Longitude

Nitrogen (tonnes) - 0 ¢ 100 ® 200 ® 300 @ 400

Figure 7 continued: Spatial depiction of annualN inputs by Tassal and Huon Aquaculture
Company in the D'Entrecasteaux Channel and Huon/Esperance MFDP area from 1996015.
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