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Executive Summary

Program Overview

The Broadscale Environmental Monitoring Program (BEMP) was initiated in 2009 to provide
1y26tSR3IAS YR AYTF2NNIGAZ2Y 2y S0O2adaitSY Rivezy OlUAz2y
The objective of the program was to document broad scale spatial and temporal trends for key
environmental parameters, allowing assessment of the environmental effects of finfish aquaculture

in the region. The sampling specifications for this project sarduded in Attachment 8 in
Environmental Licences (Eio#tially issued m August 2018) for finfish growing operations located

GAGKAY (KS 5Q9yiNBOI & SrinemimingBevelophitrlan aféd (MFOE} Y wA & ¢

The BEMP includes assessment of water and sediment health at a broad scale across the study area
and was largely structured around recommendations from previbetsiled studies undertaken in

the region Sediments are sampled for benthic infauna, stable isotopes, particle size, visual
assessment, redox potential and sulphide concentrations. Visual assessment, redox and sulphide
analysis is carried out each year while analysis of benthic infauna, stafolpas@and particle size is

undertaken every four yea.

Water quality analytes include physichemical parameters (temperature, dissolved oxygen, salinity),
nutrients (dissolved nutrients: total ammoniacal nitrogePAN, nitrate, phosphate, silicatéotal
nutrients: total nitrogen, total phosphorous), chlorophgland cell counts of phytoplankton species.
Water quality sampling is undertaken monthly from May to January and fortnightly from February to
April. A total of fifteen sites are included in the monitoring program; including nine sites in the
5 Q9 vy steaik @hanneakgion five sites in the Huon River/Port Esperanegionand one control

site at Recherche Bay.

This report includes an assessment of water quality and sediment sampling events undertaken from
March 2@2 until February 203. Annual comparisons were based on twehaenth periods beginning
in March and ending in February the following year to be consistent with previous analysis and reports.

Sediment sampling for the 20/23 reporting period was undertaken in April 22
2022 Results- Visual Assessmerdand Sediment Chemistry

Visual descriptions of sediment cores in the April 2@2irvey were consistent witlprevious
assessmentsonducted annuallgince 2009. In the 2@survey the dominantolourin the majority
of cores was dark grey. Sediment type was either fine or very fine saratlddwor gas bubbles were
detected from any core. Redox potential and sulphide concentrations observed iAptie2022
survey were within the range of values recorded since 28@ghificant oganic enrichment is typically
indicated by redox values < 0 mV and/or sulphide levels exceeding 108qd¥nents collected in

3
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April 202 and in the precedinthirteenyears (2002021) recorded redox potential values well above

< 0 mV and sulphide concentrations well below the > 10Ghukholds. These results were therefore

indicative of stablend healthysediment conditions throughout the Hud®iverr Yy R 5 Q9 y (i NS O & (i
Channel between 2009 and 202

2022/2 3 Results- Water Quality: Physice&ehemical Parameters and Nutrients

For temperature, dissolved oxygen and salinity, there were no significant departuresat2 26@m
longterm annual levels recorded in the previotldrteen years of monitoring. Similarly, fdotal
ammoniacal nitrogennitrate, dissolved reactive phosphorus concentrations, silicate, total nitrogen
and total phosphorous there were no major departures from kbergn annual trends in 20223. The
observed central tendencies and variances for each of these anaiy2822/23 werecomparable to

the precedinghirteen years.
2022/2 3 Results- Phytoplankton Biomass and Communities

Regionakscale blorophyll a (measured using spectrophotometry of photosynthetic pigmerits)
2022/23 was higher than the previous year but equivalent to mgsecedingmonitoring periods.
Consistent with previous yeamspringchlorophylla peak was eviderin 2022. This peak waslated

to a series ofelatively high chlorophyll a concentratio(s5 mg/nt) at HuonRiversitesduring spring,
includng a particularly high concentration d6 mg/n? at site M11 in October 2022Phytoplankton
communities, as described from cell courtg microscopy were similar to previous years, with
diatoms (clasB8acillariophyceagebeing the most commonly recorded algal group. Species responsible
for Harmful Algal Blooms comprised a very small percentage of species recorded in 2123202
reporting periodwith harmful species present in very low densitigg(nly Thalassiosirapp.). There

hasbeen no evidence of increasing abundance of harmful phytoplankton species since 2009.
Proposed Trigger Levels

Proposed baseline values and trigger levels were established by Thompson et al. (2008) following
gFrGSNI ljdzr t Ade yR aSRAYSy( adzNI SRivarltlsymparténtto 5 Q9 y i N
note that the proposed trigger levels are not statutory limits and their purpose was to inform
regulatory management of the industry. Trigger level assessment categories include level 1 (low risk),

level 2 (moderate risk) and levelld@dgh risk) categoried.he TasmaniaBPA are currently undertaking

a review ofbaseline trigger levels as part of the Environmental Standards (ES) pAgeessment of
proposedtrigger values against sediment and water quality analytes foR/2Z®are summarised in

Table A and briefly discussed below.
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2022 Trigger LeveComparisons for Sediment

Benthic indicators for BEMP data have not been developed fully and interim measures proposed by
¢K2YLAZ2Y SiG Ffd onHnnyO NBIddZANB (KS a&8sulsh@é Azy 27
concentrations.There has been no evidence of significant chaingsediment chemistrywith both

redox potentialand sulphide concentration being relatively stable throughout the BEMP program,
including 202. Small fluctuations have been evident for both parameters but there has been no

evidence of an increasing or declining trend.
2022/2 3 Trigger Level Comparisons for Water Quality

In 2022/23, there were no trigger exceedanc€s2 NJ ¢! b Ay i KGhanbeDHycinRBrOF & G S| ¢
at the regional scale @t the site scale isurface watersThere was a levdlexceedance (i.dow risk)

for TAN in bottom waters at a regional scale in theon River There were two site scalelevel 1

exceedance (i.e. low risk)for TAN in bottom watersone recordedat site MD in the lower

5Q9y (i NBOI &i S thdather/ afksiteyia & the HugrRiver

In the current reportingoeriod (202/23), chlorophylla trigger levelswere exceeded at the regional

a0l fS T2N (KS 5 MeludifighaBeld A (in&leratetriska @ 5he annual period and a

level 1 (low risk) for the summer periotihe proposedhlorophylla trigger level for rrecasteaux

Channel has lnregularlyexceeded over the course of tiBEMPmonitoring program, despite stable
concentrations over th0092023 period This particular triggelevelappears unreliable and should

be reviewed as part of the EFESproject There were no exceedancesdabflorophylla triggers at the

regional scale in the Huon MFDP in 2@3. Level 1 (low risk) site level exceedances for annual
chlorophyllaO2 Yy OSY (iN} 6A2ya 6SNBE NBO2NRSR F2NJ ao |yR ay

in the HuonRiver

For dissolved oxygen (absolute and % saturation), there were no instances of trigger levels being

NEI OKSR F¥2NJ 6KS 5 Q9 y i NB 0228 iefotingperiodidr the HuorRivES I A 2y 7
region, level 1 (low risk}riggers for dissolved oxygen concentrations in bottom waters have been
exceeded in most years since 2009, including?2Z2, with no evidence of aimcreasingr decreasing

trend.
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Table A: Summary of performance against proposed trigger levels foR2D2reporting period.

Category |Parameter HuonRiver 509y GNBOI &6 St dzH
Sedimen |Biota# Not tested Not tested
t Chemistry No exceedance Noexceedance
TAN* Regional: Levdl (summer mean) Regional: No exceedance
Site:Level 1 (M13) Site: Level 1M9)
Regional: Level 2 (annuakarn); Level 1
Regional: No exceedance g v ( ) Lev
Water Chlorophylla . (summer mean)
] Site:Level 1 (M11) .
Quality Site:Level 1 (M3; N3)
Phytoplankton blooms No exceedance No exceedance
Absolute DO (mg/L) Level 1 €hannelkites) No exceedance
Relative DO (%) No exceedance No exceedance

* Total Ammoniacal Nitrogerfassessed every four years.
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1. Operational Summary

Organisation Conducting Environmental Assessment:

Aquenal Pty Ltd

ABN 86 081 689 910

244 Summerleas Rd

Kingston

Tasmania 7050

Phone 03 6229 2334 Fax 6229 2335

e-mail: admin@aquenal.com.au

Details of Equipment Used f@ampling:

w

g€ €& € € ¢

YecKal YK615 and YSI Pro D8#&ter qualitysondes(DO concentration and saturation, temperature, salinity)
Niskin bottle (bottom nutrient samples)

Pole sampler (surface nutrient samples)

14 m length of flexible clear plastic tubing (phytoplankton)

Van Veen grab (benthic infauna)

Craib corer (redox, stable isotopes, particle size and sulphide samples)

WTW pH 320/sefl. meter with Mettler Toledo P1480BXKS8/225 combination redox probe (redox analysis)
WTW pH 320/sefl meter with uniPROBE Sulphide lon selective Electrode Connector probe (sulphide analysis)

GarminGP®\ovatel Smart Antennésite location)

Vessel:

il

Katelysia- 6.7 m aluminium twin hull Aquenal survey vessel

Laboratories:

Laboratory Address Analytes

Aquenal Pty Ltd 244 Summerleas Rd Sediments: Benthic infauna, redox, sulphide, particle size
Kingston, TAS 7050 Water: DO, salinity, temperature, DO saturation

Analytical Services New Town Laboratory Water: Ammonia (Total Ammoniacal Nitrogen), NitraRissolved

Tasmania 18 St Johns Avenue, New Tow ReactivePhosplorus, Silica, Total Nitrogen, Totah&phorus

(NATA accredited TAS 7008 phytoplankton cell counts, chlorophy| and abundance/diversity

Laboratory)
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2. Introduction

The Broadscale Environmental Monitoring Program (BEMP) was developed as a requirement in
accordance with théMarine Farning Planning Act 1995The sampling specifications for this project

are included inPAppendix 8 in Environmental Licences (iBltglly issued in August 2018)r finfish

growing operations located within th6 Q9 y i NBOF &St dzE / KFyy St | yR | dz
Development Plan (MFDHA)he Environmental Licengstate that monitoring must be undertaken by

a consultant acting on behalf of all licd finfish marine farming lease holders within these areas.

Aquenal Pty Ltdhas beenengaged as the consultant to perform this pragn of worksince its

inception in March 2009

The BEMP is aimed at assessing water and sediment quality and benthic infauna health at a broad
scalethroughouti KS 5 Q9 y (i NB Ol & (i S IRz The mdnifoying progtanf &esign degsy
largely structured arounthe recommendations of studiegrevioudy undertaken in the region (e.g.
Thompson et al. 2008, Volkman et al. 2009).

The monitoring program has water quality and sediment monitoring aspects, each containing a range

of analytes/parameters (Table 1). A total of 15 sites are included; BileMdp Ay 5Q9y (i NBOI &
ChannelM10-M14 in the HuorRivefPort Esperanceegionand control siteM15 in Recherche Bay

(see Figure 1). The precise location of water {MM5) and sediment (BB15) sites areslightly

different to align with site locatiosused inhistoricalmonitoring studiesn the region Theanalysis of

benthic infauna, stable isotopes and particle size is undertaken dwaryears. In the intervening

years, these samples are collected, preserved and retained. Assessment of the samples retained from

the intervening years may be required where sediment chemistry parameters (e.g. redox, sulphide)

and/or the 4yearly benthidnfaunal parameters are triggered.

BEMP annual reporting was deferred while the Institute of Marine and Antarctic Studies (IMAS)
conducted a detailed data review for the 200012 period, which was reported in 2013 (Ross and
Macleod 2013). A combined annual report coveirfing BEMP reportingeriodsfrom March 2012 to
February 2017 was completed in November 2017 (Aquenal 20idannual repor for the March
February periods of 20118 (Aquenal 2018)2018/19 (Aquenal 2029, 2019/20 (Aquenal 2019);
2020/21 (Aquenal 202a) and 2021/22 (Aquenal 202) periods have been completedhe BEMP
datasetwas also analysed by IMAS in 2017 as paat miditrient investigation for théduonRiverand
509y i NBOI aiiBeH ezil 201R)AnyinNestigation intdenthic infauna was conducted in
2021 using data from 2062020 (Aquenal 202k). The effectiveness of the BEMI® assessinghe

potential impacts of finfish farming operatiomgs reviewedn 2021 (Blaclet al.2021).

BEMP eportingpresented heras consistent with requirements outlined in Appendix 8 of televant

Environmental Licence3he current report includes an assessment of water quality and sediment
10
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sampling eventdor the 2@2/23 reporting period Annual comparisons are based on-rh@nth
periodsbeginning in March and ending in February the following year to be consistent with previous
analysis and reports. The Marétebruary annual reporting window reflects the March inception of
the BEMP in 2009, but it also allows seasonal compari@gscomparison of summer mearibat

are not meaningful on a calendar year bdsig. Januarpecember)While this report focuses on the
2022/ 23 reportingperiod, previous datasincluded to provide context to time series dagdiments
collected in2022 were described and analysed for redgotential and sulphideconcentrations
Samples for the determination of benthic infauna, stable isotopes and particle size were archived as

per the 4year rotation stipulated in the Environmental Liceace

Previous annual reports have used regions defigdMFDPs (i.e. HuoRivefPort Esperance

5Q9y iNBOF&aGSHdzE / KFEIyySto & 2NAFYAaAYy3d LINAYOALIN
dependent on these MFDPs. In October 2019séMFDPs were merged into a single MFDP called

GKS 5Q9yGNBOF&aGSHdzE / KFEyySt yR 1 d2y wA@BSNI aC5t d
GKS 1d2y WAGSNI YR 5Q9yiNBOIaGSEdzE / KIyySt A& NJ
consistencywith previous reports is important. In other instances, reference to separate regiass

beenremoved.

11
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Tablel: Survey frequency, sample sites, sample numbers and method for each analyte.

Component Analyte/Parameter Frequency Number of §|tes for each |Total number samlples per sitg Method
sampling event for each samplingevent
winfauna (baselineollection+ ID/ongoing X3
Biota collection only withnfaunalre-evaluation Annually 15 Benthic gab
(seabed)
every 4 yeas)
=
q) A ~
% w wspeténtial
o wStable isotope analysis (frequency of samy 3
Chemistry processing consistent witinfauna, above) Annually 15 Benthic corer
: . (seabed)
wParticle size
wSulphiek concentration
wAmmonia (total ammo.placailtﬂrogen) Monthly
w bAUNIUOS Mav-Jan X2
. w t K2ALKLEFGS y--an, (surface/ Polesampler/
Nutrients - 15 o
wSilion . 1m above Niskin bottle
. Fortnightly Feb,
wTotal nitrogen TN March. April seabed)
wTotal phosphorusTP ' AP
)
~(_§ Monthly
g Dissolved Oxygen wTemp(_er_ature 15 (surface, DO Temp
S wSalinity Fortnightly Feb, 5m,1m Salinity Meter
= wDOsaturation March, April above seabed)
Monthly
wCell comts (12m depth
Phytoplankton wChlorophylia Fortnightly Feb. 15 integrated) Integrated sampler
wAbundance/diversity March, April

1 Note that High Performance Liquid Chromatography (HPLC) analysis was undertaken between March 2009 and February 201RaBetvafdr? and March 2018, HPLC samples were archived but not
analysed. After March 2018 HPLC samples were no longer collectedietision was made in consultation with the EPA to be consistent with other monitoring programs and reflects the tatotbphylla

and cell count analysis are adequate for phytoplankton assessments
12



Aquenal Pty Ltd

BEMP Annual Report 29/ 23

Huon/D'Entrecasteaux BEMP
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A Huon Channel
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Sediment Sites
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Il D'Entrecasteaux Channel
[ Huon River and Port Esperance

Figurel: Map of water quality monitoring sites(M1-M15), sedimentmonitoring sites(B1-B15)and marine leases in the HuoRiverl Y R 5 Q9 y (i NB O . Betaifs bfdzich / K| yy S
monitoring site are given in Table 2.

13



Aquenal Pty Ltd BEMP Annual Report 29/ 23

3. Methods

Before commencing each sampling event the vessel §B®m was calibrated against a State
Permanent Mark (SPM)hdduring each sampling event site positions were recorded. Table 2 lists the
site coordinates for all sites in the monitoring program. Sites M1, M3, M5, M6 M9, M10, M14 and
M13 were designatedMid-Channek sites and M2, M4, M7, M8, M11, M12 were designated2esg

sites(see Figure 1)

3.1 Sediment

Sediments were collected from the fifteen sediment sampling sites across the Rivenand
5Q9y i NBOF &GS dzE /| KFigfryg § Tabla Y)dertifitzitiozayt amalysisrof benthic
infaung particle size analysis asthbleisotopesareundertaken every four years, with samples in the
intervening years archived, as per Appendix 8 of the Environmental Lednfauna samples have
beenanalysed for 2009, 2012017 and 2021. 8mples collectedor benthic infauna particle size

analysis and isotopén April(autumn)2022 for thisreporting periodhave been archived.
3.1.1Archived Samples

Triplicate benthic samples wereollected at eaclsedimentsite (see Figure 1; Table iy Van Veen

grabs The grab samples were washed through an aluminium funnel into polypropylene bags with a
mesh size of 0.8 mm. The bagged samples were labelled and placed into a 20 L drum of 10% buffered
formalin for a minimum of three day# the laboratory, collected material was washed through a 1

mm sieve and the retained material placed in labelled vials and preserved in 70% alcohol for long term

storage.
3.1.2 VisuaAssessmentRedox Potentiabnd Sulphide Concentration

Triplicate sediment cores were collected at eaetlimentsite (Figure 1; Table 2) using a Perspex corer
with a 50 mm diameter. A visual assessment of each core was conducted at the Aquenal laboratory
andincluded measurement of core length, sediment colour (using a Munsell soil chart), assessment
of plant/animal life and assessment for gas vesicles and smell (indicating presence/absence of
hydrogen sulphide)Redox and sulphide concentrations were determined from sediment cQese

samples weresubsamplé for particle size and stable isotope anayand archived accordingly.

14
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Table2: Site descriptions for water quality and sediment monitoring.

Site Name Type Location MFDP are#é Classification | Depth (m) Easting Northing

M1 Water Northern Boundary | Boundary Channel 20 527684.3| 5232077.5
M2 Water Northwest Bay D'Entrecasteaux | Bay 23 523534.9| 5233037.0
M3 Water Upper Mid Channel | D'Entrecasteaux | Channel 20 523752.2| 5225262.6
M4 Water Barnes Bay D'Entrecasteaux | Bay 18 526513.4| 5224119.7
M5 Water Green Island D'Entrecasteaux | Channel 14 524124.6| 5215636.6
M6 Water Central Mid Channel| D'Entrecasteaux | Channel 19 515244.9| 5204098.0
M7 Water Little Taylors Bay D'Entrecasteaux | Bay 13 516856.5| 5200018.5
M8 Water Great Taylors Bay D'Entrecasteaux | Bay 29 512706.9| 5191231.9
M9 Water Southern Boundary | Boundary Channel 50 505506.1| 5194295.7
M10 Water Lower Huon Huon Channel 32 506737.0| 5210741.8
M11 Water Cygnet Huon Bay 14 507312.3| 5217304.4
M12 Water Dover Port Esperance | Bay 30 502675.3| 5202537.7
M13 Water Upper Huon Huon Channel 8 498550.0| 5222185.0
M14 Water Mid Huon Huon Channel 17 500649.9| 5216586.4
M15 Water Recherche Control Control (Bay) 12 492064.0| 5178637.0
B1 Sediment | Northern Boundary | Boundary 28 527388.0| 5232358.0
B2 Sediment | Northwest Bay D'Entrecasteaux 24 524236.0| 5233512.1
B3 Sediment | Sheppards Point D'Entrecasteaux 22 524089.1| 5227962.0
B4 Sediment | Roberts Point D'Entrecasteaux 14 525224.1| 5224328.0
B5 Sediment | Soldiers Point D'Entrecasteaux 25 522337.1| 5219689.9
B6 Sediment | Green Island D'Entrecasteaux 14 524124.6| 5215636.6
B7 Sediment | Zuidpool D'Entrecasteaux NA 512422.5| 5202009.5
B7 (revised)*| Sediment | Zuidpool D'Entrecasteaux 38 511188.0| 5202954.0
B8 Sediment | Great Taylors Bay D'Entrecasteaux 42 512028.0| 5194349.6
B9 Sediment | Lippies Point Boundary 46 504494.8| 5195744.8
B10 Sediment | Garden Island Huon 32 507993.2| 5210570.8
B11 Sediment | Deep Bay Huon 21 507095.0| 5213795.3
B12 Sediment | Dover Port Esperance 30 502357.1| 5202638.7
B13 Sediment | Pillings Bay Huon 11 498167.8| 5220383.2
B14 Sediment | Brabazon Point Huon 15 500172.0| 5217257.8
B15 Sediment | Recherche Bay Control 7 492064.0| 5178637.0

*Note that location of site B7 required adjustment in 2016, due to its close proximity to the amended Zuidpool (MF141)
lease. The new site B7 was located approximately 1.5 km from the original location, in the sameadgpths the original

site.

# Saparate MFDPs were merged into a single MFDP in October 2019.
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Redox potential was measured in each copen return to the laboratory at the end of each field day.
Redox potential was measured at a depth of 3 cm from the top of the cores, using a WTW pH-320/set
1 meter with Mettler Toledo P1480BXKS8/225 combination redox probe. The probe was calibrated
prior to analysis and allowed to stabilise before taking measurements using the methods described in

Macleod and Forbes (2004).

The sulphide probe was conditioned and calibrated according to Macleod and Forbes (2004) before
analysis of sediment from the cores. A sediment-saimple of 2 ml was extracted from a port in the

side of each core tube using a 5 ml syringe and placedglass ial. 2 mLof sulphide antioxidant

buffer (SAOBrefer to Macleodand Forbe2004)was added to each jaand sulphide concentration
(mV)measured by placing the probe into the jar, and slowly stirring the sediment/buffer mix until the
reading stabilised. The mV readings were converted to sulphide concentration using the calibration

curve prepared prior teample analysis

3.2 Water Quality

Table 3 summarises the laboratories and analytical techniques for water quality parameters included
in the BEMPDetails of data management and curation of missing and spurious data are outlined in

Appendix 1.
3.2.1 Physica&chemicalParameters

Temperature, dissolved oxygen (DO; mg/L and % saturation) and salinity was measurediaking a

sonde YecKal YK615/YSI ProDSSYleasurements were taken at the surface (0.1 mjddle 6 m)

andthe bottom (L m above the seabgdf the water columnThe water quality analyser was checked

2N OFfAONIGSR Ay | OO02NRIYyOS gA0GK GKS YI ydzFl OG dzN
Water quality parameters were stored on the internal memory for each sample and downloaded each

day upon return to thdaboratory. Key water quality parameters were also scribed in the field.
3.2.2 Nutrients

Analytical Services Tasmania (A&Weconducted all testing faiotal nitrogen andtotal phosphorous.

CSIRO Marine Laboratories (Hobart) analysed sampleanfaronia {otal ammonacal nitrogen),

nitrate, dissolved reactivphosplorusand silica concentrations from 2009 until April 2012, while AST
analysed these dissolved nutrients from May 2012 onwalitlss known from interlaboratory
comparisons (Eriksest al.2009 AppendixXd) that there is some discrepancy in the measurement of
ammonia concentration between CSIRO and AST laboratories. Fortunately, AST were contracted to
measure totalnitrogen and total phosphorusfor the entire BEMP monitoring period and, when
measuring totahitrogen, also measuredammoniaand nitrate concentratins. The AST datdor the
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20092012 period has subsequently been provided for these particular aaglgowing a consistent

approach tatime seriesanalysis

The methodologies followed by AST laboratories have associated minimum reporting(MRits;

see Appendix 1For example, the following laboratory reporting limits apply for (a) total ammoniacal

nitrogen <0.005 mg/L; (b) nitrate €.002 mgN/L; (c) dissolved reactive phosphoru6.803 mgP/L;

and (d)silica< 0.1 mg/L(Appendix 1)In their analysis ahe water quality dataset for the Huon and
5Q9YUNBOI 4GS dzE / KIyySts w2aad FyR al Oft S2R 6HAMO®
using avalue of half the reporting limit for analysis and presentation purposes (i.e. wBed08 mg/L

was reported for total ammoniacal nitrogdsy ASTa value of 0.0025 mg/L was used). Accordingly,

all nutrient values in théduork 5 Q9 y (i NIBEMPH a4t lokzlow reporting limits were assigned a

value of half of their reporting limit (Table ©§ome adjustments of results for ammonia, total nitrogen,

total phosphorus and dissolved reactive phosphorus before April 2014 were made to account for

changes in MRLs over time (Appendix 1).
3.2.3 Sample Collection for Nutrient Determination

A Niskin bottle was used for collecting bottom water (i.e. 1 m above the seabed), while a pole sampler
was used to collect surface samples. Sample containers were filled from the Niskin bottle/pole sampler
and stored on ice until return to the laboratorWith the exception of silicate samples which were
refrigerated, nutrient samples were frozen before delivery to the AST laboratories. AST nutrient
samples were filtered at the time of collection using disposable hermetically sealed syringes and 0.45
>Y (ilers.
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Table 3: Summary of water quality laboratory analysis and methods for determination of nutrients and
chlorophylla/microalgae.

Laboratory | Analytes Methods Analysis period
Analytical | Total N, Total P, ammonia, Total nutrients by Kjeldahl Digest and | March 2009February2023
Services nitrate Flow Injection Analysis
I:;_In_w)ama Phytoplankton cell counts, Micro algal cell counts and
macroalgal cell abundance/diversity by microscopic
abundance/diversity observation
Chlorophylla Spectrophotometry
Dissolved reactive phosphorouy Dissolved nutrients bilow Injection June 201ZFebruary2023
(phosphate) silicae Analysis
CSIRO Phosphate, silicate Dissolved inorganic nutrients were March 2009May 2012
determined using colorimetric methods
adapted for Flow Injection Analysis on &
5 channel LACHAT Quithem 8000 auto
analyser
*Phytoplankton pigment *HPLC March 2009February 2012
concentrations

*Note that HPLC sampléetween February 2012 and March 2018 were collected @ublived but not analysed. Detailed
phytoplankton data is provided from AST species counts and chlorgpéuydlysis.

3.24 Phytoplankton

Depth integrated samples were collected at each sample site using a 14 m length of flexible clear
plastic tubing marked with 1 m graduations. The tube was weighted at the bottom end and lowered
through the water column at approximately 1 m/sec to reacheptth of 12 m or within 2 m of the
seabed. The tube was then sealed at the surface to trap the water. Once onboard the boat, the sample
contents of the tube were poured into a large bucket and gently mixed to achieve homogeneity.
Samples were then transfexd into a storage container armbldon ice prior to deliverto the Aquenal

laboratory.

At the Aguenal laboratory, samples destined for chloropayhalysis at the AST laboratories were

filtered using a vacuum pump and Millipore filtering units with a Whatman GF/F filter. Filters were

frozen before delivery to the AST laboratoriesST laboratories determined the chlorophylla
concentrationby measuring photosynthetic pigments by spectrophotomeidentified microalga

and macroalgaspecies and counted the number of cells for each species peofrwvater using

microscopp 91 OK &LISOASE 6l a | aaArA3dySR | FdZt GFE2y2Y)

the World Register of Marine Speciéstp://www.marinespecies.org). The dataset was divided into

harmful and norharmful species (listed in Append® on the basis of Hallegraeff (2002) and
Thompson et al. (2008, pp. -B%). Recognised phytoplankton experts were also consulted.
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3.3 Quality Assurance/Quality Control

For each sampling event, quality assurance/quality control (QA/QC) samples were collected. There

were two maincomponents 0fQA/QC sampling:
3.3.1DuplicateSamples

For each samplingvent a sample duplicate was taken from one randomly selected site (surface and
bottom). All nutrients were analysed in the duplicate samplaplicatechlorophylla samples were

also collected from a single integrated depth sample on each sampling occasion.
3.3.2Trip/Field Blanks

Field and trip blanks were supplied by AST and included for each sampling eveireldrbank was
taken on the survey before being transferred and filtered on board the vessel. The trip blank was also
taken on the survey but remained unopened. Trip and field blanks were stored and transported in the

same manner as the site samples.raitrients were analysed for field and trip blank samples.
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4. Results and Interpretation

4.1 Sediment

4.1.1 VisualAssessment

Results from visual assessment of carelected inApril 2022 are documentedin Table4. The most
common gdiment colourwas Dark Grey (BB B1012), followed by Dark Greyish Brown (B9, B15)
and Very Dark Greyish Browrl@B14). Sediment type wadescribed agither fine or very fine sand

in all cores. Shell grit or shell fragments were observed at a number of sites, mostly in the northern
DQreirecasteaux BGannel (i.e. B3, B4, Béhd dark streaks were observedBit andB15.Evidence of
animal lifewas noted in the majority of coresypically the presence of burrowsit also including
shrimp, isopods, worm tubes, polychaetes, amphipods and brittle Staredouror gas bubbles were

detected from any core.

The sediment characteristics in thigril 2022 survey were similar to previous surveys and no major
changes in sediment characteristics have been detected since the inception of the monitoring program
in 2009
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Table4: Core descriptionsfor sediments collectedn April 2022.

Core First Layer Second Layer Biota Gas or Smell
Core AL Colour Sediment e Colour Sediment DI Plants Animals Gas | Smell
(mm) (mm) (mm)
BL1 | 140 10YR/4/1 Dark Grey Very fine sand/silt 30 | 10vRi4/L Dark Grey| Vo ™® eslfg‘rji{s'” 140 | i Burrows Nil | Nl
Very fine sand/silt
B1.2 100 10YR/4/1 Dark Grey Very fine sand/silt wittshell grit 20 10YR/4/1 Dark Grey| with sparseshell grit 100 Nil 2xMaoricolpus roseyshrimp Nil Nil
dark streak 70 mm
B1.3 125 10YR/4/1 Dark Grey Very fine sand/silt wittshell grit 50 10YR/4/1 Dark Grey w\i/tﬁr)s/;;zess?\rgljl/zlrlitt 125 zﬁggg Burrows, isopod Nil Nil
B2.1 110 10YR/4/1 Dark Grey Very fine sand/silt 110 Nil Burrows 860 mm Nil Nil
B2.2 120 10YR/4/1 Dark Grey Very fine sand/silt 120 Nil Burrows 830 mm Nil Nil
B2.3 140 10YR/4/1 Dark Grey Very fine sand/silt 140 Nil Burrows 690 mm Nil Nil
B3.1 130 10YR/4/1 Dark Grey| Very fine sand with sparshell grit | 130 nil | Burrows ngy‘zrr:‘a'e‘f:g:‘ igbn?; atsurfacq [ i
B3.2 160 10YR/4/1 Dark Grey| Very fine sand with sparshell grit 160 Nil Burrows 680 mm & at 110 mm Nil Nil
B3.3 130 10YR/4/1 Dark Grey| Very fine sand with sparshell grit 130 Nil Burrows Nil Nil
B4.1 110 10YR/4/1 Dark Grey| Very fine sand with sparshell grit 110 Nil Ascidian Nil Nil
B4.2 110 10YR/4/1 Dark Grey| Very fine sand with sparshell grit 110 Nil Burrows 2690 mm Nil Nil
B4.3 100 10YR/4/1 Dark Grey| Very fine sand with sparsghell grit 100 Nil Burrows at 90 mm, worm tube at surfac{ Nil Nil
B5.1 115 10YR/4/1 Dark Grey Very fine sand/silt 30 10YR/4/1 Dark Grey V‘?,a’ﬂ:'gf] esl‘f‘gf:{s'“ 115 Nil Burrows 4680 mm Nil | Nil
B5.2 120 10YR/4/1 Dark Grey Very fine sand/silt 10 10YR/4/1 Dark Grey W\i’tﬁrzgg‘rz ;?\Z(ﬂ/ erlitt 120 Nil Burrows Nil | Nil
B5.3 130 10YR/4/1 Dark Grey Very fine sand/silt 10 10YR/4/1 Dark Grey W\i’tﬁrzgg‘rz ;ig‘ﬂ/ erlitt 130 Nil Burrows Nl | Nil
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Core First Layer Second Layer Biota Gas or Smell
Core I‘(i?r%;h iy SdiE I(Ds;;:? Colour S S I(Drﬁfrf;' Plants Animals Gas | Smell
B6.1 160 10YR/4/1 Dark Grey Very fine sand/gsri:t with sparsshell 160 Nil Worm tubes at s;l;;ace, burrows 3D Nil Nil
B62 | 140 10YR/4/1 Dark Grey | Ve fine Sa”d’;i:: with sparsshell |, Nil Burrows 030 mm Nil | Nl
B6.3 160 10YR/4/1 Dark Grey | V&' fine Sa”d/;i:: with sparszhell 160 Nil Burrows 3640 mm Nl | il
B7.1 145 10YR/4/1 Dark Grey Very fine sand with silt 145 Nil Burrows at 30 mm Nil Nil
B7.2 130 10YR/4/1 Dark Grey Very fine sand with silt 130 Nil Burrows at 60 mm Nil Nil
B7.3 140 10YR/4/1 Dark Grey Very fine sand with silt 140 Nil Burrows 870 mm Nil Nil
B8.1 150 10YR/4/1 Dark Grey Very fine sand with silt 150 Nil Burrows 830 mm Nil Nil
B8.2 135 10YR/4/1 Dark Grey Very fine sand with silt 135 Nil Burrows 850 mm Nil Nil
B8.3 145 10YR/4/1 Dark Grey Very fine sand with silt 145 Nil Burrows 6100 mm Nil Nil
B9.1 125 1OYR/4/BZrODWar:k Greyish Very fine sand with sparsghell grit 125 Nil Burrows 620 mm Nil Nil
B9.2 125 1OYR/4é;2rcI)3Warr]lGreyish Very fine sand with sparshell grit 125 Nil Burrows 630 mm Nil Nil
B9.3 130 1OYR/4é;2rcI)3Warr]k Greyist Very fine sand with sparshell grit 130 Nil Worm tube at surface, amphipod Nil Nil
B10.1 120 10YR/4/1 Dark Grey Very finesand/silt 120 Nil Burrows 855 mm Nil Nil
B10.2 160 10YR/4/1 Dark Grey Very fine sand/silt 160 Nil Burrows 3670 mm Nil Nil
B10.3 160 10YR/4/1 Dark Grey Very fine sand/silt 160 Nil Burrows 7690 mm Nil Nil
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Core First Layer Second Layer Biota Gas or Smell
Core Length Colour Sediment Depth Colour Sediment Depth Plants Animals Gas Smell
(mm) (mm) (mm)

B11.1 145 10YR/4/1 Dark Grey Very fine sand/silt 145 Nil Burrows 850 mm Nil Nil

B11.2 140 10YR/4/1 Dark Grey Very finesand/silt 140 Nil Burrows 850 mm Nil Nil

B11.3 165 10YR/4/1 Dark Grey Very fine sand/silt 165 Nil Burrows 840 mm, worm tubes on surfacq  Nil Nil

B12.1 130 10YR/4/1 Dark Grey Very fine sand/silt 130 Nil Burrows 050 mm, ghost shrimp at 70 mn|  Nil Nil

B12.2 140 10YR/4/1 Dark Grey Very fine sand/silt 140 Nil Burrows 660 mm Nil Nil

B12.3 150 10YR/4/1 Dark Grey Very fine sand/silt 150 Nil Burrows 030 mm, polychaete at 140 mn|  Nil Nil

B13.1 120 10YR/2/2 Very dark Very finesandsilt 120 Nil Burrows 040 mm, polychaete at 20 mm, Nil Nil
brown brittle starat 120 mm

B13.2 120 1OYR/§:§VX$W dark Very fine sand/silt 120 Nil Burrows 20110 mm Nil Nil

B133 | 145 1OYRI212 Very dark Very fine sand/silt 145 Nil Burrows 630 mm Nil Nil

B14.1 | 140 10YR/ 3é :rLe\;ery dark Very fine sand/silt 140 Nil Burrows 3650 mm Nil Nil

B142 | 150 10YR/ 3é :rLe\;ery dark Very fine sand/silt 150 Nil Burrows at 40 mm Nil Nil

B14.3 155 10YR/3€;:rLe\;ery dark Very finesand/silt 155 Nil Ghost shrimp at 40 mm Nil Nil

B15.1 125 10YR/4/2 Dark greyish Fine- very fine sand 80 10YR/4/1 Dark Greyf Fine very fine sand, faint 125 Nil Burrows 010 mm Nil Nil
brown dark streaks 630 mm

B15.2 125 10YR/4/2 Dark greyish Fine- very fine sand 70 10YR/4/1 Dark Greyf Fine- very fine sand, faint 125 Nil Burrows at 120 mm Nil Nil
brown dark streaks 74120 mm

B153 | 145 | 1OYRMRZDarkgreyish o0 oy fine sand 60 | 10YR/4/1 Dark Grey] T ne-veryfine sand, dark| g Nil Burrows 670 mm Nil Nil
brown streaks 116130 mm
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4.1.2 Redox Potential

Mean site redox potential values at 3 cm depth for sediment cores collected in Apgiradged
between74mV and444mV with a mean redox potential across all site23mV (Figure?). Variation

in redox potential values reflect the organic content, grain size composition, biological activity,
proximity to the open ocean and the associated level of water movement (and therefore agitation) at

the seabedAccordingly, 5 i Sa& Ay G(GKS 5Q9y iNBOI &aiSlIdzE [/ KIyySt &
energy (e.g. B1, B3, B4, B5, B6, B9) generally display higher redox levels than those from more
sheltered waterways in the HudRwver (e.g. B10, B11, B12, B13, B14, B15) (Figure 2).

In their study of the impacts of fish farms in sowthstern Tasmanidylacleod and Forbes (2004)
demonstrated that uneaten food, fish faeces and otfem emissions can cause organic enrichment

and subsequent degradation of sediments underneath and adjacent to fish fistacteod and Forbes
(2004)proposed that redox potential valuesD<mV and sulphide concentrationsl80 uMare useful
AYRAOFG2NAR 2F WAYLI OGSRQ aSRAYSyiGa GKFIG ENB G@L
Redox potential valuein the HuorRiverl Yy R 5 Q9 y (i NB O IBEMPSitesiztte welKaboye/ S

the <0 mV threshold in April 2@ Figure 2) and in the preceditigrteen sampling years (2002021,

Figure3). Thesaesults are therefore indicative of broatale healthy sediments that are unimpacted

by organic enrichment throughout the region over this period. Redox potential values have remained

relatively stable for sediments collected between 2009 and24Gyure3).
4.1.3 SulphideConcentration

Mean sulphide concentrations in April 2Dgigure 2) were 8.1-1.0 pMfor the majority of sitegB2-
B12, B14), with slightly higher sulphide concentrations observed atBitds uM), B13 6 uM) and
B15 (B pM). In April 202 and in the previoughirteen sampling years (2002021; Figure 4),
sediments samples were well below thel80 puMthreshold used as an indicator of degraded or
WAYLI OGSRQ a SdadterhSTysinania \Maclead?adirli Fdrbes 2004; admeve). Sulphide
concentrationgn 202 and previous surveyare indicative of broadcale healthy sedimentsvith no

evidence of significardrganic enrichment throughout the region over this period.
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Figure2: Correctedredoxvalues(mV) andsulphide concentrations(uM) for fifteen sites in the HuorRiverand
5Q9y G NBOIF &GS dzE [/ K Y yirSApril 02 NDrogsBaRshindiage thé mear dnd fifle® cirQe’
represent replicate observationat each site Organic enrichment is typically indicated by redox value8 mV

and sulphide concentrations $00 uM(Macleod and Forbes 2004) and this is represented by the dashed line
in each chart
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Figure3: Redox potential (mV) for 15 sites in the Hudiverr Yy R 5 Q9 y (i NSOl & i S| dzE 2, ifkcluging
(a) replicate observations (circles) and the mean (crosshairs) for each site for each year; and (b) boxplots repres
the median (horizontal line), mean (crosshairs), 20th and 80th percentiles (box) and minimum and maximum v
(vertical line). Organic enrichment is typically indicated by redox value® sV (Macleod and Forbes 2004) and this
represented by a dashed line.
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4.2 PerformanceAgainstProposedBenthic Trigger Values

Thompson et al. (2008) reviewed tleeal, national anehternational literatureon benthic parameters
(biotic and abiotic)ith the aim of providing indicator and performance measures for breeale
benthic health in the HuorRiverl Yy R 5 Q9 y (i NB O Molbénthiziparamétdr, ysyi& of @
parameters or indices werdeemedsuitableby Thompson et al. (2008)r use as an indicator or
performance measureThompson et al. (2008) describ®ery diversebiological communities and
sediment characteristics that viad at a range of spatial scales, sometimes in association with spatial
heterogeneity in benthic habitapf the HuonRiverk Y R 5 Q9 y (i NB Ol Bhéi i@dsatzkfor/ K| yy &
rejection of most benthic indicators ave related to high spatial variability leading toacstatistical
power and the subsequent requirement for a very large number of samples that was considered
unfeasible for a systemide monitoring program (Thompson et al. 2008)stead, Thompson et al.
(2008 recommended (a) the collection of benthic sediment samples as part of the Rivemand
5Q9y GNBOI ai St dand (b) Baey ghSHs datadhe delelopnent of suitable benthic

indicators or a suite of indicators that can be used as performance measures at syisterscales.

To date, a set of robust benthic indicatorsveaot yet been developedThe TasmaniaBPA intends
to undertake a review ofrigger levels as part of the Environmental Standards (ES) project, which is

currently underway.

Benthic conditionswere assessedor sediment chemistryaccording to the preliminary measures
proposedby Thompson et al. (2008; see Tale G KA OK | NB o0l &SR fgox WaAIyAa
potential or sulphide concentrationgver time at either (a) one site = low risk; (b) two sitesih
indicators = moderate risk; or (83 sites inx 2 indicators = high risk (Tabk. The direction or
YI3yAGdzRS 2F WaAIYATFAOIYy(d OKIy3aSQ Ay GKSas |

Q)¢
Qx¢
(s}
Q)¢

insteadkey literature for the region (e.g. Macleod and Forbes 2004; Thompsah 2008; Butler et

al. 200Q was usedo provide context to observed trends.

Benthic infauna trenddave beerbenchmarked against measures proposed by Thompson et al. (2008;
see Table 5) in 2009, 2013, 2017 and8@cording to a fouyear cycle stipulated in Appendix 8 of
the Environmental Licensa@ndare planned to beeanalysed in 20Ras part of the 202/26 annual

report.
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Table5: Recommended trigger levels for benthic monitoring program parameters with 3 levels of trigger
values. Modified from Thompson et al. 2008.

Standard orBaseline Value Level 1 Level 2 Level 3
Parameter
Huon 509y i NB(J (Low risk) (Moderate risk) (High risk)
Sediment TBD TBD Significant change overl  Significant change in Significant change in
biota time at one or more multivariatecommunity multivariate community
sites. Other indicators structure at one site. structure at two or more
(infauna) TBD Other indicators TBD | sites. Other indicators TB[
Sediment ANZECC ANZECC Significant change overl  Significant change over| Significant change over
. guidelines for guidelines for time at one site. time at 2 sites/ 2 time at > 3 sites/ 2
chemistry
metals and TBD| metals and TBD indicators. Exceeding indicators. Exceeding
ANZECC low guideline§ ANZECC high guidelineq

4.2.1 Sediment ChemistryPerformanceAgainstBenthicTriggerValues

Site-specific and regiomwide redox values have remained relatively stable between 2009242

(Figure 3)Small changes have been evident over timaywever,these changes are within the range

of variability expected from redox measuremenmtifferences in redox potential over timere not
considered?a A AYAFAOI YyGQ 6aSS ¢l ofS po RdzS G2 o6F0 (GKS
that all samples (830 since 2009) have consistently been above the threshold for degraded

sediments foifourteenyears (< 0 mV; Macleod and Forbes 2004).

Regional sulphide concentrations have shown minor fluctuations between 2009 a2d2@2re4)

with slightly higher concentrations recorded in 2012 and 2013 and very low concentrations recorded

for all other years. In their review of 20012 BEMP data, Ross and Macleod (2013) noted potential
WAAIAYATAOLYy(d OKIFy3ISaQ ted B2, BlaAznd KA iR 30120t yodGugield tat (G A 2 v
they were: (a) still very low; (b) within the range of variability encountered at other sites; and (c) well

within the normal range observed within their respective regions (i.e. HRiser2 NJ 5 Q9 y i NB O & ( !
Channel). The range and central tendency of-sjiecific (Figure & and regiorwide (Figure 4b)

sulphide concentrations for 2@avere equivalent to those recorded in the precedihgteen years.

Therefore, there were no significant changes (see Table 5) in sulphide concentration2.irTR62

range of sulphide concentrations observed over the thsteen years (632 UM; n=630 samples;

Figure 4b) has been codsrably lower than the threshold for degraded sediments (> u0g;

Macleod and Forbes 2004herefore based on the chemistry results ®ediments collected in 2@2

there were no exceedances of propodeghthictrigger levels (Table 5).
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4.3 Water Quality

This section presents data on nutrients and physieemical water quality parameters in the Huon

Riverl YR 5Q9y iNBOIadSI dE / KI 2032 &tFEbruan2@Ritink yedod.2 Yy G KS
Comparisons were made with previous years (i.e. 2009/12021/22) using the same March

February annual period. This approach was consistent with previous annual reports (e.g. Aquenal
2017; Aquenal 20%8Aquenal 2028; Aquenal 2020bAquenal 202a; Aquenal 202) and allowed

direct comparison with previous analyses andestigations of performance against trigger limits.

Analyses of temporal (i.e. seasonal, monthly, annual) and spatial trends (i.e. across MFDP regions,
between bays and channels and between sites) were the focus of past annual reports for the region
(Aquenal 2010Aquenal 2011Aquenal 2017; Aquenal 2018quenal 2028; Aquenal 2020Aquenal

2021a; Aquenal 2020 YR 20 KSNJ NBOASsa 2F GKS 1d2y YR 5Qf
MacLeod 2013Black et al. 2022see also Bell et al. 20). These spatial and temporal trends are
presented and summarised here, followed by a discussion of how the central tendency (median,
mean) and variance (#0and 80" percentiles, range) of water quality parameters in22(23
compared to previous annual periods. Where possible, the literature related to the hydrodynamics
and ecology of the HuoRiverk Y R 5 Q9 y (i NB @Ilis&diadn- ugps to cdatexgilise results

(e.g. Butleret al.2000; Butler 2006; Thompson et al. 2008; Volkman et al. 2009; Parsons 2012; Ross
and Macleod 2013).

A schematic describing the graphical presentation of nutrient and phygiemical parameters is
included in Figur® below. Detailed plots at thandividualsite level are included inpdendix2, while

maps depictin@nnualspatial patternsover the 20092023 period areprovided in Appendi8.
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Figureb: Schematic guide to interpretation of water quality chart&) shows trends over time at three depths across tBEMPregion; (b, c) illustrate changes in the
variance and central tendency of annual periods (MarERbruary) for 2009/10 to 222/ 23; (d, e)highlight observations from the current year (22/ 23) in relation to
the variance and central tendency of thgrevious nine years (2002022).
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4.3.1 PhysicechemicalParameters

4.3.1.1 Temperature

Water temperature throughout thedepth profile exhibits a strong seasonal cycle with highest
temperatures in summer and lowest temperatures in wintieigureba-e; Appendix?). Surface waters
are relatively warm compared to bottorvater temperatures in the spring and summer months. In

winter, surface waters become markedly cooler due to inputs from snow melt and rainfall

Temperaturesn 202/23 were broadly consistent wittprevious yeargFigure6a-e). Comparedo
previous yearswater temperaturesin surfacesampleswere relatively low in November2022 and

bottom water temperature was relatively high in May 20F2gure6d).
4.3.1.2 Dissolvedxygen

Dissolved mygenin the water columrexhibits a weak seasonal cycle with higher values in winter and

spring and lower values in summer and autumn (Figlare; Appendix2; Figure8a-e; Appendix2).
5A4a2ft SR 2Ee3aSy tS0Sta NB NBfIF GAJDISSdadd nimA T2 NY
variable across the HudRiversites where bottom water dissolved oxygen tendst@tify in summer

and autumn, particularly for sitesgherup theestuary(i.e. M11, M13, M14Figure7e).

There were no departures from loAgrm dissolved oxygerevelsin 2022/23, with the central
tendency and variance observddring the2022/2 3 periodequivalent to the precedinthirteen years
(Figurera-e). Dissolved oxygen was not measured at sitesMZin November 2022 (survey 207) due
to a SONDE malfunction

4.3.1.3 Salinity

Salinity is stratified isome parts of thaegion with lower and more variable values on the surface

compared todeeperwaters (FigureQa-e; Appendix2). This is driven byower and more variable

salinity levels in the surface waters of the HuRiverO2 YLJ NER (2 (GKS 5Q9y(iNBO
(Figure8e). Lower salinity values in the HudRiverare driven by freshwater inputs from the Huon

River flowing ito surface waters (Butler et al. 200@alinity tends to show minima&hriation across

most sites and seasgnapart from lower values in surface samples in winter months. As expected,

these lower salinity levels are most evident at H&versites (.e. M10,M11,M13, M14) inthe winter

monthswhen river flows are highegFigure9d, e).

There wereno major significant departures from lontgrm salinity levels i2022/2 3, with the central
tendency and variance during tl28022/2 3 periodgenerallyequivalent to the precedinthirteenyears
(Figure9a, b). Relatively lowsalinity observationsvere evident in surface waters May 2022 (Figure

8d), likely indicative of high freshwater inputs across the region during this period.
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Figure6: Temperature 0 F2NJ GKS 1d2y YR 5Q9y i NBOI &0 S| dzE (a) eant
monthly values over time with site observations (points) overlaid; (b) annual box plots; (¢) seasonal box plots
monthly box plots for 2002022 data with site observations for 2022 3 overlaid; (e) box plots for each site for 200¢
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mean monthly values over time with site observations (points) overlaid; (b) annual box plots; (c) seasonal box plot
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oxygen was not measured at sites M7 in November 2022 (survey 207) due to a SONDE malfuncitots by site are
illustrated in Appendix2.
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Figure9: Salinity (ppt)¥ 2 NJ G KS | dz2y | YR 5Q9y G NBOI &GSt dzE  (a9raedn northly
values over time with site observations (points) overlaid; (b) annual box plots; (c) seasonal box plots; (d) monthl
plots for 20092022 data with site observations for 2022 3 overlaid; (e) box plots for each site for 2022 with
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Appendix2.
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4.3.2 Nutrients

4.3.2.1 Ammonia (Total Ammoniacal Nitrogen; TAN

Patterns oftotal ammoniacal nitrogen (TANPncentratiors are depicted in Figur&Oa-e (Appendix

2). Observations ofhese longterm data and trendshow that TANconcentrationsare higher and
more variable in bottom waters compared with surface waters. A weak seasonal pesttgparent
particularly in bottom watersT ANconcentrations tend to increase during late spring/early summer,
with relatively high levels maintained through autumn before declining in early w{RtgurelOc, d)
TAN concentrations are generally higher and more variable in the HRer compared to the
5Q9y(UNBOLF &GS dee). / K yy St 6 CA 3dzNB

At the regionalscale there were nomajor departures from longerm annualand seasonal AN
concentrationsin 2022/ 23 (Figurel0b). Medianand meanTANfor 2022/23 wasslightlylower than
preceding years (Figutkiab). Compared to previous years, TANsurface watersvasconsistently
very low in surface waters between October 2022 and February 2023 (Fi@dde TAN in bottom
waters wagelatively highn May 2022andrelatively low in April 2022, September 2022 and October
2022(Figurel0d).

In their review of the BEMP datas@&ell et al. (2017) detected an increasing trend ANin bottom
waters between 2009 and 2016 at four sites in soaithern region (i.e.M8, M9, M10, M12 irthe
lower HuonRiverand southern5 Q9 v (i NB O & { Sek azipendid®. linythe Subsequensix
monitoring periodbetween2017and 2023, TANeither stabilised or decreased slightly at these four
sites éee Appendix4) and there has beenno evidence for a continuation of the increasing trend
identified by Bell et al. (2017).

4.3.2.2 Nitrate

Patterns ofnitrate concentrationare depicted in Figurdla-e (Appendix2). Observations ofhese

longterm dataand trendsshowthat nitrate concentrationsin the HuonRiverk Y R 5 Q9 y i NS Ol & i
Channel exhibit a strong seasonal cycle with high values in winter and low values imsgsaogimer
(Figurella-e). This is related to the intrusion of nutrient ricdybantarcticsouthern Ocean watesin

late autumn and early winteCrawford et al. 2011Ross and Macleod 2013; Bell et al. 20IThe

decrease in nitrate concentrations in springummer and early autumis likely attributable to
biologicaluptake by phytoplanktoriButler et al. 2000;Ross and Macleod 2013ottom watersare

generally higher in nitrateompared tosurface watergFigurell), due to the greater biological uptake

of nitrate in the surface photic zone (Ross and Macleod 204B)ate levelsare typicallyrelatively

uniform across sites in surface waters but slightly highebottom watersat the HuonRiversites

(MIOM15)F YR Ay o6200G2Y 61 GSNE G f26SNI 5Q9yGNBOLadsI
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4

This trend is likely due to the proximity weeperoceanic water sourceatthe 5 Q9 y i NE Ol & (G S| |
Channeland HuonRiversiteslocated in deeper waterand alsodue toriver run-off into the Huon

Riverat sites located irshallowerdepths(i.e. M13, M15)

Trends in itrate concentration in 2022/28xhibitedseasonal patterns consistent with previous years
(Figurell). Annual median and mearitrate concentrations in 2022/23 were slightly lower compared
to the longterm datasetfor 5 Q9 vy i NB O & (i S| dzERiversitesiFigu® fL1b)l TyiiRpatteaz? v

was mainly due to relatively low nitrate concentrations measured in autum 2BRjure 11e).
4.3.2.3Dissolved Reactive Phosphorus

Patterns of @ssolved reactive phosphoryphosplate) concentrationare depicted in Figuré2ae
(Appendix2). Observations of these lostgrm data and trends show thathosphateconcentrations
in the HuonRiver YR 5Q9y i NBOI &aiSldzE / KIyySt SEKAOAG |
concentrations in the autumn and winter compared to spring and summer (Fi2ae). As with
nitrate, this cyclic pattern is likely to be attributable to the intrusion of nutrient i$olithern Ocean
waters and rainfall runofihto the Huon Rivein the cooler, wetter month§Crawford et al. 2011; Ross
and Macleod 2013; Bell et al. ZD1Phosplate concentrationsare clearlystratified throughout the
water column, with higher values in bottom waters compared to surface waters (Figaje The
divergenceof phosphateconcentrations between surface and bottom watés$ighest in spring and
summer (Figurd.2c,d), presumably due to uptakef phosphateby phytoplanktonin surface waters
In bottom watersphosphateconcentrationsare higher and more variable in the Hu&ivercompared
G2 GKS 5Q9y(iNBOI a®S| dzE / Kl yy St o6 CA3dzNB

There were no significant departures from letggm annualand seasongbhosphateconcentrations

in 2022/ 23, with the variance andentral tendency observed during tl2€22/23 period equivalento

(if not slightly lower than)he precedinghirteenyears (Figuré2a-c). Phosphate concentrationsere

lower in winter 2022 compared to previous years for surface and bottom waters, and to a lesser extent
in autumn 2022 (Figure 12c), likely driven by the notably low resultay 2022 (surfaceatersonly)

and June 202X(rface and bottom waterstigurel2d).

4.3.2.4Silicate

Observations of lorderm data and trends show that oybdate reactive ificate concentrations in

the HuonRiverr YR 5 Q9 Y (i NBOIF 4808l dzE / Kl yySt SEKAOAG adNRy
values in thesurfacewaters of the HuorRiver(Figurel3a-e; Appendix2). This is due to thstrong link

between silicate concentrations arfceshwaterinput flows from the Huon River.ilB8ate levelsin

surface watergyenerally decrease with increasing distance from the Huon Rivesi(ed/13 >site

M14 >site M11 >site M10; Appendi?). It is likely that thesmallfluctuations in surface water silicate

concentrationsare driven by freshwater flow events, especially from the Huon Riigurel3a-e).
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High silicate concentrationssuallyoccur in the winter months, howevgthey can occur at any time

depending on the timing of freshwater flow events.

Silicate levels 223 were generally equivalent to previous years (Figurd3a-c). Silicte
concentrations in surface waters were relatively high in May 202Punseasonably high in December
2022(Figurel3d).

4.3.2.5Total Nitrogen

Observations of longerm data and trends show thabtal nitrogen concentrations do not exhibit

strong spatial or temporal patterns in the Hu®iverl Yy R 5 Q9 y (i NB Ol & (i SlMaegE /| K| y'y
Appendix2). Total nitrogen cocentrations tend to have a seasonal peak each winter, although the

strength of this pattern varies between yedfgurelda-b). Total nitrogen concentrations alsend

to beslightly higher in théottom waters of theHuonRiverO2 YL NBR (2 (KS 5Q9y i NBC
(Figurelde; Appendix?).

Total nitrogenconcentrations in 2022/23 were elevated compared to the previous three years{2019
2022), but equivalent to annual periods earlier in the monitoring program (e.g-2002, 20162019)
(Figure 14b). These trends were particulargvident in winter, but generally observed across all
seasons (Figurkc). Total nitrogerwas particularly high in June 2022, July 2022 and between October
2022 and February 2028 both surface and bottom watef&igurel4d).

4.3.2.6 Total Phosphorous

Observations ofongterm data and trends show thabtal phosphorus concentrations do not exhibit

strong spatial or temporal patterns in the Hu®iverl Y R 5 Q9 y (i NB Ol & ( SlbadzE |/ K| Yy
Appendix2). As noted in previous reportthe ability to discern finescale changes in total phosphorus
concentration is confounded by the fact that the analytical sensitivity at which pitakphorusis

reported has changed over the study timeframe (i.e. there has baénaease in the MRiminimum

reporting limit)from 0.001lmg/Lto 0.01 mgL). As such, it is difficult to interpret whether there are

any trends in recent years, with the coarser measurement potentially influencing interpretation of

recent data.

There were no significant departures from letegm annual and seasonaltotal phosphorus
concentrationsin 2@2/23, with the central tendency and variance observed during 2922/23

period equivalent to the precedintpirteen years (Figuréd5a-e).

39



Aquenal Pty Ltd

BEMP Annual Report 22/ 23

(@)
=
=4 05
T, 005
£
§ oo |
=3
2 1 Depth
Z 003+ ] i i — Surface
g ! | i ! — Botiom
& 0.0z 1
£ it H
£ I i
< oo Pkﬂ’ aN g
3 Al
= g cees = seges
oo0 T T T T T T
Mar 2008 Mar 2010 Mar 2011 Mar 2012 Mar 2013 Mar 2014 Mar 2015 Mar 2016 Mar 2017 Mar 2018 Mar 2019 Mar 2020 Mar?ﬂz’ Mar 2ﬂ22 Mar 2023
(b) Period
. Surface Bottom W 2000010
=
s B o010
& 005 B8 201112
- BB 201213
lg’aﬂfﬂ eB 201314
= Ef z01a1s
Em 003 4 ER 201516
g ef 201617
5 002 B8 201718
E EB 201810
Zom
z BB 201020
5 oo B8 202021
GOMO O T2 1213 1313 1405 1805 BT A7ME deMe 1820 01 2122 2820 e B 20222
B 202223
©) Period
_ Surface Bottam o 200m0
s 200
20051 Bl 201112
= B 201213
"g,o.u: BH 201314
£ B 201415
% 0.03 B 2015016
& B 201617
5002 B 2017e
E BB 201819
S0ty
z BE 201920
2 0.00 T T BE 2020021
Autumn Winter Spring Summer Autumn Winte Spring Summer B 202122
B 202223
(d)
Surtaca Bottom
=
z
g os
= Box Period
c
& 0.04 . v
g E3 200022
< 008
i -
8
K
2 002 Point Period
(<] rd
Ean | . . M X 2022123
< 1
K]
= 5
2 000 T T T T T T T
Mar Apr May  Jun Ju Mg Sep Ot Nov  Dec  Jan  Feb Ve A My dm dd Awg D un Feb
Month
(e)
Surface Bottom
ry
z
2005 | Point Period
=z X 2022123
S 0.04 .
o o
Z 003
% . Region
5 oo =hE
£ B3 Huon
0.01
< EE B Reche
o) ole o
S 000 T
I - e [ Mo M7 MB MO KO WU MIZ M M we
Site

Figure10: Ammonia (TAN) concentrations (g K [ F2NJ GKS 1d2y YR 5Q9y NSO
Bottom): (a) mean monthly values over time with site observations (points) overlaid; (b) annual box plots; (c) sea:
box plots; (d) monthly box plotsdr 20092022 data with site observations for 2022/23 overlaid; (e) box plots for ea
site for 20092022 with observations for 2022/23 overlaid. Box plots represent the median (horizontal line), 20th
80th percentiles and the range. Crosses (+) reprdserean in (c) and crosshairs (x) represent median for 2022/.
reporting year in (de). Dotted vertical lines in (a) represent annual periods used in box plots and trigger limit anal
Plots by site are illustrated in Appendix

40



Aquenal Pty Ltd BEMP Annual Report 29/ 23

(a)
0.20
T 0154
S
o Depth
E — Surface
@ 010
s — Boliom
z
0.05
0.00
T T T T T T
Mar2008  Mar2010  Mar 2017 Mar 2012 Mar 2013 Mar 2014 Mar 2015 Mar 2016 Mar2017  Mar2018  Mar2019  Mar 2020 Mar 2021 Mar2022  Mar2023
(b) Period
Surtaca Bottom B 200010
B 20011
020 B8 201112
BB 2012113
S 015 EB 2013114
& ER 2014115
%ﬂm— BB 201516
E ER 2016117
= o BB 201718
T BB 20t8/19
BB 201020
000 B8 202021
W0 12 1213 14 1415 186 18M7 11 dEMG 1920 2021 22 223 D 101 M2 423 1314 14MS 1S 187 174 188 1020 2021 2122 2223 B8 202122
B8 202223
(c) Period
Surface Bottom W 20000
B 201011
0.20 | B 2011112
B8 201213
5 05 B3 2013714
& B3 2014115
. 0 B8 20156
*g B8 201617
5 [==JPLIEAT
005 MW £ 2018119
B8 2019720
0.00 i— i ! B8 2020121
Autumn Winter Spiing Sumimer Autumn Wirter Spring Summer B8 2021122
B 202223
(d)
Surface Bottom
020
Box Period
S o015 -| B3 200022
o
E
@ 010
®
% Point Period
005 $ #%% X 2022123
v e Ma N g s e A My W A se
Month
(e)
Surface Botiom
0.20 Paint Period
_ X 2022123
= 5
S o
=3
E
o0t Region
©
2 DEnir
= e
0085 E3 Huon
i E3 Reche
0.00
B s WO MO MU Mz M mr Wi WMz we M e WO MU Mz M W s
Site

Figurell: Nitrate mgN/L)F 2 NJ 6 KS 1 d2y YR 5Q9y i NBOI aid S| d4a) medh smonthly
values over time with site observations (points) overlaid; (b) annual box plots; (c) seasonal box plots; (d) monthl
plots for 20092022 data with site observations for 2022 3 overlaid; (e) box plots for each site for 2022 with
observations for 202/2 3 overlaid. Box plots represent the median (horizontal line), 2@nd 80" percentiles and the
range. Crosses (+) represent mean indjand crosshairs (x) represent median for 2023 reporting year in (de). Dotted
vertical lines in (a) represent annual periods used in box plots and trigger limit analysis. Plots by site are illustrat
Appendix2.
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Figure12: Dissolved eactive phosphorus(mgP/L) F2 NJ 4 KS 1 d2y YR 5Q9y iNBOI &
Bottom): (a) mean monthly values over time with site observations (points) overlaid; (b) annual box plots; (c) seas
box plots; (d) monthly box plots for 2002022 data with site observations for 202/2 3 overlaid; (e) box plots for eack
site for 20092022 with observations for 202/2 3 overlaid. Box plots represent the median (horizontal line), 2Gnd

80" percentiles and the range. Crosses (+) represent mean ke)(and crosshairs (x) represent median for 2023

reporting year in (de). Dotted vertical lines in (a) represent annual periods used in box plots and trigger limit anal
Plots by site are illustrated in Appendix
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Figure13: Molybdate reactivesilicate (mg/L)F 2 NJ 6 KS | dz2y | yR 5Q9y (i NBOI ai S| dz
(a) mean monthly values over time with site observations (pointsjerlaid; (b) annual box plots; (c) seasonal box plo
(d) monthly box plots for 2002022 data with site observations for 2022 3 overlaid; (e) box plots for each site fo
20092022 with observations for 202/23 overlaid. Box plots represent the median (horizontal line), 20and 80"
percentiles and the range. Crosses (+) represent mean in)(&nd crosshairs (x) represent median for 2023 reporting
year in (de). Dotted vertical lines in (a) represent annual periods used in box plots and trigget hmalysis. Plots by
site are illustrated in Appendi®2.
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Figurel4: Totalnitrogen mgN/L) ¥ 2 NJ 6 KS 1 d2y YR 5Q9y i NBOI &S| dza) meane
monthly values over time with site observations (points) overlaid; (b) annual box plots; (¢) seasonal box plots
monthly box plots for 2002022 data with site observations for 2022 3 overlaid; (e) box plots for each site for 200¢
2022 with observations for 202/2 3 overlaid. Box plots represent the median (horizontal line), 2@nd 80" percentiles
and the range. Crosses (+) represent mean irc{land crosshairs (x) repsent median for 202/2 3 reporting year in (d

e). Dotted vertical lines in (a) represent annual periods used in box plots and trigger limit analysis. Plots by sit
illustrated in Appendix2.
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