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Executive Summary
Program Overview

The Broadscale Environmental Monitoring Program (BEMP) was initiated in 2009 to provide
1y26t SR3IS YR AYT2NNIGA2Y 2y S02a8a0GSY Rivezy OlA2Yy
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 sreduded in Attachment 8 in
Environmental Licences (Eingtially issued m August 2018) for finfish growing operations located
GAGKAY G(GKS 5Q9yiNBOI ai SrinazimingBeveophrtPlah afed (MFOB} Yy WA O €

The BEMP includes assessment of wetalityand sediment health at a broad scale across the study
area and was largely structured around recommendations from previetaledstudies undertaken

in the region Sediments are samplexhnually in autumirior benthic infauna, stable isotopes, particle

size, visual assessment, redox potential and sulphide concentrations. Visual assessment, redox and
sulphide analysis is carried out each yemalysis of benthic infauna, stable isotopes and particle size

is undertaken every four yegra/ith samples arched in intervening years

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 stk @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@3 until February 202. Annual comparisons were based on twelaenth periods beginning
in March and ending in February the following year to be consistent with previous analysis and reports.

Sediment sampling for the 26/24 reporting period was undertaken March2023.
2023 Resultsg Sediment Samplesvisual Assessmerand Sediment Chemistry

Visual descriptions of sediment cores in thMarch 2023 survey were consistent witlprevious
assessmentsonducted annuallgince 2009. In th&larch2023 survey the dominantcolourof cores
wasdark grey. Sediment type was either fine or very fine sandddairor gas bubbles were detected
from any core. Redox potential and sulphide concentrations observed iM#neh2023 survey were

within the range of values recorded since 208@nificant aganic enrichment is typically indicated
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by redox values < 0 mV and/or sulphide levels exceeding 10&Gatiments collected iMarch2023

and in the precedindourteenyears (2002022) recorded redox potentialalues well above < 0 mV

and sulphide concentrations well below the > 100 piMeshold. These results were therefore

indicative of stablend healthysediment conditions throughout the Hud®iverr Y R 5 Q9 y (i NS O & (i
Channel between 2009 and 2812

2023/2 4 Results- Water Quality: Physice&ehemical Parameters and Nutrients

For temperature, dissolved oxygen and salinity, there were no significant departures3f2 2&@m
long-term annual levels recorded in the previot@irteen 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 2024. The
observed central tendencies and variances for each of these analy2823/24 were comparable to

the precedindgourteenyeatrs.
2023/2 4 Resultsc Water Quality:Phytoplankton Biomass and Communities

Regionakcale blorophyll a (measured using spectrophotometry of photosynthetic pigmerits)

2023/24 was equivalent to mostprecedingmonitoring periods.Consistent with previous years,

chlorophylla peak was evidenin in earlyspring2023. This peak warelatively small compared to

previous spring periods and was mainly attributalite a series ofmoderate chlorophyll a
concentrations(~ 3 mg/m3) at sites Méamn Ay (KS &2 dzauk Emhgheldsriag® v i NB Ot
September 2023Phytoplankton communities, as described from cell countsmicroscopy were

similar to previous years, with diatoms (cl&smscillariophyceadebeing the most commonly recorded

taxonomic classSpecies responsible fbarmful algalblooms comprised a very small percentage of

species recorded in the 26224 reporting period with harmful species present in very low densities

(mainly Thalassiosiraspp.). There hadeen 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

G GSNI ljdzk tAGE YR ASRAYSY(d & dzNID SRivar Itk jmpaitdno 5 Q9 y d 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 levellddgh risk) categoried.he TasmaniaBPA are currently undertaking

a review ofbaseline trigger levels as part of th&nvironmental Standaribr Marine Finfish Farming

Assessment ahe 2023/24 sediment and water quality analytes againstpghaposedtrigger values

are summarised in Table A and briedlytlined below.
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2023 Performance Against Proposed Benthic Trigger Values

Benthic indicators for BEMP data have not been developed fully and interim measures proposed by
¢K2YLAZ2Y SiG Ffd onHnnyO NBIddZANB (KS a&8sulsh@é A2y 27
concentrations.There has been no evidence of significant chaingsediment chemistrywith both

redox potentialand sulphide concentration being relatively stable throughout the BEMP program,
including 203. Small fluctuations have beeabservedfor both parameters but there has been no

evidence of an increasing or declining trend.
2023/2 4 Performance Against Proposed Baseline Water Quality Trigger Values

In 2023/24, there were instances of exceedances of4dsk (level 1) trigger levels but no instances of

an exceedance of a moderate risk (level 2) or high risk (level 3) trigger level.

In 2023/24, there was a level exceedance (i.dow risk) for TANsSummer meani bottom waters at

a regional scale in thduonRiver There were sixsite scaldevel lexceedancs(i.e. low riskfor TAN

in bottom waters two recordedat sites M8 andM9 in thelower5 Q9 y (i NS Ol a G SlthdzE / Ky
other four at sites M10 and M124in the HuonRiver

AN v oA A v oA o~

In 2023/24, onechlorophyllatriggerlevelvasSEOSSRSR G G KS NBIA2Yylf &0l ¢
MFDP(level 1, low risk, based osummer mean). The proposedchlorophyll a trigger level for
DQreirecasteaux Channel has deregularly exceeded over the course of thBEMPmonitoring

program, despite stablehlorophylla concentrations over the 20092024 period. This particular
triggerlevelappears unreliable and should beviewed as part of the ERvironmental standards

There were no exceedances dfilorophylla triggers at the regional scale in the Huon MFDP in

2023/24.

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

NEI OKSR ¥2NJ G§KS 50Q9y i NB O¥24teforingperiodidr 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, including3Zb2 with no evidence of an increasing decreasing

trend.
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Table A: Summary of performance againsbposed trigger levels for 2082 4 reporting period.

Category  |Parameter HuonRiver 509y GNBOI aisSt
Biota Not tested Not tested
Sediment
Chemistry No exceedance No exceedance
Total ammoniacal Regional: Level (summer mean) Regional: No exceedance
nitrogen Site: Level IM10, M1214) Site: Level 1M8, M9)
Chloroohvlia Regional: No exceedance Regional: Level 1 (summer mear
Water phy Site: No exceedance Site: No exceedance
Quality
Phytoplankton blooms| Noexceedance No exceedance
Absolute DO (mg/L) Level 1 (Channsiteg No exceedance
Relative DO (%) No exceedance No exceedance

#Sediment biotaassesse@very 4 years, with the next planned analysis based on samples collected in autumn 2025.
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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 233Bax 6229 2335

e-mail: admin@aquenal.com.au

Details of Equipment Used for Sampling:

w YSI Pro DSater 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)

w WTW pH 320/sefl meter with uniPROBE Sulphide lon selective Electrode Connector probe (sulphide
analysis)

w GarminGP#&ovatel Smart Antenngsite location)

Vessel:

1 Katelysia- 6.7 maluminium 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&sphorus

(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 iMppendix 8 in Environmental Licenceks(iBitially issued in August 2018)r finfish

growing operations located within th6 Q9 y i NB Ol a0 S dzE / KI yy St | yR | dz
Development Plan (MFDR)he Environmental Licengstate that monitoring must be undertaken by

a consultant acting on behalf of all liced finfish marine farming lease holders within these areas.
AquenalPty Ltdhas beenengaged as the consultant to perform this program of weice its

inception in March 2009

The BEMP is aimed at assessing water and sediment quality and benthic infauna health at a broad
scale throughout 1 KS 5 Q9 y (i NB Ol & ( S| dfivelFoi [Espgféhte regighBThe | dz2 y
monitoring program design was largely structured arotimeirecommendations of studigsreviousy

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 NSOl &
ChannelM10-M14 in the HuorRiverregionand control siteM15 in Recherche Bay (see Figure 1). The

precise location of water (MM15) and sediment (BB15) sites are slightly different to align with site

locatiors used inhistoricalmonitoring studiesn the region Theanalysis of benthic infauna, stable

isotopes and particle size is undertaken evéoyr years. 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/orybarky

benthicinfaunal 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 coveffing BEMP reportingeriodsfrom March 2012 to
February 2017 was completed in November 2017 (Aquenal 201 pnnual repor for the March
February periods of 20118 (Aquenal 2018)2018/19 (Aquenal 2029, 2019/20 (Aquenal 2019);
2020/21 (Aquenal 202a), 2021/22 (Aquenal 202) and 2022/23 (Aquenal 203) periods have been
completed The BEMP datasetas also analysed by IMAS in 2017 as paa ofitrient investigation
for the Huon Riverand5 Q9 y (i NB O a (i (Bdll @xkal. 20K7}A iivd<tigation intabenthic
infauna wasconducted in 2021 using data from 202020 (Aquenal 2021). The effectiveness of the
BEMPat assessinthe potential impacts of finfish farming operatiom&as reviewedn 2021 (Blaclet
al.2022).

10
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BEMP eportingpresented heras consistent with requirements outlined in Appendix 8 of thievant
Environmental Licence3he current report includes an assessment of water quality and sediment
sampling eventdor the 2@®3/24 reporting period Annual comparisons are based on-rbh@&nth
periodsbeginning in March and ending in February the following year to be consistent with previous
analyes and reports. The MareRebruary annual reporting window reflects the March inception of
the BEMP in 2009, but itsd allows seasonal comparisofgsg. comparison of summer mearibat

are not meaningful on a calendar year ba$Mhile this report focuses on the 28/24 reporting
period, previous datais included to provide contextSediments collected inMarch 2023 were
described and analysed for redopotential and sulphide concentrations Samples for the
determination of benthic infauna, stable isotopes and particle size were archived as petydss 4

rotation stipulated in the Environmental Licersce

Previous annual reports have used regions defirmdthe Huon River/Port Esperancand

509y i NBOI & (MFDRIESiorE. i lOytgh& 2019, tlee MFDPs were merged into a single

aC5t OlFftfSR (GKS 5Q9yiNBOI&GSIdzE / KI yySt |yR | dz2)
aLX AG 0S0G6SSy GKS 1 d2y WAGSNI YR 5Q9y i NBOI &iS!I dzE
level analyse€sand where consistency with previous reports is important. In other instances, reference

to separateMFDPregionshasbeenremoved.

11
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Tablel: Survey frequency, sample sites, sample numbers and method for gaatameter, as required by the relevant Environmental Licences

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 withinfaunal reevaluation 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 tK2ALKI GS ¥ ’ (surface/ Pole sampler/
Nutrients - 15 L
wSilion . 1m above Niskin bottle
. Fortnightly Feb,
wTotal nitrogen TN March. April seabed)
wTotal phosphorusTP ' AP
)
= Monthly
S Tem 5th May-dan. st DO/Temp/
g Dissolved Oxygen wiemperaiure 15 (surface, 2remn,
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 201RaBetva8dr? and March 2018, HPLC samples were archived but not
analysed. After March 2018 HPLC samples were no longer collectedlietision was made in consultation with the EPA to be consistent with other monitoring programs and reflects the tadotbphylla

and cell count analysis are adequate for phytoplankton assessments

12
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Figurel: Map of water quality monitoring sites(M1-M15), sedimentmonitoring sites(B1-B15)and active marine leases in the HuoRiverk Y R 5 Q9 y (i NB O |. Betais bfd#th / K |

monitoring site are given in Table 2.

13
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Table2: Site descriptions for wateguality 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 38 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 Bvas located approximately 1.5 km from the original location, in the same depth range as the original

site.

# Separate MFDPs were merged into a single MFDP in October 2019.

14
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3. Methods

Before commencing each sampling event thessel GPS system 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 designatedVid-Channek sites and M2, M4, M7, M8, M11, M12 were designatedisse
sites(see Figure 1)Table 1 outlineshe frequency of sampling events, sample sites and methods for
each parameterAll methodologies were consistent with the requirememtsthe Environmental

Licences.

3.1 Sediment

Sediments were collected from the fifteen sedimanbnitoring sites across the HuoRiverand
5Q9y (i NBOI adSI dzE /3KFigyrg § Tabl®)yldentifizitiomYayt amalysis of benthic
infaung particle size analysis asthbleisotopesareundertaken every four years, with samples in the
intervening years archived, as per Appendix 8 of the Environmental Leése= Table 1)Benthic
infauna samples have been analysed for 2009, 28037 and 2021. 8mples collectedor benthic
infaung particle size analysis and isotofreautumn2023 (March)for thisreporting periodhave been

archived.
3.1.1ArchivedBenthic InfaunaSamples

Triplicate benthicinfaunasamples wereollected at eaclsedimentsite (Figure 1y 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 eaetimentsite (Figure 1) using a Perspex corer with a

50 mm diameter. A visual assessment of each core was conducted at the Aquenal laboratory and
included 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 c@ese samples

were subsampledor particle size and stable isotope anadl/and archived accordingly.
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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-sample of 2 ml was extracted from a port in the

side of each core tube using a 5 ml syringe and placedgiass 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 stabiied. The mV readings were converted to sulphide concentration using the calibration

curve prepared prior tsample analysis

3.2 Water Quality

Water quality sampling was conducted the fifteen monitoring sites across the Hu®&iverand
509y i NBOI & (i(8durdzE Tabl&)lorya/n®hithly basisof fortnightly FebruaryApril; Table
1). Table 3 summarises the laboratories and analytical techniques for water quality parameters
included in the BEMMDetails of data management and curation of missing and spurious data are

outlined in Appendix 1.
3.2.1 Physica&chemicalParameters

Temperature, dissolved oxygen and salinity was measured usifigida sonde (YSI ProDSS).
Measurements were taken at the surface (0.1 middle 6 m) andthe bottom (L m above the seabéd

of the water column The water qualitysondewas checked or calibrated in accordance with the
YIEydzFl OGdzNBENDRA NBIljdZANBYSyida LINAR2N) G2 SIF OK Rl @
the internal memoryof the sondefor each sample and downloaded each day upon return to the

laboratory. Key water quality parameters were also scribed in the field.
3.2.2 Nutrients

3.2.2.1 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 Amalytical Services TasmanfeS[)
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laboratoriesfor analysisAST nutrient samples were filtered at the time of collection using disposable
KSNXYSGAOFtfte aSIfSR apabduppie8By ASTYR ndnp >Y t9{ FAf

3.2.22 Nutrient Determination

Analytical Services Tasmania (AgWVeconducted all testing faiotal nitrogen andotal phosphorous.
CSIRO Marine Laboratories (Hobart) analysed sampleaniaronia {otal ammorniacal nitrogen),
nitrate, dissolved reactivphosptorusand silica concentrations from 2009 until April 2012, while AST
analysed these dissolved nutrients from May 2012 onwalttlds known from interlaboratory
comparisons (Eriksest al.2009 Appendix7) that there is some discrepancy in the measurement of
ammonia concentratiobetween CSIRO and AST laboratories. Fortunately, AST were contracted to
measure totalnitrogen and total phosphorusfor the entire BEMP monitoring period and, when
measuring totahitrogen, also measuredmmoniaand nitrate concentratioa The AST datdor the
20092012 period has subsequently been provided for these particular asalgowing a consistent

approach tatime seriesanalysis

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

see Appendix 1Jor example,tie following laboratory reporting limits apply for

a) total ammoniacal nitrogen 8.005 mg/L;
b) nitrate <0.002 mgN/L;
C) dissolved reactive phosphorug)<003 mgP/L; and

d) silica<0.1 mg/L(Appendix 1)

C2NJ 6l GSNJ ljdzl t AGe @I fdzSa FTNRY GKS 1d2Yy |yR 5Q9Yy
MRL,Ross and Macleod (2013; see also Bell et al. 2046Qa value of half the reporting limit for

analysis and presentation purposes (i.e. whef.805 mg/L was reported for total ammoniacal

nitrogen by AST a value of 0.0025 mg/L was used). Accordingly, all nutrient values in the

Huork 5 Q9 y (i NJBEMPadat&skt detfow reporting limits were assignedatue of half of their

reporting limit (Table 6).

Changes in minimum reporting limtavebeen implemented by the AST laboratory during the period
2T GKS . 9at ® mmkrda, tatal phittbgen, TotaINghobphorus and dissolved reactive
phosphoruswere changed ii\pril 2014and the reporting limit forchlorophylla changed from<0.5
mg/m3to <0.3 mg/niin February 2022 (see A1.3 and Table A1.4 in Appendix 1). This has implications
for the consistency of datasets over tinagd the ability to analyse temporal trendsor example,

mean chlorophylk values will be systematically lower after February 2022 thus reducing the ability
to compare trends over time. To rectify this isstlee most conservative MRL (i.e. the highest MRL)

was chosen and applied for all data between 2009 and 2024 (Table Al.4 in Appendix 1). For example,
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all values <0.5 mg/f(including those ascribed <0.3 mgfnand those measuring 6@&5 mg/n? post
February 2022have been ascribed a value of 0.25 mg(fable Al1.4 in Appendix Dhis ruleset will
be maodified in consultation with EPA in future reports once an analysis of the implications of the

reporting limit change is undertaken.

AST underwent a major upgrade to its instrumeign systems in February 2024. As part of this
process,thei 62 Ff2¢ AyeSOUiAz2y ydzZiNASYyd FylFfte@aSNaR oCL!
FylfeaSmbed{Ct@ATIFNE y2¢6 O2yaARSNBR (KS fSIRAyYy3
nutrient analysis. Results from tHe C !w@ra included in thé=ebruary 2024 Round 2 (survey622

Results fom the new instrumenfor total nitrogen (TNappear to be lower than measurediL ! TQis

is believed © be due to salinity related interference witflAresults.AST will be providing advice in

the future regardingcomparisons withhe two datasets (i.e. historic and new data) for TN

Table 3: Summary of water quality laboratory analysis and methods for determination of nutrients and
chlorophylla/microalgae.

Laboratory Analytes Methods Analysis period
Analytical Phytoplankton celtounts, Micro algal cell counts and March 2009February
Services microalgal cell abundance/diversity by microscopiq 2024
Tasmania (AST)| abundance/diversity observation
Chlorophylla Spectrophotometry
Ammonia, Nitrate, Dissolved | Dissolved\utrients byFlow Injection| March2009-February
Reactive Phosphorus AnalysigFIA) 2024

Ammonia, Nitrate, Dissolved
Reactive Phosphorus

Dissolved Nutrients in Water by
Segmented Flow Analysis (SFA)

February 2024

Total Phosphorus, Total
Nitrogen

Total Nutrients by Kjeldahl Digest
andFlow Injection Analysig-IA)

March2009-February
2024

Total Phosphorus, Total
Nitrogen

Kjeldahl Nitrogen and Phosphorus i
Water bySegmented Flow Analysis
(SFA)

February 2024

Silicae, MolybdateReactive

Molybdate Reactive Silica in Water

June 201ZFebruary
2024

CSIRO

*Dissolved Reactive
PhosphorusSlicate Ammonia,
Nitrate

Dissolved inorganic nutrients were
determined using colorimetric
methods adapted for Flow Injection
Analysis

March2009-May 2012

#Phytoplankton pigment
concentrations

*HPLC

March 2009February
2012

*CSIRO analysed dissolved inorganic nutrients from 2002 but data were not used for reporting purposes.
#Note that HPLC samplbéstween February 2012 and March 2018 were collected @uotived but not analysed. Detailed
phytoplankton data is provided from AST species counts and chlorgpduydllysis.
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3.2.3 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 transferd into a storage container arieéldon ice prior to deliverto the Aquenal

laboratory.

At the Aquenal laboratory, samples destined for chlorophayhalysisby AST were filtered using a
vacuum pump and Millipore filtering units with a Whatman GF/F filter. Filters were frozen before
delivery to the AST laboratorie\STanalysedphytoplankton communities on the basis of (1)
chlorophyll a concentrations (a proxy for phytoplankton biomasdg¢termined by measuring
photosynthetic pigments by spectrophotometrgnd (2) cell counts of phytoplankton species
identified by microscopyper mL ofseavater). Both data sources were generated from the same 12
m deep integrated water sample taken at each site on each samplicasion Each phytoplankton
taxa identified by AST was assigned taxonomic units (class, order, family) and dividedrirftd and
non-harmful species based on a dataset provided by the ER&taxonomic classification the EPA
dataset was largely based on World Register of Marine Species WORMS;
http://www.marinespecies.org). Harmful species the EPA datasetere based on Hallegrag002;
2015), information from the AST laboratory and WORMS (see App&ndix

3.3 Quality Assurance/Quality Control

For eachwater quality sampling event, quality assurance/quality control (QA/QC) samples were

collected. There were two matomponents 0QA/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 event. The field blank 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 &iatli blanks were stored and transported in the

same manner as the site samples. All nutrients 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 inMarch2023 aredocumentedin Table4. The most
common &diment colourwasdark grey (BL, B3B8 B1Q BL2), followed byvery dark greyB11, B1%
thendarkgreyishbrown (B2). Sediment type wadescribed agither fine or very fine sand in all cores.
Shell grit or shell fragments were observedraist DQrirecasteaux Gannelsites(i.e.B1,B3B6, B8
B9 andthe control site (B15). &k streaks were observed Bil, B4, B1andB15.Evidence of animal
life was noted in the majority of coresypically the presence of burrowsut also includingghost
shrimp,heart urchins worm tubesandpolychaetesNo odouror gas bubbles were detected from any

core.

The sediment characteristics in tharch2023 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 March 2023.

Core First Layer Second Layer Biota Gas or Smell
Core AL Colour Sediment e Colour Sediment DI Plants Animals Gas | Smell
(mm) (mm) (mm)
B1.1 110 10YR/4/1 Dark Grey| Very fine sand witlsparse shellgrit 110 Nil Burrows 0100 mm Nil Nil
Very fine sand with
B1.2 100 10YR/4/1 Dark Grey Very fine sand/silt 20 10YR/4/1 Dark Grey shellgrit, dark 100 Nil Burrows 050 mm Nil Nil
patches 2660 mm
Very fine sand with Brown
B1.3 130 10YR/4/1 Dark Grey Very finesand/silt 20 10YR/4/1 Dark Grey| shellgrit, faint dark 130 alaae Burrows 840 mm Nil Nil
streaks 10120 mm 9
B2.1 170 1OYR/3CI;:I;e\;ery Dark Very fine sand/silt 170 Nil Burrows 620 mm Nil Nil
B2.2 160 1OYR/3CI;:I;e\;ery Dark Very fine sand/silt 160 Nil Burrows 880 mm Nil Nil
B23 | 19 10YR/ 3(/;1re\)//ery Dark Very fine sand/silt 190 Nil Nil Nil | Nl
B3.1 160 10YR/4/1 Dark Grey| Very fine sand with sparse shellgrif 160 Nil Burrows 059 mm, worm tubes on Nil Nil
sediment surface
B3.2 150 10YR/4/1 Dark Grey| Very fine sand with sparse shellgri{ 150 Nil Burrows Glo‘ig”(;?ﬁ rghOSt shrimpat 1 [ i
B3.3 110 10YR/4/1 Dark Grey| Very fine sand with sparse shellgrif 110 Nil Burrows 6100mm, ghos_t;hrlmp at Nil Nil
90mm, worm tube on sediment surface|
very fine sand/silt Burrows 840 mm, worm tube on
B4.1 130 10YR/4/1 Dark Grey Very fine sand/silt 10 10YR/4/1 Dark Grey| with shellgrit, dark 130 Nil . ’ Nil Nil
sediment surface
streaks 1660 mm
B4.2 130 10YR/4/1 Dark Grey Very fine sand/silt 10 10YR/4/1 Dark Grey Veﬁ;}'”;:ﬁ‘ggt’ st 1139 Nil Burrows 660 mm Nil | Nil
B4.3 110 10YR/4/1 Dark Grey Very fine sand with shellgrit 110 Nil Burrows 030 mm Nil Nil
B5.1 110 10YR/4/1 DarlGrey Very fine sand/silt 10 10YR/4/1 Dark Grey| VerY fine sandfsilt |, 4 Nil | Burrows 890 mm, ghost shrimp at 60mn{ Nil | Nil
with sparse shellgrit
B5.2 100 10YR/4/1 Dark Grey Very fine sand/silt 5 10YR/4/1 Dark Grey| V&NV fine sandisilt |, ) Nil Burrows 660 mm Nil | i
with sparseshellgrit
B5.3 110 10YR/4/1 Dark Grey Very fine sand/silt 5 10YR/4/1 Dark Grey| VerYfine sandssiit 1,5 | | Burrows 680 mm, ghost shrimp at S0mm |\
with sparse shellgrit worm tubes on sediment surface
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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)
B6.1 120 10YR/4/1 Dark Grey Very fine sand/sn_t with sparse 120 Nil Burrows 060 mm, ghos§hr|mp at 40mm, Nil Nil
shellgrit heart urchin on sediment surface

Very fine sand/silt with sparse . . .

B6.2 130 10YR/4/1 Dark Grey shellgrit 130 Nil Burrows 860 mm Nil Nil

B6.3 130 10YR/4/1 Dark Grey very fine Ssah”:”’;'ii with sparse 130 Nil | Burrows 680 mm, ghost shrimp at 7omn{ Nil | Nil

B7.1 140 10YR/4/1 Dark Grey Very fine sand with silt 140 Nil Burrows 680 mm Nil Nil

B7.2 150 10YR/4/1 Dark Grey Very fine sand with silt 150 Nil Burrows 640 mm Nil Nil

B7.3 | 160 10YR/4/1 Dark Grey Very fine sand with silt 160 Nil Burrows Glog&”r:{n?hw shrimpat | i

B8.1 140 10YR/4/1 Dark Grey | Very fine sand with sparse shellgritf 140 Nil Burrows 620 mm Nil Nil

B8.2 160 10YR/4/1 Dark Grey | Very fine sand with sparshellgrit 160 Nil Burrows 890 mm Nil Nil

B8.3 140 10YR/4/1 Dark Grey Very fine sand with sparse shellgritf 140 Nil Burrows 690 mm Nil Nil

Bo.n | 140 | LOYR/2DarkGreyis o oond with sparse sheligrit | 140 Nil Burrows 670 mm, worrmube on Nil | Nl
Brown sediment surface

B9.2 150 10YR/4/2 Dark Greyish Fine sand with sparse shellgrit 150 Nil Burrows 050 mm, sabellid polychaete o Nil Nil
Brown sediment surface

B9.3 160 1OYR/4é;2rcI)3Warr]k Greyist Fine sand with sparsghellgrit 160 Nil Burrows @100mm Nil Nil

B10.1 180 10YR/4/1 Dark Grey Very fine sand/silt 180 Nil Burrows 840 mm Nil Nil

B10.2 | 140 10YR/4/1 Dark Grey Very fine sand/silt 140 Nil Burrows 650 mm, bamboowormon |\
sediment surface

B10.3 160 10YR/4/1 Dark Grey Very fine sand/silt 160 Nil Nil 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| 170 10YR/ ?élre\;erpark Very fine sand/silt 170 Nil Burrows 640 mm Nil Nil
B11.2 | 130 10YR/ ?élre\)’/ery Dark Very fine sand/silt 130 Nil Burrows 020 mm Nil Nil
B11.3 | 180 10YR/ ?élre\;ery Dark Very fine sand/silt 180 Nil Burrows 6100 mm Nil Nil
B12.1 | 140 10YR/4/1 Dark Grey Very fine sand/silt 140 Nil Burrows 670 mm, worm tube on Nil Nil
sediment surface
B122 | 170 10YR/4/1 Dark Grey Very fine sand/silt 170 Nil Burrows 065 mm, worm tube on Nil Nil
sediment surface
B12.3 | 150 10YR/4/1 Dark Grey Very fine sand/silt 150 Nil Burrows 6110 mm, worm tube on Nil Nil
sediment surface
B13.1 130 10YR/2/2 Very dark Very fine sand/sil, faint 130 Nil Burrows throughout Nil Nil
brown dark streaks 4®0 mm
10YR/2/2 Very dark Very fine sand/silt, faint . . . .
B13.2 160 brown drak streaks 5650 mm 160 Nil Nil Nil Nil
B13.3 140 10YR/2/2 Very dark Very fine sand/silt 140 Nil Burrows throughout, ghost shrimp at 10 Nil Nil
brown mm
Bl41| 170 10YR/ 3é :rLe\;ery dark Very fine sand/silt 170 Nil Burrows 020 mm Nil Nil
B142 | 160 10YR/ 3é :rLe\;ery dark Very fine sand/silt 160 Nil Burrows 640 mm Nil Nil
B14.3 150 10YR/3€;:rLe\;ery dark Very fine sand/silt 150 Nil Burrows 850 mm Nil Nil
B15.1 150 10YR/4/2 Dark Greyish Fine sand 90 10YR/4/1 Dark Greyf Fine sand, faint dark 150 Nil Burrows 840 mm, polychaete at 20 mm|  Nil Nil
Brown streaks 960150 mm
B15.2 140 10YR/4/2 Dark GreyisH Fine sand 60 10YR/4/1 Dark Grey Fine sand, faint dark 140 Nil Burrows throughout, polychaete at 120 Nil Nil
Brown streaks 66140 mm mm
. Fine sand with shellgrit,
B15.3 140 1OYR/4§cl)Dwar:k Greyish Fine sand 60 10YR/4/1 Dark Grey| faint dark streaks 6A40 140 Nil Worm tube on sediment surface Nil Nil
mm
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4.1.2 Redox Potential

Mean site redox potential values at 3 cm depth for sediment cores collectbthinh 2023 ranged
between95mV and4d09mV with a mean redox potential across all sites&88mV (Figure). Variation

in redox potential valuebetween sitegeflect 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 seabediccordingly, 5 1 $& Ay G KS 5 QO9thatianBubjécttaigiehteizE /| K|y
current and/or wave energy (e.g. B1, B3, B4, B5, B6, B9) generally display higher redox levels than
those from more sheltered aterways in the HuoRiver(e.g. B10, B11, B12, B13, B14,;Figure 2).

In their study of the impacts of fish farms in sowthstern Tasmanidylacleod and Forbes (2004)
demonstrated that uneatenigh feed fish faeces and othefarm emissions can cause organic
enrichment and subsequent degradation of sediments underneath and adjacent to fish farms.
Macleod and Forbes (200fyoposed that redox potential values xmV are useful indicators of

WAYLI OGSRQ aSRAYSyGa GKIFG | NB Ge& LA OReflox pofentid S I NI R &
values in the HuoRivert Y R 5 @@eduk NEMEEMP sitewere well above th® mV threshold

in March 2023 (Figure 2) and in the precedifigurteen sampling years (2062022; Figure3). These

results are therefore indicative of broestale healthy sediments that are unimpacteddignificant

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

relatively stable for sediments collected between 2009 and33@yure3).
4.1.3 SulphideConcentration

Mean sulphide concentrations March2023were <0.1-5.0 pM for the majority of sitegFigure 2)

with slightly higher sulphide concentrations observed at sg&s8.7 uM) and & (7.4 uM). InMarch

2023 and in the previoufourteensampling years (2062022; Figure 4), sediments samples were well
below the >100 yMiG KNBaK2f R dzZaSR & Iy AYRAOF(G2NI 2F RS3INJ
eastern Tasmania (Macleod and Forbes 2004). Sulphide concentretid@23 and previous surveys

are indicative of broadcale healthy sedimentsvith no evidence of significantrganic enrichment

throughout the region over this period.
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Figure2: Correctedredoxvalues(mV) andsulphide concentrations(uM) for fifteen sites in the HuorRiverand
5Q9yGNBOIFadSl dz / KI y yndMarche@NCrassh&rs iMdksiditiie mead antl Bledl GirsIes
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) fofifteen sites in the HuorRiver y R 5 Q9 y i N8 O & (2809 tzB03/
including (a) replicate observations (circles) and the mean (crosshairs) for each site for each year; and (b) bc
representing the median (horizontal line), mean (crosshairs), 20th and 80th percentiles (box) and minimurr
maximum values (verticaline). Organic enrichment is typically indicated by redox value® sV (Macleod and
Forbes 2004) and this is represented by a dashed line.
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Figure4: Sulphide concentration (uM) fofifteen sites in the HuorRiverl Y R 5 Q9 y i1 NSOl a i St «
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4.2 PerformanceAgainstProposedBenthic Trigger Values

Thompson et al. (2008) reviewed tloeal, national and international literatuen benthic parameters
(biotic and abioticwith the aim of providing indicator and performance measures for brecale
benthic health in the HuorRiverl Yy R 5 Q9 y (i NB O Molbénthiziparamétdr, ysyt& 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 habitadf the HuonRiverl Y R 5 Q9 y (i NB Ol Bhéi i8asatskfor/ K| yy &
rejection of most benthic indicators ave related to high spatial variability leading to low statistical
power and the subsequent requirement for a veryga number of samples that was considered
unfeasible for a systemvide monitoring program (Thompson et al. 2008)stead, Thompson et al.
(2008 recommended (a) the collection of benthic sediment samples as part of the Rivemand
509y iNBOI &GS dzind () Baey 9hSHis datadhe tdeVelopment of suitable benthic
indicators or a suite of indicators that can be used as performance measures at systerscalen

south-eastern Tasmania

To date, a set of robust benthic indicatdssyet to bedeveloped The TasmaniaBPA intends to
undertake a review dfrigger levels as part of the Environmental Standards project, which is currently

underway.

Benthic conditionswere assessedor sediment chemistryaccording to the preliminary measures
proposedby Thompson et al. (2008; see Tate G KA OK | NB o0l &SR f#gox WaA IyA
potential or sulphide concentrationgver time at either (a) one site = low risk; (b) two siteskih
indicators = moderate risk; or (&3 sites inx 2 indicators = high risk (Tabfg. The direction or
YF3AYyAGdzRS 2F WaA3ayATFAOlIyld OKIy3aSQ Ay GKSasS |

QX
QX
w»
Q)¢

insteadkey literature for the region (e.g. Macleod and Forbes 2004migsonet al. 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 and28Ccording to a fouyear cycle stipulated in Appendix 8 of
the Environmental Licens@ndare planned to beeanalysed in 202as 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.

Darameter Standard or Baseline Value Leve! 1 Level 2. L.evel.3
Huon 5Q9y i NB | (Low risk) (Moderate risk) (High risk)
Sediment TBD TBD Significant change | Significant change in Significant change in
Biota over time at one or multivariate multivariate
(infauna) more sites. Other | community structure | community structure
indicators TBD at one site. Other | at two or more sites.
indicators TBD Other indicators TBD
Sediment ANZECC ANZECC Significant change Significant change Significant change
chemistry guidelines | guidelines for | over time at one site.| over time at 2 sites/ over time at > 3
for metals | metals and TBD 2 indicators. sites/ 2 indicators.
and TBD Exceeding ANZEC( Exceeding ANZEC(
low guidelines high guidelines

4.2.1 Sediment ChemistryPerformanceAgainstBenthicTriggerValues

Sitespecific and regiomvide redox values have remained relatively stable between 20092023

(Figure 3)Small changes have beehservedover time,however,these changes are within the range

of variability expected from redox measuremenmtifferences in redox potential over timere not
considered?a A AYAFAOI Yy Q 6aSS ¢lrofS po RdzS G2 o6F0 (GKS
that all samples (875 since 2009) have consistently been above the threshold for degraded

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

Regional sulphide concentrations have shown minor fluctuations between 2009 aBdR2@2re4)

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

for all other years. In their review of 20912 BEMP data, Ross and Macleod (2013) noted potential
WAAIAYATAOLY(l OKIFy3ISaQ ted B2, BlaAznd KA iR 30120at yodGugleld 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. HRiver2 NJ 5 Q9 y i NB O & ( !

Channel).

The range and central tendency of séipecific (Figure & and regiorwide (Figure 4b) sulphide
concentrations for 202were higher thanthose recorded imost of theprecedingourteenyears but
equivalent to those recorded in 2009, 2012 and 2013e range of sulphide concentrations observed
over the lastthirteen years (832 UM; n=675 samples;Figure 4b) has been considerably lower than
the threshold for degraded sediments (> 10M; Macleod and Forbes 2004herefore based on the
chemistry resultsdr sediments collected in 2@2there were no exceedances of propodeehthic

trigger levels (Table 5).
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4.3 Water Quality

This section presents data on nutriephysicechemicaland phytoplanktorwater quality parameters

in the HuonRiverl Y R 5 Q9 y i NB O I withisSfbcdain the Klarghid0Z3 to February2024

time period. Comparisons were made with previous years (i.e. 2000/2@R2/23) using the same
March ¢ February annual period. This approach was consistent with previous annual reports and
allows direct comparison with previous analyses and investigations 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

FYR 20KSNJI NB@GASga 2F (KS las#ARosslanytRlacked® 20RO & G S| ¢
al. 2022;see also Bell et al. 201 These spatial and temporal trends are presented and summarised

here, followed by a discussion of how the central tendency (median, mean) and variatiea @80’

percentiles, rage) of water quality parameters in 2824 compared to previous annual periods.

Where possible, the literature related to the hydrodynamics and ecology of the IRinerand
5Q9yGNBOlIaGStdzE / KIFIyySt A& RNI ¢ gtal®02 Butler 200602 v i SE |
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 arencluded in Apendix2, while

maps depictingannual spatial patternsover the 20092024 period are provided in Appendix3.

Phytoplanktondata presented at the scale of individual sitge included irAppendix 4.
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Figure5: Schematic guide to interpretation of water quality chartéa) shows trends over time atwo depths across theBEMPregion; (b, c) illustrate changes in the
variance and central tendency of annual periods (MarEkbruary) for 2009/10 to 283/ 24; (d, e)highlight observations from the current year (ZB/ 24) in relation to the
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4.3.1 PhysicechemicalParameters

Longterm data and patterns gbhysicochemical parameters amepictedin Figures @ andsite-level

plots are presentedn Appendix 2 (Figures A2AR.4).Note that physicechemical results for the
middle (i.e. 5 m depthhave not been presented in the current report but are included in Appendix 2
and havealsobeen provided to EPA in database format. Patterns at 5 m tend to align closely with
surface patterns in surface samples and do not provide additional meaningful data when interpreting
broad scale water quality patternsThis approach is also consistent with the graphical depiction of

nutrient parameters, which onllgave resultdor surface and bottom samples.

4.3.1.1 Temperature

Water temperature throughout thedepth profile exhibits a strong seasonal cycle with highest
temperatures in summer and lowest temperatures in win{@igure 6a-€). Surface waters are
relatively warm compared to bottowatertemperatures in the spring and summer months. In winter,

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

Water temperaturesin 2023/24 were broadly consistent withprevious years(Figure 6a-e).
Temperatures wererelatively high in September 202@&ll depths) and January 20Z4urface)
compared toprevious yeargFiguretd). Similarly, emperaturesvererelativelylow in November2023

(surface) May2023(bottom) and December 202@ottom) compared to previous yeafgigure6d).
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 (Figare, Figure8a-e). Dissolved oxygen levels are

NEBEt I GABSE @ dzy A F2N) | ONER asiandinford vabiale atipdsBOHuaneS | dzE /&
sites where bottom water dissolved oxygen tendsstatify in summer and autumn, particularly for

siteshigherup theestuary(i.e. M11, M13, M14Figure7e).

There were no departures from lofgrm dissolved oxygerevelsin 2023/24, with the central
tendency and variance observetliring the 2023/24 period equivalent to the precedindourteen
years Figure7a-e, Figure 8ee). Dissolved oxygen was relatively low in bottom waters in January 2024

(Figurerd).
4.3.1.3 Salinity

Salinity is stratified isome parts of theegion with lower and more variable values on the surface
compared todeeperwaters (Figur®a-e). This is driven bjower and more variable salinity levels in
the surface waters of the HuoRiverO2 YLJ NBR (2 (KS 5 QRigiédblonerd i S| dzE

salinity values in the HuoRiverare driven by freshwater inputs from the Huon River flowing in
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surface waters (Butler et al. 200®alinity tends to show minimafariation across most sites and
seasom, apart from lower values in surface samples in winter months. As expected, these lower
salinity levels are most evident at Hu®iversites {.e. M10,M11, M13, M14) inthe winter months

when river flows are highegFigure9d, €).

There wereno departures from longerm salinity levels ir2023/24, with the central tendency and
variance during th€023/24 period generallyequivalent to the precedinfpurteen years (Figur®a-

e).
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4.3.2 Nutrients

Longterm data and patterns of nutrient concentrations arepicted in Figures 105 and sitelevel

plots are presentedh Appendix 2 (Figures A24210).
4.3.2.1 Ammonia (Total Ammoniacal Nitrogen; TAN

Observations ofongterm data and trendshowthat total ammoniacal nitrogefT AN concentrations

arehigher and more variable in bottom waters compared with surface wdt&gare 108, Appendix

2). A weak seasonal patteiis apparent particularly in bottom watersTANconcentrations tend to

increase during late spring/early summer, with relatively high levels maintained through autumn

before declining in early wintefFigurel0c, d) TANconcentrations are generally higher and more

variable in the HuoRiverO2 YLJ- NBR (2 G(KS 5Q9y e Ol 4GS dzE / KFyy

At the regionalscale there were nomajor departures from longerm annualand seasonal AN

concentrationsin 2023/24 (Figure10b). Compared to previous years, TANsurface watersvas

consistently low betweeMarch2023 andOctober2023 andduringJanuan2024andFebruary 2024
(FigurelOd). TAN waselatively highin surface waterin November2023 (Figurel0d).

4 .3.2.2 Nitrate

Observations ofongterm dataand trendsshowthat nitrate concentrationsin the HuonRiverand
509y G NBOI ai St dzistrongkdasonyabefcle Hith kighovalus it winter and low values in
spring and summer (Figure 11a-e, Appendix 2 This is related to the intrusion of nutrient rich,
subantarcticSouthern Ocean watesin late autumn and early wintgiCrawford et al. 2011Ross and
Macleod 2013; Bell et al. 2@ The decrease in nitrate concentrations in sprisgmmer and early
autumn is likely attributable tobiologicaluptake by phytoplanktor(Butler et al. 2000Ross and
Macleod 2013)Bottom watersare generally higher in nitrateompared tosurface watergFigurell),

due to the greater biological uptakaf nitrate in the surface photic zone (Ross and Macleod 2013)
Nitrate levelsare typicallyrelatively uniformacross sites in surface wateiditrate concentrationsare
slightly higherin bottom watersfor the HuonRiver(M10-M15) andf 2 4 SNJ 5 Q9 Yy 4 NB Ol a i S| «
sites (M8 and M9; Figure 118is trend is likely due to the proximity deeperoceanic water sources
atthe5 Q9 y (i NB O & (iaBd HizinRiverkitesyoyated in deeper waterand alsodue toriver

run-off into the Huon Riveat sites located irshallowerdepths(i.e. M13, M15)

Trends in itrate concentration in 202/24 exhibitedseasonal patterns consistent with previous years
(Figurell). Nitrate wasslightlylower in bottom waters during winte2023 compared topreceding
monitoringperiods(Figure 11d). Nitrate wasrelatively high in bottom waters in November 2023 and

December 202Zndalsorelatively highin surface watergor November in 2023 (Figure 11d).
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4.3.2.3Dissolved Reactive Phosphorus

Observations of longerm data and trends show thatdissolved reactive phosphoruphosphateg
concentrationsin the HuonRiverl YR 5 Q9 y G NBOF 4GSt dzE / K yySt SEKAOG
higher concentrations in the autumn and winter compared to spring and summer (Figare,

Appendix 2. As with nitrate, his cyclic pattern is likely to be attributable to the intrusion of nutrient

rich Southern Ocean waters and rainfall runoffito the Huon Rivein the cooler, wetter months

(Crawford et al. 2011; Ross and Macleod 2013; Bell et al. 2DA@3plate concentrationsare clearly

stratified throughout the water column, with highemalues in bottom waters compared to surface

waters (Figurd 2a). The divergencef phosphateconcentrations between surface and bottom waters

is highest in spring and summer (Figuic,d), presumably due to uptakef phosphate by
phytoplanktonin surface watersln bottom waters phosphateconcentrationsare higher and more

variable in the HuoRiverO2 YLJ NBR (2 (GKS 5Q9y MRpB Ol 4GS dzE / Kl yy

There were no significant departures from letggm annualand seasongbhosphateconcentrations

in 2023/ 24, with the variance andentral tendency observed during tl2€23/24 period equivalento

the precedindgourteenyears (Figurd2a-c). Compared to previous years, phosphate concentrations

in surface waters wereariable in spring and summer, with phosphate relatively low in October 2023
and January 2024, and relatively high in November 2023 and February 2024 (Figure 12d). Phosphate

was also relatively low in bottom waters in October 2023 (Figure 12d).
4.3.2.4Silicate

Observations of lorterm data and trends show that olybdate reactive ificate concentrations in

the HuonRiverr YR 5 Q9 Y (i NBOIF 4808l dzE / Kl yySt SEKAOAG adGNRy
values in thesurfacewaters of the HuorRiver(Figurel3a-e, Appendix 2 This is due to thstrong link

between silicate concentrations arfdeshwaterinput flows from the Huon River.ilBate levelsin

surface watergjenerally decrease with increasing distance from the Huon Rivesi{ed13 >site

M14 >site M11 >site M10; Figure 13 It is likely that thesmallfluctuations in surface water silicate
concentrationsare driven by freshwater flow events, especially from the Huon Riigurel3a-e).

High silicate concentrationssuallyoccur in the winter months, howevgthey can occur at any time

depending on the timing of freshwater flow events.
Silicate levels 2824 were generallyequivalentto previous years (Figurk3a-e).

4.3.2.5Total Nitrogen

Observations of lonterm data and trends show thabtal nitrogen concentrations do not exhibit
strong spatial or temporal patterns in the Hu®iverk YR 5 Q9y 4 NB Ol & (i SlMackE / K| Yy

Appendix 2)Although otal nitrogen cocentrations tend to have a seasonal peak each winter, the
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strength of this pattern varies between yedf&gurelda-b). Total nitrogen concentrations alsend
to beslightly higher in thédottom waters of theHuonRiverO2 YLIJ NBR (2 (G(KS 5Q9y i NBC
(Figurelde).

Total nitrogenconcentrations ir2022/23 and2023/24 were elevated compared to the previous three
years (2012022), but equivalent to annual periods earlier in the monitoring program (e.g. 2009
2012, 20162019 Figurel4b). Compared to previous survey®tal nitrogenwas relatively high in
surface and bottom waters in March 2023, April 2023, June 2023 and DecembeiFap2814d).

Total nitrogen was exceptionally low in February 2024 (Figure 14) which is likely dhartges in
instrumentation used at the AST laboratory, which incluttedreplacement oflow injection nutrient
FylFrfte@aSNR oO6CL! Qav ¢AldK (KB Bblé3fikssaghd FeRuaiy 2024 | y I §
survey used the new SFA instrumerits{ ¢ Yy 2 (i S RTN W¥aiuksiyouth&& observed is mainly

related to the change in instruments you use for dissolved and total nutrients afalysiss @ DNE OK2 O°
pers comm17/05/2024) becauséthere is a minor positive bias in very {®vel marine totaKjeldahl

nitrogen and total nitrogen measurementby £IA 6! f A a2y CSI (i 0BMSR2DAT LIS NA
will be providing further information about thenost appropriateway to correctthis for historic

datasets
4.3.2.6 Total Phosphorous

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

strong spatial or temporal patterns in the Hugtiverl Y R 5 Q9 y (i NB Ol & (i SlaegE / K| Yy
Appendix 2. As noted in previous reportghe ability to discern finecale changes in total phosphorus
concentration is confounded by the fact that the analytical sensitivity at which total phosphorus is
reported has changed over the study timeframe. There was an increase in the MRL (minimum
reporting limit) from 0.005 mg/L to 0.01 mg/L in April 2014. There has also been a change to the
resolution of reported data, with data reported to 3 significéiguresfor some periods (i.e. between

2009 and April 2014; August 20t@rrent) and 2significant figuregbetween May 2014 and July

2019).The influence of changes in the scale and resolutiddRt sshould be taken into account when

identifying and interpreting trends in total phosphorus over time

There were no significant departures from letegm annual and seasonaltotal phosphorus
concentrationsin 2@3/24, with the central tendency and variance observed during #923/24

period equivalent to the precedingurteenyears (Figurd5a-e).
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Figurel3d-eY a2f &0 RIGS NBIFOGAGS aArAftAOFGS oYIk[ O F2NI GKS | dzglymonthyyRox Pl fgr ROMRAAI datéd Bith dite
observations for 203/24 overlaid; (e) box plots for each site for 2068023 with observations for 203/2 4 overlaid. Box plots represent the median (horizontal line), 20th and 8C
percentiles and the rangeQrosshairs (x) represent median for 28224 reporting year in (de). Plots by site are illustrated in AppendiX
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