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Executive Summary 

Program Overview 

The Broadscale Environmental Monitoring Program (BEMP) was initiated in 2009 to provide knowledge and 

information on ecosystem function in the D’Entrecasteaux Channel and Huon Estuary. 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 are included in Attachment 8 in Environmental Licences (v.1 ELs issued in August 2018, v.2 ELs 

issued in November 2018)for finfish growing operations located within the D’Entrecasteaux Channel Marine 

Farm Development Plan (MFDP) and Huon/Port Esperance MFDP. The BEMP program includes assessment of 

water and sediment health at a broad scale across the study area and was largely structured around 

recommendations from previous studies undertaken in the region (e.g. Thompson et al. 2008, Volkman et al. 

2009). 

Sediments are sampled for benthic infauna, stable isotopes, particle size, visual assessment, redox and 

sulphide. Visual assessment, redox and sulphide analysis is carried out each year while analysis of benthic 

infauna, stable isotopes and particle size is undertaken every four years. The Annual Report for the preceding 

year (2017/18) analysed and reported on benthic infauna, stable isotopes and particle size. In the current 

reporting period (2018/19) samples for these parameters were collated, preserved and retained.  

Water quality analytes include physico-chemical parameters (temperature, dissolved oxygen, salinity), 

nutrients (dissolved nutrients: ammonia, nitrate, phosphate, silicate, total nutrients: total nitrogen, total 

phosphorous), chlorophyll a and 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 D’Entrecasteaux Channel MFDP, five sites in the Huon 

River/Port Esperance MFDP’s and one control site at Recherche Bay. 

This report includes an assessment of water quality and sediment sampling events undertaken from March 

2018 until February 2019. Annual comparisons were based on twelve-month periods beginning in March and 

ending in February the following year to be consistent with previous analysis and reports. Sediment sampling 

for the 2018/19 reporting period was undertaken in April 2018.  

2018/19 Results - Visual Assessment and Sediment Chemistry 

Visual descriptions of sediment cores in the April 2018 survey were consistent with data recorded since 2009. 

In the 2018 survey the dominant colour in the majority of cores was dark grey. Darker coloration was observed 

in sediments collected from sites B12-B15. Sediment type was either fine or very fine sand in all cores. No 

odour or gas bubbles were detected from any core. Redox potential and sulphide concentrations observed in 
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the April 2018 survey were within the range of values recorded since 2009. Organic enrichment is typically 

indicated by redox values < 0 mV and/or sulphide levels exceeding 100 µM. Sediments collected in April 2018 

and in the preceding nine years (2009-2017) recorded redox potential values well above the < 0 mV threshold 

and sulphide concentrations well below the > 100 µM threshold. These results are therefore indicative of stable 

sediment conditions throughout the Huon Estuary and D’Entrecasteaux Channel between 2009 and 2018. 

2018/19 Results - Water Quality: Physico-chemical Parameters and Nutrients  

There were no significant departures from long-term annual levels recorded in the previous nine years for 

physico-chemical parameters (i.e. temperature, dissolved oxygen and salinity) in 2018/19. Similarly, for nitrate, 

silicate, total nitrogen and total phosphorous there were no major departures from long-term annual trends 

in 2018/2019 with the observed central tendencies and variances comparable to the preceding nine years. 

In their review of the Huon Estuary and D’Entrecasteaux Channel BEMP, Bell et al. (2017) noted that dissolved 

reactive phosphorus concentrations had declined between March 2009 and March 2016 in both bottom and 

surface waters throughout the system, independent of seasonal variation. More recent data presented here 

shows that this decline may have reversed since 2016, with dissolved reactive phosphorus concentrations in 

2017-2019 generally higher than the preceding three years.  

Bell et al. (2017) also detected an increasing trend in ammonia in bottom waters between 2009 and 2016 at 

four sites in the Southern Region (i.e. the lower Huon Estuary and southern D’Entrecasteaux Channel; sites 

M8, M9, M10, M12). In the subsequent three years since 2016, ammonia appeared stable or slightly lower at 

these four sites. There was little evidence of systematically increasing ammonia from 2016-2019. While the 

trend appears to have stabilised, median ammonia concentrations at sites M8, M9 and M10 in the 2018/19 

reporting period remained above the long-term median value. It is important to note that while fluctuations 

in ammonia have been evident at some sites, they have been of a very small magnitude and there has been 

no evidence of biological changes based on the variables measured as part of the BEMP program, (i.e. 

chlorophyll a, benthic infauna). It is unlikely that such small increases (or decreases) in ammonia would impact 

water quality or marine ecosystems. 

2018/19 Results - Phytoplankton Biomass and Communities 

Chlorophyll a patterns in 2018/19 were comparable with previous years with a maximum concentration of 4.9 

mg/m3 recorded in the summer of 2018/19. Overall, there were no significant departures from long-term 

(2009-2018) annual chlorophyll a concentrations in 2018/19. Phytoplankton communities, as described from 

cell counts, were also comparable to previous years, with diatoms being the most commonly recorded algal 

group. Species responsible for Harmful Algal Blooms comprised a very small percentage of species recorded in 
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the 2018/19 reporting period and there was no evidence of increasing abundance of harmful phytoplankton 

species during the last ten years. 

Proposed Trigger Levels  

Proposed baseline values and trigger levels were established by Thompson et al. (2008) following water quality 

and sediment surveys in the D’Entrecasteaux Channel and Huon Estuary. The trigger values provide a 

framework for developing management responses based on the extent a particular parameter exceeds the 

trigger value. They also take into account the various risks to ecological structure and function. It is important 

to 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 level 3 (high risk) categories. The Tasmanian EPA intends to undertake a review of baseline trigger 

levels as part of the Environmental Standards (ES) project, which is currently underway.  Assessment of trigger 

values against proposed sediment and water quality analytes for 2018/19 are summarised in Table A and 

briefly discussed below. 

Table A: Summary of performance against proposed trigger levels for 2018/19 reporting year 

Category Parameter 
Performance against proposed trigger levels in 2018/19 

Huon Estuary D’Entrecasteaux Channel 

Sediment 

Sediment biota 

(infauna) 

Not assessed in 2018/19 

Sediment 

chemistry 

No exceedance of trigger levels No exceedance of trigger levels 

Water 
Quality 

Nutrients 
-Ammonia 
(total ammoniacal 
nitrogen) 

Regional level: No exceedances 
detected 

Site level: Level 1 (low risk): site M10 

Regional level: No exceedances detected 

Site level: Level 1 (low risk): sites M8, M9. 

Chlorophyll a 

Regional level: No exceedances 
detected 

Site level: No exceedances detected 

Regional level: Level 2 (moderate risk) 
based on annual mean 

Site level: No exceedances detected 

Phytoplankton blooms No exceedances detected No exceedances detected 

Absolute DO (mg/L) No exceedances detected No exceedances detected 

Relative DO (%) No exceedances detected No exceedances detected 

 

2018/19 Trigger Level Comparisons for Sediment 

Benthic indicators for BEMP data have not been developed fully and interim measures proposed by Thompson 

et al. (2008) require the detection of ‘significant changes’ in redox levels and sulphide concentrations. Redox 

values have remained relatively stable since 2009, although there was a small increase in redox values in 2018. 
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This was probably driven by relatively high redox values at sites B1, B3 and B11. These changes are unlikely to 

be ‘significant’ due to (a) the small magnitude of the increase; (b) the direction of the increase away from the 

threshold for degraded sediments (< 0 mV; Macleod and Forbes 2004); and (c) the fact that all samples have 

consistently been above the threshold for degraded sediments for ten years. Regional sulphide concentrations 

showed minor fluctuations between 2009 and 2018. The range of sulphide concentrations observed over the 

last ten years (0-32 µM) is considerably lower than the threshold for degraded sediments (> 100 µM; Macleod 

and Forbes 2004). 

2018/19 Trigger Level Comparisons for Water Quality 

There were no exceedances of ammonia trigger levels at the regional MFDP scale during 2018/19. Site-level 

exceedances for 2018/19 were limited to level 1 (low risk) exceedances in the summer months in bottom 

waters at sites M8, M9 and M10. These three sites have exceeded ammonia trigger levels since 2014/15 and 

were identified by Bell et al. (2017) as having an increasing trend between 2009 and 2016. Analysis of temporal 

ammonia trends showed that that concentrations have stabilised or decreased between 2016 and 2019 and 

that the magnitude of apparent change has been very small.  

In 2018/19, there were no exceedances of chlorophyll a baseline trigger levels for individual BEMP sites. The 

regional scale level 2 moderate risk trigger (mean +50% above baseline levels) based on annual mean 

chlorophyll a concentration was exceeded in the D’Entrecasteaux Channel level but not in the Huon Estuary. 

Similar exceedances were recorded in 2009/10, 2016/17 and 2017/18, despite chlorophyll a concentrations 

being relatively stable during this period. There has also been no evidence of an increase in bloom frequency 

since bloom events in the Huon Estuary in 2011/12 and 2012/13. The exceedance of trigger levels for the 

D’Entrecasteaux region, despite stable chlorophyll a concentrations between 2009-2019, may be due to a 

range of factors including: (a) region wide increases in chlorophyll a between 2002-2005 (the period of the 

dataset used to calculate the D’Entrecasteaux Channel baseline) and 2009-2019 (the BEMP monitoring period); 

(b) relatively low baseline levels based on modelled data; (c) a ‘magnitude of increase’ factor that is too low 

(currently arbitrarily set at +50% above baseline levels). 

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

the D’Entrecasteaux Channel MFDP in the 2018/19 reporting period. For the Huon MFDP, level 1 (low risk; any 

2 channel observations ≤ 6 ppm; any 2 bay observations ≤ 5 ppm) triggers for dissolved oxygen concentrations 

in bottom waters have been exceeded in most years since 2009, including 2018/19. The number of 

observations below the baselines for dissolved oxygen (% saturation) declined between 2017/18 and 2018/19.  
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Overall Summary 

Overall, based on results from the 2018/19 year, there was no evidence of system wide changes in sediment 

or water quality parameters. For the vast majority of parameters measured, values were within the range 

recorded in previous years. Small increases in ammonia concentration for lower channel locations recorded 

since 2014/15 appeared to have stabilised during the 2016-2019 period.  

When comparisons were made against the proposed Thompson et al (2008) baseline trigger levels there were 

only a small number of level 1 (low risk) exceedances for ammonia. A single level 2 (moderate risk) exceedance 

was associated with chlorophyll a for the D’Entrecasteaux Channel region. This particular exceedance is 

considered to reflect complexities with the trigger value itself and is not necessarily considered to be a reliable 

indicator of increased chlorophyll a concentration. 
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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 for Sampling: 

• Yeo-Kal YK-611 water quality analyser (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/set-1 meter with Mettler Toledo P14805-DXK-S8/225 combination redox probe (redox analysis) 

• WTW pH 320/set-1 meter with uniPROBE Sulphide Ion selective Electrode Connector probe (sulphide analysis) 

• Garmin GPS/Novatel Smart Antenna (site location) 

 

Vessel:  Katelysia  - 6.7 m aluminium twin hull Aquenal survey vessel 

 

Laboratories: 

Laboratory Address Analytes 

Aquenal Pty Ltd 244 Summerleas Rd 
Kingston, TAS 7050 

Sediments: Benthic infauna, redox, sulphide, particle size 
Water: DO, salinity, temperature, DO saturation 

Analytical Services 
Tasmania 

New Town Laboratory 
18 St Johns Avenue, New Town,  
TAS 7008 

Water: Ammonia (Total Ammoniacal Nitrogen), Nitrate, 
Phosphate, Silicate, Total Nitrogen, Total P, phytoplankton 
cell counts, chlorophyll a, and abundance/diversity 
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2. Introduction 

The Broadscale Environmental Monitoring Program (BEMP) was developed as a requirement in accordance 

with the Tasmanian Marine Farm Planning Act 1995. The sampling specifications for this project are included 

in Appendix 8 in Environmental Licences (v.1 ELs issued in August 2018, v.2 ELs issued in November 2018) for 

finfish growing operations located within the D’Entrecasteaux Channel Marine Farm Development Plan 

(MFDP) and Huon/Port Esperance MFDP1 areas. The Environmental Licence states that monitoring must be 

undertaken by a consultant acting on behalf of all licenced finfish marine farming lease holders within these 

areas. Aquenal Pty Ltd has been engaged as the consultant to perform this program of work since its inception 

in March 2009.  

The BEMP program is aimed at assessing water and sediment quality and benthic infauna health at a broad 

scale at a number of sites in the D’Entrecasteaux Channel and Huon Estuary. The monitoring program design 

was largely structured around recommendations of previous studies 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; sites M1-M9 in D’Entrecasteaux Channel, 

M10-M14 in the Huon River/Port Esperance and control site 15 in Recherche Bay (see Figure 1). The precise 

location of water (M1-M15) and sediment (B1-B15) sites are slightly different to align with control site 

locations used in previous monitoring studies. Note that analysis of benthic infauna, stable isotopes and 

particle size is undertaken every four 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 geo-chemistry parameters (e.g. redox, sulphide) and/or the 4-yearly benthic faunal parameters are 

triggered. 

BEMP annual reporting was deferred while the Institute of Marine and Antarctic Studies (IMAS) conducted a 

detailed data review for the 2009-2012 period, which was reported in 2013 (Ross and Macleod 2013). A 

combined annual report covering five BEMP reporting years from March 2012 to February 2017 was 

completed in November 2017 (Aquenal 2017) and an annual report for the period March 2017-February 2018 

was completed in July 2018 (Aquenal 2018). Bell et al. (2017) recently analysed aspects of the BEMP dataset 

in their nutrient enrichment assessment of the Huon Estuary/D’Entrecasteaux Channel.   

 

1The BEMP sampling program includes a single site in the Port Esperance MFDP (Dover). For the purpose of all 

analyses, this site was included with the Huon MFDP sites. Unless otherwise stated, analysis involving Huon MFDP 

sites included the Port Esperance site (site M12). 
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The current report includes an assessment of water quality and sediment sampling events undertaken from 

March 1st 2018 until February 28th 2019. Annual comparisons are based on 12-month periods beginning in 

March and ending in February the following year to be consistent with previous analysis and reports. The 

March-February annual reporting window reflects the March inception of the BEMP in 2009, but it also allows 

seasonal comparisons (e.g. comparison of summer means) that are not meaningful on a calendar year basis 

(e.g. January-December). While this report focuses on the 2018/19 reporting year, previous data was also 

included to provide context to time series data. Sediments collected in 2018 were described and analysed 

for redox and sulphide. Samples for the determination of benthic infauna, stable isotopes and particle size 

were archived as per the 4-year rotation stipulated in the Environmental Licence.   

Reporting aspects are consistent with requirements outlined in Appendix 8 of the Environmental Licence. 
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Table 1: Survey frequency, sample sites, sample numbers and method for each analyte. 
 

Component Analyte/Parameter Frequency 
Total number of sites for 

each sampling event 
Total number samples per site 

for each sampling event 
Method 

Se
d

im
e

n
t 

Biota 
•   Infauna (baseline collection + ID/ongoing 

collection only with infaunal re-evaluation every 
4 years) 

Annually 15 
x 3 

(seabed) 
Benthic grab 

Chemistry 

• Redox potential 
• Stable isotopes analysis (frequency of sample 

processing consistent with infauna, above) 
• Particle size 

• Sulphide concentration 

Annually 15 
x 3 

(seabed) 
Benthic corer 

W
at

e
r 

Q
u

al
it

y 

Nutrients 

• Ammonia (total ammoniacal nitrogen) 
• Nitrate 

• Phosphate 
• Silicon 

• TN 
• TP 

Monthly 
May-Jan, 

 
Fortnightly Feb, 

March, April 

15 

x 2 
(surface/ 

1 m above 
seabed) 

Pole sampler/ 
Niskin bottle 

Dissolved 
Oxygen 

• DO 
• Temperature 

• Salinity 
• DO saturation 

Monthly 
May-Jan, 

 
Fortnightly Feb, 

March, April 

15 

x 3 
(Surface, 
5 m, 1 m 

above seabed) 

DO/Temp/ 
Salinity Meter 

Phytoplankton 

• HPLC2 
• Cell counts 

• Chlorophyll a 
• Abundance/diversity 

Monthly 
May-Jan, 

 
Fortnightly Feb, 

March, April 

15 

x 1 
(12 m depth 
integrated) 

 

Integrated sampler 

 

2 Note that HPLC analysis was undertaken between March 2009 and February 2012. Since March 2012, HPLC samples were archived but not analysed. In March 2018 HPLC samples were no 

longer collected. This decision was made in consultation with the EPA to be consistent with other monitoring programs, and reflects the fact that chlorophyll a and cell count analysis are 

adequate for phytoplankton assessments. 
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Figure 1: Map of water quality (M1-M15) and sediment (B1-B15) monitoring sites. Details of each site are given in Table 2.
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3. Methods 

Before commencing each sampling event the vessel GPS system was calibrated against a State Permanent 

Mark (SPM). The GPS was used to locate the sites described in Table 2 and illustrated in Figure 1. During each 

sampling event site positions were recorded by marking them on the GPS. Table 2 lists the coordinates for all 

sites in the monitoring program. Sites M1, M3, M5, M6 M9, M10, M14 and M13 were designated Mid-

Channel sites and M2, M4, M7, M8, M11, M12 were designated as Bay sites (see Figure 1). 

 

3.1 Sediment 

3.1.1 Benthic Infauna 

Identification and analysis of benthic infauna is undertaken every four years, with samples in the intervening 

years archived, as per Appendix 8 of the Environmental Licence. Infauna samples have been analysed for 

2009, 2013 and 2017 and samples collected for this survey (2018/19) have been archived.  

Triplicate benthic samples were collected at each sediment site (see Figure 1; Table 2) on the 19 April 2018 

by 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 days. In 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 Visual Assessment, Redox Potential and Sulphide Concentration 

Triplicate sediment cores were collected at each sediment site (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 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 cores. Core samples were archived for particle size 

and stable isotope analysis. 
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Table 2: Site descriptions for water quality and sediment monitoring. 
 

Site Name Type Location MFDP area Classification Easting Northing 

M1 Water Northern Boundary Boundary Channel 527684.3 5232077.5 

M2 Water Northwest Bay D'Entrecasteaux Bay 523534.9 5233037.0 

M3 Water Upper Mid Channel D'Entrecasteaux Channel 523752.2 5225262.6 

M4 Water Barnes Bay D'Entrecasteaux Bay 526513.4 5224119.7 

M5 Water Green Island D'Entrecasteaux Channel 524124.6 5215636.6 

M6 Water Central Mid Channel D'Entrecasteaux Channel 515244.9 5204098.0 

M7 Water Little Taylors Bay D'Entrecasteaux Bay 516856.5 5200018.5 

M8 Water Great Taylors Bay D'Entrecasteaux Bay 512706.9 5191231.9 

M9 Water Southern Boundary Boundary Channel 505506.1 5194295.7 

M10 Water Lower Huon Huon Channel 506737.0 5210741.8 

M11 Water Cygnet Huon Bay 507312.3 5217304.4 

M12 Water Dover Port Esperance Bay 502675.3 5202537.7 

M13 Water Upper Huon Huon Channel 498550.0 5222185.0 

M14 Water Mid Huon Huon Channel 500649.9 5216586.4 

M15 Water Recherche Control Control (Bay) 492064.0 5178637.0 

B1 Sediment Northern Boundary Boundary  527388.0 5232358.0 

B2 Sediment Northwest Bay D'Entrecasteaux  524236.0 5233512.1 

B3 Sediment Sheppards Point D'Entrecasteaux  524089.1 5227962.0 

B4 Sediment Roberts Point D'Entrecasteaux  525224.1 5224328.0 

B5 Sediment Soldiers Point D'Entrecasteaux  522337.1 5219689.9 

B6 Sediment Green Island D'Entrecasteaux  524124.6 5215636.6 

B7 Sediment Zuidpool D'Entrecasteaux  512422.5 5202009.5 

B7 (revised)* Sediment Zuidpool D'Entrecasteaux  511188.0  5202954.0 

B8 Sediment Great Taylors Bay D'Entrecasteaux  512028.0 5194349.6 

B9 Sediment Lippies Point Boundary  504494.8 5195744.8 

B10 Sediment Garden Island Huon  507993.2 5210570.8 

B11 Sediment Deep Bay Huon  507095.0 5213795.3 

B12 Sediment Dover Port Esperance  502357.1 5202638.7 

B13 Sediment Pillings Bay Huon  498167.8 5220383.2 

B14 Sediment Brabazon Point Huon  500172.0 5217257.8 

B15 Sediment Recherche Bay Control  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 same depth range 

as the original site. 
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Redox potential was measured in each core on 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 P14805-DXK-S8/225 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 sub-sample of 2 ml was extracted from a port in the side of each 

core tube using a 5 ml syringe, and placed in a glass vial.  Added to each jar was 2 mL sulphide antioxidant 

buffer (SAOB; refer to Macleod and Forbes 2004) and 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 to sample analysis. 

3.2 Water Quality 

Table 3 summarises the laboratories and analytical techniques for water quality parameters included in the 

BEMP program. 

3.2.1 Physico-chemical Parameters 

Temperature, dissolved oxygen (DO; mg/L and % saturation) and salinity was measured using a Yeo-Kal YK-

611 water quality analyser. Measurements were taken at the surface (0.1 m), middle (5 m) and the bottom 

(1 m above the seabed) of the water column in accordance with the instrument operation manual supplied 

by the manufacturer. The water quality analyser was checked or calibrated in accordance with the 

manufacturer’s requirements prior to each day of sampling. Water quality parameters were stored on the 

internal memory for 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 

Analytical Services Tasmania (AST) have conducted all testing for total nitrogen and total phosphorous. CSIRO 

Marine Laboratories (Hobart) analysed samples for ammonia (total ammoniacal nitrogen), nitrate, dissolved 

reactive phosphorus and silica concentrations from 2009 until April 2012, while AST analysed these dissolved 

nutrients from May 2012 onwards. It is known from interlaboratory comparisons (Eriksen et al. 2009; 

Appendix 3) that there is some discrepancy in the measurement of ammonia concentration between CSIRO 

and AST laboratories. Fortunately, AST were contracted to measure total nitrogen and total phosphorus for 

the entire BEMP monitoring period and, when measuring total nitrogen, also measured ammonia and nitrate 

concentrations. The AST data for the 2009-2012 period has subsequently been provided for these particular 

analyses, allowing a consistent approach to time series analysis. 
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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 laboratory. With 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 μm PES filters.  

 

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

Laboratory Analytes Methods Analysis period 

Analytical 

Services 

Tasmania 

(AST) 

Total N, Total P, 

ammonia, nitrate  

Phytoplankton cell 

counts, macroalgal cell 

abundance/diversity  

Chlorophyll a 

Total nutrients by Kjeldahl Digest and 

Flow Injection Analysis. 

Micro algal cell counts and 

abundance/diversity by microscopic 

observation. 

Spectrophotometry 

March 2009-February 

2019 

Phosphate, silicate Dissolved nutrients by Flow Injection 

Analysis 
June 2012-February 2019 

CSIRO 

 

Phosphate, silicate Dissolved inorganic nutrients were 

determined using colorimetric 

methods adapted for Flow Injection 

Analysis on a 5 channel LACHAT Quik-

Chem 8000 auto analyser.  

March 2009-May 2012 

*Phytoplankton pigment 

concentrations  

*HPLC March 2009-February 

2012 

*Note that HPLC samples have been archived but not analysed since February 2012. Detailed phytoplankton data is 
provided from AST species counts and chlorophyll a analysis. 
 

3.2.4 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 reach a depth of 12 m or within 2 m of the seabed. The tube was 

then sealed using a bung at the surface to trap the water. The tube was rinsed by lowering into the water 

before sampling at each site. 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 transferred into a storage 

container and maintained on ice prior to delivery to the Aquenal laboratory. 

At the Aquenal laboratory, samples destined for chlorophyll a analysis at the AST laboratories were filtered 

using a vacuum pump and Millipore filtering units with a Whatman GF/F filter. Filters were frozen before 
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delivery to the AST laboratories. AST conducted analysis for macroalgal cell count, diversity/abundance and 

chlorophyll a concentration. 

3.3 Quality Assurance/Quality Control 

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

main components of QA/QC sampling: 

3.3.1 Duplicate Samples 

For each sampling event, a sample duplicate and filtered sample was taken from one randomly selected site 

(surface and bottom). All nutrients were analysed in the duplicate sample. Duplicate chlorophyll a samples 

were also collected from a single integrated depth sample on each sampling occasion. 

3.3.2 Trip/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 and field 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 Visual Assessment 

Results from visual assessment of cores collected in April 2018 are documented in Table 4. The dominant 

sediment colour for sites 1-11 was dark grey (10YR/4/1 on Munsell soil chart). Dark greyish brown and very 

dark greyish brown sediment coloration was observed at sites B12-B15. Sediment type was either fine or 

very fine sand in all cores. Shell grit or shell fragments were observed at a number of sites, mostly in the 

northern channel (i.e. B1, B3, B4, B5, B6), but also in the southern channel at B9. Evidence of animal life was 

noted in the majority of cores, typically the presence of burrows but also including a siphon on the surface, 

ghost shrimps, polychaete worms, bivalves, brittle star and New Zealand screw shells (Maoricolpus). No 

odour or gas bubbles were detected from any core.  

The sediment characteristics in the April 2018 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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Table 4: Core descriptions for sediments collected in April 2018. 
 

Core First Layer Second Layer Biota Gas or Smell 

Core 
Length 
(mm) 

Colour  Sediment  
Depth 
(mm) 

Colour Sediment  
Depth 
(mm) 

Plants Animals Gas Smell 

B1.1 90 10YR/4/1 Dark Grey Very fine sand 30 10YR/4/1 Dark Grey 
Very fine sand with 

shell grit 
90 Nil Burrows Nil Nil 

B1.2 155 10YR/4/1 Dark Grey Very fine sand 30 10YR/4/1 Dark Grey 
Fine sand with 
course shells 

155 Nil Nil Nil Nil 

B1.3 160 10YR/4/1 Dark Grey Very fine sand with shell grit 160    Nil Siphon on surface, burrows Nil Nil 

B2.1 160 10YR/4/1 Dark Grey Very fine sand 160    Nil Burrows Nil Nil 

B2.2 140 10YR/4/1 Dark Grey Very fine sand 140    Nil Burrows Nil Nil 

B2.3 130 10YR/4/1 Dark Grey Very fine sand 130    Nil Burrows Nil Nil 

B3.1 130 10YR/4/1 Dark Grey Very fine sand with sparse shell grit 130    Nil Burrows, ghost shrimp at 70 mm Nil Nil 

B3.2 120 10YR/4/1 Dark Grey Very fine sand with sparse shell grit 120    Nil Burrows, polychaete on surface Nil Nil 

B3.3 150 10YR/4/1 Dark Grey Very fine sand with sparse shell grit 150    Nil Burrows, worm tubes on suface Nil Nil 

B4.1 130 10YR/4/1 Dark Grey Very fine sand with shell grit 130    Nil Burrows Nil Nil 

B4.2 120 10YR/4/1 Dark Grey Very fine sand with shell grit 120    Nil Burrows Nil Nil 

B4.3 120 10YR/4/1 Dark Grey Very fine sand with shell grit 120    Nil Burrows Nil Nil 

B5.1 180 10YR/4/1 Dark Grey Very fine sand with shell grit 40 10YR/4/1 Dark Grey 
Very fine sand with 

sparse shell grit 
180 Nil Burrows Nil Nil 

B5.2 100 10YR/4/1 Dark Grey Very fine sand with sparse shell grit 100    Nil Worm tube on surface Nil Nil 

B5.3 80 10YR/4/1 Dark Grey Very fine sand with sparse shell grit 80    Nil Maoricolpus on surface Nil Nil 
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Core First Layer Second Layer Biota Gas or Smell 

Core 
Length 
(mm) 

Colour 
 

Sediment 
 

Depth 
(mm) 

Colour 
Sediment 

 
Depth 
(mm) 

Plants Animals Gas Smell 

B6.1 120 10YR/4/1 Dark Grey Very fine sand with sparse shell grit 120    Nil Ghost shrimp at 30 mm Nil Nil 

B6.2 185 10YR/4/1 Dark Grey Very fine sand with sparse shell grit 185    Nil Burrows, bivalve on surface Nil Nil 

B6.3 110 10YR/4/1 Dark Grey Very fine sand with sparse shell grit 110    Nil Burrows Nil Nil 

B7.1 180 10YR/4/1 Dark Grey Very fine sand 180    Nil Burrows Nil Nil 

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

B7.3 100 10YR/4/1 Dark Grey Very fine sand 100    Nil Burrows Nil Nil 

B8.1 140 10YR/4/1 Dark Grey Very fine sand 140    Nil Burrows Nil Nil 

B8.2 170 10YR/4/1 Dark Grey Very fine sand 170    Nil Burrows Nil Nil 

B8.3 170 10YR/4/1 Dark Grey Very fine sand 170    Nil Nil Nil Nil 

B9.1 140 10YR/4/1 Dark Grey Very fine sand with sparse shell grit 140    Nil 
Squat lobster and Maoricolpus 

on surface 
Nil Nil 

B9.2 150 10YR/4/1 Dark Grey Very fine sand with sparse shell grit 150    Nil Burrows Nil Nil 

B9.3 120 10YR/4/1 Dark Grey Very fine sand with sparse shell grit 120    Nil Nil Nil Nil 

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

B10.2 170 10YR/4/1 Dark Grey Very fine sand 170    Nil Burrows Nil Nil 

B10.3 160 10YR/4/1 Dark Grey Very fine sand 160    Nil Nil Nil Nil 
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Core First Layer Second Layer Biota Gas or Smell 

Core 
Length 
(mm) 

Colour 
 

Sediment 
 

Depth 
(mm) 

Colour 
Sediment 

 
Depth 
(mm) 

Plants Animals Gas Smell 

B11.1 160 10YR/4/1 Dark Grey Very fine sand 160    Nil Nil Nil Nil 

B11.2 190 10YR/4/1 Dark Grey Very fine sand 190    Nil Worm tube on surface Nil Nil 

B11.3 180 10YR/4/1 Dark Grey Very fine sand 180    Nil Nil Nil Nil 

B12.1 150 10YR/4/2 Dark greyish brown Very fine sand 150    Nil Brittle star at 70 mm Nil Nil 

B12.2 160 10YR/4/2 Dark greyish brown Very fine sand 160    Nil Nil Nil Nil 

B12.3 150 10YR/4/2 Dark greyish brown Very fine sand 150    Nil Burrows Nil Nil 

B13.1 130 10YR/3/2 Very dark greyish brown Very fine sand 130    Nil Nil Nil Nil 

B13.2 150 10YR/3/2 Very dark greyish brown Very fine sand 150    Nil Nil Nil Nil 

B13.3 140 10YR/3/2 Very dark greyish brown Very fine sand 140    Nil Worm tube on surface Nil Nil 

B14.1 170 10YR/3/2 Very dark greyish brown Very fine sand 170    Nil Burrows Nil Nil 

B14.2 170 10YR/3/2 Very dark greyish brown Very fine sand 170    Nil Ghost shrimp at 90 mm Nil Nil 

B14.3 150 10YR/3/2 Very dark greyish brown Very fine sand 150    Nil Nil Nil Nil 

B15.1 155 10YR/4/2 Dark greyish brown Fine sand, dark streaks from 40-155 mm 155    Nil Nil Nil Nil 

B15.2 160 10YR/4/2 Dark greyish brown Fine sand, dark streaks from 60-160 mm 160    Nil Nil Nil Nil 

B15.3 130 10YR/4/2 Dark greyish brown Fine sand, dark streaks from 70-130 mm 130    Nil Burrows Nil Nil 
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4.1.3 Redox Potential 

Mean site redox potential values at 3 cm depth for sediment cores collected in April 2018 ranged between 

105 mV and 406 mV with a mean redox potential across all sites of 262 mV (Figure 2). 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 sea bed. Sites subject to 

greater current and/or wave energy (e.g. B1, B3, B4, B5, B6) generally display higher redox levels than those 

from more sheltered waterways (e.g. B10, B11, B12, B13, B14, B15) (Figure 2). 

In their study of the impacts of fish-farms in south-eastern Tasmania, Macleod and Forbes (2004) 

demonstrated that uneaten food, fish faeces and other organic emissions can cause organic enrichment and 

subsequent degradation of sediments underneath and adjacent to fish farms. Macleod and Forbes (2004) 

proposed that redox potential values < 0 mV and sulphide concentrations > 100 µM are useful indicators of 

‘impacted’ sediments that are typical of degraded or organically enriched sediments. Redox potential values 

in the Huon Estuary and D’Entrecasteaux Channel were well above the < 0 mV threshold in April 2018 (Figure 

2) and in the preceding nine sampling years (2009-2018; Figure 3). These results are therefore indicative of 

broad-scale 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 and 

2018 (Figure 3).  

4.1.4 Sulphide Concentration 

Mean site sulphide concentrations in April 2018 (Figure 2) for the majority of sites were between < 0.1 µM 

and 2.4 µM (B1-B12, B14), with relatively high sulphide concentrations observed at sites B13 (6.7 µM) and 

B15 (9.9 µM). In April 2018, all sediments samples were well below the > 100 µM threshold used as an 

indicator of degraded or ‘impacted’ sediments in south-eastern Tasmania (Macleod and Forbes 2004; see 

above) (Figure 2) and in the previous nine sampling years (2009-2018; Figure 4). These results are therefore 

indicative of broad-scale healthy sediments that are unimpacted by organic enrichment throughout the 

region over this period. The low sulphide concentrations in sediments collected in 2018 are consistent with 

similarly low region-wide and site-specific sulphide concentrations recorded in previous years (Figure 4). 

Sulphide concentrations in south eastern Tasmania are known to be exceptionally low compared to other 

marine systems (e.g. Hargrave et al. 1997; Wildish et al. 1999), which have sulphide values orders of 

magnitude higher than those recoded in the Huon Estuary and D’Entrecasteaux Channel (Macleod and Forbes 

2004). 
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Figure 2: Corrected redox values (mV) and sulphide concentrations (µM) for fifteen sites in the Huon 
Estuary and D’Entrecasteaux Channel for sediments collected in April 2018. Crosshairs indicate the mean 
and filled circles represent replicate observations at each site. Organic enrichment is typically indicated by 
redox values < 0 mV and sulphide concentrations > 100 µM (Macleod and Forbes 2004) and this is 
represented by the dashed line in each chart. 
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4.2 Performance Against Preliminary Benthic Trigger Values 

4.2.1 Preliminary Benthic Trigger Values  

Thompson et al. (2008) reviewed the local, national and international literature on benthic parameters with 

the aim of providing indicator and performance measures for broad scale benthic health in the Huon Estuary 

and D’Entrecasteaux Channel. They found no benthic parameter, suite of parameters or indices that were 

suitable for use as an indicator or performance measure (Thompson et al. 2008). Thompson et al. (2008) 

describe very different biological communities and sediment characteristics that vary at a range of spatial 

scales, sometimes in association with spatial heterogeneity in bottom benthic habitat. The reasons for 

rejection of most benthic indicators was related to high spatial variability leading to low statistical power and 

the subsequent requirement for a very large number of samples that was considered unfeasible for a system-

wide monitoring program (Thompson et al. 2008). Instead, Thompson et al. 2008, recommended (a) the 

collection of benthic sediment samples as part of the Huon Estuary and D’Entrecasteaux Channel BEMP; and 

(b) based on this data, the development of suitable benthic indicators or a suite of indicators that can be 

used as performance measures at system-wide scales.  

To date, a set of robust benthic indicators has not yet been developed. The Tasmanian EPA intends to 

undertake a review of baseline trigger levels as part of the Environmental Standards (ES) project, which is 

currently underway. As of November 2019, suggested timelines are 6 to 8 months for the ES development 

phase, during which methodology aspects for water quality triggers will be clarified.  

Instead, the current benthic conditions were assessed according to the preliminary measures proposed by 

Thompson et al. (2008; see Table 5) which are based on ‘significant change’ in redox potential or sulphide 

concentrations over time at either (a) one site = low risk; (b) two sites in ≥ 2 indicators = moderate risk; or (c) 

≥ 3 sites in ≥ 2 indicators = high risk (Table 5). The direction or magnitude of ‘significant change’ in these 

assessments was not defined by Thompson et al. (2008) so instead key literature for the region (e.g. Macleod 

and Forbes 2004; Thompson et al. 2008; Butler et al. 2000) was used to provide context to observed trends.  

Multivariate benthic infauna trends were benchmarked against measures proposed by Thompson et al. 

(2008; see Table 5) in 2009, 2013 and 2017 according to a four-year cycle stipulated in Appendix 8 of the 

Environmental Licence and will be reanalysed again in 2021.  

4.2.2 Performance Against Trigger Values  

Site-specific and region-wide changes in redox values and sulphide concentrations over time are illustrated 

in Figure 3 and Figure 4, respectively. Redox values have remained relatively stable between 2009 and 2017 

and there was a small increase in redox values in 2018 (Figure 3b). This was probably driven by relatively high 
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redox values at sites B3, B9 and B11 (Figure 3a). These changes are unlikely to be ‘significant’ (see Table 5) 

due to (a) the small magnitude of the increase; (b) the direction of the increase away from the threshold for 

degraded sediments (< 0 mV; Macleod and Forbes 2004); and (c) the fact that all samples have consistently 

been above the threshold for degraded sediments for ten years (< 0 mV; Macleod and Forbes 2004). 

Regional sulphide concentrations fluctuated between 2009 and 2018 (Figure 4) with relatively high 

concentrations recorded in 2012 and 2013 and very low concentrations recorded for all other years. In their 

review of 2009-2012 BEMP data, Ross and Macleod (2013) noted potential ‘significant changes’ in sulphide 

concentrations at sites B2, B12 and B14 in 2012 but concluded that they were still very low, within the range 

of variability encountered at other sites and well within the normal range observed within their respective 

MFDP regions. The range and central tendency of site-specific (Figure 4a) and region-wide (Figure 4b) 

sulphide concentrations for 2018 were equivalent to those recorded in the preceding nine years. Therefore, 

there were no ‘significant changes’ (see Table 5) in sulphide concentrations in 2018. The range of sulphide 

concentrations observed over the last ten years (0-32 µM; Figure 4b) has been considerably lower than the 

threshold for degraded sediments (> 100 µM; Macleod and Forbes 2004) and are exceptionally low compared 

to other marine ecosystems (e.g. Hargrave et al. 1997; Wildish et al. 1999).  

 

Table 5: Recommended trigger levels for benthic monitoring program parameters with 3 levels of trigger 
values. Modified from Thompson et al. 2008. 
 

Parameter Standard or Baseline Value Level 1 

(Low risk) 

Level 2 

(Moderate risk) 

Level 3 

(High risk) Huon D’Entrecasteaux 

Sediment 

biota 

(infauna) 

TBD TBD Significant change over 

time at one or more sites. 

Other indicators TBD 

Significant change in 

multivariate community 

structure at one site. 

Other indicators TBD 

Significant change in 

multivariate community 

structure at two or more. 

Sites. Other indicators TBD 

Sediment 

chemistry 

ANZECC guidelines for 

metals and TBD 

ANZECC guidelines 

for metals and TBD 

Significant change over 

time at one site. 

Significant change over 

time at 2 sites/ 2 

indicators. Exceeding 

ANZECC low guidelines 

Significant change over time 

at > 3 sites/ 2 indicators. 

Exceeding ANZECC high 

guidelines 
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(a) 

 
 
(b) 

 
Figure 3: Redox potential (mV) for 15 sites in the Huon Estuary and D’Entrecasteaux Channel from 2009 to 
2018, including (a) replicate observations (circles) and the mean (crosshairs) for each site for each year; and 
(b) boxplots representing the median (horizontal line), mean (crosshairs), 20th and 80th percentiles (box) and 
minimum and maximum values (vertical line). Organic enrichment is typically indicated by redox values < 0 
mV (Macleod and Forbes 2004) and this is represented by a dashed line. 
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(a) 

 
(b) 

 
Figure 4: Sulphide (µM) for 15 sites in the Huon Estuary and D’Entrecasteaux Channel from 2009 to 2018, 
including (a) replicate observations (circles) and the mean (crosshairs) for each site for each year; and (b) 
boxplots representing the median (horizontal line), mean (crosshairs), 20th and 80th percentiles (box) and 
minimum and maximum values (vertical line). Organic enrichment is typically indicated by sulphide 
concentrations values > 100 µM (Macleod and Forbes 2004) and this is represented by the dashed line. 
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4.3 Water Quality 

This section presents data on nutrients and physico-chemical water quality parameters in the Huon Estuary 

and D’Entrecasteaux Channel, focusing on the March 2018 to February 2019 time period. Comparisons were 

made with previous years (i.e. 2009/10 – 2017/18) using the same March – February annual period. This 

approach was consistent with previous annual reports (e.g. Aquenal 2017; Aquenal 2018) and allowed 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 (Aquenal 2010, 

Aquenal 2011, Aquenal 2017; Aquenal 2018) and other reviews of the Huon and D’Entrecasteaux BEMP 

dataset (Ross and MacLeod 2013; see also Bell et al. 2017). These spatial and temporal trends are presented 

and summarised here, followed by a discussion of how the central tendency (median, mean) and variance 

(20th and 80th percentiles, range) of water quality parameters in 2018/19 compared to previous annual 

periods. Where possible, the literature related to the hydrodynamics and ecology of the Huon Estuary and 

D’Entrecasteaux Channel is drawn upon to contextualise results (e.g. Butler 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 physico-chemical parameters is included 

in Figure 5 below. Detailed plots at the individual site level are included in Appendix 1, while maps depicting 

annual spatial patterns over the 2009-2019 period are provided in Appendix 2.  
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Figure 5: Schematic guide to interpretation of water quality charts: (a) shows trends over time at three depths across the region; (b, c) illustrate changes in the 
variance and central tendency of annual periods (March-February) for 2009/10 to 2018/19; (d, e) highlight observations from the current year (2018/19) in relation 
to the variance and central tendency of the previous nine years (2009-2018).
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4.3.1 Physico-chemical Parameters 

4.3.1.1 Temperature 

Water temperature throughout the depth profile exhibits a strong seasonal cycle with highest temperatures 

in summer and lowest temperatures in winter (Figure 6a-d; Appendix 1). Surface waters are relatively warm 

compared to bottom temperatures in the spring and summer months. In winter, surface waters become 

markedly cooler due to inputs from snow melt and rainfall. Annual median temperature was approximately 

15oC across all sites (Figure 6d). 

There were no major departures from long-term annual water temperature levels in 2018/19 with the central 

tendency and variance observed during the 2017/18 period being equivalent to the preceding nine years 

(Figure 6a, b). An exception to this general pattern were some slightly higher temperatures measured region-

wide for surface and 5 m depths during December 2018 and January 2019 (Figure 6c, d).  

4.3.1.2 Dissolved Oxygen 

Dissolved oxygen in the water column exhibits a weak seasonal cycle with higher values in winter and spring 

and lower values in summer and autumn (Figure 7a-e; Appendix 1; see also Figure 8a-e; Appendix 1). 

Dissolved oxygen is stratified throughout the water column decreasing from the surface to bottom layers 

(Figure 7a). Dissolved oxygen levels are relatively uniform across the D’Entrecasteaux Channel sites and 

notably more variable across the Huon Estuary sites where bottom water dissolved oxygen tends to decrease 

with increasing distance up the estuary (Figure 7e). Dissolved oxygen in bottom waters is relatively low at 

shallow sites (M11, M13, M14; Figure 7e).  

There were no major departures from long-term annual dissolved oxygen levels in 2018/19 with the central 

tendency and variance observed during the 2018/19 period being generally equivalent to the preceding nine 

years (Figure 7a-e).  

4.3.1.3 Salinity 

Salinity is stratified in some parts of the region, with lower and more variable values on the surface compared 

to 5 m depth and bottom waters (Figure 9a-e; Appendix 1). This is primarily driven by significantly lower and 

more variable salinity levels in the surface waters of the Huon Estuary compared to the D’Entrecasteaux 

Channel (Figure 9e). The lower salinity values in the Huon Estuary are primarily driven by freshwater inputs 

from the Huon River flowing in surface waters (see Butler et al. 2000). Salinity tends to show minimal 

variation across most sites and season, apart from lower values in surface samples in winter months. As 

expected, these lower salinity levels are most evident at Huon Estuary sites (e.g. M10, M12, M14) in winter 

months when river flows are highest (Figure 9c, d).  
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There were no significant departures from long-term annual salinity levels in 2018/19 with the central 

tendency and variance observed during the 2018/19 period being equivalent to the preceding nine years 

(Figure 9a, b).  
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Figure 6: Temperature (oC) for the Huon and D’Entrecasteaux BEMP at three depths (Surface, 5 m, Bottom): (a) mean 
monthly values over time from March 2009 to February 2019 with site observations (points) overlaid; (b) annual box plots 
for March to February periods; (c) annual box plots for March to February periods, by season; (d) monthly box plots for 
March 2009 to February 2018 data with observations (points) and median (crosses) for March 2018 to February 2019 
overlaid; (e) site-specific box plots for March 2009 to February 2018 data with observations (points) for March 2018 to 
February 2019 overlaid. Box plots represent the median, 20th and 80th percentiles and the range. Crosshairs show the 
mean in (b-c) and median in (d-e). Dotted vertical lines in (a) represent annual periods used in box plots and trigger limit 
analysis. Plots by site are illustrated in Appendix 1. 

  

(a) 

(b) 

(c) 

(d) 

(e) 
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Figure 7: Dissolved oxygen (mg/L) for the Huon and D’Entrecasteaux BEMP at three depths (Surface, 5 m, Bottom): (a) 
mean monthly values over time from March 2009 to February 2019 with site observations (points) overlaid; (b) annual 
box plots for March to February periods; (c) annual box plots for March to February periods, by season; (d) monthly box 
plots for March 2009 to February 2018 data with observations (points) and median (crosses) for March 2018 to February 
2019 overlaid; (e) site-specific box plots for March 2009 to February 2018 data with observations (points) for March 2018 
to February 2019 overlaid. Box plots represent the median, 20th and 80th percentiles and the range. Crosshairs show the 
mean in (b-c) and median in (d-e). Dotted vertical lines in (a) represent annual periods used in box plots and trigger limit 
analysis. Plots by site are illustrated in Appendix 1. 
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Figure 8: Dissolved oxygen (%) for the Huon and D’Entrecasteaux BEMP at three depths (Surface, 5 m, Bottom): (a) mean 
monthly values over time from March 2009 to February 2019 with site observations (points) overlaid; (b) annual box plots 
for March to February periods; (c) annual box plots for March to February periods, by season; (d) monthly box plots for 
March 2009 to February 2018 data with observations (points) and median (crosses) for March 2018 to February 2019 
overlaid; (e) site-specific box plots for March 2009 to February 2018 data with observations (points) for March 2018 to 
February 2019 overlaid. Box plots represent the median, 20th and 80th percentiles and the range. Crosshairs show the 
mean in (b-c) and median in (d-e). Dotted vertical lines in (a) represent annual periods used in box plots and trigger limit 
analysis. Plots by site are illustrated in Appendix 1. 
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Figure 9: Salinity (ppt) for the Huon and D’Entrecasteaux BEMP at three depths (Surface, 5 m, Bottom): (a) mean monthly 
values over time from March 2009 to February 2019 with site observations (points) overlaid; (b) annual box plots for March 
to February periods; (c) annual box plots for March to February periods, by season; (d) monthly box plots for March 2009 
to February 2018 data with observations (points) and median (crosses) for March 2018 to February 2019 overlaid; (e) site-
specific box plots for March 2009 to February 2018 data with observations (points) for March 2018 to February 2019 
overlaid. Box plots represent the median, 20th and 80th percentiles and the range. Crosshairs show the mean in (b-c) and 
median in (d-e). Dotted vertical lines in (a) represent annual periods used in box plots and trigger limit analysis. Plots by 
site are illustrated in Appendix 1. 
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4.3.2 Nutrients 

4.3.2.1 Ammonia (Total Ammoniacal Nitrogen) 

Patterns of ammonia concentration are depicted in Figure 10a-e. Ammonia concentrations were higher and 

more variable in bottom waters compared with surface waters. A weak seasonal pattern was apparent, 

particularly in bottom waters. Ammonia concentrations tend to increase during later spring/early summer, 

with relatively high levels maintained through autumn before declining in early winter (Figure 10c, d). 

Ammonia concentrations are generally higher and more variable in the Huon Estuary compared to the 

D’Entrecasteaux Channel (Figure 10e).  

At the regional level, there were no major departures from long-term annual ammonia levels in 2018/19 with 

the central tendency and variance observed during the 2018/19 period generally being comparable to the 

preceding nine years (Figure 10a, b). In surface and bottom waters, ammonia concentrations were relatively 

low in summer of 2018/19 but this is not unprecedented in the monitoring record (see 2010/11 and 2015/16; 

Figure 10c). In bottom waters, ammonia concentrations were relatively high compared to previous years in 

March and April 2018 but relatively low in the following few months (Figure 10d).  

In their analysis of the Huon Estuary and D’Entrecasteaux Channel BEMP dataset, Bell et al. (2017) detected 

an increasing trend in ammonia in bottom waters between 2009 and 2016 at four sites in the Southern Region 

(i.e. the lower Huon Estuary and southern D’Entrecasteaux Channel). Statistical models developed by Bell et 

al. (2017) indicated that sites M8, M9, M10 and M12 all displayed an increasing trend in the two years 

preceding 2016, with site M10 displaying the greatest increase and having the highest concentrations of any 

BEMP site in the Huon Estuary and D’Entrecasteaux Channel system.  

Boxplots and analysis of patterns of ammonia through time showed an increase in 2014/15 at sites M8, M9, 

M10, M12 in the southern region of the Channel (Figure 11, Figure 12), consistent with the patterns identified 

by Bell et al. (2017). In the subsequent three years since 2016, ammonia appears to have stabilised or 

decreased slightly at these four sites (Figure 11, Figure 12). There was little evidence of systematically 

increasing ammonia concentrations from 2016-2019. While the trend appears to have stabilised, median 

ammonia concentrations at sites M8, M9 and M10 in the 2018/19 reporting period remained above the long 

term median (Figure 10e).  

When considering these dynamics, it is worth noting the small magnitude of the fluctuations in ammonia in 

bottom waters at sites M8, M9, M10 and M12 (Figure 12). Bell et al. (2017) also highlighted this point. The 

maximum increase or decrease in mean ammonia between consecutive years (Figure 12) was 0.003 mg-N/L 

at site 8; 0.004 mg-N/L at site 9; 0.006 mg-N/L at Site 10; and 0.003 mg-N/L at Site 13. It is important to note 

that despite these fluctuations, there has been no evidence of biological changes at these sites based on the 
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variables measured as part of the BEMP program, (i.e. chlorophyll a, benthic infauna; Aquenal 2010, Aquenal 

2011, Aquenal 2017, Aquenal 2018). It is unlikely that such small increases (or decreases) in ammonia would 

have an impact on water quality or marine ecosystems. 
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Figure 10: Ammonia (mg-N/L) for the Huon and D’Entrecasteaux BEMP at two depths (Surface, Bottom): (a) mean monthly 
values over time from March 2009 to February 2019 with site observations (points) overlaid; (b) annual box plots for March 
to February periods; (c) annual box plots for March to February periods, by season; (d) monthly box plots for March 2009 
to February 2018 data with observations (points) and median (crosses) for March 2018 to February 2019 overlaid; (e) site-
specific box plots for March 2009 to February 2018 data with observations (points) for March 2018 to February 2019 
overlaid. Box plots represent the median, 20th and 80th percentiles and the range. Crosshairs show the mean in (b-c) and 
median in (d-e). Dotted vertical lines in (a) represent annual periods used in box plots and trigger limit analysis. Plots by 
site are illustrated in Appendix 1. 
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Figure 11: Ammonia concentrations in surface waters and bottom waters for ten annual periods at fifteen 
sites in the Huon Estuary and D’Entrecasteaux Channel. Box plots represent the median, 20th and 80th 
percentiles and the range. Crosshairs show the mean.  
 
 

(a) (b)  
 
Figure 12: Difference in mean ammonia concentrations (mg/L) in bottom waters between consecutive 
annual periods (March-February). (a) All sites and (b) southern channel sites M8, M9, M10 and M12. Points 
are placed between the two consecutive years used in calculations. Negative values are when ammonia 
concentrations decrease. Positive values are when ammonia concentrations increase. Mean annual 
ammonia concentrations used in calculations are shown as crosshairs in Figure 11. 
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4.3.2.2 Nitrate 

Nitrate concentrations in the Huon Estuary and D’Entrecasteaux Channel exhibit a strong seasonal cycle with 

high values in winter and low values in spring and summer (Figure 13a-e; Appendix 1). This is related to the 

intrusion of nutrient rich, subantarctic Southern Ocean waters and rivers in late autumn and early winter 

(Crawford et al. 2011; Ross and Macleod 2013; Bell et al. 2017). The decrease in nitrate concentrations in 

spring, summer and early autumn is likely attributable to biological uptake by phytoplankton (Butler et al. 

2000; Ross and Macleod 2013). Bottom waters were generally higher in nitrate than surface waters (Figure 

13) due to the greater biological uptake in the surface photic zone (Ross and Macleod 2013). Nitrate levels 

were relatively uniform across sites in surface waters but slightly higher at sites in the Huon Estuary in bottom 

waters (Figure 13). This trend is likely to be due to the proximity to oceanic water sources for D’Entrecasteaux 

Channel sites. 

There were no significant departures from long-term annual nitrate levels in 2018/19 with the central 

tendency and variance observed during the 2018/19 period being equivalent to the preceding nine years 

(Figure 13b). Compared to previous years, median monthly nitrate concentrations were relatively low in the 

spring of 2018, particularly in the months of October and September (Figure 13c, d). 

4.3.2.3 Dissolved Reactive Phosphorus 

Dissolved reactive phosphorus (phosphorus) concentrations in the Huon Estuary and D’Entrecasteaux 

Channel exhibit a weak seasonal cycle with higher concentrations in the autumn and winter compared to 

spring and summer (Figure 14a-e; Appendix 1). As with nitrate, this cyclic pattern is likely to be attributable 

to the intrusion of nutrient rich Southern Ocean waters and rainfall runoff into the Huon River in the cooler, 

wetter months. Phosphorus concentrations were clearly stratified throughout the water column, with higher 

values in bottom waters compared to surface waters (Figure 14a). The divergence of phosphorus 

concentrations between surface and bottom waters was highest in spring and summer (Figure 14c, d), 

presumably due to uptake by phytoplankton. In bottom waters, phosphorus concentrations were higher and 

more variable in the Huon Estuary compared to the D’Entrecasteaux Channel (Figure 14e).  

There were no significant departures from long-term annual phosphorus levels in surface waters in 2018/19 

with the central tendency and variance observed during the 2018/19 period being equivalent to the 

preceding nine years (Figure 14a, b). In surface waters, phosphorus concentrations were relatively high in 

winter 2018 (particularly June 2018) compared to the preceding six years (Figure 14c). As with 2017/18, 

phosphorus in bottom waters in 2018/19 was slightly higher than the preceding five years, but within the 

range of phosphorus values observed over the course of the monitoring program (Figure 14c).  
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Bell et al. (2017) noted that dissolved reactive phosphorus concentrations declined between March 2009 and 

March 2016 in both bottom and surface waters throughout the system, independent of seasonal variation. 

This trend is evident in the temporal comparisons provided in this report, where dissolved reactive 

phosphorus is higher in 2009-2012 compared to 2012-2016 (Figure 14a-c). However, it seems that this decline 

has reversed since 2016, with dissolved reactive phosphorus concentrations in 2017-2019 generally higher 

and more variable than the preceding three years (Figure 14a-c).  

4.3.2.4 Silicate 

Molybdate reactive silicate concentrations in the Huon Estuary and D’Entrecasteaux Channel exhibit strong 

regional patterns with markedly higher values in the surface waters (but not bottom waters) of the Huon 

Estuary (Figure 15a-e; Appendix 1). This is due to the strong link between silicate concentrations and input 

flows from the Huon River. Silicate levels in surface waters generally decrease with increasing distance from 

the Huon River (i.e. Site M13 > Site M14 > Site M11 > Site M10; Appendix 1). It is likely that the small 

fluctuations in surface water silicate concentrations, such as higher values in winter, are driven by freshwater 

flow events, especially from the Huon River (Figure 15a-e).There were no significant departures from long-

term annual silicate levels in 2018/19 with the central tendency and variance observed during the 2018/19 

period being equivalent to the preceding nine years (Figure 15a-e). 

4.3.2.5 Total Nitrogen  

Total nitrogen concentrations do not exhibit strong spatial or temporal patterns in the Huon estuary and 

D’Entrecasteaux Channel (Figure 16a-e; Appendix 1). Total nitrogen concentrations tend to have a seasonal 

peak each winter, although the strength of this pattern varies between years (Figure 16a-b). Total nitrogen 

concentrations also tend to be slightly higher in the bottom waters of the Huon Estuary compared to the 

D’Entrecasteaux Channel (Figure 16e; Appendix 1).   

Total nitrogen declined in surface and bottom waters between 2009/10 to a relatively low concentration 

2013/14, before increasing slightly each year to 2018/19 (Figure 16b). There were no significant departures 

from long-term annual total nitrogen levels in 2018/19 with the central tendency and variance observed 

during the 2018/19 period being equivalent to the preceding nine years (Figure 16a-e).  

4.3.2.6 Total Phosphorous 

Total phosphorus concentrations do not exhibit strong spatial or temporal patterns in the Huon Estuary and 

D’Entrecasteaux Channel (Figure 17a-e; Appendix 1). However, the ability to discern fine-scale changes in 

total phosphorus concentration is confounded by the fact that the analytical sensitivity at which total P is 

reported has changed over the study timeframe (i.e. there has been a reduction in reporting level from 0.001 



Aquenal Pty Ltd  BEMP Annual Report 2018/19 

44 

 

mg/l to 0.01 mg/l). 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 long-term annual total phosphorus levels in 2018/19 with the 

central tendency and variance observed during the 2018/19 period being equivalent to the preceding nine 

years (Figure 17a-e).  
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Figure 13: Nitrate (mg-N/L) for the Huon and D’Entrecasteaux BEMP at two depths (Surface, Bottom): (a) mean monthly values 
over time from March 2009 to February 2019 with site observations (points) overlaid; (b) annual box plots for March to 
February periods; (c) annual box plots for March to February periods, by season; (d) monthly box plots for March 2009 to 
February 2018 data with observations (points) and median (crosses) for March 2018 to February 2019 overlaid; (e) site-specific 
box plots for March 2009 to February 2018 data with observations (points) for March 2018 to February 2019 overlaid. Box 
plots represent the median, 20th and 80th percentiles and the range. Crosshairs show the mean in (b-c) and median in (d-e). 
Dotted vertical lines in (a) represent annual periods used in box plots and trigger limit analysis. Plots by site are illustrated in 
Appendix 1. 
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Figure 14: Dissolved reactive phosphorus (mg-P/L) for the Huon and D’Entrecasteaux BEMP at two depths (Surface, Bottom): 
(a) mean monthly values over time from March 2009 to February 2019 with site observations (points) overlaid; (b) annual box 
plots for March to February periods; (c) annual box plots for March to February periods, by season; (d) monthly box plots for 
March 2009 to February 2018 data with observations (points) and median (crosses) for March 2018 to February 2019 overlaid; 
(e) site-specific box plots for March 2009 to February 2018 data with observations (points) for March 2018 to February 2019 
overlaid. Box plots represent the median, 20th and 80th percentiles and the range. Crosshairs show the mean in (b-c) and 
median in (d-e). Dotted vertical lines in (a) represent annual periods used in box plots and trigger limit analysis. Plots by site 
are illustrated in Appendix 1. 
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Figure 15: Molybdate reactive silicate (mg/L) for the Huon and D’Entrecasteaux BEMP at two depths (Surface, Bottom): (a) 
mean monthly values over time from March 2009 to February 2019 with site observations (points) overlaid; (b) annual box 
plots for March to February periods; (c) annual box plots for March to February periods, by season; (d) monthly box plots for 
March 2009 to February 2018 data with observations (points) and median (crosses) for March 2018 to February 2019 overlaid; 
(e) site-specific box plots for March 2009 to February 2018 data with observations (points) for March 2018 to February 2019 
overlaid. Box plots represent the median, 20th and 80th percentiles and the range. Crosshairs show the mean in (b-c) and 
median in (d-e). Dotted vertical lines in (a) represent annual periods used in box plots and trigger limit analysis. Plots by site 
are illustrated in Appendix 1. 
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Figure 16: Total nitrogen (mg-N/L) for the Huon and D’Entrecasteaux BEMP at two depths (Surface, Bottom): (a) mean monthly 
values over time from March 2009 to February 2019 with site observations (points) overlaid; (b) annual box plots for March 
to February periods; (c) annual box plots for March to February periods, by season; (d) monthly box plots for March 2009 to 
February 2018 data with observations (points) and median (crosses) for March 2018 to February 2019 overlaid; (e) site-specific 
box plots for March 2009 to February 2018 data with observations (points) for March 2018 to February 2019 overlaid. Box 
plots represent the median, 20th and 80th percentiles and the range. Crosshairs show the mean in (b-c) and median in (d-e). 
Dotted vertical lines in (a) represent annual periods used in box plots and trigger limit analysis. Plots by site are illustrated in 
Appendix 1. 
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Figure 17: Total phosphorus (mg-P/L) for the Huon and D’Entrecasteaux BEMP at two depths (Surface, Bottom): (a) mean 
monthly values over time from March 2009 to February 2019 with site observations (points) overlaid; (b) annual box plots for 
March to February periods; (c) annual box plots for March to February periods, by season; (d) monthly box plots for March 
2009 to February 2018 data with observations (points) and median (crosses) for March 2018 to February 2019 overlaid; (e) 
site-specific box plots for March 2009 to February 2018 data with observations (points) for March 2018 to February 2019 
overlaid. Box plots represent the median, 20th and 80th percentiles and the range. Crosshairs show the mean in (b-c) and 
median in (d-e). Dotted vertical lines in (a) represent annual periods used in box plots and trigger limit analysis. Plots by site 
are illustrated in Appendix 1. 
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4.3.3 Phytoplankton 

Phytoplankton communities were analysed on the basis of (1) monthly chlorophyll a concentrations (a proxy 

for phytoplankton biomass) and (2) monthly cell counts of phytoplankton species. Both data sources were 

generated from the same 12 m deep integrated water sample taken at each site on each sampling event. 

The results presented here include comparisons of chlorophyll concentrations, phytoplankton abundance 

and community composition observed between March 2018 and February 2019 with observations from the 

same period (March-Feb) during the previous eight years (2009/10 – 2017/2018). This includes an 

examination of species known to form harmful algal blooms (Hallegraeff 2002).  

Analyses of temporal trends (i.e. seasonal, monthly, yearly) and spatial trends (i.e. across MFDP regions, 

between bays and channels and between sites) were the focus of previous annual reports for the region 

(Aquenal 2017; Aquenal 2018) and several earlier reviews of the Huon and D’Entrecasteaux BEMP data (Ross 

and MacLeod 2013; see also Bell et al. 2017). These spatial and temporal trends are briefly summarised here 

followed by more detailed interpretation of how the 2018/2019 data compares to previous observations.  

Yearly analysis periods (e.g. 2009/10, 2010/11……2018/19) span the months March to February as described 

in the Water Quality section above (Section 4.3). This is consistent with previous annual reports using this 

data.  

4.3.3.1 Chlorophyll a 

Chlorophyll a concentrations are consistently low in winter, with peaks generally occurring in autumn and 

spring (Figure 18a-d; Appendix 1). There was a clear peak in chlorophyll a levels in the autumn of 2011 (Figure 

18a; note the ‘off the scale’ observations described in the footnote to Figure 18a), and a number of smaller 

peaks either locally or region-wide (e.g. Spring 2015; Figure 18a). Chlorophyll a concentrations were slightly 

higher and more variable in the Huon Estuary compared to the D’Entrecasteaux Channel (Figure 18e).  

There were no obvious chlorophyll a peaks between March 2018 and February 2019 (Figure 18a). There were 

no significant departures from long-term annual chlorophyll a concentration in 2018/19 with the central 

tendency and variance observed during the 2018/19 period being equivalent to the preceding nine years 

(Figure 18a-e). The maximum chlorophyll a concentration recorded in 2018/19 was 4.9 mg/m3. 

4.3.3.2 Phytoplankton Abundance: communities and seasonal patterns  

There were no outstanding peaks in phytoplankton abundance in the 2018/19 period, with the highest mean 

monthly cell density per site for this period being 1361 cell/ml recorded in September 2018 (Figure 19). By 

comparison, phytoplankton abundance in early April 2017 had an average cell density per site of 3495 

cells/ml (Figure 19). The long-term annual pattern in phytoplankton abundance is characterised by a series 
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of peaks in diatoms (class Bacillariophyta) between periods of relatively low phytoplankton abundance 

(Figure 19). There have been no distinctive peaks in dinoflagellates (Class Dinophyta) since 2011 (Figure 19). 

Phytoplankton taxa from the class Dinophyta and Cryptophyta were the second and third most abundant 

class recorded in the region during 2018/19 but density was always low (<25 cells/mL per site; Figure 19). 

Across all years, phytoplankton abundance showed distinct seasonal peaks in spring and autumn (Figure 22) 

which has been previously documented and discussed by Butler et al. (2000) and Volkman et al. (2009). 

The 2018/2019 phytoplankton community data was consistent with previous reports (Ross and MacLeod 

2013, Bell et al. 2017; Aquenal 2017; Aquenal 2018), where abundance in the Huon Estuary and 

D’Entrecasteaux Channel has been shown to be dominated by diatoms (Figure 20). As per the previous nine 

years, the dinoflagellates and cryptomonads were the next most abundant phytoplankton classes in 2018/19 

(Figure 20). The relative abundance of diatom species has varied through the course of the monitoring 

program with Chaetoceros, Pseudo-nitzschia and Skelotonema the most common diatom taxa observed 

(Figure 21). Chaetoceros socialis and Skeletonema spp. have a high surface/volume ratio (small cells; r-

strategists adapted to unstable, unpredictable environments) and rapid growth rates (compared to larger 

cells e.g. Rhisozolenia; K-strategist adapted to stable, predictable environments) under nutrient depleted 

conditions (Bell et al. 2017). In 2018/19, the diatom genus Hemiaulus hauckii also comprised an important 

component of the diatom algal flora (Figure 21).  

Aggregate cell counts across all years revealed higher cell densities in the Huon Estuary compared to the 

D’Entrecasteaux Channel (Figure 23). The highset cell densities were recorded in the lower Huon Estuary 

(M10, M11) and the lowest densities were recorded at the control site M15 (Figure 23).  

4.3.2.3 Harmful Algal Species 

The dataset was divided into harmful and non-harmful species (Appendix 3) on the basis of Hallegraeff (2002) 

and Thompson et al. (2008, pp. 79-95). Recognised phytoplankton experts were also consulted. The vast 

majority of phytoplankton detected between 2009 and 2019 were non-harmful species, including the 

analysis year (2018/19) (Figure 24; Figure 25). Harmful phytoplankton were only detected in high numbers 

in the autumn of 2011 (Figure 24; Figure 25), when the dinoflagellate Gymnodinium catenatum was present 

in relatively high densities.  
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Figure 18*: Chlorophyll a (mg/m3) for the Huon and D’Entrecasteaux BEMP at two depths (Surface, Bottom): (a) mean 
monthly values over time from March 2009 to Feb 2019 with site observations (points) overlaid; (b) annual box plots 
for March to February periods; (c) annual box plots for March to February periods, by season; (d) monthly box plots 
for March 2009 to February 2018 data with observations (points) and median (crosses) for March 2018 to February 
2019 overlaid; (e) site-specific box plots for March 2009 to February 2018 data with observations (points) for March 
2018 to February 2019 overlaid. Box plots represent the median, 20th and 80th percentiles and the range. Crosshairs 
show the mean in (b-c) and median in (d-e). Dotted vertical lines in (a) represent annual periods used in box plots and 
trigger limit analysis. Plots by site are illustrated in Appendix 1. 
 
*Note: Figures for chlorophyll a have been scaled from 0 to 12 mg/m3 to highlight temporal trends and to facilitate 
comparisons with the 2018/19 period. Boxplots were calculated based on the full dataset (i.e. 0 to 56 mg/m3). Chlorophyll 
a counts exceeded 12 mg/m3 six times between 2009 and 2019: three times in April 2011 (56 mg/m3, 54 mg/m3, 41 
mg/m3), twice in March 2011 (46 mg/m3, 42 mg/m3) and once in October 2010 (17 mg/m3). These are included as text in 
the figure body. The maximum chlorophyll a observation for 2018/2019 period was 4.90 mg/m3 which is included in these 
figures. 
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Figure 19: Mean density (cells/mL per site for each survey event) of Bacillariophyta and non-Bacillariophyta classes of 
phytoplankton in the Huon and D’Entrecasteaux Channel. 
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Figure 20: (a) Relative abundance (0 to 1) and (b) mean density (cells/mL) per site for 
different phytoplankton classes for ten yearly periods (March-February) from 2009 to 2019. 

 

 

 

Figure 21: (a) Relative abundance (0 to 1) and (b) mean density (cells/mL per site) of genera 
of the Bacillariophyta (diatom) group for ten yearly periods (March-February) from 2009 to 
2019. 

 

(a) 

(b) 

(a) 

(b) 



Aquenal Pty Ltd  BEMP Annual Report 2018/19 

55 

 

 

Figure 22: Mean density (cells/mL per site) of phytoplankton by month, based on pooled 
data across all years (2009-2019). 

 
 

 

 

Figure 23: Mean density (cells/mL) per year of phytoplankton by site, based on pooled 
data across all years (2009-2019). 
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Figure 24: Mean density of harmful and non-harmful phytoplankton taxa (cells/mL per site per survey 
event) in the Huon Estuary and D’Entrecasteaux Channel. See Appendix 3 for list of harmful species. 

 

 

Figure 25: a) Relative abundance (0 to 1) and (b) mean density (cells/mL per site) of 
Harmful and Non-harmful phytoplankton for ten yearly periods (March-February) from 
2009 to 2019. See Appendix 3 for list of harmful species. 
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4.4 Comparison with Proposed Baseline Water Quality Trigger Values  

Proposed baseline trigger levels established by Thompson et al. (2008) provide a framework for developing 

management responses based on guideline or trigger values (see Table 6). Proposed trigger levels are not 

statutory limits and their purpose is to inform regulatory management of the industry. The Tasmanian EPA 

intends to undertake a review of baseline trigger levels as part of the Environmental Standards (ES) project, 

which is currently underway. As of November 2019, suggested timelines are 6 to 8 months for the ES 

development phase, during which methodology aspects for water quality triggers will be clarified. Aquenal 

(2017; 2018) conducted a detailed analysis of water quality data with respect to trigger levels for annual 

periods between 2009 and 2018. In the current report, this analysis is updated with data for the March 2018 

to February 2019 period. A brief summary of overall performance of water quality against trigger levels 

between March 2009 and February 2018 is provided, followed by a more detailed summary of performance 

for the current 2018/19 analysis year. 

The annual periods (e.g. 2009/10, 2010/11……2018/19) used in trigger level analysis are based on a March to 

February period as described earlier (Section 4.3). This is consistent with previous annual reports and reviews 

(Aquenal 2010, Aquenal 2011, Ross and Macleod 2013, Aquenal 2017; Aquenal 2018).  
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Table 6: Standard or baseline values proposed for relevant water quality parameters – adapted from Thompson et al. (2008). 
 

Parameter Standard or Baseline Value Level 1 

(Low risk) 

Level 2 

(Moderate risk) 

Level 3 

(High risk) Huon Estuary D’Entrecasteaux Channel 

Nutrients: -
Ammonia1 

Summer NH4+ 

CSIRO:  

Surface = 0.32 μM. Bottom = 0.42 μM AST 
converted (total ammoniacal nitrogen): 

Surface = 0.009 mg-N/L Bottom = 0.011 mg-
N/L 

Summer NH4+  

CSIRO 

Surface = 0.12 μM. Bottom = 0.27 μM AST 
converted (total ammoniacal nitrogen): 

Surface = 0.006 mg-N/L Bottom = 0.009 mg-
N/L 

Summer mean up 25%, or 
3 successive annual 
means > baseline, or 
mean for any one site 
+50% 

Summer mean up 50%, or 
8/10 annual means > 
baseline for any site, or 
mean for any single site up 
200% 

Summer mean +100%, or 
summer mean > 1 μM (~ 
ANZECC) 

Chlorophyll a sites 10 to 14 annual = 1.4 μg/L. Summer = 
1.7 μg/L.  

See table 5.5 in Thompson et al. (2008) for 
individual site baselines. 

Sites 1 to 9 summer mean = 0.66 μg/L. Annual 
mean = 0.80 μg/L 

See table 5.5 in Thompson et al. (2008) for 
individual site baselines. 

Any site: annual mean 
+100%; or average 
summer mean +50% 

Any site: annual mean 
+200%; or average summer 
mean +100%; or average 
annual mean +50% 

Any site: annual mean 
+400%; or average summer 
mean +200%; or average 
annual mean +100% 

Phytoplankton 
blooms 

7% obs. > 3x median chl a 3.6% obs. > 3x median chl a % obs. > 3x median rise 
50% 

% obs. > 3x median rise 
100% 

% obs. > 3x median rise 
200% 

Absolute DO2 Channel mean > 6 ppm. Bay mean > 5 ppm Channel mean > 6 ppm. Bay mean > 5 ppm Any 2 channel 
observations ≤ 6 ppm. 
Any 2 bay observations ≤ 
5 ppm 

50% of channel 
observations ≤ 6 ppm. 50% 
of bay observations ≤ 5 
ppm. Any 2 observations < 2 
ppm 

Channel mean ≤ 6 ppm. Bay 
mean ≤ 5 ppm. Any 2 
measurements < 1 ppm 

Relative DO2 
(% saturation) 

Set at 20th percentile from 1st year of 
observations 

Set at 20th percentile from 1st year of 
observations 

Number of observations 
below baseline increases 
50% 

Number of observations 
below baseline increases 
100% 

Mean falls 10% from 
baseline (~ ANZECC) 

1Note that ammonium baseline values were originally based on CSIRO analyses. Since the BEMP data analysis used AST data (total ammoniacal nitrogen), these values 
required conversion. Conversion of these values was undertaken by IMAS and took account of comparative data from inter-laboratory analyses. See Appendix 4 for 
details.   2Note that while not explicitly stated in the in Thompson et al. (2008) Table 6, dissolved oxygen values were examined against bottom water values – it was 
not meaningful to examine surface oxygen levels since these remain high even under conditions of high organic loading.
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4.4.1 Nutrients – Ammonia (Total Ammoniacal Nitrogen) 

The concentration of ammonia was included as an important indicator of environmental condition 

(Thompson et al. 2008). Ammonia is the principle nitrogenous compound produced by fish and is also created 

due to mineralisation of faeces and overfeed (Bell et al. 2017). Elevated ammonia levels are characteristic of 

organically enriched systems and indicate a failure of the system to effectively process nitrogen (Ross and 

Macleod 2013). It should be noted that at the site level there is some ambiguity in the proposed trigger level 

criteria for nutrients; for the purpose of this report, summer means were used. The performance of ammonia 

in surface and bottom waters with respect to their respective trigger levels is presented in Figures 26 and 

Figure 27 and summarised in Table 7.  

Between March 2009 and February 2019, ammonia concentrations in surface waters exceeded level 1 (low 

risk) trigger levels on only two occasions (Table 7). In both cases, the mean summer ammonia concentration 

for an individual site in the D’Entrecasteaux MFDP (Site M8 in 2014/15; Site M7 in 2017/18) was +50% above 

the baseline value (Figure 27; Table 7).  

At the regional level for the D’Entrecasteaux Channel, a single level 1 exceedance (summer mean +25%) was 

observed for bottom waters in 2014/15 (Figure 26; Table 7). At the site level (Figure 27) in the 

D’Entrecasteaux Channel, level 1 exceedances (summer mean +50%) have been observed in 2012/13 (M9), 

2014/15 (M6 ,M8, M9), 2015/16 (M8, M9), 2016/17 (M8, M9), 2017/18 (M6, M8, M9) and the most recent 

annual period 2018/19 (M8, M9). There were no level 2 trigger level exceedances in the D’Entrecasteaux 

Channel (Table 7).  

Level 2 (moderate risk) trigger level exceedances were observed in bottom waters in the Huon Estuary based 

on summer means (i.e. summer mean +50%) on three occasions (2009/10; 2014/15; 2017/18; Figure 26; 

Table 7). For individual sites, a level 2 exceedance (summer mean +200%) was evident in 2014/15 for site 

M10. Level 1 exceedances have been observed in all years at the site level for Huon MFDP sites. 

There were notably less exceedances of proposed ammonia trigger levels in 2018/19 compared to previous 

years (Table 7). During 2018/19, there were no exceedances of ammonia triggers at the regional level (Figure 

26; Table 7). Site level exceedances for 2018/19 were limited to level 1 (low risk) exceedances in the summer 

months in bottom waters at sites M8, M9 and M10 (Figure 27). These three sites have consistently exceeded 

ammonia trigger levels since 2014/15 (Figure 27) and were identified by Bell et al. (2017) as having an 

increasing trend between 2009 and 2016. Analysis of temporal trends in section 4.3.2 showed that that 

ammonia levels have stabilised or decreased between 2016 and 2019 and that the magnitude of apparent 

changes was very small.  
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Figure 26: Summer and annual average ammonia concentrations measured during the BEMP program 
against the proposed baseline (black line) and 3 trigger levels (dashed horizontal lines +25%, +50%, 
+100%) in the D’Entrecasteaux Channel (upper panel) and Huon Estuary (lower panel). 
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Figure 27: Average ammonia concentrations over summer for individual sites showing the proposed 
baseline (black line) and 2 trigger levels (dashed horizontal lines, level 1 +50%, level 2 +200%) in the 
D’Entrecasteaux Channel (upper panels) and Huon Estuary (lower panels). 
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Table 7: Summary of trigger level comparisons for ammonia. N = trigger level not reached; yellow = level 1 
(low risk, i.e. summer mean up 25%, or 3 successive annual means > baseline, or mean for any site +50%), 
green = level 2 (moderate risk, i.e. summer mean up 50%, or 8/10 annual means > baseline for any site, or 
mean for any site + 200%), orange = level 3 (high risk, summer mean up 100%). Depth: S = surface; B = 
bottom. Note that for individual sites, the level presented is the maximum risk level observed across all 
sites for each MFDP. 
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Depth 

S B S B S B S B S B S B S B S B S B S B 

D’Entrecasteaux Channel 

Summer mean N N N N N N N N N N N 1 N N N N N N N N 

Annual mean N N N N N N N N N N N N N N N N N N N N 

Individual sites 
(summer mean) 

N N N N N N N 1 N N 1 1 N 1 N 1 1 1 N 1 

Huon 

Summer mean N 2 N 1 N 1 N N N N N 2 N N N 1 N 2 N N 

Annual mean N N N N N 1 N 1 N N N N N N N N N N N N 

Individual sites 
(summer mean) 

N 1 N 1 N 1 N 1 N 1 N 2 N 1 N 1 N 1 N 1 

 

4.4.2 Chlorophyll a 

Comparison of chlorophyll a patterns against proposed baseline and trigger levels are displayed in Figure 28 

and Figure 29 and summarised in Tables 8 and 9. Proposed trigger levels for chlorophyll a are based on values 

for individual sites and regional means across MFDP’s, as detailed in Thompson et al. 2008 (see Table 6 

above).  

Between March 2009 and February 2018, there were several instances of level 1 (low risk), level 2 (moderate 

risk) and level 3 (high risk) in both the Huon Estuary and the D’Entrecasteaux Channel MFDPs (Figure 28; 

Table 8). High risk (level 3) exceedances for chlorophyll a were observed in 2011/12 at sites in the lower Huon 

Estuary (M10, M11) and lower D’Entrecasteaux Channel (M8), associated with a phytoplankton bloom that 

occurred over summer during that reporting year (see Figure 18).  

Site-specific chlorophyll a concentrations have exceeded low risk trigger levels on numerous occasions in 

both the Huon Estuary and the D’Entrecasteaux Channel (Table 9), but these low risk exceedances have not 
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been consistently observed for any given site (Figure 29; Table 9). Consistent with average values assessed 

at the MFDP level, level 3 (high risk) exceedances were observed at several sites in 2011/12 (Site M8, Site 

M10 and Site M11), where chlorophyll a levels were +400% above site-specific annual means proposed by 

Thompson et al. (2008).   

In 2018/19, annual mean chlorophyll a concentrations exceeded the level 2 trigger (mean +50% above 

baseline levels) in the D’Entrecasteaux Channel level but not in the Huon Estuary (Figure 28; Table 8). Level 

1 trigger levels based on summer means were not exceeded in 2018/19 in either MFDP region (Figure 28; 

Table 8). At the level of individual sites during the 2018/19 period, there were no exceedances of chlorophyll 

a baseline trigger levels (Figure 29; Table 9).  

The series of level 2 exceedances for the D’Entrecasteaux Channel annual mean chlorophyll a (2009/10, 

2016/17, 2017/18; 2018/19) may be due to several attributes of the proposed trigger exceedance 

calculations, including: (1) consistently high values or increasing concentrations of chlorophyll a; (2) a 

relatively low baseline value; (3) the choice of ‘magnitude of increase’ factors (i.e. +50%, +100%). These three 

factors are discussed iteratively below.  

(1) High values or increasing concentrations of chlorophyll a 

Examination of chlorophyll a trends in Figure 18 (see also Appendix 1) showed little evidence of unusually 

high values or increases in chlorophyll a over the 10 year duration of the BEMP program. With the exception 

of a notable bloom in 2011, chlorophyll a has been remarkably stable at the regional scale between 2009 and 

2019 (Figure 18). It is possible that there has been a region wide increase in chlorophyll a between 2002-

2005 (period when D’Entrecasteaux baseline values calculated) and the period monitored under the BEMP 

(2009-2019). Comparative analysis of the two datasets (e.g. Ross and Macleod 2012) would be required to 

confirm this. 

(2) A low baseline value 

For the D’Entrecasteaux Channel region the baseline values for trigger values were calculated by Thompson 

et al. (2008) using models based on a relatively small dataset - two annual periods between 2002-2005. It is 

possible that these particular proposed trigger levels were too low due to the limited amount of data and 

various model assumptions used to generate the trigger values. The comparison between data used to 

calculate the baseline and the data used to calculate BEMP chlorophyll a values may also be confounded by 

how values falling below the AST minimum reporting limit are dealt with. For the BEMP data, chlorophyll a 

values below the 0.5 mg/m3 reporting limit are halved. It is possible that the inclusion of very low values 

approaching zero in the 2002-2005 dataset may have resulted in a relatively low baseline value.  
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(3) Choice of ‘magnitude of increase’ factors (i.e. +50%, +100%) 

The use of +50% above the baseline levels to define a level 2 exceedance is not explained in Thompson et al. 

(2008) but it is noted that the “trigger levels themselves represent relatively large increases” (Thompson et 

al. 2008, pp. 51). The choice of ‘magnitude of increase’ factor is important in this regard: the choice of a 

+100% increase threshold would result in only one exceedance in 2011 when there was a considerable spike 

in chlorophyll a.  

In summary, with the exception of 2011, there appears to be little evidence of region wide increases or high 

levels of chlorophyll a between 2009 and 2019 that justify a level 2 trigger exceedance. It is possible that 

chlorophyll a has increased between the time period when baselines were calculated (2002-2005) and the 

current BEMP period (2009-2019) but this would require further investigation. The arbitrary nature of the 

+50% threshold should be taken into account when interpreting the level 2 exceedances and a review of the 

baseline levels and +50% threshold should be included in the review of Environmental Standards (ES) project 

currently being conducted by the EPA. 

 



Aquenal Pty Ltd  BEMP Annual Report 2018/19 

65 

 

 

Figure 28: Annual and summer average chlorophyll a concentrations measured during the BEMP 
compared to proposed baseline and trigger levels in the D’Entrecasteaux Channel (top panel) and Huon 
Estuary (bottom panel). Baseline annual values represented by blue line; dashed blue lines represent 
+50 (level 2 moderate risk) and +100% (level 3 high risk) relative to baseline values. Baseline summer 
values represented by red line; dashed red lines represent +50 (level 1 low risk), +100% (level 2 moderate 
risk) and +200% (level 3 high risk) relative to baseline values. 
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Figure 29: Mean annual chlorophyll a for fifteen sites in the D’Entrecasteaux and Huon MFDP.  
Trigger levels (Thompson et al 2008) are indicated as horizontal lines as follows: black solid 
(baseline (Thompson et al. 2008)); green dashed = level 1 (baseline +100%), blue dotdash = level 
2 (baseline +200%), red dotted = level 3 (baseline +400%). 
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Table 8: Summary of trigger level comparisons for chlorophyll a based on average summer and 
annual values for the D’Entrecasteaux Channel and Huon MFDP’s. N = trigger level not reached; 
yellow = level 1 (average summer mean +50%), green = level 2 (average summer mean +100%; or 
average annual mean +50%), orange = level 3 (average summer mean +200%; or average annual 
mean +100%). Baseline average values were sourced from Thompson et al 2008. 
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D’Entrecasteaux Channel 

Annual 0.80 2 N 3 2 N N N 2 2 2 

Summer 0.66 N N 2 2 N 1 N 1 1 N 

Huon 

Annual 1.4 N N 3 2 N N N N 2 N 

Summer 1.7 N N N N N N N 1 1 N 

 
Table 9: Maximum yearly exceedance level for annual chlorophyll a for individual sites in the 
D’Entrecasteaux and Huon MFDP.  N = trigger level not reached; yellow = level 1 (annual mean 
+100%), green = level 2 (annual mean +200%), orange = level 3 (annual mean +400%). Baseline 
values for sites were sourced from Thompson et al 2008. 
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D’Entrecasteaux Channel 

1 0.9 N N 1 1 N N N N N N 

2 0.85 N N N N N N N N N N 

3 0.65 1 N 1 1 N N N N N N 

4 0.68 N N 1 1 1 N N N N N 

5 0.72 N N 1 N N N N N N N 

6 0.79 N N 1 1 N N N N 1 N 

7 0.92 N N 1 N N N N N N N 

8 0.79 N N 3 N N N N N N N 

9 0.92 N N 1 N N N N N N N 

Huon 

10 0.97 N N 3 1 N N N N 1 N 

11 0.98 N N 3 1 N 1 N N 1 N 

12 1.2 N N 1 N N N N N N N 

13 2.2 N N N N N N N N N N 

14 1.5 N N 1 N N N N N N N 
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4.4.3 Phytoplankton Blooms 

The baseline for phytoplankton bloom frequency was defined as 3.6 % and 7% of observations 

exceeding three times the median concentration for the D’Entrecasteaux Channel and the Huon 

regions, respectively (Thompson et al. 2008; Table 6). Trigger levels and performance based on these 

values are summarised in Table 10. Note that the median chlorophyll a values for each region were 

updated for the 2019 annual report to include observations for the 2018/19 period (see footnote to 

Table 10). This has implications for comparisons of trigger exceedances across reports (e.g. Aquenal 

2017; Aquenal 2018).  

Based on median values for each region, there were two exceedances of the moderate risk trigger 

levels in the Huon Estuary between March 2009 and February 2019. In these cases, more than 14% of 

observations in 2011/12 (14.7%) and 2012/13 (16.0%) were more than 3 times the median value. In 

the current 2018/19 reporting period, there were no instances of trigger values for phytoplankton 

blooms being exceeded. 

When all survey years were considered, there was no indication of an increasing trend in the number 

of chlorophyll a trigger levels being exceeded or the frequency of bloom events (Table 8, Table 9, Table 

10). Exceedances of proposed trigger levels appear linked to seasonal phytoplankton blooms which 

vary considerably in their timing, frequency and intensity.  
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Table 10: Calculation of summary statistics and bloom frequency from integrated chlorophyll a 
samples collected during the BEMP period, March 2009 – Feb 2019 in the D’Entrecasteaux Channel 
and Huon MFDP areas. Exceedances against proposed trigger levels are highlighted in yellow = level 
1 (low risk), green = level 2 (moderate risk), orange = level 3 (high risk). 

 

Trigger levels D’Entrecasteaux Channel Huon 

Median chlorophyll a (µg/L) 1.1* 1.4* 

3 x median (µg/L) 3.3 4.2 

Total observations/year 135# 75# 

Baseline bloom frequency 3.6% observations exceed median 7% observations exceed median 

Level 1 5.4 % observations exceed median 10.5 % observations exceed median 

Level 2 7.2% observations exceed median 14% observations exceed median 

Level 3 14.4% observations exceed median 21% observations exceed median 

Summary Data 

2009/10 (% 3 x median) 3.0 4.0 

2010/11 (% 3 x median) 0.7 5.3 

2011/12 (% 3 x median) 4.4 14.7 

2012/13 (% 3 x median) 0.0 16.0 

2013/14 (% 3 x median) 0.0 1.3 

2014/15 (% 3 x median) 0.0 4.0 

2015/16 (% 3 x median) 3.0 6.7 

2016/17 (% 3 x median) 0.0 2.9 

2017/18 (% 3 x median) 4.4 9.3 

2018/19 (% 3 x median) 5.2 5.3 

* Note that median values calculated for 2009-2018 and 2009-2019 (1.1 and 1.4) were revised from median 
values calculated for 2009-2017 (1.0 and 1.2) in Aquenal (2017) and this has implications for data comparisons 
between respective annual reports.  

# For the D’Entrecasteaux Channel, 130 and 126 observations were available in 2012/13 and 2016/17, 
respectively. For the Huon Estuary, 70 observations were available in 2016/17 and 74 observations for 2018/19. 
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4.4.4 Dissolved Oxygen (absolute) 

Comparison of absolute dissolved oxygen concentrations in the Huon Estuary and D’Entrecasteaux 

Channel against proposed baseline and trigger levels are illustrated in Figure 30 and summarised in 

Table 11.  

Between March 2009 and February 2019 in the D’Entrecasteaux Channel, dissolved oxygen did not fall 

below the proposed baseline levels for Bay sites and only fell below the baseline on one occasion per 

year in Channel sites (2009/10 to 2012/13). The level 1 (low risk) threshold has therefore not been 

reached in the D’Entrecasteaux Channel in any year, including the 2018/19 analysis year (Table 11).  

In the Huon Estuary, level 1 (low risk; any 2 Channel observations ≤ 6 ppm; any 2 Bay observations ≤ 

5 ppm) triggers were reached in most years between 2009 and 2019, including 2018/19. There were 

no level 2 (moderate risk; 50% of observations fell below baseline) exceedances during this period, 

including the current 2018/19 analysis year. Mean dissolved oxygen in Bay and Channel sites did not 

fall below baselines in any annual period (level 3 high risk trigger; Table 11). 

4.4.5 Dissolved Oxygen (% saturation) 

Comparisons of dissolved oxygen (% saturation) against proposed baseline and trigger levels are 

illustrated in Figure 31 and summarised in Table 12. Between March 2009 and February 2019 there 

has been no directional trend in the number of observations falling below the proposed baselines for 

Bay and Channel sites in the Huon Estuary or D’Entrecasteaux Channel. The number of dissolved 

oxygen concentration (% saturation) observations below the baseline declined between 2017/18 and 

2018/19 (Figure 31, Table 12). 
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Figure 30: Bottom water dissolved oxygen concentrations (mg/L) measured during the BEMP 
program against the proposed baselines for bay and channel sites in the D’Entrecasteaux Channel 
(upper panel) and Huon (lower panel). Black dashed lines = 1 ppm and 2 ppm; red dashed line = 
5 ppm; blue dashed line = 6 ppm. 
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Table 11: Number of observations below the proposed baseline bottom water dissolved oxygen 
values (mg/L) and annual means between 2009 and 2019. Exceedances against proposed trigger 
levels are highlighted in yellow = level 1 (low risk), green = level 2 (moderate risk), orange = level 3 
(high risk). 
 

MFDP D’Entrecasteaux 

Channel 

Huon D’Entrecasteaux 

Channel 

Huon 

Bay/Channel Bay Channel Bay Channel Bay Channel Bay Channel 

Proposed baseline value ≤ 5 
mg/L 

≤ 6 mg/L ≤ 5 
mg/L 

≤ 6 
mg/L 

≤ 5 
mg/L 

≤ 6 
mg/L 

≤ 5 
mg/L 

≤ 6 
mg/L 

Total observations/year* 60 75 30 45 60 75 30 45 

 Number observations below baseline Annual mean 

2009/10 No. 
observations ≤ 

0 1 2 14 7.3 7.5 6.8 6.4 

2010/11 No. 
observations ≤ 

0 1 1 13 7.7 7.8 6.9 6.4 

2011/12 No. 
observations ≤ 

0 1 4 12 7.7 7.8 6.7 6.6 

2012/13 No. 
observations ≤ 

0 1 4 14 7.3 7.5 6.6 6.4 

2013/14 No. 
observations ≤ 

0 0 3 13 7.4 7.7 6.7 6.5 

2014/15 No. 
observations ≤ 

0 0 2 12 7.5 7.7 6.8 6.5 

2015/16 No. 
observations ≤ 

0 0 3 11 7.7 7.9 7.0 6.5 

2016/17 No. 
observations ≤ 

0 0 5 9 7.6 7.8 6.6 6.6 

2017/18 No. 
observations ≤ 

0 0 3 20 7.6 7.8 6.6 6.3 

2018/19 No. 
observations ≤ 

0 0 2 15 7.6 7.8 6.9 6.4 

*Note these values represent the number of samples in most sample years. There were occasional 
years where these values were slightly different (e.g. if there was a problem with the field 
measurement on a particular sampling occasion). 
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Figure 31: Bottom water dissolved oxygen concentration saturation (%) measured during the 
BEMP program against the proposed baselines for bay and channel sites in the D’Entrecasteaux 
Channel (upper panel) and Huon (lower panel). Blue dashed line = 20th percentile - Bay; red 
dashed line = 20th percentile - Channel. 
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Table 12: 20th percentile of bottom water dissolved oxygen (% saturation) from 1st year of 
observations (i.e. 2009/10) and number of observations below the proposed baseline in each year. 
Exceedances against proposed trigger levels are highlighted in yellow = level 1 (low risk), green = 
level 2 (moderate risk), orange = level 3 (high risk). 
 

 
MFDP D’Entrecasteaux 

Channel 
Huon 

Bay/Channel Bay Channel Bay Channel 

2009/10 20th percentile (first year) 82.5 85.6 70.9 70.7 

No. observations per year 60 75 60 90 

Number of observations below baseline 

2009/10 no. observations < 20th percentile 10 15 6 9 

2010/11 no. observations < 20th percentile 2 2 5 9 

2011/12 no. observations < 20th percentile 1 8 8 6 

2012/13 no. observations < 20th percentile 8 13 5 12 

2013/14 no. observations < 20th percentile 7 5 7 10 

2014/15 no. observations < 20th percentile 3 8 5 7 

2015/16 no. observations < 20th percentile 2 1 4 9 

2016/17 no. observations < 20th percentile 1 1 8 7 

2017/18 no. observations < 20th percentile 4 4 9 18 

2018/19 no. observations < 20th percentile 4 2 4 10 
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4.5 Patterns of feed input and comparison with key water quality 

parameters 

As part of the review process for the previous 2017/18 Broadscale Environmental Monitoring Program 

Report, the EPA made several recommendations to enhance the level of contextual information 

provided in the 2018/19 annual report. The inclusion of contextual information is intended to provide 

readers with a better understanding of the relationships between observed monitoring results and 

activities in the environment. Contextual information related to feed inputs across the study area is 

provided in this section of the report and includes:   

(1) A description of status and activity level (e.g. identification of dormant leases or leases only 

used for associated activities such as bathing); 

(2) Feed / nitrogen inputs on a regional level and comparison with key monitoring data; 

(3) Interpretation of key monitoring observations in the context of activities at the closest marine 

farming leases. 

Considering the analysis of water quality parameters and investigation trigger levels described in 

earlier sections of this report, the analysis focused on investigating patterns of ammonia 

concentration in bottom waters at three sites (M8, M9, M10). To overcome the constraints of 

commercial in confidence considerations, feed information was provided in relative terms. 



Aquenal Pty Ltd  BEMP Annual Report 2018/19 

76 

 

4.5.1 Status and activity level of leases. 

Data was obtained from the EPA regarding the feed inputs and associated nitrogen emissions for each 

of the 24 leases in the D’Entrecasteaux and Huon River and Port Esperance MFDPs from 2009 to 2019 

(Figure 32). Nitrogen emissions provided by the EPA were calculated from a conversion factor of 4.25% 

of total dry feed equivalent from January 2009 to May 2011. Nitrogen emissions calculations derived 

from actual protein derived nitrogen came into effect in May 2011. This data was used to summarise 

the status and activity level of each lease for (a) the March 2018 to February 2019 period used in this 

Annual Report; and for (b) the ten years between 2009 and 2019. 

In the 2018-19 period, MF188, MF186, MF200 MF176 and the original configuration of MF141 

(MF141-O) were dormant (Figures 32-34). In 2018-19, leases MF141-S, MF141-N, MF221 and MF78 

had the largest feed inputs and associated nitrogen emissions (Figure 33; Figure 34). These three 

leases are located in the southern region of the survey area (Figure 32, Figure 33). 

There was a clear seasonal trend in feed inputs, with peaks in spring and troughs in summer, reflecting 

the cyclical nature of marine farm operations in southern Tasmania. These are observable as pulses of 

increasing circle size in Figure 34. The magnitude of nitrogen emissions from feed inputs has changed 

for some leases between 2009 and 2019. MF186, MF200, MF176 and MF188 have had no feed inputs 

since 2014 (Figure 34; Figure 35).  The original MF141 lease (MF141-O) was reconfigured in September 

2015 to become two separate leases (MF141-N, MF141-S). Lease MF78 has only been in operation for 

two years (Figure 34; Figure 35). Feed inputs at MF221 have been relatively high from 2009-2019 

(Figure 34). 

At a regional scale, feed inputs up until 2016 were highest in the Huon and Port Esperance MFDP 

(Figure 35; Figure 36). Since 2016 feed inputs have been increasingly dominated by inputs from leases 

in the D’Entrecasteaux Channel MFDP (Figure 35; Figure 36). 
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Figure 32: (a) Geographic location of leases relative to the M8, M9 and M10 monitoring sites, including 5 km 

(left) and 10 km (right) buffers. (b) Distance from M8, M9 and M10 monitoring sites to leases within 10 km.  
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Figure 33: Relative magnitude of nitrogen emissions from feed inputs for the BEMP Annual Reporting period 

(March 2018 to February 2019). 
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Figure 34: Relative magnitude of monthly nitrogen emissions from feed inputs for 24 leases from 2009 to 

2019.  
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Figure 35: Relative magnitude of nitrogen emissions from feed inputs for reporting periods (March-February) between 2009/10 and 2018/19. Labels showing lease 

numbers are shown in Figure 33. 
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Figure 36: Monthly nitrogen emissions from feed inputs for leases in the Huon MFDP; the D’Entrecasteaux 

Channel MFDP; and both MFDP areas combined.  
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4.5.2 Interpretation of key monitoring observations in the context of 

feed/nitrogen inputs  

In 2018/19, site-level exceedances of proposed trigger values were recorded (level 1, low risk) in the 

summer months in bottom waters at sites M8, M9 and M10 (see Figure 27). These three sites have 

consistently exceeded ammonia summer mean trigger values in bottom waters since 2014/15 with 

the majority being classified as level 1, low risk. There was some evidence of a gradual increasing trend 

in ammonia concentrations in bottom waters between 2009 and 2016 (see Bell et al. 2017 and sections 

4.3.2.1 and 4.4.1), however, ammonia levels appear to have stabilised or decreased in the subsequent 

years between 2016 and 2019 (see section 4.3.2.1). The magnitude of these apparent changes in 

ammonia have been small (see section 4.3.2.1). Nevertheless, the consistent exceedance of summer 

mean trigger values warranted further investigation.  

In this section, contextual information for site-level exceedances in bottom waters in summer months 

is provided for sites M8, M9 and M10. Summer means and long-term ammonia trends for bottom 

waters were compared with nitrogen emissions from feed inputs into leases in the vicinity of these 

three monitoring sites.  

Importantly, the interpretation of comparisons between ammonia concentrations and nitrogen 

emissions from leases comes with an important caveat - the comparisons omit other factors 

contributing to ammonia concentrations at monitoring sites including other natural and 

anthropogenic nitrogen inputs (i.e. oceanic inputs, river flows, sewage treatment plants) and the 

underlying hydrodynamics of waterways (see Volkman et al. 2009). Hydrodynamic biogeochemical 

models which explicitly take these factors into account have been developed specifically for the Huon 

Estuary and D’Entrecasteaux Channel (see Wild-Allen et al. 2010; 2011; 2016; Bell et al. 2017). Any 

conclusions drawn from the limited analysis presented here could be tested through the application 

of these models. 
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4.5.2.1 Datasets 

Ammonia Data 

Between 2014/15 and 2018/19, sites M8, M9 and M10 have recorded summer mean ammonia levels 

in bottom waters 50% greater than proposed baseline values for all years and therefore exceeded the 

proposed level 1 (low risk) trigger level (See section 4.4.1 and Figure 27; summarised in Figure 37). 

Smoothing functions applied to the data indicated a small increase in bottom water ammonia at M8, 

M9 and M10 in ~2015 (as modelled and discussed in Bell et al. 2017) followed by stable (M8; M9) or 

decreasing (M10) trend in ammonia between 2016 and 2019 (Figure 38). The magnitude of apparent 

changes in bottom water ammonia concentration has been very small (see section 4.3.2.1 and Figure 

12). 

 

 

Figure 37: Monthly ammonia (mg-N/L) in bottom waters at M8, M9 and M10 monitoring sites (lines) and the 

summer mean (points). The summer mean is categorised into Low Risk (closed circles) and No Risk (open 

circles) based on investigation trigger limits proposed by Thompson et al. (2008; see section 4.4.1 and Figure 

27). Dashed vertical lines delineate annual BEMP reporting periods (March-February). 
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Figure 38: Monthly ammonia (mg-N/L) in bottom waters at three monitoring sites with GAM smoothing 

functions fitted to summarise the long-term trend. GAM functions were fitted following the statistical 

approach that Bell et al. (2017) applied to 2009-2016 BEMP data. Dashed vertical lines delineate annual BEMP 

reporting periods (March-February). 

 

Nitrogen emissions from feed inputs into nearby leases 

Monthly feed inputs from seven marine leases in the vicinity of M8 and M9 and three leases in the 

vicinity of M10 were used to calculate approximate nitrogen emissions (Figure 39). The potential 

effects of nitrogen emissions on ammonia levels at any monitoring site are likely to be the result of 

the cumulative effect of several nearby leases, rather than individual leases. As such, total nitrogen 

emissions were summed from different aggregations of nearby leases. The choice of which leases to 

aggregate took into account (a) the distance from the monitoring site (Figure 32a; Figure 32b); (b) 

recent lease activity (Figure 34); and (c) and the position of the lease in relation to major channel flows 

(Figure 39). Nitrogen emissions from each aggregation of leases were normalised from 0-1 (i.e. low to 

high values) to protect commercial in confidence information but maintain the underlying trends in 

the nitrogen emissions data.  
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(a)  

 

 

(b) 

 

 

Figure 39: Monthly nitrogen emissions from feed inputs for (a) seven leases in the vicinity of BEMP sites M8 

and M9; and (b) three leases in the vicintiy of BEMP site M10. Dashed vertical lines delineate annual BEMP 

reporting periods (March-February).  
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4.5.3 Comparative analyses  

The aim of this analysis was to compare ammonia concentrations in bottom waters (summer means; 

monthly values) with nitrogen emissions from nearby leases in an attempt to identify an underlying 

signal that fish farms may be affecting water quality parameters. The nature of the data meant that 

analysis was necessarily limited to (a) comparing peaks and troughs in ammonia with peaks and 

troughs in nitrogen emissions (including potential lagged effects); and (b) comparing longer term 

trends (or lack thereof) in ammonia with long term trends in nitrogen emissions. Any apparent 

correlations between the two variables can only be considered preliminary indicators because the 

comparisons consider only one (i.e. fish farms) of many factors (e.g. oceanic inputs, river flows, sewage 

treatment plants) contributing to ammonia levels at a monitoring site. 

At monitoring site M8, nitrogen emissions from nearby leases steadily increased between 2009 and 

2019 with the rate of increase becoming steeper as more leases were added, particularly after 2016 

(Figure 40). In contrast, mean summer ammonia concentrations at M8 fluctuated between high and 

low values during the same period and were stable or declined after 2015 (Figure 40). The mean 

summer ammonia concentrations in 2014/15 and 2015/16 at M8 were particularly discordant with 

the relative magnitude of nitrogen emissions from surrounding leases (Figure 40). The relatively high 

summer mean ammonia concentration at M8 during these years occurred prior to the increase in fish 

farm inputs in this part of the system (Figure 40). At M8, ammonia levels increased slightly in 2015 

and then stabilised through to 2019 (Figure 38), whilst nitrogen emissions from surrounding leases 

steadily increased throughout the 2009-2019 period (Figure 41).  

There was only one lease within 5 km of monitoring site M9 (MF78; Figure 32a; Figure 32b). There was 

no sudden uptick in summer means (Figure 42) or monthly ammonia concentrations (Figure 43) 

associated with the stocking of this lease in mid-2016. When leases 5-10 km away from M9 were 

considered there was a pattern of steadily increasing nitrogen emissions. The inclusion of leases 5-10 

km away from M9 did not result in any obvious correlation between nitrogen emissions and ammonia 

concentrations (Figure 42, Figure 43). It is notable that during 2018/19, ammonia concentrations 

remained relatively low during a period of relatively high nitrogen emissions from nearby leases 

(Figure 43).  

There were three leases within 5 km of monitoring site M10 (Figure 32a; Figure 32b). At this site 

nitrogen emissions have been relatively stable with notable peaks in 2014/15 and 2018 (Figure 44). 

The relatively high summer mean ammonia concentration observed in 2014/15 correlated with high 

feed inputs at this time (Figure 44). However, there were other instances of relatively high ammonia 
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corresponding with low nitrogen inputs (e.g. 2016, 2017). Similarly, ammonia concentrations in 

2018/19 were not unusually high at M10, despite a very high feed input in the corresponding period 

(Figure 44, Figure 45). Overall there was no discernible correlation between the patterns of ammonia 

concentration at M10 and cumulative nitrogen emissions from the three nearby leases (Figure 44, 

Figure 45).  
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Figure 40: Summed nitrogen emissions (coloured lines) from feed inputs from three aggregations of leases at increasing distance from M8, along with summer mean 

ammonia concentrations in bottom waters at M8 (mg-N/L; closed circles = low risk trigger; open circles = no risk). Dashed vertical lines delineate annual BEMP reporting 

periods (March-February). 
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Figure 41: Monthly ammonia concentrations in bottom waters at M8 (mg-N/L; black lines). Nitrogen emissions from three aggregations of leases at increasing distance 

from M8 are represented by the coloured lines. Ammonia concentrations and nitrogen emissions were normalised between 0 and 1 (lowest to highest values) to 

facilitate comparisons. Dashed vertical lines delineate annual BEMP reporting periods (March-February). 
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Figure 42: Summed nitrogen emissions from feed inputs (coloured lines) from three aggregations of leases at increasing distance from M9, along with summer mean 

ammonia concentrations in bottom waters at M8 (mg-N/L; closed circles = low risk trigger; open circles = no risk). Dashed vertical lines delineate annual BEMP reporting 

periods (March-February). 
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Figure 43: Monthly ammonia concentrations in bottom waters at M9 (mg-N/L; black lines). Nitrogen emissions from three aggregations of leases at increasing distances 

from M9 are represented by the coloured lines. Ammonia concentrations and nitrogen emissions were normalised between 0 and 1 (lowest to highest values) to 

facilitate comparisons. Dashed vertical lines delineate annual BEMP reporting periods (March-February). 
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Figure 44: Summed nitrogen emissions from feed inputs (green line) from an aggregation of leases adjacent to the M10, along with summer mean ammonia 

concentrations in bottom waters at M10 (mg-N/L; closed circles = low risk trigger; open circles = no risk). Dashed vertical lines delineate annual BEMP reporting periods 

(March-February). 

 

 

 

Figure 45: Monthly ammonia concentrations in bottom waters at M10 (mg-N/L; black line). Nitrogen emissions from three nearby leases are represented by the green 

line. Ammonia concentrations and nitrogen emissions were normalised between 0 and 1 (lowest to highest values) to facilitate comparisons. Dashed vertical lines 

delineate annual BEMP reporting periods (March-February). 
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4.5.4 Summary – comparison of feed inputs with key monitoring data 

Overall, there was little evidence of a direct causal relationship between monthly ammonia 

concentrations or summer ammonia means in bottom waters at monitoring sites M8, M9 or M10 and 

cumulative nitrogen emissions from surrounding leases (Figures 40-45).  

While there was no clear link between farm inputs and ammonia concentrations in bottom waters, it 

is notable that there has been a significant shift in fish farm inputs towards the lower part of the 

D’Entrecasteaux Channel since 2016 (Figure 35; Figure 36). Continued monitoring of ammonia and 

trends in this area trends is an important aspect of the BEMP monitoring program.  

The analyses presented here should be viewed with caution since: (a) conclusions are based on basic 

comparisons of empirical trends over time; and (b) because the comparisons consider only one (i.e. 

fish farms) of many factors (i.e. oceanic inputs, river flows, sewage treatment plants) contributing to 

ammonia levels at a monitoring site. A process-based modelling approach using the biogeochemical 

models developed for the region (e.g. Wild-Allen et al. 2010; 2011; 2016; Bell et al. 2017) could 

potentially be used further investigate ammonia levels at BEMP sites. These models could also be used 

to refine and update the trigger levels used here (proposed by Thompson et al. 2008) using the 

extensive BEMP dataset now available.  
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4.6. Quality Assurance and Quality Control 

The Environmental Licence recommends a range of quality assurance and quality control measures. 

The schedule sets minimum percent variation targets for assessing quality control (e.g. <20% 

difference between duplicate samples). However, given the low concentrations of most nutrients and 

the low sensitivity of some laboratory tests, assessing against these targets is not always informative. 

For example, small differences in ammonia during survey 40 (0.006 mg-N/L vs 0.009 mg-N/L) amount 

to a 30% difference, yet these differences are within the minimum reporting limit (MRL) for this 

analyte (0.005 mg-N/L). Accordingly, ± MRL was used as the basis for quality assurance and quality 

control comparisons. Percentage difference comparisons are included in Appendix 5. Quality 

assurance/quality control analyses included: (1) a comparison of duplicates with their respective 

matched samples; and (2) a comparison of trip and field blanks.  

Comparison of duplicates and field observations for surface and bottom waters are presented in 

Figures 46 and 47, respectively. Silicate and nitrate were the best performing duplicates, with all 

duplicate samples almost always matching field observations (Figures 46, 47). For remaining analytes 

(ammonia, dissolved reactive phosphorus, total nitrogen, total phosphorous), some duplicates did not 

exactly match field observations (i.e. closed circles not within the open squares in Figure 46 and Figure 

47) but in the vast majority of cases - the differences were small and within the minimum reporting 

limit (i.e. closed circles within error bars in Figure 46 and Figure 47). There were no systematic errors 

between duplicates and field observations (Figures 46, 47). Duplicate chlorophyll a samples often 

differed from their respective field sample, but the difference never exceeded the minimum reporting 

limit (Figure 48).  

Comparisons between trip blanks and field blanks showed some differences between samples, but 

the differences did not exceed the minimum reporting limits for the analytes tested (Figure 49). Note 

that in most cases trip and field blanks were close to the minimum reporting limit for ammonia, 

nitrate, dissolved reactive phosphate and silica (i.e. dashed line in Figure 49) and results should 

therefore be treated with caution.  
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Figure 46: Comparison of duplicate samples (closed circles) with field samples (open squares) from surface waters for six analytes 
measured between March 2018 (Survey 137) and February 2019 (Survey 151). Error bars represent the minimum reporting limit 
(MRL) for each analyte. The dashed line is the minimum reporting limit. Percent differences for each observation is illustrated in 
Appendix 5. 

 

 
Figure 47: Comparison of duplicate samples (closed circles) with field samples (open squares) from bottom waters for six analytes 
measured between March 2018 (Survey 137) and February 2019 (Survey 151). Error bars represent the minimum reporting limit 
(MRL) for each analyte. The dashed line is the minimum reporting limit. Percent differences for each observation is illustrated in 
Appendix 5. 
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Figure 48: Comparison of duplicate samples (closed circles) with field samples (open squares) from 
integrated waters for chlorophyll a measured between March 2018 (Survey 137) and February 2019 (Survey 
151). Error bars represent the minimum reporting limit (MRL) for each analyte. The dashed line is the 
minimum reporting limit. Percent differences for each observation is illustrated in Appendix 5. 

 
 

 
Figure 49: Comparison of trip blanks (closed circle) with field samples (open squares) for six analytes measured 
between March 2018 (Survey 137) and February 2019 (Survey 151). Error bars represent the minimum reporting limit 
(MRL). The dashed line is the minimum reporting limit. Percent differences for each observation is illustrated in 
Appendix 5. 
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