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Executive Summary 
Program Overview 

As part of environmental licence conditions for leases MF55 (Long Bay Port Arthur), MF190 (Creeses 

Mistake), MF193 (Badger Cove) and MF194 (Billy Blue), broad scale environmental monitoring must 

be undertaken. Regulatory monitoring in accordance with Schedule 3BEMP became a marine farm 

licence requirement for these leases in 2017 and continues under the current environmental licences 

(EL9906/2, EL9907/2, EL9908/2 and EL9959/2) granted in August 2018. Prior to February 2017, Tassal 

voluntarily undertook environmental monitoring activities in the Tasman Region. 

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

redox potential and sulphide concentration. 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. Water quality sampling is undertaken monthly and includes 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. A total of nine sites are included in the monitoring program; including five 

sites at Nubeena and four sites at Port Arthur. This report includes an assessment of water quality and 

sediment sampling events undertaken from June 2019 until May 2020. 

2020 Results – Sediment cores: Visual Assessment and Sediment Chemistry 

Sediment sampling was undertaken in April 2020. Sediment colouration was predominantly dark 

greyish brown or brown with some instances of dark grey. The texture of the cores was variable and 

dependant on the location sampled. Finer sediments were recorded in cores collected at sites NUB1 

and PA1, reflecting their more sheltered locations relative to other sites. There was no gas or smell 

emanating from any core sample. Signs of animal life were observed in cores from most sites. Visual 

characteristics of sediment cores were broadly comparable to those sampled in 2018 and 2019. 

Redox potential ranged between 168 and 304 mV across the nine sites and sulphide concentrations 

ranged between 0 μM and 11 μM. Organic enrichment and subsequent sediment degradation in south 

eastern Tasmania is typically indicated by redox values < 0 mV and/or sulphide levels exceeding 100 

µM. Sediments collected in April 2020 were well within these thresholds. 

2019/20 Results - Water Quality: Physico-chemical Parameters  

In 2019/20, temperatures were lower than in previous years in surface and bottom waters, particularly 

in the summer and autumn months. Lower temperatures were experienced at all sites in Nubeena 

and Port Arthur. Mean salinity values for the Nubeena and Port Arthur regions in 2019/20 were slightly 
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lower than preceding years, particularly in surface waters during the summer and autumn months. 

Bottom water salinity was comparable to previous years. Compared to previous years, dissolved 

oxygen across both regions in 2019/20 was slightly higher in surface waters but broadly equivalent in 

bottom waters.  

2019/20 Results - Water Quality: Nutrients 

Total ammoniacal nitrogen (TAN) in bottom waters was relatively high in 2019/20 at both Nubeena 

and Port Arthur, which was mostly driven by high concentrations in the summer and autumn months. 

TAN concentration in bottom waters at NUB1 was also high in 2019/20, but similarly high 

concentrations have been recorded at this site since 2017/18. TAN in bottom waters was exceptionally 

high at PA1 in 2018/19 and 2019/20. High TAN at this site are likely indicative of localised increases in 

dissolved nutrients from the nearby (50 m) fish farm lease. Consideration should be given to reclassify 

PA1 as a ‘near-field’ site as it is not reflective of broad scale conditions. Relatively high bottom water 

TAN concentrations across most sites in Nubeena and Port Arthur in 2019/20 suggest a regional trend 

of elevated TAN rather than a local-scale source. It is notable that high TAN concentrations were 

recorded at most other BEMP monitoring sites in south-eastern Tasmania in 2019/20.  

Nitrate concentration was higher in 2019/20 in bottom waters in particular, which appears to be 

driven by high nitrate in summer and autumn months, specifically at deep water sites closer to oceanic 

influences (i.e. NUB4, NUB5, PA3, PA4). Nitrate concentration is inversely correlated with temperature 

and it is possible that lower temperatures in the waters of south-eastern Tasmanian in 2019/20 are 

driving higher nitrate concentrations. After declining between 2014 and 2018, total nitrogen has been 

relatively stable for the last two years (2018-2020).  

At Nubeena and Port Arthur, phosphate concentrations have been steadily increasing over the last 

five years in bottom waters but have remained largely stable in surface waters. Compared to previous 

years, phosphate concentrations in 2018/19 and 2019/20 were notably high in winter and – to a lesser 

extent - spring. These patterns were relatively consistent across sites and are likely to reflect naturally 

occurring regional increases in phosphate concentrations rather than localized effects. Total 

phosphorous concentrations have been largely stable throughout the monitoring program and there 

were no obvious departures from the long-term central tendency and variance of this parameter in 

2019/20. 

There were no obvious departures from long-term patterns of silicate concentrations in the Tasman 

region in the 2019/20 reporting period, although a moderate peak in silicate concentration was 

recorded in June 2019 for sites in the Nubeena region. 
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2019/20 Results - Phytoplankton Biomass and Communities 

Overall, there were no major departures in chlorophyll a trends in 2019/20 compared to previous 

years. Across all sites, chlorophyll a concentrations were relatively high in summer compared to 

previous years. The highest chlorophyll a concentration during the 2019/20 reporting period was 

recorded at PA1 in February 2020 (3.6 mg/m3). Phytoplankton density (cells/mL) was dominated by 

diatoms and dinoflagellates. Nubeena sites typically have higher densities of phytoplankton compared 

to Port Arthur sites, however, in the 2019/20 reporting year, average phytoplankton densities were 

higher at Port Arthur compared to Nubeena. This was largely driven by a spike of diatoms at site PA3 

in December 2019, but it is also attributable to relatively low diatom densities at Nubeena 2019/20. 

At Nubeena, diatom communities in 2019/20 were characterised by the presence of a range of taxa, 

with Chaetoceros the most prominent. At Port Arthur, Pseudo-nitzschia species (P. seriata and P. 

delicatissima) were the dominant phytoplankton taxa. Species responsible for Harmful Algal Blooms 

comprised a very small percentage of species recorded in the 2019/20 reporting period at both 

Nubeena and Port Arthur. There has been no evidence of increased abundance of harmful 

phytoplankton species during the last six years. 

Investigation Trigger Levels (Indicator Limits) 

Environmental Licence's 9906/2, 9907/2, 9908/2 and 9959/2 (Condition G3) specify water quality 

investigation trigger limits (or ‘indicator limits’) for selected analytes (ammonia, dissolved oxygen, 

chlorophyll a). Rolling annual medians for ammonia and dissolved oxygen have been consistently 

tracking below (ammonia) or above (dissolved oxygen) the specified investigation trigger limit for 

surface and bottom waters between June 2019 and May 2020.  

The rolling median for chlorophyll a at NUB5 was above the investigation trigger limit (1.3 mg/m3) in 

April 2020 and June 2020 (Figure 35). Chlorophyll a concentration at NUB5 also equaled the 

investigation trigger limit on several other occasions during the reporting period (July 2019, August 

2019, September 2019, February 2020, March 2020, May 2020). There was one instance of a point-in-

time observation higher than the relevant indicator limit for NUB5 (2.61 mg/m3), recorded in August 

2019 (3.3 mg/m3). Importantly, chlorophyll a concentrations also exceeded the rolling median 

investigation trigger limit (albeit the limit specifically developed for NUB5) at three (NUB1; NUB2; 

NUB3) of the four other sites in the Nubeena region during this period, indicating a regional trend. 

Observations of the central tendency and range of chlorophyll a values recorded in 2019/20 were 

similar to those previously recorded and there has been no evidence of an increasing chlorophyll a 

trend over the duration of the monitoring program.  
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Quality Assurance and Quality Control 

A range of quality assurance and quality control measures are specified under conditions 3F1-3F12 of 

the environmental licence. Duplicate samples for all measured nutrients and chlorophyll a were within 

the minimum reporting limits. Comparisons of the trip blanks and field blanks were also within the 

minimum reporting limit for all analytes. Overall there were no systematic errors for any analytes 

during the 2019/20 period. 

 

Recommendations 

Some aspects of the monitoring program should be considered for review. This includes: 

• Terminology for site PA1. Given its proximity to stocked cages PA1 should now be considered 

a ‘near-field’ site. Patterns observed at a site in such close proximity to the farm can be used 

to interpret trends at other broad scale sites but should not be regarded as representative of 

broad scale conditions. 

• Compliance site for Port Arthur. The existing NUB5 compliance site is too distant from Port 

Arthur to be relevant for the Port Arthur (Long Bay) lease. Depending on the criteria used for 

selection of a compliance site, sites PA2 or PA3 could potentially be considered for this 

purpose. 

• Investigation trigger limits. Investigation trigger limits are based on data from 2009-2010. 

These could potentially be updated with more recent relevant data. A considerably larger 

dataset is now potentially available for generation of more meaningful indicator limits.  



Aquenal Pty Ltd Tasman Annual Broadscale Monitoring Report August 2020 

7 

Table of Contents 
1. Operational Summary ......................................................................................................................... 9 

2. Introduction ...................................................................................................................................... 10 

3. Methods ............................................................................................................................................ 11 

3.1. Site Details and Chronology of Monitoring Programs ............................................................... 11 

3.2. Sediment Sampling .................................................................................................................... 15 

3.2.1. Visual Assessment, Redox Potential and Sulphide Concentration ..................................... 15 

3.2.2. Benthic Infauna, Stable Isotope and Particle Size Analysis ................................................ 15 

3.3. Water Quality ............................................................................................................................ 15 

3.3.1. Physico-chemical Parameters ............................................................................................ 16 

3.3.2. Nutrient Determination ..................................................................................................... 16 

3.3.3. Phytoplankton Analysis ...................................................................................................... 16 

3.4. Investigation Trigger Limits ....................................................................................................... 19 

3.5 Quality Assurance and Quality Control ...................................................................................... 20 

3.5.1 Duplicate Samples ............................................................................................................... 20 

3.5.2 Trip/Field Blanks .................................................................................................................. 20 

4. Results and Interpretation ................................................................................................................ 21 

4.1. Sediment .................................................................................................................................... 21 

4.1.1. Visual Assessment .............................................................................................................. 21 

4.1.2. Redox Potential and Sulphide Concentration .................................................................... 21 

4.2. Water Quality: Physico-chemical measurements ..................................................................... 25 

4.2.1. Temperature ...................................................................................................................... 27 

4.2.2. Salinity ................................................................................................................................ 27 

4.2.3. Dissolved Oxygen ............................................................................................................... 27 

4.3. Water Quality: Nutrients ........................................................................................................... 37 

4.3.1. Total Ammoniacal Nitrogen (TAN) ..................................................................................... 37 

4.3.2. Nitrate ................................................................................................................................ 38 

4.3.3. Total Nitrogen .................................................................................................................... 38 



Aquenal Pty Ltd Tasman Annual Broadscale Monitoring Report August 2020 

8 

4.3.4. Phosphate (Dissolved Reactive Phosphorus) ..................................................................... 39 

4.3.5. Total Phosphorus................................................................................................................ 39 

4.3.6. Silicate ................................................................................................................................ 39 

4.4. Water Quality: Phytoplankton ................................................................................................... 53 

4.4.1. Chlorophyll a ...................................................................................................................... 53 

4.4.2. Phytoplankton Density ....................................................................................................... 56 

4.4.3. Harmful Phytoplankton Species ......................................................................................... 56 

4.5. Indicative Trigger Limits ............................................................................................................. 61 

4.6. Quality Assurance and Quality Control ..................................................................................... 67 

5. References ........................................................................................................................................ 70 

6. Appendices ........................................................................................................................................ 71 

Appendix 1: Harmful phytoplankton species ................................................................................... 71 

Appendix 2: Quality assurance for nutrients: percentage difference comparisons. ........................ 72 

Appendix 3: Maps of mean annual values for each analyte in the Tasman Broadscale Monitoring 

Program. ........................................................................................................................................... 74 

 



Aquenal Pty Ltd Tasman Annual Broadscale Monitoring Report August 2020 

9 

1. Operational Summary 

Reporting Period:  

June 2019 to May 2020.  

Licence name and location: 

Marine Farming Licences 055, 190, 193, 194 (Tasman Peninsula and Norfolk Bay MFDP)  

Lease holder: 

Tassal Group Ltd 

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-615 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 Phosphorous, 
phytoplankton cell counts, chlorophyll a 

Environmental 
Isotopes Pty Ltd 

PO Box 1492 Macquarie Centre 
NSW 2113 Australia 

C:N, stable isotopes 
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2. Introduction 

As part of environmental licence conditions for leases MF55 (Long Bay Port Arthur), MF190 (Creeses 

Mistake), MF193 (Badger Cove) and MF194 (Billy Blue), broad scale environmental monitoring must 

be undertaken (Figure 1). A broad scale environmental monitoring program (BEMP) has been 

developed for assessing water and sediment quality at a number of sites within the Tasman Peninsula 

and Norfolk Bay Marine Farming Development Plan (MFDP) area. The monitoring program design was 

largely structured around the BEMP program for the Huon Estuary and D’Entrecasteaux Channel area 

that has been undertaken since 2009. Specific monitoring requirements are outlined in Environmental 

Licences EL9906/2, EL9907/2, EL9908/2 and EL9959/2 under conditions 3F1-3F12. Regulatory 

monitoring in accordance with Schedule 3BEMP has been a marine farm licence requirement since 

February 2017. Prior to February 2017, Tassal voluntarily undertook environmental monitoring 

activities. It should be noted that fish farming activities at Nubeena leases were underway prior to the 

inception of the monitoring program. In contrast, farming activities commenced at Port Arthur in 

spring 20171.  

This report has been compiled to fulfil the requirements of the Annual Broadscale Monitoring Report, 

including presentation of data on sediments, water quality, quality assurance and investigation trigger 

limits. This is the third annual BEMP report prepared for the Tasman Peninsula and Norfolk Bay MFDP, 

following the inaugural report for the 2017/18 period (Aquenal 2018a) and the second report for the 

2018/19 period (Aquenal 2019). The assessment includes data from the annual reporting year (June 

2019 to May 2020), but also includes comparisons with data collected in the preceding six years. A 

timeline of monitoring activities undertaken in the region is summarised in Figure 2. 

Reporting aspects are consistent with requirements outlined in the environmental licences. A letter 

to the licence holder advised that the reporting period for this report would be June 2019 to May 2020 

(EPA Tasmania letter to Tassal Group Ltd, 11 November 2019).  

 

 

1 Note that fish farming was undertaken previously at the Long Bay lease, with salmonid farming activities 

occurring between 1986 and 2005. Tassal ceased farming activities in 2005 for operational reasons. 
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3. Methods 

3.1. Site Details and Chronology of Monitoring Programs 

A total of 9 sites are included in the monitoring program; sites NUB1-NUB5 at Nubeena and PA1-PA4 

at Port Arthur (Table 1, Figure 1). Site name prefixes ‘NUB’ and ‘PA’ refer to the Nubeena and Port 

Arthur regions, respectively. Port Arthur sites have been monitored from August 2013 to May 2020. 

Nubeena sites 1-4 have been monitored from February 2014-May 2020. NUB5 is the compliance site 

and was included in February 2016. Site NUB5 was sampled previously by IMAS as part of a Storm Bay 

water quality monitoring program. 

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

range of analytes/parameters (Table 2). Water quality is sampled on a monthly basis, while sediment 

sampling is undertaken once per year. Note that analysis of benthic infauna, stable isotopes and 

particle size is to be undertaken every 4 years (see asterisked parameters in Table 2). These three 

sediment characteristics were analysed and reported in the 2017/18 annual report (Aquenal 2018a) 

and therefore analysis and reporting is not required for 2019/20. Benthic infauna and sediment 

samples have been collected in 2019/20 have been preserved and archived. 

The proximity of site PA1 to the Long Bay lease should be taken into account when interpreting 

monitoring results. Monitoring at site PA1 started in August 2013 prior to commencement of fish 

farming. The Long Bay lease in Port Arthur has been in operation since September 2017. The position 

of PA1 is immediately adjacent to the lease boundary and approximately 50 m from stocked cages. 

Given the close proximity to the lease, PA1 is no longer a ‘broad scale’ site and is best considered as a 

‘near field’ monitoring site. 
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Table 1: Details of sites in the Tasman Broadscale Environmental Monitoring Program.  

Site 
ID/Name 

Location Northing Easting Period measured 

NUB1 Parsons Bay 5228036 559377 Feb 2014-May 2020 

NUB2 Creeses 5227554 556780 Feb 2014-May 2020 

NUB3 White Beach 5226198 558210 Feb 2014-May 2020 

NUB4 West of Wedge 5224716 550977 Feb 2014-May 2020 

NUB5# IMAS Site 5# 5226021 554239 Feb 2016-May 2020 

PA1 Southern Lease Boundary 5224084 570485 Aug 2013-May 2020 

PA2 Carnarvon Bay 5222948 570287 Aug 2013-May 2020 

PA3 Central Mid Channel 5221408 571217 Aug 2013-May 2020 

PA4 Southern Mid Channel 5218242 571352 Aug 2013-May 2020 

*GDA 94, MGA Zone 55 # Compliance site. Sampled previously by IMAS. 

 

 

Figure 1: Location of nine sites (NUB = Nubeena; PA = Port Arthur) monitored for sediment and water quality 
(monthly) as part of the Tasman Broadscale Environmental Monitoring Program. Fish farming leases are 
indicated by red polygons. 
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Figure 2: Timeline of Broadscale Environmental Monitoring Programs in Tasman Region. 
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Table 2: Survey program for BEMP monitoring sites in the Tasman Region. 

Matrix Component Analyte/Parameter Frequency Survey time 
Commencement 

date 
Sites surveyed 

Number samples per 
site for sampling 

event 
Method 

Se
d

im
e

n
t 

Biota • Benthic infauna* annual 
Autumn 

(~March) 
March 2018 9 Sites 

x 3 

(seabed) 
Van-Veen Grab 

Chemistry 

• Visual assessment 
• Redox  
• Sulphide 
• Stable isotopes*  
• Particle size* 

annual 
Autumn 

(~March) 
March 2018 9 Sites 

x 3 

(seabed) 
Craib Corer 

W
at

e
r 

Q
u

al
it

y 

Nutrients 

• Ammonia (total 
ammoniacal nitrogen) 

• Nitrate 
• Phosphate (dissolved 

reactive phosphorus) 
• Silicate 
• Total nitrogen 
• Total phosphorus 

monthly  See Figure 2 9 Sites See Table 3 Niskin bottle 

Field 
measurements 
water quality  

• Dissolved oxygen 
• Temperature 
• Salinity 
• DO saturation  

monthly  See Figure 2 9 Sites See Table 3 

DO/Temp/ 

Salinity/Turbidity 
Meter 

 

Phytoplankton 

• Cell counts 
• chlorophyll a 
• Abundance/diversity 
• Harmful algae ID 

monthly  See Figure 2 9 Sites See Table 3 
Depth integrated 
sampler 

*Samples collected every year but analysed every 4 years 
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3.2. Sediment Sampling 

3.2.1. Visual Assessment, Redox Potential and Sulphide Concentration 

Triplicate sediment cores were collected at each site on the 29 April 2020 using a craib corer and 

Perspex cores with a 50 mm diameter for visual assessment and determination of redox potential and 

sulphide concentration. 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 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 

conditioned and calibrated prior to analysis and allowed to stabilise before taking measurements using 

the methods described in Macleod and Forbes (2004).  

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. In each vial 2 mL of sulphide antioxidant buffer (SAOB; refer to 

Macleod and Forbes 2004) was then added. Sulphide concentration (mV) was 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. 

3.2.2. Benthic Infauna, Stable Isotope and Particle Size Analysis 

Samples containing sediments for the identification of benthic infauna and the analysis of stable 

isotopes and particle size were collected in April 2020. These have been preserved and archived. 

Analysis of these parameters is required every four years (Table 2) and was completed in the 2017/18 

annual report (Aquenal 2018a).  

3.3. Water Quality 

Field sampling for water quality (physio-chemical measurements, nutrient determination and 

phytoplankton analysis) was undertaken at all nine sites on a monthly basis (Table 3) at a range of 

depths (Table 4). Laboratory analysis was conducted by Aquenal and Analytical Services Tasmania 

(AST) (Table 5).  
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3.3.1. Physico-chemical Parameters 

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

Kal YK-615 multiparameter water quality analyser. Measurements were taken at (a) the surface; (b) 5 

m depth; and (c) 1 m above the seabed. 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. 

3.3.2. Nutrient Determination 

Water samples for nutrient determination were collected at the surface and 1 m above the seabed at 

each site. A Niskin bottle was used for collecting sub-surface water samples, while a pole sampler was 

used to collect surface samples in a Teflon sampling bottle. 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 Analytical 

Services Tasmania (AST) laboratories (Table 5). AST dissolved nutrient samples were filtered at the 

time of collection using disposable hermetically sealed syringes and 0.45 μm PES filters.  

The nutrient analytes measured are listed in Table 2 (see also Table 3). Total nitrogen, total 

phosphorus, ammonia (i.e. total ammoniacal nitrogen) and nitrate were determined by Kjeldahl digest 

and flow injection analysis (Table 5). Phosphate and silica were determined by flow injection analysis 

(Table 5).  

The methodologies followed by AST laboratories have minimum reporting limits (MRL, Table 6). For 

analytical purposes, when samples returned a result below the MRL, a value of half the MRL was used. 

For example, when < 0.005 mg-N/L was reported for ammonia, a value of 0.0025 mg/L was used in 

the dataset. This is consistent with the approach adopted by IMAS in their analysis of an analogous 

broad scale water quality dataset for the Huon and D’Entrecasteaux Channel (Ross and Macleod 2013, 

see also Bell et al. 2017). This process was particularly relevant for silica, ammonia and nitrate (Table 

6). Total P and Total N did not fall below the MRL. 

3.3.3. Phytoplankton Analysis 

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 

into the water column at approximately 1 m/sec to reach a depth of 12 m or within 2 m of the seabed. 

At each new site, the tube was thoroughly rinsed before sampling. Once onboard, the sample was 
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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 delivery to AST. AST conducted analysis for macroalgal cell counts using microscopic 

observation and chlorophyll a concentration using spectrophotometry (Table 5).  

 

Table 3: Dates for water quality samples and sediment cores collected in the Tasman BEMP between June 
2019 and May 2020.  

Sampling Dates 

Nutrients and Water Quality 26 June 2019, 25 July 2019, 26 August 2019, 13 September 2019, 2+10 October 

2019, 20+22 November 2019, 11+13 December 2019, 6+8 January 2020, 7+11 

February 2020, 10+11 March 2020, 3+7 April 2020, 18+20 May 2020. 

Sediments 29 April 2020. 

 

Table 4: Sampling depths for nutrients, physico-chemical parameters and phytoplankton for all sites in the 
Tasman Broadscale Environmental Monitoring Program. 

Analyte Sample depth  

 

Surface 

(0.1 m) 

5 m 1 m above 
seabed 

12 m depth 
integrated 

 

Total N X  X  

 

Total P X  X  

Ammonia# X  X  

Nitrate X  X  

Phosphate X  X  

Silicate X  X  

DO X X X   

Temperature X X X   

Salinity X X X   

DO saturation# X X X   

Chlorophyll a    X 

 Cell counts    X 

Abundance/diversity    X 

#Ammonia refers to total ammoniacal nitrogen. 
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Table 5: Summary of methods and laboratories used to analyse samples collected in the Tasman BEMP in 
2019/20. 

Analyte Methods Laboratory 

Ammonia, nitrate, phosphate, 

silicate 

Dissolved nutrients by Flow Injection 

Analysis 

Analytical Services Tasmania 

Total N, Total P  Total nutrients by Kjeldahl Digest and 

Flow Injection Analysis. 

Analytical Services Tasmania 

Phytoplankton cell counts, 

macroalgal cell 

abundance/diversity  

Microalgal cell counts and 

abundance/diversity by microscopic 

observation. 

Analytical Services Tasmania 

chlorophyll a Spectrophotometry Analytical Services Tasmania 

Sulphide; Redox; Visual 

Assessment 

Sulphide and redox probe; visual 

assessment. 

Aquenal Pty Ltd 

 

 

Table 6: Minimum reporting limits (MRLs) from Analytical Services Tasmania laboratory methodologies and 
the modified value used in data analysis. The number of measurements for the analysis period (June 2019-
May 2020) and the number of instances that MRL values were modified are included. Bracketed values are 
surface and bottom depths, respectively. Total P and Total N did not fall below minimum reporting limits. 

   June 2019 – May 2020 

Analyte MRL Modified value No. measurements No. modifications 

Ammonia < 0.005 mg/L 0.0025 mg/L 198 (99;99) 78 (60;18) 

Nitrate < 0.002 mg/L 0.001 mg/L 198 (99;99) 39 (36;3) 

Phosphate < 0.003 mg/L 0.0015 mg/L 198 (99;99) 12 (12;0) 

Silicate < 0.1 mg/L 0.05 mg/L 198 (99;99) 56 (37;19) 

Chlorophyll a 0.5 0.25 99 (99) 0 (0) 
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3.4. Investigation Trigger Limits 

Environmental licence conditions specify water quality investigation trigger limits for selected analytes 

(Table 7). According to these investigation trigger limits, rolling annual median indicator values for the 

compliance site (NUB5), where directly attributable to marine farming operations, must not exceed 

the indicator limits specified in Table 7. In the event of an exceedance of the limits, the license holder 

must undertake additional investigations and analysis of monitoring data to determine to what extent 

the exceedances are caused by marine farming operations and to determine appropriate adaptive 

management responses. 

For the purposes of this report, rolling medians were calculated for the period March 2016 to May 

2020 in order to track performance against investigation trigger limits at compliance site NUB5. 

Performance since 2016 is summarised, with a particular focus on the current analysis year (June 2019-

May 2020). 

 

Table 7: Investigation trigger limits. The rolling annual median value for each of the analytes measured at 
compliance site NUB5 should not exceed these limits. (Adapted from Schedule 3 Tasman Peninsula and 
Norfolk Bay).  

Analyte Depth Method Limit 

Ammonia  Surface Rolling annual median 0.0103 mg/L 

Ammonia Bottom Rolling annual median 0.0193 mg/L 

Oxygen Surface Rolling annual median 7.4 mg/L 

Oxygen Bottom Rolling annual median 6.9 mg/L 

Chlorophyll a Integrated Rolling annual median 1.3 mg/m3 

Chlorophyll a Integrated Point in time* 2.61 mg/m3 

*Maximum absolute value obtained in a point in time.  
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3.5 Quality Assurance and Quality Control 

Quality assurance/quality control (QA/QC) samples were collected monthly since September 2017. 

There were two main aspects to the QA/QC sampling: 

3.5.1 Duplicate Samples 

For each sampling occasion, a sample duplicate and filtered sample were 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. 

3.5.2 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 the field and trip blank samples. 
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4. Results and Interpretation 

4.1. Sediment 

4.1.1. Visual Assessment 

Sediment colouration from sediments collected in April 2020 was predominantly dark greyish brown or brown 

with some instances of dark grey (Table 8). Dark streaks were evident in some replicate cores at NUB1, NUB5 

and PA1. The texture of the cores was variable depending on the location sampled with instances of sand, fine 

sand and very fine sand/silt (Table 8). Fine sediments were evident in sediment cores at sites NUB1 and PA1, 

reflecting their more sheltered locations relative to other sites. Shell grit was commonplace within the 

sediments, with coarse shell grit observed at PA4. Plants on the surface of cores were rare with red algae on 

one replicate at site NUB2 (Table 8). There was no gas or smell emanating from any core sample (Table 8). 

Seventeen cores had signs of animal life, including burrows, bivalves, polychaete worms, New Zealand Screw 

Shells and worm tubes (Table 8). Visual characteristics were broadly comparable to those sampled in 2018 

(Aquenal 2018a) and 2019 (Aquenal 2019). 

4.1.2. Redox Potential and Sulphide Concentration 

Mean redox potential varied between 168 and 304 mV across the nine sites in April 2020 with the lowest redox 

values recorded at NUB3 and the highest redox values recorded at NUB5 (Figure 3a). 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 were well above the < 0 mV 

threshold in April 2020 (Figure 3a; dashed line). These results are therefore indicative of healthy sediments 

that are unimpacted by organic enrichment. 

Mean corrected sulphide concentrations ranged between 0 μM and 11 μM for sediments collected in April 

2020 (Figure 3b). Sulphide concentrations were generally similar to previous sampling events (Figure 3b). No 

samples from the April 2020 survey exceeded the 100 μM sulphide concentration threshold typically 

associated with organic enrichment (Figure 3b, dashed line). 

 



Aquenal Pty Ltd Tasman Annual Broadscale Monitoring Report August 2020 

22 

Table 8: Descriptions of twenty-seven sediment cores (three replicates at nine sites) sampled across the Tasman Region in April 2020. 

Core 
Length 
(mm) 

Colour 1 Sediment 1 
Depth 1 

(mm) 
Colour 2 Sediment 2 

Depth 2 
(mm) 

Plants Animals Gas Smell 

PA1.1 155 2.5Y4/3 Brown 
Fine sand with shell grit, very coarse 

shell grit 90 mm to 155 mm, fine 
sand at surface (5 mm) 

155    Nil Nil Nil Nil 

PA1.2 105 2.5Y4/3 Brown 
Fine sand with shell grit, dark streaks 

from 15 mm to 105 mm 
105    Nil Worm tube at surface Nil Nil 

PA1.3 130 2.5Y4/3 Brown Fine sand with shell grit 25 
2.5Y4/2 Dark 

greyish brown 
Fine sand with shell grit, dark 

streaks from 25 mm to 130 mm 
130 Nil 

Worm tubes surface, polychaete 110 
mm, burrows 10 mm to 40 mm 

Nil Nil 

PA2.1 110 
2.5Y4/2 Dark 

greyish brown 
Fine sand with sparse shell grit 110    Nil 

Bivalve at surface, polychaete at 20 
mm, burrows throughout 

Nil Nil 

PA2.2 110 
2.5Y4/2 Dark 

greyish brown 
Fine sand with sparse shell grit 110    Nil Burrows throughout Nil Nil 

PA2.3 175 
2.5Y4/2 Dark 

greyish brown 
Fine sand with sparse shell grit 175    Nil Nil Nil Nil 

PA3.1 145 
2.5Y4/2 Dark 

greyish brown 
Sand with shell grit, layer of fine sand 

at surface (2 mm) 
145    Nil 

Worm tube at surface, burrows to 70 
mm 

Nil Nil 

PA3.2 105 
2.5Y4/2 Dark 

greyish brown 
Sand with shell grit, layer of fine sand 

at surface (5 mm) 
105    Nil Worm tube at surface Nil Nil 

PA3.3 150 
2.5Y4/2 Dark 

greyish brown 
Sand with shell grit 150    Nil Worm tube at surface Nil Nil 

PA4.1 130 
2.5Y5/3 Light 
olive brown 

Sand with coarse shell grit 130    Nil Nil Nil Nil 

PA4.2 145 
2.5Y5/3 Light 
olive brown 

Sand with coarse shell grit 145    Nil Maoricolpus roseus at surface Nil Nil 

PA4.3 120 
2.5Y5/3 Light 
olive brown 

Sand with coarse shell grit, layer of 
fine sand at surface (5 mm) 

120    Nil Burrows to 60 mm Nil Nil 

NUB1.1 110 
2.5Y3/2 Very 
dark greyish 

brown 

Very fine sand/silt with sparse shell 
grit, dark streaks from 50 mm to 110 

mm 
110    Nil Burrows from 60 mm to 80 mm Nil Nil 

NUB1.2 110 
2.5Y3/2 Very 
dark greyish 

brown 

Very fine sand/silt with sparse shell 
grit, dark spots at 30 mm 

50 
2.5Y3/1 Very 

dark grey 

Very fine sand/silt with sparse 
shell grit, dark streaks 

throughout 
110 Nil Burrows from 10 mm to 30 mm Nil Nil 

NUB1.3 130 
2.5Y3/2 Very 
dark greyish 

brown 

Very fine sand/silt with sparse shell 
grit, dark streaks from 50 mm to 130 

mm 
130    Nil 

Burrows to 60 mm, polychaete at 40 
mm 

Nil Nil 
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Core 
Length 
(mm) 

Colour 1 Sediment 1 
Depth 1 

(mm) 
Colour 2 Sediment 2 

Depth 2 
(mm) 

Plants Animals Gas Smell 

NUB2.12 150 
2.5Y4/1 Dark 

grey 
Fine sand with shell grit 50 

2.5Y4/2 dark 
greyish brown 

Fine sand with shell grit 90 Nil Burrows to 10 mm Nil Nil 

NUB2.2 110 
2.5Y4/2 dark 

greyish brown 
Fine sand with shell grit 50 

2.5Y4/1 Dark 
grey 

Fine sand with shell grit 110 
Red 

algae at 
20 mm 

Maoricolpus roseus and worm tube on 
surface, burrows to 40 mm, polychaete 

at 20 mm 
Nil Nil 

NUB2.3 110 
2.5Y4/2 Dark 

greyish brown 
Fine sand with shell grit 20 

2.5Y4/1 Dark 
grey 

Fine sand with shell grit 110 Nil Nil Nil Nil 

NUB3.1 100 
2.5Y4/2 Dark 

greyish brown 
Fine sand with shell grit 100    Nil Nil Nil Nil 

NUB3.2 110 
2.5Y4/2 Dark 

greyish brown 
Fine sand with shell grit, dark patch 

at 40 mm 
110    Nil Burrows from 20 mm to 50 mm Nil Nil 

NUB3.3 145 
2.5Y4/2 Dark 

greyish brown 
Fine sand with shell grit 100 

2.5Y4/1 Dark 
grey 

Fine sand with shell grit 145 Nil Burrow at 80 mm Nil Nil 

NUB4.1 100 2.5Y4/3 Brown Sand with shell grit 100    Nil Nil Nil Nil 

NUB4.2 140 2.5Y4/3 Brown Sand with shell grit 140    Nil Polychaete burrows to 40 mm Nil Nil 

NUB4.3 130 2.5Y4/3 Brown Sand with shell grit 130    Nil Nil Nil Nil 

NUB5.1 100 
2.5Y4/2 Dark 

greyish brown 

Sand with shell grit, 3 mm flocculant 
layer (grey), dark streaks 20 mm to 
60 mm, large dark patch 60 mm to 

90 mm 

100    Nil Nil Nil Nil 

NUB5.2 140 2.5Y4/3 Brown Sand with shell grit 100 
2.5Y4/2 Dark 

greyish brown 
Sand with shell grit 140 Nil Nil Nil Nil 

NUB5.3 135 2.5Y4/3 Brown Sand with shell grit 90 
2.5Y4/2 Dark 

greyish brown 
Sand with shell grit 135 Nil Nil Nil Nil 

 

 

 

2 Sediment core NUB2.1 also had a third depth horizon (2.5Y4/1 Dark Grey. Find sand with shell grit to depth 150mm). 
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Figure 3: Replicate (points) and mean (crosshairs) values for (a) redox potential and (b) sulphide concentration for sediments collected at nine sites in the Tasman Region in 2018, 
2019 and 2020. Three replicates were measured at each site. Organic enrichment is typically indicated by redox values < 0 mV and sulphide concentrations > 100 µM (Macleod and 
Forbes 2004) and these thresholds are represented by the dashed lines.

(a) 

(b) 
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4.2. Water Quality: Physico-chemical measurements 

Water quality data for physico-chemical parameters and nutrients is presented in two ways: (1) as line graphs 

showing temporal trends over time; and (2) as point or box plots to allow comparisons between particular 

time periods. These figures are aggregated to the regional scale (i.e. Tasman Region) or by site (e.g. NUB1-5; 

PA1-4) to highlight spatial trends across the region. Figure 4 illustrates the presentation of water quality data 

for the current reporting period. 

Water quality monitoring commenced on different dates for sites in each region (August 2013 for PA1-PA4; 

February 2014 for NUB1-NUB4; and February 2016 for NUB5 (Figure 2; Table 1). To facilitate temporal 

comparisons in box-plots, data for PA1-PA4 and NUB1-NUB4 was truncated to six complete yearly periods 

starting in June 2014 and ending in May 2020. NUB5 was truncated to four complete yearly periods between 

June 2016 and May 2020. In effect, the first two yearly periods (2014/15; 2015/16) have data from eight sites 

and the latter four yearly periods (2016/17; 2017/18; 2018/19; 2019/20) have data from nine sites. The 

addition of an extra site may have implications for regional inter-year comparisons, which should therefore 

be interpreted with careful reference to site-based figures. Where relevant, particular note is made of how 

NUB5 may have affected apparent trends.  

Maps representing mean annual values for each analyte for the nine sites since 2014 are presented in 

Appendix 3. 
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Figure 4: 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 (June-May) for 2014/15 to 2019/20; (d) highlights observations from the current year (2019/20) in relation to the variance and central tendency of the 
previous nine years (2014-2019).
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4.2.1. Temperature 

Water temperatures in the Tasman Region showed a clear seasonal cycle with the highest 

temperatures recorded in surface waters in the summer months (~17-20 oC) and lowest values in the 

winter months when water temperatures were relatively consistent through the water column (~9-

11oC; Figure 5). In spring and summer water temperatures tended to be higher in surface waters 

(Figure 5). Temperatures at the surface were particularly warm in 2015/16, consistent with reports of 

above average water temperatures on the east coast of Tasmania during this period (e.g. Oliver et al. 

2017). Mean and median temperatures across sites were very similar across all monitoring years 

(Figure 6). Water temperatures at Nubeena sites were generally lower in the winter months compared 

to sites at Port Arthur (Figure 6). 

In 2019/20, temperatures were lower than in previous years in surface and bottom waters (Figure 5b), 

particularly in the summer and autumn months (Figure 5c,d). Lower temperatures were experienced 

at all sites in Nubeena and Port Arthur.  

4.2.2. Salinity 

Salinity did not exhibit a strong discernible seasonal cycle (Figure 7), although some regional 

differences were observed. Variability was most apparent in surface waters, particularly during winter 

months when periodic lower values were recorded at Nubeena sites (Figure 8). Lower salinity values 

at Nubeena are likely the result of freshwater outflows from the Derwent River, which are highest 

during the winter months. Water circulation in Storm Bay is typified by saline marine waters flowing 

north into the bay on the western side and freshwater (low salinity) outflows from the Derwent River 

flowing south along the eastern side of the bay (Crawford et al. 2011) where the Nubeena sites are 

located. An apparent peak recorded at PA4 in June 2017 is considered anomalous and may be the 

result of a calibration issue (Figure 8a). 

Mean salinity values for the Nubeena and Port Arthur regions in 2019/20 were slightly lower than 

preceding years (Figure 7b) particularly in surface waters during the summer and autumn months 

(Figure 7c,d). Bottom water salinity was comparable to previous years. Salinity was lowest in surface 

waters at NUB1 during the winter of 2019 (Figure 8b). 

4.2.3. Dissolved Oxygen 

Dissolved oxygen was measured both as a percentage (Figure 9, Figure 10) and in absolute dissolved 

oxygen concentration (mg/L; Figure 11, Figure 12). Temporal and spatial patterns for the two 

expressions of dissolved oxygen were similar (compare Figure 9-10 and Figures 11-12) and are 

discussed below in the context of dissolved oxygen concentrations (mg/L). 
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Dissolved oxygen (mg/L) in the Tasman Region showed a clear seasonal cycle with higher 

concentrations in winter and spring and lower concentrations in the autumn and summer months 

(Figure 11). Dissolved oxygen was typically lower in bottom waters compared to water at the surface 

and at 5 m (Figure 11a). Similar seasonal trends and stratification have been described in the Huon 

Estuary and D’Entrecasteaux Channel (Aquenal 2018b; Aquenal 2020; Bell et al. 2017) where 

seasonality is thought to reflect the influence of natural seasonal biotic and abiotic processes (such as 

variation in oxygen saturation with temperature), river induced stratification, reduced mixing, 

breakdown of algal matter and nitrification (Bell et al. 2017). Dissolved oxygen has typically been 

slightly higher at Port Arthur compared to Nubeena (particularly in bottom waters) (Figure 12). There 

has been some evidence of increasing dissolved oxygen concentration with distance from shallow bay 

sites (e.g. NUB1, NUB2; PA1, PA2) to deep water sites (e.g. NUB3, NUB4; PA3, PA4) (Figure 12). 

Compared to preceding years, annual mean and median dissolved oxygen concentrations for 2019/20 

were slightly higher in surface waters and broadly comparable in bottom waters (Figure 11b). There 

were some instances of relatively low dissolved oxygen concentrations in bottom waters in 2019/20 

(Figure 11c,d). These were mainly recorded at Nubeena sites during autumn 2020, when median levels 

were lower compared to previous years (Figure 11d). Dissolved oxygen concentration in bottom 

waters stabilized at NUB1 after a declining trend in recent years (Figure 12b). 
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Figure 5: Temperature (oC) for the Tasman BEMP: (a) mean monthly values June 2014 to May 2020 (lines) with site observations (points) overlaid; (b) box plots for June 
to May periods; (c) box plots for June to May periods, by season; (d) monthly box plots for June 2014 to May 2019 data with monthly observations (points) and median 
(crosses) for June 2019 to May 2020 overlaid. Box plots in (b, c) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show 
the mean in (b-c). Vertical lines in (a) represent annual periods. Note that data for 2014-16 include eight sites and 2016-2020 include nine sites (NUB5 added in June 
2016).
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Figure 6: Site based plots of temperature (°C) for the Tasman BEMP at two depths (Surface, Bottom): (a) mean monthly values from June 2014 to May 2020 by site; (b) 
annual box plots for June to May periods. Box plots in (b) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show the 
mean. Vertical lines in (a) represent annual periods used in box plots and trigger limit analysis. Note that NUB5 was added to the monitoring dataset in June 2016.
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Figure 7: Salinity (ppt) for the Tasman BEMP: (a) mean monthly values June 2014 to May 2020 (lines) with site observations (points) overlaid; (b) box plots for June to 
May periods; (c) box plots for June to May periods, by season; (d) monthly box plots for June 2014 to May 2019 data with monthly observations (points) and median 
(crosses) for June 2019 to May 2020 overlaid. Box plots in (b, c) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show 
the mean in (b-c). Vertical lines in (a) represent annual periods. Note that data for 2014-16 include eight sites and 2016-2020 include nine sites (NUB5 added in June 
2016).
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Figure 8: Site based plots of salinity (ppt) for the Tasman BEMP at two depths (Surface, Bottom): (a) mean monthly values from June 2014 to May 2020 by site; (b) 
annual box plots for June to May periods. Box plots in (b) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show the 
mean. Vertical lines in (a) represent annual periods used in box plots and trigger limit analysis. Note that NUB5 was added to the monitoring dataset in June 2016.
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Figure 9: Dissolved oxygen (%) for the Tasman BEMP: (a) mean monthly values June 2014 to May 2020 (lines) with site observations (points) overlaid; (b) box plots for 
June to May periods; (c) box plots for June to May periods, by season; (d) monthly box plots for June 2014 to May 2019 data with monthly observations (points) and 
median (crosses) for June 2019 to May 2020 overlaid. Box plots in (b, c) represent the median, 20th and 80th percentiles and the minimum and maximum values. 
Crosshairs show the mean in (b-c). Vertical lines in (a) represent annual periods. Note that data for 2014-16 include eight sites and 2016-2020 include nine sites (NUB5 
added in June 2016).
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Figure 10: Site based plots of dissolved oxygen (%) for the Tasman BEMP at two depths (Surface, Bottom): (a) mean monthly values from June 2014 to May 2020 by site; 
(b) annual box plots for June to May periods.  Box plots in (b) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show 
the mean. Vertical lines in (a) represent annual periods used in box plots and trigger limit analysis. Note that NUB5 was added to the monitoring dataset in June 2016.
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Figure 11: Dissolved oxygen (mg/L) for the Tasman BEMP: (a) mean monthly values June 2014 to May 2020 (lines) with site observations (points) overlaid; (b) box plots 
for June to May periods; (c) box plots for June to May periods, by season; (d) monthly box plots for June 2014 to May 2019 data with monthly observations (points) and 
median (crosses) for June 2019 to May 2020 overlaid. Box plots in (b, c) represent the median, 20th and 80th percentiles and the minimum and maximum values. 
Crosshairs show the mean in (b-c). Vertical lines in (a) represent annual periods. Note that data for 2014-16 include eight sites and 2016-2020 include nine sites (NUB5 
added in June 2016).
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Figure 12: Site based plots of dissolved oxygen (mg/L) for the Tasman BEMP at two depths (Surface, Bottom): (a) mean monthly values from June 2014 to May 2020 by 
site; (b) annual box plots for June to May periods. Box plots in (b) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs 
show the mean. Vertical lines in (a) represent annual periods used in box plots and trigger limit analysis. Note that NUB5 was added to the monitoring dataset in June 
2016. 
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4.3. Water Quality: Nutrients 

4.3.1. Total Ammoniacal Nitrogen (TAN) 

There was no obvious seasonal trend for total ammoniacal nitrogen (TAN) in the Tasman Region 

between June 2014 and May 2020 (Figure 13; Figure 14). Over the course of the monitoring program, 

TAN concentrations have generally been higher and more variable at Nubeena sites compared to Port 

Arthur (Figure 13; Figure 14). TAN concentrations are generally lower in surface waters, however, 

occasional peaks in surface waters have been recorded (e.g. May-August 2018; Figure 13).  

TAN in surface waters has been relatively consistent through time, with the exception of unusually 

high surface TAN concentrations measured in mid-2018 (Figure 13; Figure 14). Mean annual TAN in 

bottom waters was relatively high at a regional scale in 2019/20 at both Nubeena and Port Arthur 

(Figure 13b), particularly in the summer and autumn months (Figure 13c,d). TAN concentration in 

bottom waters at Nubeena sites NUB3, NUB4 and NUB5 was relatively high in 2019/20 compared to 

previous years (Figure 14b), driven by high concentrations in summer and autumn (Figure 14a). TAN 

concentration in bottom waters at NUB1 was also high in 2019/20, but similarly high concentrations 

have been recorded at this site since 2017/18 (Figure 14b). This may be attributable to a range of 

sources including; (a) fish farming activities; (b) natural variation in oceanic TAN; (c) runoff and inputs 

from Nubeena township; and (d) the sheltered nature of the site.  

Bottom water TAN concentrations in 2019/20 were higher than previous years at all sites in Port 

Arthur (Figure 14b). Similar to the TAN patterns described for Nubeena, these were largely driven by 

high TAN concentrations in summer and autumn (Figure 13c; Figure 14a). Mean (but not median) TAN 

concentration in bottom waters was exceptionally high at PA1 in 2018/19 and 2019/20 (Figure 14). 

High TAN concentrations at this site are likely indicative of localised increases in dissolved nutrients 

from fish farm activities. As noted in Section 3.1 above, this site is located on the edge of the lease 

boundary and approximately 50 m from cages. Following commencement of fish farming in August 

2017, the site should probably be considered a near-field site and not reflective of broad scale 

conditions.  

Relatively high bottom water TAN concentrations across most sites in Nubeena and Port Arthur in 

2019/20 suggest a regional trend of elevated TAN. Observations of relatively high TAN concentrations 

at deep water sites (e.g. PA4, NUB4) indicate an oceanic influence on TAN concentrations. It is notable 

that relatively high TAN concentrations were recorded in 2019/20 at most other BEMP monitoring 

sites in south-eastern Tasmania (see Huon/Dentrecasteaux Channel BEMP and Okehampton Bay 

BEMP annual reports for 2019/20, documents in review). 
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4.3.2. Nitrate 

Nitrate in surface waters in Nubeena and Port Arthur exhibit a strong seasonal trend with consistently 

low values in summer and spring followed by moderate values in autumn and a distinct peak in winter 

(Figure 15; Figure 16). The same pattern is apparent in bottom waters, albeit with higher variance in 

spring and summer (Figure 15; Figure 16). Inter annual variability in the influx of cool, nutrient rich 

sub-Antarctic oceanic waters that penetrate north during winter is likely to be a major factor driving 

these seasonal trends (Bell et al. 2017; see also Crawford et al. 2011; Herzfeld 2008). The rapid decline 

of nitrate in surface waters during spring is likely to be associated with uptake by phytoplankton which 

flourish during this season.  

Nitrate concentrations have been higher and more variable in the surface waters of Port Arthur 

compared to Nubeena, whereas for bottom waters nitrate concentrations have tended to be similar 

between the two regions (Figure 15; Figure 16). In surface waters, nitrate concentrations were 

generally higher and more variable in the 2016/17 and 2019/20 reporting periods, with a notable peak 

in nitrate concentration at Nubeena sites in winter 2016 (Figure 15; Figure 16). Nitrate concentration 

in bottom waters at sites NUB4 and NUB5 tended to be higher and more variable than other sites 

(Figure 16). This pattern is likely due to the greater influence of seasonal oceanic waters at these 

offshore sites. 

Nitrate concentration was higher in 2019/20 in bottom waters in particular, which appears to be 

driven by high nitrate in summer and autumn months (Figure 15c), specifically at deep water sites 

closer to oceanic influences (i.e. NUB4, NUB5, PA3, PA4; Figure 16b). Nitrate is inversely correlated 

with temperature and it is possible that lower temperatures in the waters of south-eastern Tasmanian 

in 2019/20 (see section 4.2.1; Figure 5) are driving higher nitrate concentrations.  

4.3.3. Total Nitrogen 

There were no clear long-term seasonal patterns of total nitrogen evident from June 2014 to May 

2020 (Figure 17a; Figure 18). Total nitrogen concentrations showed no obvious depth stratification 

(Figure 17) and values were similar between Port Arthur and Nubeena regions (Figure 18). There was 

a gradual increase in mean annual total nitrogen between June 2014 and May 2018 at the regional 

level but total nitrogen declined to a stable concentration between 2018/19 and 2019/20 (Figure 17b). 

These patterns were observed at most sites in Nubeena and Port Arthur (Figure 18a,b). Relatively low 

total nitrogen concentrations were evident in 2018/19 and 2019/20 during summer and autumn 

compared to previous years (i.e. May 2020; Figure 17c,d).  
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4.3.4. Phosphate (Dissolved Reactive Phosphorus) 

Since the inception of the monitoring program, phosphate has shown a weak seasonal cycle with low 

values in summer, moderate values in autumn and spring, and a peak in winter (Figure 19; Figure 20). 

Variability in phosphate concentrations has been notably higher in bottom waters compared to 

surface waters (Figure 19). This pattern is similar to those observed for nitrate and is also likely to be 

attributable to the influx of cool, nutrient rich oceanic waters (Bell et al. 2017).  

At Nubeena and Port Arthur, mean annual phosphate concentration has been steadily increasing over 

the last five years in bottom waters but has remained largely stable in surface waters (Figure 19b). 

Compared to previous years, phosphate concentrations in 2018/19 and 2019/20 were notably high in 

winter and – to a lesser extent - spring (Figure 19c). These patterns were relatively consistent across 

sites (Figure 20a,b) and are therefore likely to reflect naturally occurring regional increases in 

phosphate concentrations rather than localized effects. 

Note that some of the patterns described above may be partly influenced by the addition of NUB5 in 

2016, which typically records higher phosphate concentrations than other sites (Figure 20). 

4.3.5. Total Phosphorus 

The ability to discern fine changes in total phosphorus over time was confounded by the fact that the 

analytical sensitivity at which total phosphorus is reported is low (0.01 mg/L) compared to the 

recorded range of total phosphorus values (0.02-0.10 mg/L). There was no obvious seasonal cycling of 

total phosphorus between June 2014 and May 2020 (Figure 21; Figure 22). There was a distinct peak 

in total phosphorus in surface waters in November 2015 (Figure 21a) that was observed across all sites 

(Figure 22).  

Total phosphorous concentrations have been largely stable throughout the monitoring program and 

there were no obvious departures from the long-term central tendency and variance in 2019/20 

(Figure 21, Figure 22).   

4.3.6. Silicate 

Silicate patterns were typified by extended periods of low concentrations, with occasional peaks that 

were most commonly recorded in winter (Figure 23). The most sheltered bay sites NUB1 and PA1 

typically experienced the highest silicate values, a pattern indicative of localised freshwater inputs 

with associated high silicate concentrations (Figure 23; Figure 24).  

While localised silicate inputs have been observed, evidence of regional differences in silicate 

concentration have also been recorded. Across all years, silicate concentration tended to be higher at 

Nubeena compared to Port Arthur (Figure 24). This pattern has been most evident in winter and is 
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likely to reflect freshwater inputs from the Derwent Estuary as described in section 4.2.2 (see Crawford 

et al. 2011). Higher silicate concentrations in the Nubeena area are likely to have ramifications for 

phytoplankton communities, particularly diatoms, which require dissolved silicate for growth (see 

below).  

There were no obvious departures from long-term patterns of silicate concentrations in the Tasman 

region in the 2019/20 reporting period, although a moderate peak in silicate concentration was 

recorded in June 2019 for sites in the Nubeena region (Figure 23; Figure 24). 
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Figure 13: Ammonia (mg-N/L) for the Tasman BEMP at two depths (Surface, Bottom): (a) mean monthly values June 2014 to May 2020 (lines) with site observations (points) overlaid; (b) 
box plots for June to May periods; (c) box plots for June to May periods, by season; (d) monthly box plots for June 2014 to May 2019 data with monthly observations (points) and median 
(crosses) for June 2019 to May 2020 overlaid. Box plots in (b, c) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show the mean in (b-
c). Vertical lines in (a) represent annual periods. Note that data for 2014-16 include eight sites and 2016-2020 include nine sites (NUB5 added in June 2016). Figures were scaled between 
0 and 0.06 mg-N/L to highlight trends. This excluded two high surface TAN observations: 0.1 mg-N/L at site PA1 in June 2018 and 0.063 mg-N/L at site PA1 in August 2018. There were no 
observations over 0.06 mg-N/L in 2019/20.
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Figure 14: Site based plots of ammonia (mg-N /L) for the Tasman BEMP at two depths (Surface, Bottom): (a) mean monthly values from June 2014 to May 2020 by site; (b) annual box plots 
for June to May periods. Box plots in (b) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show the mean. Vertical lines in (a) represent 
annual periods used in box plots and trigger limit analysis. Note that NUB5 was added to the monitoring dataset in June 2016. Figures were scaled between 0 and 0.06 mg-N/L to highlight 
trends. This excluded two high surface TAN observations: 0.1 mg-N/L at site PA1 in June 2018 and 0.063 mg-N/L at site PA1 in August 2018.  There were no observations over 0.06 mg-N/L 
in 2019/20.
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Figure 15: Nitrate (mg-N /L) for the Tasman BEMP at two depths (Surface, Bottom): (a) mean monthly values June 2014 to May 2020 (lines) with site observations (points) overlaid; (b) box 
plots for June to May periods; (c) box plots for June to May periods, by season; (d) monthly box plots for June 2014 to May 2019 data with monthly observations (points) and median 
(crosses) for June 2019 to May 2020 overlaid. Box plots in (b, c) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show the mean in (b-
c). Vertical lines in (a) represent annual periods. Note that data for 2014-16 include eight sites and 2016-2020 include nine sites (NUB5 added in June 2016).
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Figure 16: Site based plots of nitrate (mg-N /L) for the Tasman BEMP at two depths (Surface, Bottom): (a) mean monthly values from June 2014 to May 2020 by site; (b) annual box plots 
for June to May periods. Box plots in (b) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show the mean. Vertical lines in (a) 
represent annual periods used in box plots and trigger limit analysis. Note that NUB5 was added to the monitoring dataset in June 2016.
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Figure 17: Total nitrogen (mg-N /L) for the Tasman BEMP at two depths (Surface, Bottom(a) mean monthly values June 2014 to May 2020 (lines) with site observations (points) overlaid; 
(b) box plots for June to May periods; (c) box plots for June to May periods, by season; (d) monthly box plots for June 2014 to May 2019 data with monthly observations (points) and 
median (crosses) for June 2019 to May 2020 overlaid. Box plots in (b, c) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show the mean 
in (b-c). Vertical lines in (a) represent annual periods. Note that data for 2014-16 include eight sites and 2016-2020 include nine sites (NUB5 added in June 2016).
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Figure 18: Site based plots of total nitrogen (mg-N /L) for the Tasman BEMP at two depths (Surface, Bottom): (a) mean monthly values from June 2014 to May 2020 by site; (b) annual box 
plots for June to May periods. Box plots in (b) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show the mean. Vertical lines in (a) 
represent annual periods used in box plots and trigger limit analysis. Note that NUB5 was added to the monitoring dataset in June 2016.



Aquenal Pty Ltd Tasman Annual Broadscale Monitoring Report August 2020 

47 

 
Figure 19: Dissolved reactive phosphorus (phosphate; mg-P/L) for the Tasman BEMP at two depths (Surface, Bottom): (a) mean monthly values June 2014 to May 2020 (lines) with site 
observations (points) overlaid; (b) box plots for June to May periods; (c) box plots for June to May periods, by season; (d) monthly box plots for June 2014 to May 2019 data with monthly 
observations (points) and median (crosses) for June 2019 to May 2020 overlaid. Box plots in (b, c) represent the median, 20th and 80th percentiles and the minimum and maximum values. 
Crosshairs show the mean in (b-c). Vertical lines in (a) represent annual periods. Note that data for 2014-16 include eight sites and 2016-2020 include nine sites (NUB5 added in June 2016).
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Figure 20: Site based plots of dissolved reactive phosphorus (phosphate; mg-P/L) for the Tasman BEMP at two depths (Surface, Bottom): (a) mean monthly values from June 2014 to May 
2020 by site; (b) annual box plots for June to May periods. Box plots in (b) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show the 
mean. Vertical lines in (a) represent annual periods used in box plots and trigger limit analysis. Note that NUB5 was added to the monitoring dataset in June 2016.
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Figure 21: Total phosphorus (mg-P/L)  for the Tasman BEMP at two depths (Surface, Bottom): (a) mean monthly values June 2014 to May 2020 (lines) with site observations (points) 
overlaid; (b) box plots for June to May periods; (c) box plots for June to May periods, by season; (d) monthly box plots for June 2014 to May 2019 data with monthly observations (points) 
and median (crosses) for June 2019 to May 2020 overlaid. Box plots in (b, c) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show the 
mean in (b-c). Vertical lines in (a) represent annual periods. Note that data for 2014-16 include eight sites and 2016-2020 include nine sites (NUB5 added in June 2016).
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Figure 22: Site based plots of total phosphorus (mg-P/L) for the Tasman BEMP at two depths (Surface, Bottom): (a) mean monthly values from June 2014 to May 2020 by site; (b) annual 
box plots for June to May periods. Box plots in (b) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show the mean. Vertical lines in (a) 
represent annual periods used in box plots and trigger limit analysis. Note that NUB5 was added to the monitoring dataset in June 2016.
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Figure 23: Silicate (mg/L) for the Tasman BEMP at two depths (Surface, Bottom): (a) mean monthly values June 2014 to May 2020 (lines) with site observations (points) overlaid; (b) box 
plots for June to May periods; (c) box plots for June to May periods, by season; (d) monthly box plots for June 2014 to May 2019 data with monthly observations (points) and median 
(crosses) for June 2019 to May 2020 overlaid. Box plots in (b, c) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show the mean in (b-
c). Vertical lines in (a) represent annual periods. Note that data for 2014-16 include eight sites and 2016-2020 include nine sites (NUB5 added in June 2016).
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Figure 24: Site based plots of silicate (mg/L) for the Tasman BEMP at two depths (Surface, Bottom): (a) mean monthly values from June 2014 to May 2020 by site; (b) annual box plots for 
June to May periods. Box plots in (b) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show the mean. Vertical lines in (a) represent 
annual periods used in box plots and trigger limit analysis. Note that NUB5 was added to the monitoring dataset in June 2016. 
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4.4. Water Quality: Phytoplankton 

Phytoplankton communities were quantified by two methods: (1) chlorophyll a concentration; and (2) 

cell counts. For chlorophyll a, line graphs were used to examine temporal trends and box plots were 

constructed to depict specific periods of time with a particular emphasis on the June 2019 to May 

2020 period. Cell counts were used to examine trends with particular reference to (a) algal blooms; 

(b) community composition; and (c) the presence of harmful algal species. 

4.4.1. Chlorophyll a 

Over the duration of the monitoring program chlorophyll a has exhibited a weak seasonal cycle with 

slightly higher values in spring (Figure 25; Figure 26). The highest historical concentration of 

chlorophyll a was 9.2 mg/m3 recorded in June 2017 at site NUB1. All Nubeena sites had high 

chlorophyll a values in June and July 2017 (Figure 26) and this was largely responsible for the high 

average winter chlorophyll a values (Figure 25). The winter 2017 peak in chlorophyll a was considered 

unusual for two reasons. Firstly, such peaks in phytoplankton abundance typically occur in autumn or 

spring (see Aquenal 2017). Secondly, the peak in abundance appeared localised to the Nubeena area, 

with no evidence of highly elevated chlorophyll a concentrations at the Port Arthur sites over the same 

period (Figure 26).  

Overall, there were no major departures in chlorophyll a trends in 2019/20 compared to previous 

years (Figure 25a-d). Across all sites, chlorophyll a concentrations were relatively high in summer 

(January and February) 2020 compared to previous years (Figure 25d). The highest chlorophyll a 

concentration during the 2019/20 reporting period was recorded at PA1 in February 2020 (3.6 mg/m3).  
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Figure 25: Chlorophyll a (mg/m3) for the Tasman BEMP at one depth (integrated): (a) mean monthly values June 2014 to May 2020 (lines) with site observations (points) overlaid; 
(b) box plots for June to May periods; (c) box plots for June to May periods, by season; (d) monthly box plots for June 2014 to May 2019 data with monthly observations (points) 
and median (crosses) for June 2019 to May 2020 overlaid. Box plots in (b, c) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs 
show the mean in (b-c). Vertical lines in (a) represent annual periods. Note that data for 2014-16 include eight sites and 2016-2020 include nine sites (NUB5 added in June 2016). 
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Figure 26: Site based plots of chlorophyll a (mg/m3) for the Tasman BEMP at one depth (integrated): (a) mean monthly values from June 2014 to May 2020 by site; (b) annual box 
plots for June to May periods. Box plots in (b) represent the median, 20th and 80th percentiles and the minimum and maximum values. Crosshairs show the mean. Vertical lines in 
(a) represent annual periods used in box plots and trigger limit analysis. Note that NUB5 was added to the monitoring dataset in June 2016. 
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4.4.2. Phytoplankton Density 

Over the duration of the monitoring program, phytoplankton density has been dominated by diatoms 

(Class Bacillariophyta) and dinoflagellates (Class Dinophyta) (Figure 27; Figure 28). Phytoplankton 

densities recorded in 2019/20 were within the range recorded in previous years for both regions 

(Figure 27). Nubeena sites typically have higher densities of phytoplankton compared to Port Arthur 

sites (Figure 27), however, in the 2019/20 reporting year, average phytoplankton densities were 

higher at Port Arthur compared to Nubeena (Figure 27). This was largely driven by a spike of diatoms 

at site PA3 in December 2019 (Figure 29; Figure 30), but is also attributable to relatively low diatom 

densities at Nubeena 2019/20 (Figure 27; Figure 29). Densities of diatoms at Nubeena in 2019/20 were 

lower than the preceding two reporting years (i.e. 2017/18 and 2018/19), but similar to those 

recorded in 2014/15 (Figure 27). 

At Nubeena, diatom communities were characterised by the presence of a range of taxa, with 

Chaetoceros the most prominent (Figure 28). Skeletonema was the dominant diatom in the preceding 

two reporting periods but was recorded in relatively low densities in 2019/20 (Figure 28). 

Prymnesiophytes were also recorded relatively high densities in 2019/20 at Nubeena compared to 

previous years (Figure 29), particularly at sites NUB4 and NUB5 (Figure 30). Diatom community 

composition at Port Arthur in 2019/20 was characterised by high abundance of Pseudo-nitzschia 

species (P. seriata and P. delicatissima; Figure 28). There was a spike in dinoflagellates in Port Arthur 

(Class Dinophyta) at all sites in early 2020 (Figure 29; Figure 30). 

4.4.3. Harmful Phytoplankton Species 

The phytoplankton dataset was divided into harmful and non-harmful species (Appendix 1). The vast 

majority of phytoplankton cells observed between June 2014 and May 2020 were non-harmful 

diatoms (Figure 31; Figure 32). Known harmful species (e.g. dinoflagellates Noctiluca scintillans and 

Gymnodinium catenatum) have been occasionally detected at very low abundance levels. The relative 

proportion of harmful species recorded in 2019/20 was similar to previous reporting years (Figure 31; 

Figure 32). 
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Figure 27: (a) Relative abundance (0 to 1) and (b) mean total density per site (cells/mL) of phytoplankton 
classes in Nubeena and Port Arthur across six monitoring years. 

 

 

Figure 28: (a) Relative abundance (0 to 1) and (b) mean total density per site (cells/mL) of diatom (i.e. 
Bacillariophyta) genera in Nubeena and Port Arthur across six monitoring years. 

(a) 

(b) 

(a) 

(b) 
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Figure 29: Mean monthly sum of cell counts per site (cells/mL) for diatom (Class Bacillariophyta) and non-
diatom phytoplankton classes for the Nubeena and Port Arthur Regions. 
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(a) 

 

(b)

 

 

Figure 30: Monthly sum of cell counts per site (cells/mL) for diatom (Class Bacillariophyta) and non-diatom 
phytoplankton classes for (a) Nubeena; and (b) Port Arthur. 
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Figure 31: Mean monthly sum of cell counts (cells/mL) per site for harmful and non-harmful phytoplankton in Nubeena and Port 
Arthur. 

 

 

Figure 32: Mean monthly sum of cell counts (cells/mL) per site for harmful phytoplankton species in Nubeena and Port Arthur. 
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4.5. Indicative Trigger Limits 

For the purposes of this annual report, rolling medians were calculated to track recent conditions at 

compliance site NUB5 against each respective trigger limit in Table 7, using data collected since 

February 2016. Monitoring is currently conducted in accordance with Environmental Licences 

EL9906/2, EL9907/2, EL9908/2 and EL9959/2. Rolling annual medians for ammonia (TAN; Figure 33) 

and dissolved oxygen (Figure 34) have been below (ammonia) or above (dissolved oxygen) the 

specified investigation trigger limit for surface and bottom waters between June 2019 and May 2020 

(Figure 33; Figure 34). Further investigations were not warranted for these two analytes for the 

current 2019/20 reporting period. 

The rolling median for chlorophyll a at NUB5 was above the investigation trigger limit (1.3 mg/m3) in 

April 2020 and June 2020 (Figure 35). Chlorophyll a concentration at NUB5 also equaled the 

investigation trigger limit on several other occasions during the reporting period (July 2019, August 

2019, September 2019, February 2020, March 2020, May 2020; Figure 35). There was one instance of 

a point-in-time observation higher than 2.61 mg/m3 at NUB5, recorded in August 2019 (3.3 mg/m3). 

Importantly, chlorophyll a rolling median values also exceeded the investigation trigger limit (albeit 

the limit specifically developed for NUB5) at three of the four other sites in the Nubeena region during 

this period (i.e. NUB1, NUB2, NUB3; Figure 36). Point in time exceedances were also observed at these 

Nubeena sites during the reporting period (Figure 36). The consistency of patterns across sites point 

to a regional-scale trend due to natural fluctuations in chlorophyll a concentration (Figure 37). 

Importantly, observations of the central tendency and range of chlorophyll a values recorded in 

2019/20 were similar to those previously recorded (Figure 25; Figure 26). There has been no evidence 

of an increasing chlorophyll a trend over the duration of the monitoring program for both the Nubeena 

and Port Arthur regions (Figure 25; Figure 26).  

Based on the observed patterns of chlorophyll a over recent reporting periods, it is recommended 

that the indicative trigger limit for chlorophyll a is reviewed to provide a more meaningful indicator 

value. It is important to note that the indicative trigger limits were based on data collected in a 

previous Storm Bay survey in 2009-2010 (Crawford et al. 2011), which concluded that chlorophyll a 

concentrations appeared lower than those measured during the 1980s. It is possible that the 

chlorophyll a indicative trigger limits were based on a naturally low period of chlorophyll a 

concentration. A considerably larger dataset is now potentially available for generation of more robust 

indicator limits for chlorophyll a (and other analytes). 
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As noted in the 2018/19 report, an aspect of the environmental licence conditions for the region that 

requires review is the lack of a suitable compliance site at Port Arthur. The NUB5 site is too distant 

from Port Arthur to be relevant as a compliance site for the Long Bay lease. Depending on the criteria 

used for selection of a compliance site, sites PA2 or PA3 could potentially be considered for this 

purpose.  

  



Aquenal Pty Ltd Tasman Annual Broadscale Monitoring Report August 2020 

63 

 

(a) 

 

(b) 

 

Figure 33: Comparison of rolling annual medians for ammonia (TAN; mg-N/L) in (a) surface and (b) bottom 
waters at compliance site NUB5 against depth specific investigation trigger limits (dashed horizontal line; see 
Table 7). The shaded area highlights the current analysis period (June 2019-May 2020). The vertical dotted 
line indicates the date when regulatory monitoring commenced.  
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(a) 

 

(b) 

Figure 34: Comparison of rolling annual medians for dissolved oxygen (mg/L) in (a) surface and (b) bottom 
waters at compliance site NUB5 against depth specific investigation trigger limits (dashed horizontal line; see 
Table 7). The shaded area highlights the current analysis period (June 2019-May 2020). The vertical dotted 
line indicates the date when regulatory monitoring commenced. 
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Figure 35: Comparison of rolling annual medians for chlorophyll a (mg/m3) integrated across the water column 

at compliance site NUB5 against depth specific investigation trigger limits (dashed horizontal line for rolling 

median; dotted horizontal line for point in time observations; see Table 7). The shaded area highlights the 

current analysis period (June 2019-May 2020). The vertical dotted line indicates the date when regulatory 

monitoring commenced.   
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Figure 36: Monthly observations (points) and rolling annual medians (median of previous 12-months; lines) 
for chlorophyll a (mg/m3) at each site in the Tasman BEMP. The investigation trigger limit nominated 
specifically for NUB5 are represented by horizontal dashed lines (rolling median) and dotted lines (point in 
time). Note that investigation trigger limits are applicable only to NUB5 and comparison with other sites is for 
contextualisation of performance at the compliance site. The vertical dotted line indicates the date when 
regulatory monitoring commenced. 
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4.6. Quality Assurance and Quality Control 

The environmental licence requires 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 variations in ammonia above the MRL (0.005 mg-N/L) can lead to large % differences. 

Accordingly, ± MRL was used as the basis for quality assurance and quality control comparisons. 

Percentage difference comparisons are included in Appendix 2. 

Comparison of duplicate samples for surface and bottom waters are presented in Figures 37 and 38 

respectively. Duplicate samples for all measured nutrients were within the minimum reporting limits 

(Figure 37; Figure 38). Duplicates of chlorophyll a were within the minimum reporting limits for 11 out 

of 12 samples (Figure 39). There were no systematic errors for any analytes (Figure 37; Figure 38) or 

for chlorophyll a (Figure 39). Comparisons of the trip blanks and field blanks were within the minimum 

reporting limit for all analytes (Figure 40). 
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Figure 37: Comparison of duplicate samples from surface waters for six analytes measured between June 
2019 and May 2020. Error bars represent the minimum reporting limit (MRL) for each analyte. The dashed 
line is the detection limit. Percent differences for each observation are illustrated in Appendix 2. 

 

 

Figure 38: Comparison of duplicate samples from bottom waters for six analytes measured between June 
2019 and May 2020. Error bars represent the minimum reporting limit (MRL) for each analyte. The dashed 
line is the MRL. Percent differences for each observation are illustrated in Appendix 2. 
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Figure 39: Comparison of duplicate samples from integrated samples for chlorophyll a measured 
June 2019 and May 2020. Error bars represent the minimum reporting limit (MRL). The dashed 
line is the detection limit.  Percent differences for each observation are illustrated in Appendix 2. 

 

 

Figure 40: Comparison of trip blanks (closed circle) with field blanks (open squares) for six analytes 
measured between June 2019 and May 2020. Error bars represent the minimum reporting limit (MRL). 
Trip blanks were not available for silica. The dashed line is the detection limit. Percent differences for 
each observation are illustrated in Appendix 2. 
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6. Appendices 

 

Appendix 1: Harmful phytoplankton species 

Table A1.1: List of harmful phytoplankton species. Harmful algal species included those with 
demonstrated impacts on aquaculture, human health and the environment. The harmful species 
considered in the analysis included species identified from the literature (Hallegraeff 2002), along 
with input from recognised phytoplankton experts. 

 

Species  Species 

Alexandrium minutum Gymnodinium spp. Prorocentrum lima 

Alexandrium ostenfeldii Heterosigma akashiwo Prorocentrum minimum 

Alexandrium tamarense Heterosigma carterae Prorocentrum rathymum 

Alexandrium pseudogonyaulax Karenia brevis Prorocentrum spp. 

Alexandrium spp. Karenia umbella Protoceratium reticulatum 

Chaetoceros convolutus Karenia cf Prymnesium parvuum 

Chaetoceros concavicorne Karenia mikimotoi Pseudo-nitzschia australis 

Chatonella antiqua Karenia spp. Pseudo-nitzschia multiseries 

Chatonella globosa Karlodinium micrum Pseudo-nitzschia pseudode 

Chatonella marina Noctiluca scintillans Pseudo-nitzschia pungens 

Chatonella spp. Ostreopsis lenticularis Pyrodinium bahamese 

Chrysochromulina polylepis Ostreopsis siamensis Rhizosolenia spp. 

Chrysochromulina spp. Phaeocystis spp. Scrippsiella trochoidea 

Cochlodinium spp. Phaeocystis pouchetii Thalassiosira spp. 

Dictyocha speculum Phalacroma rotundatum  

Dinophysis acuminata   

Dinophysis fortii   

Gambierdiscus toxicus   

Gymnodinium catenatum   
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Appendix 2: Quality assurance for nutrients: percentage difference 

comparisons. 

 

 

Figure A2.1: Percent difference between duplicate samples from surface waters for six analytes 
measured between June 2019 and May 2020. The dashed line represents a 20% difference. 
Calculated as 100 – ((Field Result / Duplicate) * 100). 

 

 

 

Figure A2.2: Percent difference between duplicate samples from bottom waters for six analytes 
measured between June 2019 and May 2020. The dashed line represents a 20% difference. 
Calculated as 100 – ((Field Result / Duplicate) * 100). 
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Figure A2.3: Percent difference between trip blanks and field blanks for six analytes measured 
between June 2019 and May 2020. The dashed line represents a 10% difference. Calculated as 100 
– ((Field Result / Duplicate) * 100). 

 

 

 

Figure A2.4: Percent difference between duplicate samples from integrated waters for chlorophyll 
a measured between June 2019 and May 2020. The dashed line represents a 20% difference. 
Calculated as 100 – ((Field Result / Duplicate) * 100). 
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Appendix 3: Maps of mean annual values for each analyte in the Tasman Broadscale Monitoring Program. 

 

Figure A3.1: Mean annual total ammoniacal nitrogen (ammonia; mg-N/L) in surface and bottom waters for nine sites for five annual periods (June-May) 
in the Tasman Broadscale Monitoring Program. 

 

Figure A3.2: Mean annual chlorophyll a (mg/m3) in the water column for nine sites for five annual periods (April-May) in the Tasman Broadscale 
Monitoring Program. 
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Figure A3.3: Mean annual total nitrogen (mg-N/L) in surface and bottom waters for nine sites for five annual periods (June-May) in the Tasman 
Broadscale Monitoring Program. 

 

 

Figure A3.4: Mean annual nitrate (mg-N/L) in surface and bottom waters for nine sites for five annual periods (June-May) in the Tasman Broadscale 
Monitoring Program. 
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Figure A3.5: Mean annual phosphate (mg-P/L) in surface and bottom waters for nine sites for five annual periods (June-May) in the Tasman Broadscale 
Monitoring Program. 

 

 

Figure A3.6: Mean annual total phosphorus (mg-P/L) in surface and bottom waters for nine sites for five annual periods (June-May) in the Tasman 
Broadscale Monitoring Program.  
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Figure A3.7: Mean annual temperature (oC) in surface, 5 m and bottom waters for nine sites for five annual periods (June-May) in the Tasman Broadscale 
Monitoring Program. 
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Figure A3.8: Mean annual dissolved oxygen (mg/L) in surface, 5 m and bottom waters for nine sites for five annual periods (June-May) in the Tasman 
Broadscale Monitoring Program.  
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Figure A3.9: Mean annual dissolved oxygen (% saturation) in surface, 5 m and bottom waters for nine sites for five annual periods (June-May) in the 
Tasman Broadscale Monitoring Program. 
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Figure A3.10: Mean annual salinity (ppt) in surface, 5 m and bottom waters for nine sites for five annual periods (June-May) in the Tasman Broadscale 
Monitoring Program. 
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