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Executive Summary 
The Storm Bay Broadscale Environmental Monitoring Program (BEMP) was initiated in August 2019 
to provide knowledge and information about the surrounding habitats in Storm Bay. The objective of 
the BEMP is to document broad scale spatial and temporal trends in key environmental parameters, 
and to assess any potential influence of salmon farming on the surrounding habitats. The sampling 
specifications are described in Attachment 8 of the Environmental Licences 10180/1 for MF281 East 
of Yellow Bluff and 10211/1 for MF 279 West of Wedge. This report summarises the results from 12 
months of surveys undertaken between May 2020 to April 2021 for: (a) soft sediments; (b) water 
quality; (c) deep and inshore reefs; and (d) seagrasses.  

Based on the parameters surveyed, there was no evidence to suggest that fish farming has had a 
system wide influence on the water quality, soft-sediment, inshore reef, or deep reef habitats of 
Storm Bay. However, the median and the 80th percentile of chlorophyll a at some sites near to active 
leases in western Storm Bay and south-eastern Storm Bay were higher than the surrounding sites, 
which could suggest localised effects of fish farming in space and time and/or the influence of other 
nutrient inputs including from the Derwent Estuary and Parsons Bay Creek. Some key features of the 
results are summarized below:  

- The mean redox values and sulphide concentrations at all sites were >100 mV and <50 µM, 
indicating healthy sediments (Macleod and Forbes, 2004).  

- Across all the sites and samples, there was high species diversity (richness >14 and Shannon 
Index >2), and relatively low abundances of organic enrichment indicator species (<20 
individuals) recorded in the sediments. 

- The water temperature, nitrate, dissolved reactive phosphorus, and total nitrogen to a lesser 
extent, in the bottom waters showed clear seasonal trends. 

- At some sites, the values of nitrate and dissolved reactive phosphorus in the bottom waters 
were generally higher in spring - summer of 2020/2021 and 2019/2020 than 2018/2019. 

- Occasional higher values of TAN >0.017 mg-N/L were recorded, particularly during the spring-
summer of 2020. 

- At some sites, the highest values of chlorophyll a biomass were recorded in the winter – spring 
of 2020.  

- The annual rolling median for the chlorophyll a biomass was above the default guideline values 
for some sites in western Storm Bay but not . for eastern Storm Bay. For all other parameters 
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the rolling medians at most sites and depths were below the default guideline values (TAN, 
nitrate and nitrate, total phosphorus and dissolved reactive phosphorus) or above the lower-
level default guideline value (dissolved oxygen). 

- The median and the 80th percentile of chlorophyll a at some sites near to active leases in 
western and south-east Storm Bay were higher than the sites which are further than 5km from 
active leases.  

- There was a ‘healthy’ canopy cover (>50%) at all reef sites, with limited occurrences of 
enrichment status species (i.e. epiphytic algae, filamentous algae, nuisance green and nuisance 
red). 

- There was no evidence of change in the inshore and deep reef communities of Storm Bay 
through time. 

- The cover of Zostera spp. was similar at Bull Bay, Adventure Bay and East of Sloping Island, with 
lower values recorded at West of Wedge. 

- The epiphytic cover on the seagrass in Bull Bay was “low,” whereas at East of Sloping Island and 
Wedge Bay it ranged from “moderate” to “high” and at Adventure Bay “very high” values were 
recorded. 

- The cover of epiphytes on the seagrass beds in Bull Bay and Adventure Bay was consistent 
between the 2020 and 2019 surveys. 

A longer time series of monitoring data will provide greater insight into the system dynamics and its 
major drivers, both anthropogenic and natural. The BEMP monitoring is ongoing, and the Annual 
BEMP report will be updated annually to meet the requirements of ELs 10180/1 and 10211/1  
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1. Operational summary 
Licence Name and Location 

Environmental Licence 10180/1 
Activity: Finfish Farming 
Lease Details: Marine Farming Lease No. 281 (EAST OF YELLOW BLUFF) 
Location: East of Yellow Bluff, Storm Bay. 
 

Environmental Licence 10211/1 
Activity: Finfish Farming 
Lease Details: Marine Farming Lease No. 279 (WEST OF WEDGE ISLAND) 
Location: West of Wedge Island, Storm Bay. 
 

Lease Holders Name 

Huon Aquaculture Company PTY LTD 
ACN 067386109 
Level 13, 188 Collins Street 
Hobart, Tasmania 7000 
 

TASSAL Operations PTY LTD 
ACN 106 324 127 
Marine Board Building, Level 9, 1 Franklin Wharf 
Hobart, Tasmania 7000 
 
Organisations Conducting Environmental Monitoring 

Institute for Marine and Antarctic Studies (IMAS) 
ABN  30 764 374 782 
Nubeena Crescent 
Taroona, Tasmania 7053 
Email IMAS.Storm.Bay.Project@utas.edu.au 
 

Aquenal PTY LTD 
ABN 86 081 689 910 
244 Summerleas Road 
Kingston, Tasmania 7050 
Email admin@aquenal.com.au 

 
Laboratories Conducting the Water Quality Analyses 

Analytical Services Tasmania (AST) 
New Town Laboratory 
18 St Johns Avenue 
New Town 
Tasmania 7008 

 

Details of permits held authorising sampling (LMRMA/TSPA), including permit numbers and expiry 
dates 

• Taking of Sediment Samples and Marine Plants (DPIPWE); Permit Number 20089, valid until 
15th October 2021. 

mailto:IMAS.Storm.Bay.Project@utas.edu.au
mailto:admin@aquenal.com.au
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Fieldwork 

Table 1: Details of the soft-sediment fieldwork undertaken by IMAS in Spring 2020 in fulfilment of Environmental Licence 10180/1 & 10211/1. 

 

 

 

  

Date 7/10/2020 6/10/2019 19/10/2020 20/10/2020 21/10/2020 26/10/2020 29/10/2020 2/11/2020 3/11/2020 12/11/2020 

Vessel Taroona Morana 2 Morana 2 Morana 2 Morana 2 Morana 2 Morana 2 Morana 2 Morana 2 Morana 2 

Wind 
(knots) 

0 – 5 S 5 -10 NW to 
NE 

5-10 N to SW 0-5 W 5-10 NW 10-15 SE NA 5-10 NE 10 NE 5-15 NW 

Sky (%) 5% cloud 
cover 

0% cloud 
cover 

10 – 90% cloud 
cover 

 20 -60% 
cloud cover 

50 - 80% cloud 
cover 

100% cloud 
cover 

10% cloud 
cover 

20% cloud 
cover 

100% cloud 
cover 

20 - 40% 
cloud cover 

Sea 0.5m E 0- 1.5m S 0.5 - 1m SW 2 -3m S to SW 1 – 2m S 2m SW 1m SW 1m S 1m S 0.5m SW 

Sites 
surveyed 

SB13, SB3, 
SB1 

SB21, SB22, 
SB9, SB17  

 

SB6, SB11a, SB4a 

a = No SONDE 
reading 

NUB1a , SB5a, 
NUB2, NUB3, 

NUB4 
a = No SONDE 

reading  

SB18, SB19 SB10, SB16, 
NUB1a, SB5a 

a = SONDE only 

SB16, SB24, 
SB4a, SB11a 

a = SONDE only 

SB23, SB10, 
SB5, SB16, 

SB24, SB19, 
SB18, SB2, 

NUB1, 
NUB2, 
NUB3, 
NUB4 

SB4, SB11, 
SB13, SB6, 
SB3, SB17, 

SB22, SB21, 
SB9, SB8, 
SB12, SB1 

SB2, SB8, 
SB23   

Methods 
used 

Macrofauna  
Core 

description, 
Redox, 

Sulphide, LOI,  
C:N, eDNA, 

Archive, 
SONDE 

Macrofauna  
Core 

description, 
Redox, 

Sulphide, 
LOI,  

C:N, eDNA, 
Archive, 
SONDE 

Macrofauna  
Core 

description, 
Redox, 

Sulphide, LOI,  
C:N, eDNA, 

Archive, SONDE 

Macrofauna  
Core 

description, 
Redox, 

Sulphide, LOI,  
C:N, eDNA, 

Archive, 
SONDE 

Macrofauna  
Core 

description, 
Redox, 

Sulphide, LOI,  
C:N, eDNA, 

Archive, 
SONDE 

Macrofauna  
Core 

description, 
Redox, 

Sulphide, LOI,  
C:N, eDNA, 

Archive, SONDE 

Macrofauna  
Core 

description, 
Redox, 

Sulphide, LOI,  
C:N, eDNA, 

Archive, SONDE 

Bottom 
Footage 

Bottom 
Footage 

Macrofauna  
Core 

description, 
Redox, 

Sulphide, 
LOI,  

C:N, eDNA, 
Archive, 
SONDE 
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Table 2: Details of the water quality fieldwork undertaken by IMAS between May 2020 to April 2021 in fulfilment of Environmental Licence 10180/1 & 10211/1. 

Date 18/05/2020 22/05/2020 19/06/2020 13/07/2020 11/08/2020 08/09/2020 07/10/2020 03/11/2020 09/12/2020 

Vessel RV Noctiluca  RV Noctiluca RV Noctiluca RV Noctiluca RV Noctiluca RV Noctiluca RV Noctiluca RV Noctiluca RV Noctiluca 

Wind 
(knots) 

5 – 10 to NW 5 to NW 5-10 to NW 0 - 5 to N 0 – 5 to N 5 – 20 -variable 0 -10 N to SE 5-15 N to NE 10 -20 NW to 
NNW 

Sky 20 -100% Cloud 0% Cloud 90 -100% Cloud 0 – 20% Cloud 20 – 100% 
Cloud 

70 -100 % Cloud 0% Cloud 50 – 100% 
Cloud 

60 – 90% Cloud 

Rain Nil Nil Nil Nil Nil Nil Nil Nil Nil 

Sea 0.5 – 1 m to SW 0.5 m to SW NA 1 – 2 m to S  0.5 – 1.5 to S Nil 0.5 – 2.5 to S 0.5 -1 to S 0.5 to S 

Sites 
surveyed 

SB1, SB2, SB3, 
SB4, SB6, SB8, 
SB9, SB11, 
SB12, SB13, 
SB14 

SB15 SB1, SB2, SB3, 
SB4, SB6, SB8, 
SB9, SB11, 
SB12, SB13, 
SB14, SB15 

SB1, SB2, SB3, 
SB4, SB6, SB8, 
SB9, SB11, 
SB12, SB13, 
SB14, SB15 

SB1, SB2, SB3, 
SB4, SB6, SB8, 
SB9, SB11, 
SB12, SB13, 
SB14, SB15 

SB1, SB2, SB3, 
SB4, SB6, SB8, 
SB9, SB11, 
SB12, SB13, 
SB14, SB15 

SB1, SB2, SB3, 
SB4, SB6, SB8, 
SB9, SB11, 
SB12, SB13, 
SB14, SB15 

SB1, SB2, SB3, 
SB4, SB6, SB8, 
SB9, SB11, 
SB12, SB13, 
SB14, SB15 

SB1, SB2, SB3, 
SB4, SB6, SB8, 
SB9, SB11, SB12, 
SB13, SB14, SB15 

Method 
used 

Water Quality 
Analyser 

Niskin Bottle 

Tubing for 
phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 

Tubing for 
phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 

Tubing for 
phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 

Tubing for 
phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 

Tubing for 
phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 

Tubing for 
phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 

Tubing for 
phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 

Tubing for 
phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 

Tubing for 
phytoplankton 
samples 
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Table 2 continued: Details of the water quality fieldwork undertaken by IMAS between May 2020 to April 2021in fulfilment of Environmental Licence 10180/1 & 10211/1 

 

 

 

  

Date 15/01/2021 11/02/2021 10/03/2021 13/04/2021 

      

Vessel RV Noctiluca  RV Noctiluca RV Noctiluca RV Noctiluca 

      

Wind 
(knots) 

10 – 15 W to E 5 to NW 0 -10 variable  5 – 15 N to NW 

      

Sky 100% Cloud 0 - 100% Cloud 10 - 90% Cloud 10 -100% 

      

Rain Nil Nil Nil Nil 

      

Sea 0 – 1 m to S 0.5 NE to SE 0.5 – 1.5 S to SE 0.5 - 1m to S 

 
 

    

Sites 
surveyed 

SB1, SB2, SB3, 
SB4, SB6, SB8, 
SB9, SB11, 
SB12, SB13, 
SB14, SB15 

SB1, SB2, SB3, 
SB4, SB6, SB8, 
SB9, SB11, 
SB12, SB13, 
SB14, SB15 

SB1, SB2, SB3, 
SB4, SB6, SB8, 
SB9, SB11, 
SB12, SB13, 
SB14, SB15 

SB1, SB2, SB3, 
SB4, SB6, SB8, 
SB9, SB11, 
SB12, SB13, 
SB14, SB15 

 
  

    

Method 
used 

Water Quality 
Analyser 

Niskin Bottle 

Tubing for 
phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 

Tubing for 
phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 

Tubing for 
phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 

Tubing for 
phytoplankton 
samples 
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Table 3: Details of the water quality fieldwork undertaken by Aquenal between May 2020 to April 2021 in fulfilment of Environmental Licence 10180/1 & 10211/1. 

 

 

 

 

 

 

 

 

Date 18/05/2020 12/06/2020 9/07/2020 11/08/2020 03/09/2020 07/10/2020 02/11/2020 14/12/2020 04/01/2021 

Vessel Katelysia Katelysia Katelysia Katelysia Katelysia Katelysia Katelysia Katelysia Katelysia 

Wind 0 – 10 N to NW 5 – 15 N to NE 0-10 to N 0 – 10 NNW to 
SW 

0.5 to 1.5 to SW 0 – 10 Variable 
Direction 

5 – 10 to NE 15 – 25 N to NE 0 – 10 S to E 

Sky 20 – 90% Cloud 60 – 100% Cloud 20 – 95% Cloud 10 – 95% Cloud 5 – 100%  Cloud 15 – 25% Cloud 20 – 30% Cloud 0% Cloud 75 – 95% Cloud 

Rain Nil Nil Nil Nil Nil Nil Nil Nil Nil 

Sea 1 – 2m to SW 0 – 2m to SW 0.5 – 1m to SW 0.5 – 1.5m SW 0.5 – 1.5m SW 1 – 2m SW 1m to S 0.5 to S 0.5 -1 SW 

Sites 
surveyed 

SB5, SB7, SB16, 
SB24, NUB1, 
NUB2, NUB3, 

NUB4 

SB5, SB7, SB16, 
SB24, NUB1, 
NUB2, NUB3, 

NUB4 

SB5, SB7, SB16, 
SB24, NUB1, 
NUB2, NUB3, 

NUB4 

SB5, SB7, SB16, 
SB24, NUB1, 
NUB2, NUB3, 

NUB4 

SB5, SB7, SB16, 
SB24, NUB1, 
NUB2, NUB3, 

NUB4 

SB5, SB7, SB16, 
SB24, NUB1, 
NUB2, NUB3, 

NUB4 

SB5, SB7, SB16, 
SB24, NUB1, 
NUB2, NUB3, 

NUB4 

SB5, SB7, SB16, 
SB24, NUB1, 
NUB2, NUB3, 

NUB4 

SB5, SB7, SB16, 
SB24, NUB1, 
NUB2, NUB3, 

NUB4 
Method 
used 

Water Quality 
Analyser 

Niskin Bottle 
Tubing for 

phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 
Tubing for 

phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 
Tubing for 

phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 
Tubing for 

phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 
Tubing for 

phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 
Tubing for 

phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 
Tubing for 

phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 
Tubing for 

phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 
Tubing for 

phytoplankton 
samples 
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Table 3 continued: Details of the water quality fieldwork undertaken by Aquenal between May 2020 to April 2021 in fulfilment of Environmental Licence 10180/1 & 
10211/1. 

 

 

 

 

 

 

 

Date 10/02/2021 01/03/2021       

Vessel Katelysia Katelysia       

Wind 5 – 10 N to NE 0 – 5  
Variable Direction 

      

Sky 5% Cloud 75 - 95% Cloud       

Rain Nil Nil       

Sea 0.5 – 1.5 SSW to 
SSE 

1 – 2 m to S       

Sites surveyed SB5, SB7, SB16, 
SB24, NUB1, 
NUB2, NUB3, 

NUB4 

SB5, SB7, SB16, 
SB24, NUB1, 
NUB2, NUB3, 

NUB4 

      

Method used Water Quality 
Analyser 

Niskin Bottle 
Tubing for 

phytoplankton 
samples 

Water Quality 
Analyser 

Niskin Bottle 
Tubing for 

phytoplankton 
samples 
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Table 4: Details of the inshore reef fieldwork undertaken by IMAS in winter 2020 in fulfilment of Environmental Licence 10180/1 & 10211/1. 

Date 10/8/2020 11/8/2020 12/8/2020 13/8/2020 19/8/2020 2/9/2020 3/9/2020 11/9/2020 22/9/2020 
EL number 10180/1 10180/1 10180/1 10180/1 10211/1 10180/1 10180/1 10211/1 10211/1 
Vessel Lienna Lienna Lienna Lienna Lowinna Lienna Lienna Lowinna Lienna 
Wind  Variable Light Moderate NE Light NNE Light N Strong N  Light-Moderate 

NNE 
Strong NE 
decreasing 

NNW 
decreasing 

Sky Overcast Sunny, clear 
skies 

Overcast Overcast Partly cloudy Overcast Patchy cloud Overcast Partly cloudy 

Rain Nil <1 mm <1 mm 1-3 mm <1 mm <1 mm Nil Nil <1 mm 
Sea S Swell >1.5 m  1 m swell Wind chop Swell >1.5 m Swell <1 m Swell <1 m Swell <1 m Swell <0.5 m Swell SSE <1 m 
Visibility  5 m 5 m 5-10 m 5 m 5-10 m 1-2 m 5-10 m 10 m 5 m 
Sites 
surveyed 

SBIR05 SBIR04, SBIR06, 
SBIR28 

SBIR09, SBIR10, 
SBIR12 

SBIR11 SBIR20, SBIR21, 
APEX 

SBIR02 SBIR07, SBIR08, 
SBIR14 

SBIR19, SBIR23 SBIR22 

Table 4 continued: Details of the inshore reef fieldwork undertaken by IMAS in late summer 2021 in fulfilment of Environmental Licence 10180/1 & 10211/1. 

Date 10/2/2021 11/2/2021 15/2/2021 19/2/2021 22/2/2021 1/3/2021 10/3/2021 11/3/2021 
EL number 10180/1 10180/1 10180/1 10180/1 10180/1 10211/1 10211/1 10211/1 
Vessel Rooganah Rooganah Lienna Lienna Lienna Lienna Lienna Lienna 
Wind  Moderate NNE Light NE Light variable Moderate-Strong 

NNE 
Moderate-Strong 

WNW 
Light variable Light variable Light variable 

Sky Clear skies Partly cloudy Overcast Partly cloudy Partly cloudy Overcast Patchy cloud Partly cloudy 
Rain Nil Nil Nil Nil Nil <1 mm Nil Nil 
Visibility  5-10 m 5-10 m 5-10 m 5-10 m 5 m 5 m 5 m <5 m 
Sites 
surveyed 

SBIR02, SBIR05 SBIR08, SBIR28  SBIR09,  
SBIR10, SBIR11 

SBIR04, SBIR06, 
SBIR07 

SBIR12, 
SBIR14 

SBIR21, APEX SBIR20, SBIR23 SBIR19, SBIR22 
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Table 5: Details of the deep reef fieldwork undertaken by IMAS in late autumn 2021 in fulfilment of Environmental Licence 10180/1 & 10211/1. 

Date 26/03/2020 
Vessel Morana  
Wind 5 – 15 knots N 
Sky Overcast 
Rain Nil 
Sea <1m wind chop 
Swell ~1m S Swell 
Current Negligible 
Visibility (m) 5 to +10m 
Sites surveyed SB BEMP 07 

SB BEMP 14 
SB BEMP 15 
SB BEMP 20 

Method used Towed Camera Array 
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Table 6: Details of the seagrass fieldwork undertaken by IMAS in late spring 2020 and autumn 2021 in fulfilment of Environmental Licence 10180/1 & 10211/1. The 
transects/quadrats are sampled as part of the EL requirements; the mapping is not an EL requirement, but the results provide further context. 

Date 5/11/2020 9/11/2020 11/11/2020 18/11/2020 19/11/2020 24/11/2020 25/11/2020 19/05/2021 21/05/2021 
EL number 10180/1 10180/1 10180/1 10180/1 10180/1 10211/1 10211/1 10180/1 10211/1 
Vessel Lowinna Lowinna Lowinna Lowinna Lowinna Lowinna Lowinna Mallana Lienna 
Wind  10-20 knots W 5-10 knots 20-25 knots 0-5 knots 0-5 knots S 0-5 knots 5-10 knots 10-15 knots 10-15 knots 
Sky Patchy cloud to 

overcast 
Clear Patchy/ 

overcast 
Partly cloudy 

 
Overcast Sunny Sunny Overcast Partly cloudy 

Rain Nil Nil Nil  Nil Nil Nil Nil 1-3 mm Nil 
Sea 0.5-1 m 

increasing 
0.5-1 m 0.5-1 m 0-0.5 m 0-0.5 m 0-0.5 m 0 m 0 m  0-0.5 m 

Visibility 5 m 1-3 m 1-4 m 5 m 5 m 1-5 m 1-4 m 1-5 m 5 m 
Sites 
surveyed 

Bull Bay Bull Bay Wedge Bay Adventure Bay Adventure Bay East of Sloping 
Island 

Wedge Bay East of Sloping 
Island 

Adventure Bay 

Transects 
completed 

SG1-4 SG1-4 - SGR1-3 SGR1-3 SGa1-7 SGRa1-8 - - 

Method 
used  

ROV and 
mapping  

Drop camera 
and mapping  

Mapping ROV and drop 
camera 

Drop camera ROV and drop 
camera 

ROV and drop 
camera 

Mapping Mapping 
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2. Introduction 
Storm Bay is located in southeast Tasmania and is bounded by Bruny Island (west) and the Tasman 
Peninsula (east). It is approximately 40 km wide, 26 km long and 500 km2 in area. The oceanic 
currents Leeuwin, East Australian and Sub Antarctic strongly influence the nutrient dynamics in the 
bay (Swadling et al., 2017). Surface waters in Storm Bay can also be influenced by freshwater inputs 
from the River Derwent and the Huon River via the D'Entrecasteaux Channel. Freshwater entering 
the bay generally tracks eastwards along the coastline towards the Tasman Peninsula. 

The Broadscale Environmental Monitoring Program (hereafter BEMP) for Environmental Licence 
10180/1: Marine Farming Lease No. 281 at Yellow Bluff and 10211/1: Marine Farming Lease No. 279 
at West of Wedge (hereafter the ELs) examines the interactions between salmon farming and 
receiving habitats across Storm Bay. The BEMP monitors key indicators of environmental change 
including nutrient concentrations and phytoplankton abundance and composition in the water 
column, the chemical and physical characteristics of bottom sediments and the health of their 
invertebrate communities, and the health of inshore seagrass beds, rocky reef communities and 
deep reef habitats. 

As part of the conditions of the ELs, an Annual Broadscale Monitoring Report must be submitted to 
the Director of the EPA. The requirements for the Annual Broadscale Monitoring Report are outlined 
in Attachments 11 and 12 of the ELs. This report has been compiled to fulfil these requirements and 
includes an investigation of key water quality parameters against investigative trigger levels.  

The ELs include details of the sites and the methods and frequency for monitoring. This Annual 
Broadscale Monitoring Report summarises the surveys undertaken between May 2020 to April 2021 
for: (a) soft sediments; (b) water quality; (c) deep and inshore reefs; and (d) seagrasses.  

Stocking of the Yellow Bluff lease took place in August 2019 and partial stocking of the West of 
Wedge lease1 was undertaken in April 2020, with only one or two pens stocked during the 
monitoring period. This report discusses the results from the second year of monitoring in Storm Bay 
(May 2020 – April 2021). Where possible, these data are discussed in the context of other relevant 
data sources, including all data collected by IMAS (August 2019-April 2020), the water quality 
baseline data collected by the EPA (January 2018 – July 2019) and by Swadling et al. (2017), inshore 
reefs baseline data collected by IMAS (March 2019), deep reefs and seagrass baseline data collected 
by Aquenal Pty Ltd (summer 2019), and soft sediment data collected by Macleod and Forbes (2004).  

3. Methods 
a. Site details  

The Storm Bay BEMP is designed to monitor the water column, soft sediment, seagrass, and 
surrounding reef systems, across a range of sites throughout the year (Figure 1). In total, 49 sites 
across Storm Bay have been surveyed during May 2020 to April 2021 (Figure 1). These monitoring 
sites extend over multiple spatial scales in relation to their distance from the Yellow Bluff and West 
of Wedge leases. In addition, the water quality at two sites (SB3 – for Yellow Bluff and SB5 – for 
West of Wedge) are monitored for compliance (Figure 1).  

During May 2020 - April 2021, there were 23 sites monitored for soft-sediments, 20 sites for water 
quality, 4 sites for deep reefs, 18 sites for inshore reef and 4 sites for seagrass (Tables 7 & 8). Two 

 
1 Note that as the West of Wedge lease (MF279) was only partially stocked the EPA amended the EL 
requirements for this lease to allow the water quality and inshore reefs monitoring to be undertaken at a 
reduced number of sites for 12 months (see below sections for specific details). This resulted in 7 fewer water 
quality and 6 fewer inshore reef sites being sampled than listed in the original EL document. 
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additional sites were listed in the ELs; however, sites SBIR3 (Dennes Point) and SBIR13 (Cape Queen 
Elizabeth) did not contain inshore reef habitat for monitoring. Thus, an exemption from surveying 
these sites was granted by the EPA. Details of the methods, sampling parameters and frequency of 
monitoring for each of the different components are outlined in the ELs, and further details are 
presented below in Table 8.   

 

Figure 1: Map of the sites surveyed from May 2020 to April 2021 for the ELs 10180/1 & 10211/1. Details of 
each site are given in Table 7. 
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Table 7: Details of sites surveyed in Storm Bay from May 2020 to April 2021. *Denotes the compliance sites for 
water quality monitoring. 

Site Location Easting Northing Matrix 
SB1 South West of Iron Pot 532161 5231714 Water column, 

Soft sediment 
SB2 Mid Storm Bay 545112 5220157 Water column, 

Soft sediment 
SB3* Near Yellow Bluff 533050 5225300 Water column, 

Soft sediment 
SB4 South East of Cape Queen Elizabeth 536650 5210400 Water column, 

Soft sediment 
SB5* North of Wedge Island 554239 5226021 Water column, 

Soft sediment 
SB6 East of Variety Bay 535203 5216884 Water column, 

Soft sediment 
SB7 Storm Bay at Darts Reef 556300 5215510 Water column, 

Deep reefs 
SB8 South East of Betsey Island 542350 5231150 Water column, 

Soft sediment 
SB9 South West of North West Head 547371 5236067 Water column, 

Soft sediment 
SB10 South of Outer North Head 551531 

 

5230187 
 

Soft sediment 

SB11 East of Variety Point  537350 5216200 Water column, 
Soft sediment 

SB12 Storm Bay South West of Betsey 
Island 

536950 5230370 Water column 

SB13 off Bull Bay 530650 5230300 Water column, 
Soft sediment 

SB14 East of Yellow Bluff 538300 5226200 Water column, 
Deep reefs 

SB15 East of Trumpeter Bay 537120 5221078 Water column, 
Deep reefs 

SB16 South east corner of west of 
Wedge zone 

552350   

5223000 Water column, 
Soft Sediment  

SB17 South of Cape Contrariety 542350 5236000 Soft sediment 
 

SB18 Mid southern Storm Bay 548750 
 

5213500 
 

Soft sediment 

SB19 West of cape Raoul 562200 5212500 Soft sediment 
 

SB20 Central Storm Bay 542318 5225789 Deep reefs 
 

SB21 Norfolk Bay 560815 5246660 Soft sediment 
 

SB22 Fredrick Henry Bay 549775 5246100 Soft sediment 
 

SB23 East of Petuna lease 546200 5226700 Soft sediment 
 

SB24 West of Tumbledown point 553500 5220600 Water column, 
Soft sediment 

NUB1 Nubeena (NUB 1) 559377 5228036 Water column, 
Soft sediment 

NUB2 Nubeena (NUB 2) 556780 5227554 Water column, 
Soft sediment 
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NUB3 Nubeena (NUB 3) 558210 5226198 Water column, 
Soft sediment 

NUB4 Nubeena (NUB 4) 550977 5224716 Water column, 
Soft sediment 

SB-IR2 Iron Pot 534052 5232860 Inshore reefs 
 

SB-IR4 Cape De La Sortie 529810 5230631 Inshore reefs 
 

SB-IR5 west of Bull Bay point 530141 5229271 Inshore reefs 
 

SB-IR6 One Tree Point 531550 5227774 Inshore reefs 
 

SB-IR7 Yellow Bluff 532551 5224522 Inshore reefs 

SB-IR8 Trumpeter Bay North 532115 5222601 Inshore reefs 

SB-IR9 Trumpeter Bay mid 532087 5221295 Inshore reefs 

SB-IR10 Trumpeter Point 532936 5220649 Inshore reefs 

SB-IR11 Variety Bay 533473 5218287 Inshore reefs 

SB-IR12 Variety Point 534098 5216382 Inshore reefs 

SB-IR14 Moorina Bay 534047 5211481 Inshore reefs 

SB-IR19 North Head 551522 5230673 Inshore reefs 

SB-IR20 Creeses 556353 5227748 Inshore reefs 

SB-IR21 North Wedge 554780 5224699 Inshore reefs 

SB-IR22 Outside Wedge 554475 5223548 Inshore reefs 

SB-IR23 Crooked Billet Bay 556670 5222225 Inshore reefs 

SB-IR28 Bleaches Bluff 531754 5226387 Inshore reefs 

TBC Apex Point 558373 5224699 Inshore reefs 

SG (Transect 1) Bull Bay 529676 5229286 Seagrass 

SG (Transect 2) Bull Bay 529710 5229241 Seagrass 

SG (Transect 3) Bull Bay 529756 5229196 Seagrass 

SG (Transect 4) Bull Bay 529811 5229157 Seagrass 

SG (Transect 5) Bull Bay 527981 5198512 Seagrass 

SGR (Transect 1) Adventure Bay 528936 5198860 Seagrass 

SGR (Transect 2) Adventure Bay 528730 5198739 Seagrass 

SGR (Transect 3) Adventure Bay 528992 5199069 Seagrass 
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SGR (Transect 4) Adventure Bay 528133 5198226 Seagrass 

SGR (Transect 5) Adventure Bay 527981 5198512 Seagrass 

SGRa (Transect 1) Sloping Island 553146 5244436 Seagrass 

SGRa (Transect 2) Sloping Island 553089 5244052 Seagrass 

SGRa (Transect 3) Sloping Island 553071 5243516 Seagrass 

SGRa (Transect 4) Sloping Island 553520 5244100 Seagrass 

SGRa (Transect 5) Sloping Island 553825 5244642 Seagrass 

SGRa (Transect 6) Sloping Island 553887 5244096 Seagrass 

SGRa (Transect 7) Sloping Island 553856 5243665 Seagrass 

SGa(Transect 1) White Beach 558895 5225714 Seagrass 

SGa (Transect 2) White Beach 559059 5225480 Seagrass 

SGa (Transect 3) White Beach 559383 5225392 Seagrass 

SGa (Transect 4) White Beach 559335 5225219 Seagrass 

SGa (Transect 5) White Beach 558878 5225317 Seagrass 

SGa (Transect 6) White Beach 558719 5225560 Seagrass 

SGa (Transect 7) White Beach 558863 5225497 Seagrass 

SGa (Transect 8) White Beach 559118 5225282 Seagrass 
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Tale 8: Survey parameters, frequency and method for samples collected in the Storm Bay monitoring program. 

 Matrix Component Analyte/Parameter  
 

Frequency Commenced Sites Number samples per site  
 

Method 

Water 
column 

Nutrients 
 
 
 

Total ammoniacal nitrogen (TAN) 
Nitrate 
Nitrate + Nitrite 
Silica 
Total nitrogen 
Total Kjeldahl Nitrogen   
Total phosphorous 
Dissolved Reactive Phosphorous   

Monthly May 2020 
1 month after the 
lease is stocked 

20 
sites 

x 3 (surface, mid = 10 m below 
surface, bottom= 1m above 
seabed)  
 

Niskin bottle 
 
 
 

 Environmental 
parameters 

Dissolved oxygen 
 
Temperature 
Salinity 
DO saturation 
Turbidity 
pH 

Monthly May 2020 
1 month after the 
lease is stocked 

20 
sites 

x 3 (surface, mid = 10 m below 
surface, bottom= 1m above 
seabed)  
 

CTD 

 Phytoplankton Cell counts Chlorophyll a Abundance/diversity 
Harmful algae ID  

Monthly May 2020 
1 month after the 
lease is stocked 

20 
sites 

x 1 (12m depth integrated)  
 

Depth 
integrated 
sampler  
 

Soft 
sediment 

Biota Benthic infauna diversity and abundances 
 

Annually Spring 2020 23 
sites 

x 3 benthic Van veen grab  
 

 Chemistry Redox, Stable isotopes, Particle size and 
Sulphide  
 

Annually Spring 2020 22 
sites 

x 3 benthic Craib corer  
 

Inshore 
rocky reefs 

Benthic Rapid assessment of benthic taxa.  Biannually Winter 2020 
Summer 2021 

18 
sites 

x 12 quadrats Fixed quadrats 

Deep rocky 
reefs 

Benthic Fish, invertebrate and macroalgal species 
richness and abundances 
 

Annually Late Summer 2021 4 
Sites 

x 1 transect Towed video 

Seagrass Benthic Seagrass distribution and health; temporal and 
spatial variance and epiphyte abundances. 

Annually Spring 2020 4 
sites 

3-8 transects ROV, Drop 
camera 
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3.1. Soft sediment 

Field samples for sediment physico-chemical properties and benthic fauna were collected from 23 
sites (Figure 2). On each field trip, notes were taken on the depth, wind speed and direction, rainfall, 
cloud cover, swell height and direction, and the times when each site was sampled (Table 1).  

 

 

Figure 2: Map showing locations of the soft-sediment sites surveyed for ELs 10180/1 & 10211/1 from May 
2020 to April 2021. 

3.1.1. Visual Assessment and Sediment Chemistry 

The methods of visual assessment and collection and analysis of sediment physical parameters were 
in accordance with that outlined in the ELs. At each site, 3 sets of triplicate sediment cores (20 m 
apart) were collected using a quad corer consisting of Perspex tubes (250 mm long, 45 mm internal 
diameter). In the laboratory, the first core of each set was used for a visual description of the 
sediment and then processed for redox, sulphide, and sediment grain size. In the field, the top 2 cm 
of sediment was sub-sampled from the second core for carbon and nitrogen stable isotope and loss 
on ignition analyses, and the third core was archived. In addition, a profile of the physiochemical 
properties of the overlying water column (dissolved oxygen, salinity, pH, and temperature) was 
obtained using an YSI EXO2 Sonde, with measurements recorded continuously.  
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In the laboratory, a visual assessment of sediment colour (using a Munsell soil chart), core length, 
presence/absence of plant/animal life, gas vesicles and smell (indicating presence/absence of 
hydrogen sulphide) was conducted. Redox was measured at 3 cm depth using a Hach HQ30d 
oxidation reduction potential (ORP or redox potential) probe, calibrated with ZoBell’s solution prior 
to analysis using the method described in Macleod et al. (2004). Redox potential was recorded once 
the probe had stabilised (i.e. when the meter displayed constant values for approximately 10 
seconds). The probe was recalibrated after every 3 measurements.  

Sulphides in sediments were measured using a TPS WP90 meter. Sub-samples of sediment (2 mL) 
were extracted from a port in the side of each core tube 3 cm below the sediment surface using a 5 
mL syringe and placed in a glass vial containing 2 ml SAOB (refer to Macleod et al., 2004). Sulphide 
concentration was measured (mV) by placing the probe into the vial and slowly stirring the sediment 
/ buffer mix until the reading stabilised. The mV readings were converted to sulphide concentration 
using a calibration curve as outlined in Macleod and Forbes (2004). 

For particle size analysis, 100 mm of sediment was removed from the top of the core and placed in a 
70 ml sample jar. Grain size was measured by placing the sediment into a graduated cylinder 
containing 30ml of water and noting the displaced volume. The sample was then gently wet sieved 
through a sieve stack of 4, 2, 1 mm, and 500, 250, 125, 63 µm. The < 63 µm sediment was discarded. 
The remaining sediment was carefully removed one sieve at a time, and placed into the same 
graduated cylinder, which was prefilled with 30ml of water. The volume of sediment from each 
fraction was measured as the displaced volume. The fraction of sediment < 63 µm was estimated by 
subtracting the final recorded volume after sieving from that recorded prior to sieving.  

Samples for carbon and nitrogen content and isotopic composition were freeze dried and sent to 
The Water Studies Centre at Monash University. For carbon analyses, the samples were ground and 
acidified with a dilute HCl solution to dissolve solid carbonates. The remaining samples were then 
analysed on an ANCA GSL2 elemental analyser interfaced to a Hydra 2022 continuous flow isotope 
ratio mass spectrometer (Sercon Ltd., UK). Samples were also analysed for organic carbon content 
using the loss on ignition (LOI) technique for comparison. The sediment was oven dried at 60 °C for 
24hrs and the total organic carbon calculated based on the loss on ignition at 450 °C after 4 hours. 

3.1.2. Infauna Abundances and Communities 

Benthic macrofauna were sampled in triplicate (20 m apart as per above) at each site using a Van 
Veen Grab (surface area 0.0675 m2). All grab samples were wet sieved to 1 mm and preserved in 
10% formalin: seawater (4% formaldehyde) in the field. In the laboratory, samples were washed and 
stored in 70% ethanol. After being sorted, the benthic infauna was identified to the lowest 
taxonomic resolution possible and counted. 

Benthic macrofaunal data were analysed using multidimensional scaling (MDS) in the PRIMER 
software package (Clarke et al., 2014). This analysis produces a graphical depiction of faunal 
similarities between samples. For MDS analyses, the data matrix showing total abundance of species 
at each site was fourth root-transformed and then converted to a symmetric matrix of biotic 
similarity between pairs of samples using the Bray-Curtis similarity index (Clarke et al., 2014). The fit 
of the 2-dimensional MDS display of relationships between samples is indicated by the stress 
statistic, which, if <0.1 indicates that the depiction of relationships is good, and if >0.2 that the 
depiction of relationship is poor (Clarke, 1993). The triplicate grabs were summed at each site and 
analysed to see whether any benthic invertebrate families dominated the samples using k-
dominance plots (Clarke et al., 2014). The differences in the diversity and abundances of benthic 
invertebrate fauna between the 2019 and 2020 surveys at each site were analysed with paired t-
tests. 
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3.2. Water column 

Samples in the water column (physiochemical parameters, nutrients, chlorophyll a and 
phytoplankton) were collected monthly from 20 sites (Figure 3). On each field trip, notes of the 
depth, wind speed and direction, rainfall amount, cloud cover, swell height and direction, and the 
times at which the samples were taken, were recorded in Table 2. 

 

 

Figure 3: Map showing locations of the 20 water quality sites surveyed for the ELs 10180/1 & 10211/1 from 
May 2020 to April 2021. 
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3.2.1. Physicochemical Parameters and Nutrients 

At each site, the temperature, salinity pH, dissolved oxygen, and turbidity of the full water column 
were measured using a Seabird SBE 19 plus CTD or a Yeokal CTD. The CTD was programmed to 
measure these parameters every second on the down and upcasts. However, for the purposes of 
reporting, only the CTD measurements 0.5 – 1 m below the surface, at 10 m depth, and within 1 m 
of the seabed, were used. At the three discrete depths (0.5 – 1 m below the surface, at 10 m depth, 
and within 1 m of the seabed), niskin bottles or a teflon sampling bottle (0.5 – 1 m below the surface 
samples only) were used to sample seawater for the analysis of total nitrogen, nitrogen Kjeldahl, 
total phosphorus by flow injection, ammonia, nitrate, nitrate and nitrite, phosphorus dissolved 
reactive by flow injection and silica by the molybdate reactive method (Table 9). Sample containers 
provided by AST were filled with either filtered or unfiltered seawater as instructed and stored on 
ice. After each field trip, the samples were frozen before being sent to AST for analysis (Table 9).   

Table 9 : Summary of laboratory, reporting limits and uncertainty for the seawater samples collected in Storm 
Bay. 

Water Analyte Laboratory Reporting limit 
concentration (mg/L) 

Measurement 
Uncertainty 

Ammonia (NH3) AST 0.005 mgN/L ±15% or ±0.005 
mgN/L, whichever is 
greater 

Nitrate (NO3) AST 0.002 mgN/L ±15% or ±0.002 
mgN/L, whichever is 
greater 

Nitrate + Nitrite (NOx) AST 0.002 mgN/L ±15% ±0.002 mgN/L, 
whichever is greater 

Dissolved Reactive 
Phosphorus (DRP) 

AST 0.003 mgP/L ±20% ±0.003 mgP/L, 
whichever is greater 

Total Kjeldahl Nitrogen 
(TKN) 

AST 0.10 mgN/L ±23% ±0.10 mgN/L, 
whichever is greater 

Total Nitrogen (TN) AST 0.10 mgN/L ±23% ±0.10 mgN/L, 
whichever is greater 

Total Phosphorus (TP) AST 0.01 mgP/L ±28% ±0.01 mgP/L, 
whichever is greater 

Silica AST 0.1 SiO2/L 12% or ±0.05mg/L 
SiO2, whichever is 
greater 

Chlorophyll a AST 0.5mg/m3 or 0.0005mg on 
filter 

± 10% (95% C.I., k=2) 

3.2.2. Phytoplankton Biomass and Communities 

At each site, integrated water column samples for chlorophyll a analysis and phytoplankton species 
diversity and abundance were collected from the surface to 12 m depth using a weighted Lund tube 
(“snake”). The tube was weighted at the bottom end and lowered through the water column at 
approximately 1 m/sec to reach a depth of 12 m. The tube was then sealed at the surface to trap the 
water. Once onboard the boat, the sample contents of the tube were poured into a large bucket and 
gently mixed to achieve homogeneity. For phytoplankton, sample jars provided by AST were filled 
with seawater and for chlorophyll a analysis a 3 L container was filled. These samples were stored in 
the dark and on ice. In the laboratory, 2L of seawater was filtered through GF/F filters for chlorophyll 
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a analysis and the filters were then immediately frozen before sending to AST for analysis. The 
phytoplankton samples were preserved with 2 ml of Lugol iodine and sent to AST for species 
identification and abundances.  

3.2.3. QA/QC 

For each survey, duplicate seawater samples were taken from one randomly selected site. Field 
blanks provided by the AST were taken on the vessel and during the voyage, the contents of the 
blanks were transferred to containers (provided by the AST) using the same methods of collecting 
seawater for nutrients (filtered and unfiltered). Trip blanks were also taken on the vessel, but the 
containers were left unopened. All QA samples were stored and processed using the same methods 
as above. The duplicate seawater samples were analysed for nutrients and chlorophyll a, and the 
field and trip blank samples were processed for nutrients. 

3.3. Reefs 

3.3.1. Inshore Reef Surveys 

Monitoring of the 18 inshore reef sites (12 sites under Environmental Licence 10180/1 and 6 sites 
under EL 10211/1; Figure 4) using rapid visual assessment (RVA) was undertaken across nine days in 
late winter (August – September 2020) and eight days in late summer (February – March 2021). Site 
conditions as described in Table 4, were recorded for each day. 

For the BEMP monitoring period 2020/2021, reefs were only surveyed using the RVA method, as per 
EL requirements12. The RVA method was developed through FRDC 2015-024 as a targeted approach 
for evaluating the effect of organic enrichment on temperate reef ecosystems (FRDC 2015 024, 
Chapter 6.5). This method uses 15 functional parameters as a proxy for ecosystem health. Of the 15 
parameters, 10 assess broad structural parameters associated with ecosystem function (macroalgae 
canopy, substrate type, trophic effects), while five relate solely to enrichment response: 

• Macroalgal canopy e.g., total canopy, understorey brown/green/red algae 
• Substrate type e.g., encrusting coralline algae, encrusting red algae, turfing algae, sponge 

cover 
• Trophic effects e.g., dominant mobile invertebrates, encrusting fauna on kelp 
• Enrichment indicators e.g., epiphytic algae, filamentous algae, nuisance algal species (green: 

Ulva/Chaetomorpha; red: Asparagopsis), dust on algae 

As canopy-forming algae have a disproportionate influence on the function of reef systems, canopy 
cover was also assessed at the species level as part of the survey. Sites were assessed through diver 
surveys using 1 m2 quadrats at 12 fixed locations at any given site. All 15 functional parameters were 
assessed in each quadrat, with the quadrat also photographed for archival purposes.  

The RVA data were analysed using principal coordinate analysis (PCO) in the PRIMER software 
package (Clarke, Gorley et al. 2014). This analysis was used to produce a graphical depiction of the 
similarity/dissimilarity in the 15 functional parameters between the two surveys (winter and 
summer) and within a survey between sites. A vector overlay was used to determine which of the 15 
parameters were driving the dissimilarity between surveys and sites.  

For PCO analyses, the cover of each functional group for each of the sites was converted to a Bray-
Curtis similarity matrix index (Clarke, Gorley et al. 2014). The fit of the two-dimensional PCO display 
is indicated by the percentage of total variation explained, with higher values indicating a better fit. 
Examination of individual parameters were undertaken to compare average values across all sites 

 
2 As part of the baseline survey requirements all inshore reef sites have also been sampled using the Edgar-
Barrett method (a census of all fish, invertebrate, and algae species at a site) to assess biodiversity. These 
surveys will be repeated in 2023 and 2024, as per the ELs. 
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and both sampling events (winter 2020 and summer 2021). In addition, examination of two key 
parameters (canopy and epiphytic algae cover) were conducted across all four RVA survey events to 
date (winter 2019, summer 2020, winter 2020 and summer 2021) to provide a multiyear 
comparison. It should be noted that the West of Wedge sites (under EL 10211/1) have only been 
surveyed in winter 2020 and summer 2021 and so were excluded from this multiyear comparison, 
while the Yellow Bluff sites (under EL 10180/1) were surveyed during all four sampling events. 

 

Figure 4: Map showing the location of the inshore reef surveys for EL ELs 10180/1 (MF281; East of Yellow Bluff) 
and 10211/1 (MF279; West of Wedge).  

3.3.2. Deep Reef Surveys 

Deep reef surveys were undertaken at 4 sites in Storm Bay: SB07, SB14, SB15 and SB20 (Figure 5). Of 
these sites, SB07, SB14 and SB15 were required for survey for EL 10180/1 (East of Yellow Bluff) and 
SB07 and SB20 were required for survey for EL 10211/1 (West of Wedge). As specified by the EL, at 
each site a 200 m transect was recorded using a remote video system, with start and end 
coordinates of the survey recorded for each site (Table 10).  
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Figure 5 Map showing locations of deep reef survey sites for ELs 10180/1 (MF281; East of Yellow Bluff) 
and 10211/1 (MF279; West of Wedge).  

Table 10: Waypoints for deep reef sites including both start (0 m) and end (200 m) of the study area. All 
waypoints are in GDA 94, Zone 55. 

Site Start Easting Start Northing End Easting End Northing 

SB07 556170 521553 556170 5215328 

SB14 538138 5226080 538299 5226200 

SB15 537084 5221136 537158 5220938 

SB20 542317 5225789 542216 5225635 

 

A towed camera array was used to undertake the 2021 EL surveys, as this provided a stable platform 
to house a GoPro Hero5 which recorded underwater footage in 1080p. Location of the transect was 
recorded using a DGPS positioning system. Single point coordinates that are provided under ELs 
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10180/1 L 10211/1 were used as a reference for towed video transects. At site SB14, where deep 
reef had been surveyed as part of the Yellow Bluff (MF281) baseline survey, the towed camera was 
flown to replicate the baseline transect. At all other sites (SB07, SB15, SB20), the towed camera 
followed the transects from the previous survey in March 2020.  

Following the pre-determined transect bearing, the towed camera was flown at approximately 0.5 
m/second. The towed camera remained within 1 m of the substrate where possible along the 200 m 
transect at each of the four sites, as per the EL. The recorded footage was reviewed, with dominant 
fish, algal and invertebrates recorded and tabulated, as per the baseline survey conducted by 
Aquenal Pty Ltd. Where confident species identification was not guaranteed, the established and 
accepted classification scheme of the Collaborative and Automated Tools for Analysis of Marine 
Imagery (CATAMI) was used to categorise observations (Althaus et al. 2014). This scheme was 
established to provide a consistent set of identifiers for a wide variety of marine environments, 
whereby a defined descriptor is assigned to specific biota. 

3.4. Seagrass 

3.4.1. Mapping and Surveys 

Seagrass monitoring was undertaken at 4 sites: Bull Bay (SG; Figure 6a) and Adventure Bay (SGR; 
Figure 6b) under EL 10180/1 and East of Sloping Island (SGRa; Figure 6c) and Wedge Bay (SGa; Figure 
6d) under EL 10211/1 in November 2020. To differentiate between the Yellow Bluff and West of 
Wedge sites, which have identical site codes, the suffix ‘a’ was added to the site codes specified in 
the EL for the two West of Wedge sites (Wedge Bay and East of Sloping Island). Site conditions as 
described in Table 6 were recorded for each day of sampling. At each site the extent of the seagrass 
beds was mapped, and qualitative and quantitative surveys were undertaken to assess bed health 
(Table 11). The transects at Bull Bay and Adventure Bay were extended in length from those 
described in EL 10180/1 due to the location and extent of the seagrass bed observed in the initial EL 
survey in 2019. 

Two methods were used to monitor the health of each seagrass bed. For the qualitative video 
assessment, a BlueROV2 was used to record video (1080p) along each transect. The transect 
deployed on the bottom between each of the GPS points was constructed from a 350 m lead-core 
rope marked with cattle-ear tags at 10 m intervals. Video data for each transect were recorded using 
Delta ROV’s OceanVault Recorder and Data server which allowed an overlay of NMEA DGPS strings 
obtained from the vessel’s GPS system. Each video transect was scored for epiphytic cover as 
outlined in the EL for each lease (Table 11).  

For the quantitative bed assessment, a drop camera was used to collect photo-quadrat images. The 
drop camera had a downward facing standalone IP Camera module (2.7 – 13.5 mm zoom lens, 
1080p) and an in-built 0.50 x 0.50 m quadrat. This system was used to capture spatially quantified 
images of the seagrass beds at increments of 10 m along the specified transect length. The photo-
quadrat images were captured via Delta ROV’s OceanVault Recorder and Data server allowing 
overlay of NMEA DGPS strings at each surveyed point along the transect. The unit was lowered 
directly out of the dive door, with the line kept vertical to ensure that the photo-quadrats could be 
consistently georeferenced by the vessel’s DGPS system.   

The photo-quadrat images were analysed in the Windows-based software Coral Point Count Version 
4.1 with Excel extension (CPCe). A 50-point score system was overlayed on the quadrat image to 
determine percentage cover of Zostera spp., filamentous algae, epiphytic growth on seagrass, 
Caulerpa spp., wrack algae and other algae cover.  

To map the extent of the seagrass bed, images of the seabed were collected in conjunction with 
DGPS for accurate georeferencing of the footage. The camera was towed alongside the vessel 
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approximately 1-2 m above the seabed with the vessel working in lines across the designated spatial 
extent of the site.  

The mapping footage was reviewed and assigned the following habitat categories: 

• Sand (0-5% seagrass within quadrat) 
• Patchy seagrass (5-50% seagrass within quadrat) 
• Seagrass (> 50% seagrass within quadrat) 
• Patchy Caulerpa spp. (5-50% Caulerpa spp. within quadrat) 
• Caulerpa spp. (> 50% Caulerpa spp. within quadrat) 
• Reef (macroalgae) 

The subsequent data were then used to create maps in ArcGIS pro. 

 

Figure 6: Location of transects surveyed by IMAS in 2020 at a) Bull Bay, b) Adventure Bay, c) East of Sloping 
Island and d) Wedge Bay. 

Table 11: Epiphytic coverage qualitative scale used in November 2019/2020 seagrass analysis. 

Epiphyte Scale Description 

1 Very low, virtually clean plants 

2 Low; minimal epiphytic growth   

3 Medium; obvious epiphytic growth 

4 High; most plants covered 

5 Very high, plants completely covered 
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4. Results and Interpretation 
4.1. Soft sediment: Visual Assessment and Sediment Chemistry 

To aid in the interpretation of results we have included the table from Macleod and Forbes (2004) 
that characterises the categories and responses of the soft sediment chemistry and benthic fauna to 
the effects of, and recovery from, organic enrichment at exposed/sandy sites (Table 12). 

Table 12: Macleod and Forbes (2004) summary table of the key features of impact/recovery categories at 
exposed/sandy site. (NB. For the key biotic indictor category: organisms identified with * are considered 
collectively to reflect different effect categories rather than individually). 

 

4.1.1. Visual Assessment and Sediment Chemistry 

The results from visual assessment of the sediment cores collected in 2020 are documented in Table 
12. The dominant sediment colour for sites SB1, SB3, SB5, SB6, SB16, SB17, SB19, SB21, NUB2 was 
greyish brown, dark greyish brown, or brown on the Munsell soil chart. Sites SB4, SB11, SB13, NUB1 
recorded light olive, olive or olive brown and sites SB2, SB7, SB8, SB9, SB10, SB12, SB16, SB18, SB22, 
SB23, SB24, NUB3, and NUB4 had a mixture of colours (Table 13). The sediment type was either 
plain sand, fine sand, silty sand, and sand with silt patches in most of the cores (Table 13Table 13: 
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Core descriptions for soft sediments collected at 23 sites in Storm Bay during 2020.). Shell grit or 
shell fragments were observed at a few sites (i.e. SB18, NUB1, and NUB4) (Table 13). No odour, gas 
bubbles or feed pellets were detected in the cores (Table 13). Thirty-four cores had signs of animal 
life or animals recorded, including worm tubes, brittle stars, and amphipods (Table 13).   

4.1.2. Particle Size Analyses 

The sediment particle size distributions appear broadly similar across the 23 sites. The dominant 
particle size for all sites was fine sand with small amounts of coarse sand, silt, and gravel (Figure 7). 
The exceptions were SB21 and NUB1 which contained more silt than the other sites (Figure 7). The 
sediment particle size distribution for all sites was broadly similar between 2019 and 2020, with a 
slight increase in the amount of silt at NUB1 from 2019 to 2020 (Figure 7).  

4.1.3. Redox Potential 

In spring 2020, the mean redox potential of the sediments varied between 110 (SB3) and 460 mV 
(SB16) across the 23 sites (Figure 8a). At several sites there was significant variability between the 
replicate cores, most notably at sites SB1, SB3 SB10 and SB17 (Figure 8b). It seems likely that some of 
the replicates could have been influenced by patches of organic material. Across all sites, the mean 
redox potential was slightly higher and more variable at some sites  2020 compared with 2019 
(Figure 8c). The mean redox potential was higher at SB6, SB22 and NUB2   and lower at SB22 2020 
compared with 2019 (Figure 8c). 

4.1.4. Sulphide Concentration 

In spring 2020, the mean sulphide concentration of the sediments ranged between ~0 and 40 μM 
(Figure 9a) across the 23 sites. For sulphide there were also several sites with significant variability 
between the replicate cores, most notably SB8, SB10 and NUB1 (Figure 9b). The mean sulphide 
concentration was slightly higher in 2020 than 2019 (Figure 9c). There was an increase in mean 
sulphide concentrations at SB8 and NUB1; however, these were driven by high values in just one of 
the replicate cores (Figure 9a). There were declines in the mean sulphide concentration at NUB2 
from 2019 to 2020 (Figure 9b).   

4.1.5. Organic Carbon – Loss on Ignition Method (%LOI) 

In spring 2020, the mean organic carbon content (%LOI) in the sediments ranged between 0.6 and 
6.2 % across the 23 sites (Figure 10a). The lowest %LOI in the sediments, 0.6%, was recorded at SB16 
and the highest 6.2% at NUB1 (Figure 10a). The other site with a higher %LOI relative to the other 
sites was SB21 (2.9%, Figure 10a). The mean %LOI was slightly lower in 2019 relative to 2020 (Figure 
10c) but remained relatively consistent at all sites between 2019 and 2020 (Figure 10b).     

4.1.6. Stable Isotope Analysis 

In 2020, the mean organic carbon content of the sediments (%C) measured with the elemental 
analyser showed relatively similar trends to the measurements from the loss on ignition technique 
(Figures 11-12). The two sites with the highest mean %C content in the sediments were NUB1 (2.2%) 
and SB21 (0.8%), and the lowest was at SB16 (0.03%) (Figure 11a). Similarly, the mean organic 
nitrogen content (%N) of the sediments varied across the 23 sites (Figure 12), with the highest values 
again at sites NUB1 (0.23%) and SB21 (0.11%), and lowest at SB16 (0.01%) (Figure 12a). There were 
no clear patterns in the carbon to nitrogen molar ratio (C:N) of the sediments, except that the ratio 
was typically lower than 10 indicative of a predominately marine source of organic material (Figure 
13).  
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The mean %C, %N and C:N ratio were very similar between 2019 and 2020 (Figures 12-14). There 
was, however, an increase in the %C and %N at NUB1 and a decrease in the C:N ratio at NUB2 and 
NUB4 from 2019 to 2020 (Figures 12b-14b). 

The δ13C signature of the sediments was quite variable both within and between sites but was 
typically between -22 to -18‰, consistent with a stronger marine influence (Figure 14). There was 
no clear or consistent change evident between 2020 and 2019.  The δ15N signature of the sediments 
was also highly variable both within and between sites (Figure 15) with sites SB13 and NUB4 having 
quite depleted signatures relative to the other sites.  At several of the sites the δ15N signature was 
more depleted in 2020 compared to 2019 (Figure 15b). 
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Table 13: Core descriptions for soft sediments collected at 23 sites in Storm Bay during 2020. 

Core Core 
Length  
(cm) 

Munsell Chart Colour Colour Sediment Sulphurous 
smell 
Yes (Y) 
No (N) 

Beggiatoa  
Present (P)  
Absent (A) 

Animals 
Description or 

Absent (A) 

Feed 
pellets 

Present (P) 
Absent (A) 

SB1.1 110 Top 20mm is 10YR5/2. Then 10YR5/3 
to 40mm and 10YR5/2 to 50mm 

Greyish brown/brown Fine sand  N A Amphipods 
swimming, 
small bivalve 

A 

SB1.2 110 Top 30mm is 10YR5/2. Then 10YR5/3 
to 30mm and 10YR5/2 with streaks of 
10YR2/1 to 50mm 

Greyish brown/brown Fine sand  N A Dead worm, 
amphipods 
swimming 

A 

SB1.3 100 Top 90mm is 10YR5/3. Then 10YR5/2 
to 100mm. Streaks of 10YR2/1 

Brown/greyish brown Fine sand 
and silt 

 N A Small bivalve A 

SB2.1 125 10YR5/4 Yellowish brown Sand med 
grain 

N A A A 

SB2.2 120 10YR5/4  Yellowish brown Sand med 
grain 

N A 2 worm tubes A 

SB2.3 145 10YR5/4   Yellowish brown Sand med 
grain 

N A A A 

SB3.1 90 Top 50mm is 2.5Y4/2. Rest is 2.5Y4/3 Dark greyish brown/very 
dark greyish brown 

Fine 
sand/silt 

 N A Worm at 3cm, 
shell on 
surface 

A 

SB3.2 85 Top 50mm is 2.5Y4/2. Rest is 2.5Y4/3 Dark greyish brown/very 
dark greyish brown 

Fine 
sand/silt 

  A Nassarius on 
surface 

A 

SB3.3 90 Top 50mm is 2.5Y4/2. Rest is 2.5Y4/3  Dark greyish brown/very 
dark greyish brown 

Fine 
sand/silt 

 N A A A 

SB4.1 100 2.5Y5/3  Light olive brown Sand N A Gastropods, 
bivalves small 

A 

SB4.2 100 2.5Y5/3  Light olive brown Sand N A Worm tube, 
gastropods, 
bivalves 

A 

SB4.3 95 Top 1 mm is 2.5Y4/3. Rest is 2.5Y5/3 Olive brown/light olive 
brown 

Flocculant/
sand 

N A Bivalves, 
gastropods 

A 

SB5.1 100 2.5Y4/2   Dark greyish brown Sand N A A A 
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SB5.2 80 2.5Y4/2  Dark greyish brown Sand N A Amphiura A 

SB5.3 95 2.5Y4/2 Dark greyish brown Sand/ shell 
grit 

N A Amphiura A 

SB6.1 140 Top 40 is 2.5Y4/2. Rest is 2.5Y4/1  Dark greyish brown/dark 
grey 

Sand/silty 
sand 

Y-slight A Ostracod, 
bivalves, 
gastropods 

A 

SB6.2 125 Top 45 mm is 2.5Y4/2. Rest is 2.5Y4/1  Dark greyish brown/dark 
grey 

Sand/silty 
sand 

Y-slight A Worm tubes, 
bivalves, 
gastropods 

A 

SB6.3 130 Top 45 mm is 2.5Y4/2. Rest is 2.5Y4/1  Dark greyish brown/dark 
grey 

Sand/silty 
sand 

Y-slight A Worm tubes, 
bivalves 

A 

SB8.1 104 10YR5/3  Brown Fine sand N A Worm tube  A 

SB8.2 81 Top 15 mm is 10YR4/1. Then 10YR5/3 
to 35 mm and rest is 10YR3/1 

Dark grey/brown/v. dark 
grey 

Fine sand N A Hermit crab A 

SB8.3 85 10YR5/3   Brown Fine sand N A A A 

SB9.1 90 Top 20 mm is 10YR6.3. Then 10YR7.3 
to 50 mm and 10YR6.3 to 90 mm 

Pale brown/very pale 
brown 

Sand N A A A 

SB9.2 100 Top 50 mm is 10YR7.3. Rest is 
10YR6.3  

Very pale brown/pale 
brown 

Sand N A Paguristes 
hermit crab 

A 

SB9.3 100 Top 65 mm is 10YR7.3. Rest is 
10YR6.3  

Very pale brown/pale 
brown 

Sand N A A A 

SB10.1 75 Top 20 is 25Y6/1. Then GLEY1 5/N to 
25mm and rest is 2.5Y5/2 

Grey/greyish brown Flocculant/
sand 

N A A A 

SB10.2 125 Top 50 mm is 2.5Y5/2. Rest is 2.5Y3/1  Grey brown/very dark grey Sand N A A A 

SB10.3 85 2.5Y6/2  Light brownish grey Sand N A A A 

SB11.1 145 Top 60 mm is 2.5Y5/3. Rest is 2.5Y4/2 
with patches of 2.5Y2.5/1 

Light olive brown/dark 
greyish brown/black 

Sand/silty 
sand 

N A Bivalves, 
gastropods 

A 

SB11.2 140 Top 1 mm is 2.5Y4/3. Then 2.5Y5/3 to 
40 mm and 2.5Y4/2 to 60 mm 

Olive brown/light olive 
brown/dark greyish brown 

Flocculant/
sand/silty 
sand 

N A Bivalves, 
gastropods 

A 

SB11.3 75 Top 50 mm is 2.5Y5/3. Rest is 2.5Y4/2 
with patches of 2.5Y2.5/1   

Light olive brown/dark 
greyish brown/black 

Sand/silty 
sand 

N A Gastropods  A 
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SB13.1 90 2.5Y4/3 with specks of 2.5Y3/2   Olive brown/very dark 
olive brown 

Fine 
sand/silt 

N A A A 

SB13.2 80 2.5Y4/3 with patches of 2.5Y4/3  Olive brown/very dark 
greyish brown 

Fine 
sand/silt 

 N A A A 

SB13.3 90 2.5Y4/3. with specks of 2.5Y3/2  Olive brown/very dark 
olive brown 

Fine 
sand/silt 

 N A Sandy tube, 
crustacean 

A 

SB16.1 95 10YR5/3 Brown Sand N A A  A 

SB16.2 97 10YR5/2  Greyish brown Sand N A A  A 

SB16.3 90 10YR5/3  Brown Sand N A A  A 

SB17.1 70 Top 2 mm is 7.5YR5.1. Then 7.5YR5.3 
to 35 mm. Rest is 7.5YR4.1  

Grey/brown/dark grey Silt/silty 
sand 

N A Worm tubes   

SB17.2 70 Top 2 mm is 7.5YR5.1. Then 7.5YR5.3 
to 20 mm rest is 7.5YR5.2 

Grey/brown Silt/silty 
sand 

N A Worm tubes A 

SB17.3 75 Top 45 mm is 7.5YR5.3. Rest is 
7.5YR4.1 

Brown/dark grey Silty sand N A A A 

SB18.1 95 Top 10 mm is 2.5Y6/2. Rest is 2.5Y5/2 
with flecks of 2.5Y3/1  

Light brownish 
grey/greyish brown/very 
dark grey 

Fine 
sand/sand 

N A Worm at 80 
mm 

A 

SB18.2 70 Top 2 mm is 2.5Y6/2. Rest is mottled 
10YR4/4 and 7.5YR4/6 

Light brownish grey/dark 
yellowish brown/strong 
brown 

Flocculant/
shell grit 

N A A A 

SB18.3 80 Top 2 mm is 2.5Y6/2. Rest is mottled 
10YR4/4 and 7.5YR4/6 

Light brownish grey/dark 
yellowish brown/strong 
brown 

Flocculant/
shell grit 

N A Bivalve A 

SB19.1 95 2.5Y4/2  Dark greyish brown Sand N A Nassarius  A 

SB19.2 90 2.5Y4/2  Dark greyish brown Sand N A A A 

SB19.3 110 2.5Y4/2   Dark greyish brown Sand N A A A 

SB21.1 150 Top 2 mm is 2.5Y5.1. Rest is 2.5Y4.1  Grey/dark grey Silt/silty 
sand 

N A Worm tubes A 

SB21.2 140 Top 4 mm is 2.5Y5.1. Rest is 2.5Y4.1 Grey/dark grey Silt/silty 
sand 

N A A A 
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SB21.3 125 Top 5 mm is 2.5Y5.1. Rest is 2.5Y4.1 Grey/dark grey Silt/silty 
sand 

N A A A 

SB22.1 95 Top 2 mm is 10YR5.1. Rest is 10YR5.2  Gray/greyish brown Silt/silty 
sand 

N A A A 

SB22.2 85 Top 20 mm is 10YR5.4. Rest is 
10YR5.1 

Yellowish brown/grey Sand/silty 
sand 

N A Worm tubes A 

SB22.3 85 Top 2 mm is 10YR5.1. Rest is 10YR5.2 Gray/greyish brown Silt/silty 
sand 

N A A A 

SB23.1 112 10YR5/4  Yellowish brown Medium 
grain sand 

N A A A 

SB23.2 112 10YR5/3  Brown Medium 
grain sand 

N A A A 

SB23.3 110 10YR5/4  Yellowish brown Medium 
grain sand 

N A A A 

SB24.1 100 10YR5/4  Yellowish brown Sand N A A  A 

SB24.2 110 10YR5/3  Brown Sand N A A  A 

SB24.3 115 10YR4/3  Brown Sand N A A  A 

NUB1.1 90 2.5Y3/3 with streaks of 2.5Y2.5/1  Dark olive brown/black Silt/shell 
flecks 

Y  A A A 

NUB1.2 170 2.5Y3/3 with streaks of 2.5Y2.5/1  Dark olive brown/black Silt/shell 
flecks 

N A A A 

NUB1.3 150 Top 50 mm is 2.5Y3/3. Rest is 
2.5Y2.5/1 with streaks of 2.5Y3/3  

Dark olive brown/black Silt/shell 
flecks 

N A Brittle star A 

NUB2.1 70 Top 1 mm is 2.5Y4/3. Rest is mottled 
is 2.5Y5/2 and 2.5Y3/1 

Greyish brown/very dark 
grey /olive brown 

Sand/silty 
sand/flocc
ulant 

N A Bivalve  A 

NUB2.2 70 Mottled 2.5Y5/2 and 5Y3/1 Greyish brown/very dark 
grey 

Sand/silty 
sand 

N A Unknown 
shells 

A 

NUB2.3 150 Top 40 mm is 2.5Y5/2. Rest is 2.5Y3/1 Greyish brown/very dark 
grey 

Sand/silty 
sand 

N A Isopod and 
unknown 
shells 

A 

NUB3.1 145 Top 1 mm is 2.5Y4/3. Rest is 2.5Y4/1 Olive brown/dark grey Flocculant/
silty sand 

N A A A 
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NUB3.2 100 Top 1 mm is 2.5Y4/3. Rest is 2.5Y4/1 Olive brown/dark grey Flocculant/
silty sand 

N A A A 

NUB3.3 50 Top 1mm is 2.5Y4/3. Rest is 2.5Y4/1  Olive brown/dark grey Flocculant/
silty sand 

N A A A 

NUB4.1 120 Top 70 mm is 2.5Y5/4. Rest is 2.5Y4/3 Light olive brown/olive 
brown 

Sand/shell 
grit 

N A Gastropod or 
anemone 

A 

NUB4.2 100 Top 90 mm is 2.5Y5/4. Rest is 2.5Y4/3 Light olive brown/olive 
brown 

Sand/shell 
grit  

N A A A 

NUB4.3 140 Top 100 mm is 2.5Y5/4. Rest is 
2.5Y4/3  

Light olive brown/olive 
brown 

Sand/shell 
grit 

N A Worm at 5 
mm 

A 

                

 

Figure 7: Spatial and temporal variation in the percentage (mean) of gravel (> 2 mm), coarse sand (<2 mm to >2.5 mm), fine sand (<0.25 to 0.063 mm) and silt (< 0.063 mm) 
for 23 sites in Storm Bay for sediments collected in 2019 (left bar for each site) and 2020 (right bar for each site).  
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Figure 8: Spatial and temporal variation in redox values (mV): a) by site in 2020, b) by survey at each site and c) between surveys. In a) and b) the black dots 
are the individual replicates and the red crosshairs show the mean value.  In c) the boxplots show the mean, median and the 25th and 75th percentiles. 

Major impacts of organic enrichment are typically indicated by redox values < 0 mV (Macleod and Forbes, 2004) and are represented by the dashed line in 
each plot. The levels associated with other levels of enrichment are shown in Table 12. 
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Figure 9: Spatial and temporal variation in sulphide concentrations (μM): a) by site in 2020, b) by survey at each site and c) between surveys. In a) and b) the black dots are 
the individual replicates and the red crosshairs show the mean value.  In c) the boxplots show the mean, median and the 25th and 75th percentiles. Major impacts of organic 
enrichment are typically indicated by sulphide values > 100 μM (Macleod and Forbes, 2004) and are represented by the dashed line in each plot. The levels associated with 
other stages of impact and recovery are shown in Table 12. 
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Figure 10: Spatial and temporal variation in organic carbon content (LOI %): a) by site in 2020, b) by survey at each site and c) between surveys. In a) and b) the black dots 
are the individual replicates and the red crosshairs show the mean value.  In c) the boxplots show the mean, median and the 25th and 75th percentiles. 
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Figure 11: Spatial and temporal variation in percent carbon (% C; mean ± SE): a) by site in 2020, b) by survey at each site and c) between surveys. In a) and b) the black dots 
are the individual replicates and the red crosshairs show the mean value.  In c) the boxplots show the mean, median and the 25th and 75th percentiles. 
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Figure 12: Spatial and temporal variation in percent nitrogen (% N; mean ± SE): a) by site in 2020, b) by survey at each site and c) between surveys. In a) and b) the black 
dots are the individual replicates and the red crosshairs show the mean value.  In c) the boxplots show the mean, median and the 25th and 75th percentiles. 
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Figure 13: Spatial variation in the mean (±SE) C:N molar ratio (C:N): a) by site in 2020, b) by survey at each site and c) between surveys. In a) and b) the black dots are the 
individual replicates and the red crosshairs show the mean value.  In c) the boxplots show the mean, median and the 25th and 75th percentiles. 
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Figure 14: Spatial and temporal variation in the carbon (δ13C) stable isotope values: a) by site in 2020, b) by survey at each site and, c) between surveys across all sites. In a) 
and b) the black dots are the individual replicates and the red crosshairs show the mean value.  In c) the boxplots show the mean, median and the 25th and 75th percentiles. 
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Figure 15: Spatial and temporal variation in the nitrogen (δ15N) stable isotope values: a) by site in 2020, b) by survey at each site and, c) between surveys across all sites. In 
a) and b) the black dots are the individual replicates, and the red crosshairs show the mean value.  In c) the boxplots show the mean, median and the 25th and 75th 
percentiles.
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4.2. Soft sediment: Benthic Fauna and Communities 

In 2020, 8537 individuals, comprising 322 species among 155 families were collected across 69 grab 
samples. Crustaceans were the most abundant group making up 59%, annelids were the second 
most abundant group (29%), then molluscs (8%), other taxa (2%, e.g. nemerteans, sipunculan worms 
and tunicates) and echinoderms (2%). Thirty eight percent of the families were crustaceans, 27% 
molluscs, 20% polychaetes, 10% other and 5% echinoderms. 

4.2.1. Number of Families   

For both surveys (2019 and 2020), sediment samples were dominated by the arthropod families 
Aoridae and Bodotriidae, the annelid families Spionidae and Lumbrineridae and the echinoderm 
family Loveniidae (Figure 16). The abundances of Maldanidae, Photidae, and Anabathridae increased 
between the 2019 and 2020 surveys, whereas Bodotriidae, Cardiidae and Loveniidae decreased 
(Figure 16). In 2020, site SB4 had the highest number of families recorded (43.7 families per grab), 
and site SB21 the lowest (13.7 families per grab) (Figure 17). There was a notable change (>40%) in 
the mean number of families at several sites: an increase at sites SB4, SB8, SB11 (Figure 17) and a 
decrease at site SB17 (Figure 17). 

4.2.2. Abundance of Benthic Invertebrates and Annelids 

In 2020, the highest total invertebrate and total annelid abundances (which are key taxa of interest 
for monitoring the biological impacts of organic enrichment) were found at NUB1 (162.7 total ind. 
per grab; 21.6 per grab) and the lowest at SB10 (14.4 total ind. per grab) and SB13 (0.89 annelids per 
grab) (Figure 17). Overall, the abundances of benthic invertebrates and annelids in the sediments 
remained relatively similar between the spring 2019 and 2020 surveys (Figure 17). There was a 
notable change in the abundances of annelids at several sites: an increase at sites SB13, SB17, S21 
and a decrease at sites SB6, SB11 and SB24 from 2019 to 2020 (Figure 17). 

4.2.3. Diversity indices 

In 2020, the species richness was the highest at SB4 (52.7 species per grab), and the lowest at SB21 
(14.3 species per grab) (Table 14). The species diversity index (H’) was highest at SB11 and SB6 and 
lowest at SB19 and SB21 respectively, relative to the other sites sampled (Table 14).  

Species diversity remained relatively similar between the spring 2019 and 2020 surveys (Figure 17; 
Table 14). There was, however, a clear increase in species diversity at four sites SB1, SB3, SB8, SB19 
and NUB1 (Figure 17; Table 14) and a decrease at site SB17 between 2019 and 2020 (Figure 17; 
Table 14).  

4.2.4. K-dominance plots 

K-dominance plots are frequently used to monitor the health of soft sediment and for this report 
were used to assess the dominance of benthic invertebrate families across sites and between years. 
Two features of the plots are crucial for interpretation: the y-intercept (i.e. a large value indicates 
there is one family that is highly dominant) and the slope (i.e. a steep slope indicates that a small 
number of species dominate the community). Sites that are dominated by a small number of taxa 
are generally considered of lower environmental health than areas characterised by a larger number 
of less dominant taxa.  

In 2020, the k-dominance plots showed that none of the sites were dominated by particular benthic 
families, except for site SB19, where the Bodotriid cumacean Glyphocuma inaequale dominated the 
samples with a total of 504 individuals (Figure 18). The k-dominance plots for most sites were 
relatively similar between 2019 and 2020, excluding SB3 in which there was a substantial decline in 
the abundance of hermit crabs Pagurixus cf. handrecki from 2019 to 2020 (Figure 18). 
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4.2.5. Important Species 

Benthic invertebrate species are well known to differ in their responses to organic enrichment. Of 
the species known to respond to highly enriched conditions (e.g. Capitella spp., Dorvilleid sp. and 
Nebalia sp.) only Nebalia sp.1 was common at one of the sites, NUB2, where it averaged 20.6 indiv 
per grab (Table 15).  
 
There were eight introduced species recorded in the 2020 survey, the spider crab Pyromaia 
tuberculata, the caprellid amphipod Caprella acanthogaster, the Northern Pacific seastar Asterias 
amurensis, the New Zealand screw shell Maoricolpus roseus, the Pacific oyster Crassostrea gigas, the 
Asian semele Theora lubrica, the basket shell Corbula gibba, the bivalve Raeta pulchella, and the fan 
worm, Euchone limnicola (Table 16. Most of the introduced species were found in low numbers 
except for 43 Theora lubrica, which were only found at NUB1 (39 individuals) and SB21 (4 
individuals) (Table 16). Three individuals of the threatened Turritellid screw shell Gazameda gunnii 
were recorded at sites SB2 (1 individual), SB3 (1 individual), and SB4 (1 individual). However, there 
were no substantial changes in the abundances of the eight introduced species or the one 
threatened species between the two surveys (Table 16). 

4.2.6. Community assemblage 

The multidimensional scaling (MDS) shows the similarities between sites based on benthic 
invertebrate family diversity and abundance data. Sites with a similar community assemblage are 
plotted close together in ordination space and those with greater differences are further apart.  

The MDS plot showed several potential groupings of sites with similar macrofaunal assemblages 
based on their location in Storm Bay (Figure 19). The two most distinct groups were SB21 in Norfolk 
Bay, and NUB1 and NUB3 in Nubeena. These sites are in more sheltered locations where the 
sediments are typically finer and more organically enriched relative to the other more exposed 
sandier sites. The assemblages at these sites were categorised by higher abundances of the annelid 
abundances, notably of the families Lumbrineridae, Eunicidae, Flabelligeridae, Polynoidae, 
Nephtyidae, Terebellidae, Trichobranchidae and Pectinariidae.  The mollusc families Tellinidae, 
Tellinidae, Philinidae and the arthropod families Litocheiridae, Callianassida and Hymenosomatidae 
were also more characteristic of these sites (Figure 19). There were no substantial changes in 
macrofaunal assemblages from 2019 to 2020 (Figure 19). 
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Figure 16: Total abundances (summed across all sites) of benthic invertebrates by family within each taxonomic grouping at 23 sites in Storm Bay for 
sediments collected in 2019 (blue decreasing) and 2020 (red increasing) and grey (no change). 
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Figure 17: Spatial and temporal variation in the mean (±SE) a) number of benthic invertebrate families (per 
grab), b) species diversity index (per grab) and c) abundance of Annelids (per grab) at 23 sites in Storm Bay for 
sediments collected in 2019 and 2020. 
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Figure 18: K-dominance plot of family level benthic invertebrate data from 23 sites in Storm Bay for sediments 
collected in 2019 (black) and 2020 (light gray). Note, the macrofauna in the triplicate grabs were summed for 
each site to produce the k-dominance plots. Elsewhere the averages of the triplet grabs are presented.
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Figure 19: MDS plot of the benthic invertebrate families (average per site) from the 23 sites in Storm Bay sampled in in 2019 and 2020. Vectors indicate key families and 
environmental variables with a high correlation (>0.55) driving the separation of sites in two dimensions. 
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Table 14: Species richness and diversity (H’) of benthic invertebrates (mean ± SE) at 23 sites in Storm Bay for 
sediments collected in 2019 and 2020. Sites with significant changes in metrics between 2019 and 2020 are 
shaded (using paired t-tests). 

   Species Richness H' 
Site  2019 2020 2019 2020 
SB1  17.33 (2.33) 25.67 (2.85) 2.12 (0.27) 2.63 (0.09) 
SB2  28.33 (5.21) 32.00 (4.36) 3.01 (0.22) 3.07 (0.09) 
SB3  33.00 (4.00) 37.67 (4.18) 2.67 (0.65) 3.28 (0.16) 
SB4  34.00 (0.00) 52.67 (2.6) 3.18 (0.05) 2.93 (0.09) 
SB5  25.33 (3.76) 25.67 (1.2) 2.67 (0.15) 2.62 (0.1) 
SB6  51.33 (3.67) 58.00 (2.00) 3.28 (0.14) 3.56 (0.02) 
SB8  14.67 (0.33) 30.00 (5.13) 2.34 (0.15) 2.97 (0.24) 
SB9  28.00 (4.04) 20.67 (2.96) 2.95 (0.11) 2.62 (0.06) 

SB10  24.33 (0.33) 19.67 (2.73) 2.77 (0.06) 2.61 (0.15) 
SB11  34.33 (3.71) 52.33 (3.71) 3.09 (0.06) 3.4 (0.08) 
SB13  22.00 (2.65) 26.00 (2.52) 2.37 (0.2) 2.43 (0.14) 
SB16  34.33 (1.45) 37.00 (4.16) 3.24 (0.04) 2.98 (0.22) 
SB17  35.67 (1.86) 21.67 (3.18) 2.98 (0.11) 2.42 (0.08) 
SB18  42.33 (9.39) 40.67 (8.69) 3.31 (0.21) 3.18 (0.17) 
SB19  28.00 (2.08) 32.00 (1.53) 1.04 (0.15) 1.61 (0.65) 
SB21  16.00 (1.73) 14.33 (0.88) 1.62 (0.06) 1.35 (0.08) 
SB22  32.67 (4.84) 33.33 (4.41) 2.92 (0.06) 2.74 (0.19) 
SB23  42.00 (2.65) 31.33 (1.2) 3.34 (0.04) 3.06 (0.08) 
SB24  35.67 (0.33) 33.67 (5.24) 3.29 (0.02) 3.37 (0.13) 
NUB1  26.67 (2.19) 35.67 (3.71) 2.13 (0.08) 2.62 (0.14) 
NUB2  43.33 (1.76) 33.67 (2.4) 3.18 (0.07) 2.8 (0.04) 
NUB3  33.00 (7.02) 37.00 (2.08) 2.85 (0.24) 2.98 (0.09) 
NUB4  27.67 (1.86) 33.67 (3.71) 3.1 (0.04) 3.15 (0.09) 

All sites  56.39 (3.2) 60.78 (3.72) 3.08 (0.14) 3.1 (0.13) 
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Table 15: Summed abundances of organic enrichment indicator species (based on the EL, Macleod & Forbes 2004 and unpublished IMAS data) at 23 sites Storm Bay for 
sediments collected in 2019 and 2020. 

Phylum  Arthropoda  Annelida  Annelida 
Family  Nebaliidae  Dorvilleidae  Dorvilleidae  
Species  Nebalia sp. 1  Schistomeringos loveni  Ophryotrocha sp.1 

Year  2019  2020  2019  2020  2019  2020  
SB1  0  0  0 0 0 0 
SB2  0  0  0 0 0 0 
SB3  1  0  0 0 0 0 
SB4  0  3  0 0 0 0 
SB5  0  2  0 0 0 0 
SB6  7  8  0 0 0 0 
SB8  0  0  0 0 0 0 
SB9  0  0  0 0 0 0 

SB10  0  0  0 0 0 0 
SB11  2  7  0 0 0 0 
SB13  1  0  0 0 0 0 
SB16  0  1  1 0 0 0 
SB17  0  0  0 0 0 0 
SB18  0  0  0 0 0 0 
SB19  0  0  0 0 0 0 
SB21  0  0  3 1 0 0 
SB22  0  0  0 0 0 0 
SB23  0  0  0 0 2 0 
SB24  0  0  0 0 0 0 
NUB1  0  0  2 2 0 0 
NUB2  59  62  0 0 0 0 
NUB3  0  0  1 0 0 0 
NUB4  0  0  0 0 0 0 
Total  70  83  7 3 2 0 
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Table 16: Abundances (total from 3 grabs) of introduced benthic invertebrates at 23 sites in Storm Bay for sediments collected in 2019 and 2020.  

Phylu
m 

Chordata  Arthropoda Arthropoda Echinodermata Mollusca Mollusca Mollusca Mollusca Mollusca Annelida 

Family Ascidiidae Inachoididae Caprellidae Asteriidae Turritellidae Ostreidae Semelidae Corbulidae Mactridae Sabellidae 

Specie
s 

Ascidiella 
aspersa 

Pyromaia 
tuberculata 

Caprella 
acanthogaster 

Asterias 
amurensis 

Maoricolpus 
roseus 

Crassostrea 
gigas 

Theora 
lubrica 

Corbula 
gibba 

Raeta 
pulchella 

Euchone 
limnicola 

Year 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 201
9 

202
0 

2019 2020 2019 2020 

SB1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SB2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SB3 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 1 0 0 

SB4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SB5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SB6 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

SB8 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

SB9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SB10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SB11 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

SB13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

SB16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SB17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SB18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SB19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SB21 0 0 0 0 0 3 1 0 0 0 0 0 0 4 0 0 0 0 0 0 

SB22 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SB23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

SB24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

NUB1 1 0 0 0 0 0 0 0 0 2 0 0 28 39 4 4 0 0 0 4 

NUB2 1 0 0 0 0 0 0 0 4 2 0 0 0 0 0 0 0 0 0 0 

   
NUB3 

1 0 1 0 0 0 0 0 7 0 1 0 1 0 4 0 0 0 5 0 

NUB4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total 3 0 3 2 0 3 1 4 11 4 1 0 29 43 8 4 1 2 5 4 
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4.2.7. Soft Sediment Condition 

Macleod and Forbes (2004) proposed that sites be classified according to the level of enrichment 
based on sediment chemistry and benthic faunal characteristics. For sediment chemistry, redox 
potential values <0 mV and sulphide concentrations >100 µM were considered indicative of high 
enrichment conditions and redox potential value >100 mV and sulphide concentrations below 
detection levels indicative of sites not influenced by organic enrichment (Table 12). In 2020, the 
mean redox potential of all sites was >100 mV and similarly mean sulphide concentrations were 
negligible, consistent with healthy and unimpacted sediments. However, there were also two  sites 
(SB3, SB10) with replicate  redox values <0mV. These values could reflect increased levels of organic 
enrichment at these sites; however, given the high variability in redox and sulphide measurements 
between replicate cores it seems likely that some of the samples could have been influenced by 
patches of organic material breaking down. Importantly, the biological characteristics at all sites, 
including those with low redox values, were consistent with healthy, functioning sediments; species 
diversity was >2, and except for Nebalia at NUB2, the indicator species of highly enriched conditions 
were rare (Table 16).  

4.3 Water-Column: Physico-Chemical Parameters 

The water column parameters were collected monthly at 20 sites by IMAS (13 sites) and Aquenal (7 
sites) between May 2020 and April 2021, for ELs 10180/1 & 10211/1. To provide some context and 
help interpret the results from the BEMP sampling, data collected by the EPA from January 2018 – 
July 2019 is also presented in this report. The EPA sampled sites 1-9 only during this period, sampling 
monthly from Jan-March 2018 and then every 6 months thereafter. Not all sites were visited during 
the surveys. Also, site SB1 was visited either monthly or fortnightly, coinciding with the Derwent 
Estuary Monitoring Program.  

This report presents the observations for each analyte, using data collected between January 2018 
to April 2021 through the BEMP and EPA, in relation to the following: 

a) Inter-annual trends (all sites on one plot through time, averages calculated for surface, 
middle (10 m, excluding NUB1-4) and bottom waters) 

b) Intra-annual trends (January to December, surface, middle and bottom waters) 

c) By site 

d) By site through time   

4.3.1. Temperature 

The water temperature showed a clear seasonal cycle with the highest temperatures recorded in the 
summer months (~17.5 oC) and the lowest temperatures in the winter months (~10.5 oC) (Figure 
20a). The water temperatures declined with depth from the surface to the bottom of the water 
column during summer. However, during winter the water temperature increased with depth from 
the surface to the bottom of the water column (Figure 20b). The water temperatures were relatively 
consistent across all sites and through time (Figure 20c, 21). 

4.3.2. Salinity 

Unlike temperature, there was no clear seasonal cycle in the salinity of the seawater (Figure 22); 
however, there appeared to be a slight increase in salinities in the bottom waters during the 
2020/2021 sampling (Figure 22a). This increase in salinity could be linked to the influence of an East 
Australian Current (EAC) which typically has higher values of salinity than the Leeuwin and sub - 
Antarctic currents.  At times during the late Autumn/Winter (May – August) salinities in the bottom 
waters also drop marginally (~0.5; Figure 22b) indicating the influence of Leeuwin and sub - Antarctic 
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currents. There was also some variation in the seawater salinity with depth. At various times during 
the year the seawater salinity of the surface waters dropped from ~33 ppt to ~31 ppt. The most 
notable declines in the salinity of the surface waters were at sites that are most affected by the 
estuarine water discharged from the Derwent River Estuary and the D'Entrecasteaux Channel. These 
include sites SB1, SB3, SB8, SB9, and SB12, SB15 (Figure 22c, 23).  

4.3.3. Dissolved Oxygen 

During the sampling, the dissolved oxygen in seawater at all depths was lowest in late summer and 
autumn (Figure 24a, b). The bottom waters consistently had less oxygen than 10 m and surface 
waters but remained healthy averaging >7.5 mg/L at all sites (Figure 24c).  Across Storm Bay the 
dissolved oxygen in seawater was similar between sites; however, levels at SB1 at the boundary to 
the Derwent were quite variable (Figure 24c). At SB1, the lowest concentration of dissolved oxygen 
was recorded in the bottom waters in May 2018 and the highest at all depths in September 2018 
(Figure 25).  
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Figure 20: Spatial and temporal variation in temperature (oC) values for surface, middle and bottom samples 
collected across Storm Bay. a) monthly temperature for all sites through time with the means for surface, 
middle (10 m, excluding NUB1-4) and bottom plotted as lines. b) variation in temperature across the year with 
all data from every site pooled for each month, c) variation in temperature for each site pooled over time, and 
D) variation in temperature at each site through time. In b) and c) the boxplots show the mean, median and 
the 25th and 75th percentiles. 
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Figure 21: Spatial and temporal variation in temperature (oC) values for surface, middle and bottom samples 
collected across Storm Bay at each site through time. 
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Figure 22: Spatial and temporal variation in salinity (ppt) values for surface, middle and bottom samples 
collected across Storm Bay in 2019. a) monthly salinity for all sites through time with the means for surface, 
middle (10 m, excluding NUB1-4) and bottom plotted as lines. b) variation in salinity across the year, with all 
data from every site pooled for each month, c) variation in salinity for each site pooled over time. In b) and c) 
the boxplots show the mean, median and the 25th and 75th percentiles. 
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Figure 23: Spatial and temporal variation in salinity (ppt) values for surface, middle and bottom samples 
collected across Storm Bay in 2019. 
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Figure 24: Spatial and temporal variation in dissolved oxygen (mg/L) values for surface, middle and bottom 
samples collected across Storm Bay. a) monthly dissolved oxygen for all sites through time with the means for 
surface, middle (10 m, excluding NUB1-4) and bottom plotted as lines. b) variation in dissolved oxygen across 
the year, with all data from every site pooled for each month, c) variation in dissolved oxygen for each site 
pooled over time.3 In b) and c) the boxplots show the mean, median and the 25th and 75th percentiles. 

 
3 Extremely low and high values of dissolved oxygen were observed at SB1 in May 18 in the surface waters and 
September 18 at all depths, respectively.  
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Figure 25: Spatial and temporal variation in dissolved oxygen (mg/L) values for surface, middle and bottom 
samples collected across Storm Bay for each site pooled over time. 
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4.4. Water-Column: Nutrients 

4.4.1. Total Nitrogen (TN) 

During May 2020 to April 2021, the values of total nitrogen (TN) in the seawater were quite variable, 
however, there was weak evidence of seasonal trends, with higher concentrations through the 
winter - spring compared to summer - autumn (Figure 26a). This pattern was more distinct in the 
2018/2019 and 2019/2020 sampling than 2020/2021 (Figure 26a). The increase in TN during spring 
and winter coincides with the strengthening of the Leeuwin and/or sub-Antarctic currents which are 
rich in nitrogen but vary in their influence interannually (Buchanan et. al., 2014).     

TN was higher in the bottom waters than the 10 m or surface waters, and at sites located in eastern 
rather than western Storm Bay (Figure 26b, 27). Higher TN values in bottom waters were seen at SB1 
and to a lesser extent SB3 in April 2021, but returned to more typical levels the following month 
(Figure 28).  

4.4.2. Total Ammoniacal Nitrogen (TAN) 

Throughout the sampling, the total ammoniacal nitrogen (TAN) was generally lower in surface 
waters than the bottom waters (Figure 28b). In the bottom waters, there was a weak seasonal trend 
with an increase in the concentration of TAN during October to April, relative to the rest of the year 
(Figure 28a). In the surface waters TAN concentrations were generally <0.012 mg-N/L; however, 
occasional elevated concentrations of >0.017 mg-N/L were recorded at sites SB4, SB6, SB11, SB12, 
SB13, NUB1 and NUB4, particularly during the spring-summer of 2020 (Figure 29). At sites SB4, SB5 
and SB6 the values of TAN in the surface waters were generally higher in spring - summer of 
2020/2021 than the preceding years (Figure 28a). 

4.4.3. Nitrate and Nitrite concentrations 

The concentration of nitrate showed clear seasonal trends through time, with elevated 
concentrations from May – September and lower levels from October – April (Figure 30a). This 
pattern was also evident in the data collected by the EPA during 2018/2019 even though fewer sites 
and time points were surveyed (Figure 30a). The influx of the cooler, nitrate rich water during late 
autumn to early spring is derived from sub-Antarctic and Leeuwin currents and is consistent with the 
patterns reported previously by Swadling et al., (2017) in Storm Bay. The rapid decline in nitrate 
from October – April relates to the retraction of the sub-Antarctic and Leeuwin Currents and the 
presence of eddies from the East Australia Current (EAC) during some years. During late spring and 
summer, the remaining nitrate is rapidly absorbed by phytoplankton and the surrounding 
environment. 

The concentrations of nitrate were generally higher in the bottom waters in comparison to 10 m, 
which in turn were greater than the surface waters (Figure 30b). At some of the consistently 
monitored sites (SB5, SB7, SB8 and SB9), the nitrate in the bottom waters was higher in the spring 
and summer of 2019/2020 and 2020/2021 relative to 2018/2019, potentially reflecting the variable 
influence of the sub-Antarctic or Leeuwin currents in Storm Bay through time (Figure 30a, 32). In the 
2020/2021 sampling the concentration of nitrate in bottom waters, was similar across all sites, 
except for Nubeena site NBU1-3 and SB9, which is located at the mouth of Frederick Henry Bay 
(Figure 31). It appears that the oceanic currents that deliver nitrate do not intrude into these sites as 
much in comparison to the rest, or the nitrate at these sites is assimilated into the environment 
more rapidly. The pattern for nitrate + nitrite (Figure 31) was largely consistent with that described 
for nitrate, reflecting that nitrite makes up a small fraction of the combined measurement. 
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4.4.4. Total Phosphorus and Dissolve Reactive Phosphorus 

The concentration of dissolved reactive phosphorus also showed seasonal patterns similar to nitrate, 
increasing from May – September before decreasing from October – April (Figure 36a). It is likely 
that the sub-Antarctic and Leeuwin Currents that are responsible for delivering nitrate during the 
cooler months, May – September, are also responsible for delivering phosphorus. Total phosphorus 
showed some evidence of seasonality but not to the same extent as the dissolved form (Figure 34a).  

Like nitrate, the concentration of dissolved reactive phosphorus was higher in the bottom waters 
than at the surface (Figure 36b). At some of the consistently monitored sites (SB2, SB5, SB7, SB8 and 
SB9) the values of dissolved reactive phosphorus in the bottom waters remained elevated through 
spring and summer of 2019-2020 and 2020-2021 compared with 2018-2019 (Figure 36d). This 
pattern was particularly evident at SB2, SB5, SB7, SB8, SB9, SB14, SB16, SB24 and NUB4 (Figure 37), 
which could indicate the meso-scale influences of different currents on Storm Bay.   

4.4.5. Silica, Molybdate Reactive 

The concentration of silica was typified by extended periods of low concentrations, with occasional 
peaks that were mostly recorded in the surface waters of some sites during winter (Figure 38a). The 
sites with the highest concentration of silica in the surface waters were SB1, SB3, SB8, and SB12 – 
SB14 (Figure 38b, 39). These sites are closest to the mouth of the Derwent River, the main source of 
silica in the region (Figure 39). There were no clear changes in the concentration of silica through 
time (Figure 38a). 
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Figure 26: Spatial and temporal variation in total nitrogen (mg-N/L) values for surface, middle and bottom 
samples collected across Storm Bay. a) monthly total nitrogen for all sites through time with the means for 
surface, middle (10 m, excluding NUB1-4) and bottom plotted as lines. b) variation in total nitrogen across the 
year, with all data from every site pooled for each month. c) variation in total nitrogen for each site pooled 
over time. In b) and c) the boxplots show the mean, median and the 25th and 75th percentiles. 



Annual BEMP Report Environmental Licence 10180/1 & 10211/1 
 

68 
 

 

Figure 27: Spatial and temporal variation in total nitrogen (mg-N/L) values for surface, middle and bottom 
samples collected across Storm Bay samples collected across Storm Bay for each site through time. 
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Figure 28: Spatial and temporal variation in total ammoniacal nitrogen (mg-N/L) values for surface, middle and 
bottom samples collected across Storm Bay. a) monthly ammonia for all sites through time with the means for 
surface, middle (10 m, excluding NUB1-4) and bottom plotted as lines. b) variation in ammonia across the year, 
with all data from every site pooled for each month. c) variation in ammonia for each site pooled over time. In 
b) and c) the boxplots show the mean, median and the 25th and 75th percentiles. 
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Figure 29: Spatial and temporal variation in total ammoniacal nitrogen (mg-N/L) values for surface, middle and 
bottom samples collected across Storm Bay for each site through time.  
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Figure 30: Spatial and temporal variation in nitrate (mg-N/L) values for surface, middle and bottom samples 
collected across Storm Bay. a) monthly nitrate for all sites through time with the means for surface, middle (10 
m, excluding NUB1-4) and bottom plotted as lines. b) variation in nitrate across the year, with all data from 
every site pooled for each month. c) variation in nitrate for each site pooled over time. In b) and c) the 
boxplots show the mean, median and the 25th and 75th percentiles. 



Annual BEMP Report Environmental Licence 10180/1 & 10211/1 
 

72 
 

 

Figure 31: Spatial and temporal variation in nitrate (mg-N/L) values for surface, middle and bottom samples 
collected across Storm Bay for each site through time.  
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Figure 32: Spatial and temporal variation in nitrate and nitrite (mg-N/L) values for surface, middle and bottom 
samples collected across Storm Bay. A) monthly nitrate and nitrite for all sites through time with the means for 
surface, middle (10 m, excluding NUB1-4) and bottom plotted as lines, B) variation in nitrate and nitrite across 
the year, with all data from every site pooled for each month. C) variation in nitrate and nitrite for each site 
pooled over time, and D) variation in nitrate and nitrite at each site through time. In b) and c) the boxplots 
show the mean, median and the 25th and 75th percentiles. 
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Figure 33: Spatial and temporal variation in nitrate and nitrite (mg-N/L) values for surface, middle and bottom 
samples collected across Storm Bay at each site through time. 
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Figure 34: Spatial and temporal variation in total phosphorus (mg-P/L) values for surface, middle and bottom 
samples collected across Storm Bay. a) monthly total phosphorus for all sites through time with the means for 
surface, middle (10 m, excluding NUB1-4) and bottom plotted as lines b) variation in total phosphorus across 
the year, with all data from every site pooled for each month. c) variation in total phosphorus for each site 
pooled over time, and D) variation in total phosphorus at each site through time. In b) and c) the boxplots 
show the mean, median and the 25th and 75th percentiles. 
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Figure 35: Spatial and temporal variation in total phosphorus (mg-P/L) values for surface, middle and bottom 
samples collected across Storm Bay at each site through time. 
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Figure 36: Spatial and temporal variation in dissolved reactive phosphorus (mg-P/L, DRP) values for surface, 
middle and bottom samples collected across Storm Bay. a) monthly DRP for all sites through time with the 
means for surface, middle (10 m, excluding NUB1-4) and bottom plotted as lines. b) variation in DRP across the 
year, with all data from every site pooled for each month. c) variation in DRP for each site pooled over time, 
and D) variation in DRP at each site through time. In b) and c) the boxplots show the mean, median and the 
25th and 75th percentiles. 



Annual BEMP Report Environmental Licence 10180/1 & 10211/1 
 

78 
 

 

Figure 37: Spatial and temporal variation in dissolved reactive phosphorus (mg-P/L, DRP) values for surface, 
middle and bottom samples collected across Storm Bay at each site through time. 
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Figure 38: Spatial and temporal variation in silica molybdate reactive (mg/L) values for surface, middle and 
bottom samples collected across Storm Bay. a) monthly silica for all sites through time with the means for 
surface, middle (10 m, excluding NUB1-4) and bottom plotted as lines. b) variation in silica across the year, 
with all data from every site pooled for each month. c) variation in silica for each site pooled over time, and D) 
variation in silica at each site through time. In b) and c) the boxplots show the mean, median and the 25th and 
75th percentiles. 
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Figure 39: Spatial and temporal variation in silica molybdate reactive (mg/L) values for surface, middle and 
bottom samples collected across Storm Bay each site through time. 
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4.5. Water-Column: Phytoplankton Biomass and Communities 

Phytoplankton communities were quantified by two methods: (1) chlorophyll a biomass and (2) cell 
identification and counts. For chlorophyll a, line graphs were used to examine temporal and spatial 
trends and box plots were constructed to examine monthly and site trends. Cell counts were used to 
examine trends in (a) algal blooms, (b) community composition, and (c) the presence of harmful 
algal species. 

4.5.1. Chlorophyll a 

The concentration of chlorophyll a is routinely used as a measure of phytoplankton biomass. 
Throughout sampling, the biomass of chlorophyll a showed a weak seasonal trend with higher values 
recorded in late winter - spring than in other seasons (Figure 40a, b). The highest biomass of 
chlorophyll a was observed in winter and spring of 2020 (Figure 40a). Sites with the greatest biomass 
of chlorophyll a (>5 mg/m3) during this time were SB3, SB8, SB13, NUB2, NUB3 and NUB4 (Figure 
40d). These peaks were considered unusual, both in magnitude and timing. Previous research by 
Swadling et al. (2017) in Storm Bay during 2009-2015 only recorded phytoplankton blooms during 
spring and to a lesser extent in autumn, but chlorophyll concentrations never exceeded 5 mg/m3. 
However, sampling by Aquenal (2020) in the Nubeena region also demonstrated peaks in the 
biomass of chlorophyll a in winter at some sites.  

4.5.2. Phytoplankton Composition and Abundances  

Throughout the sampling the phytoplankton community in Storm Bay was dominated by diatoms 
(Class Bacillariophyta) (Figure 42). Dinoflagellates (Class Dinophyta) were the next most abundant, 
except during October 2019 when the green algae Prasinophyceae was next most abundant and in 
August 2019 and January 2020, when Raphidophycae were more abundant. The phytoplankton 
densities in August 2020 and the summer and autumn of 2020-2021 were generally higher than in 
the same periods across 2019-2020; this was largely driven by spikes in the abundances of diatoms 
(Class Bacillariophyta). In August 2020, the diatoms Chaetoceros socialis, Skeletonema spp. Pseudo-
nitzschia seriata group, Pseudo-nitzschia delicatissima group, Chaetoceros debilis, and Thalassiosira 
spp. were highly abundant at SB5 (Figure 43). In summer and autumn of 2020-2021 the increase in 
the abundances of diatoms were driven by Skeletonema spp. at sites SB3, SB6, SB8, SB11, SB12, 
SB13, SB14 and SB15 (Figure 44).     

4.5.3. Harmful Algae  

The dataset was divided into harmful and non-harmful phytoplankton species based on Hallegraeff 
(2015). Most phytoplankton counted were non-harmful species (Figure 45). The highest densities of 
harmful phytoplankton were recorded in December 2020, at SB2 (Figure 45) where there was an 
influx of the dinoflagellate, Scrippsiella trochoidea (Figure 45). This species is not determinantal to 
human or fish health but can generate anoxic conditions at much higher densities (x10) than 
recorded in this survey (Hallegraeff 2015). The relative proportion of harmful species recorded in the 
2020-2021 sampling was similar to that recorded in 2019-2020 (Figure 45). 
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Figure 40: Spatial and temporal variation in chlorophyll a (mg/mg3) values for integrated samples collected at 
20 sites across Storm Bay. a) monthly chlorophyll a for all sites through time with the means plotted as lines. b) 
variation in chlorophyll a across the year, with all data from every site pooled for each month. c) variation in 
chlorophyll a for each site pooled over time. In b) and c) the boxplots show the mean, median and the 25th and 
75th percentiles. 
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Figure 41: Spatial and temporal variation in chlorophyll a (mg/mg3) values for integrated samples collected at 
20 sites across Storm Bay variation in chlorophyll a at each site through time. 
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Figure 42: The a) mean densities of phytoplankton (cells/mL per site for each survey event) by class, and b) the 
relative proportion of phytoplankton (cells/mL per site for each survey event) by class for samples collected at 
20 sites across Storm Bay.
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Figure 43: Spatial and temporal variation in the density (cells/mL per site for each month) of phytoplankton collected at 20 sites in Storm Bay. A) densities per month for all 
sites through time with the means plotted as lines for Bacillariophyceae and all other classes, B) total density for each site through time, and C) relative proportion of all 
classes excluding Bacillariophyceae at each site through time. 
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Figure 44:  The A) mean densities of phytoplankton (cells/mL per site for each month) and the B) relative abundance of phytoplankton (cells/mL per site for each month) of 
harmful and non-harmful phytoplankton, for samples collected at 20 sites across Storm Bay.  
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Figure 45: Spatial and temporal variation in the densities of harmful and non-harmful phytoplankton (cells/mL per site for each month) for 20 sites in Storm Bay. A) density 
of harmful species only, integrated across all sites through time with the means plotted as lines, B) density at each site through time, and C) relative proportion at each site 
through time. 
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4.6. Water-Column: QC/QA  

The ELs require 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 field 
and duplicate samples). However, given the low concentrations of most nutrients and the low 
sensitivity of some laboratory tests, assessing the difference between samples against these targets 
is not always informative. Accordingly, ± the minimum reporting limit (MRL) was also used for 
quality assurance and quality control comparisons. The quality assurance/quality control 
comparisons included: (1) field samples and matching duplicate samples from the same site, (2) trip 
and field blanks and (3) a comparison against the EL schedule conditions (i.e. < 20% difference 
between field and duplicate samples). 

The comparison of field samples and the duplicate samples from the same sites, for surface, 10 m 
and bottom waters are presented in Figures (46-49). The field and duplicate samples for silicate 
were most similar (Figures 46). For the remaining analytes (chlorophyll a, total nitrogen, total 
phosphorous, dissolved reactive phosphorus, nitrate, nitrate and nitrite, and total ammoniacal 
nitrogen), the field samples and duplicate samples were similar in most cases, with observed 
differences < 20% (Figures 46-49, Supplementary S5a). However, during February 2021, the 
differences between the field and the duplicate samples in nitrate and nitrite samples in the surface, 
10 m and bottom waters exceeded the 20% limit (Supplementary S5a). However, there were no 
systematic errors between duplicates and field observations (Figures 46-49, Supplementary S5a).  

The trip and field blank samples differed in some months, but the differences mostly did not exceed 
the minimum reporting limits for the analytes tested (Figure 50, Supplementary S5b). Note that in 
most cases, trip and field blanks were below the minimum reporting limit for total ammoniacal 
nitrogen, nitrate, dissolved reactive phosphate and silica (i.e. dashed line Figure 50) and the results 
should therefore be treated with caution.
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Figure 46: Comparison of duplicate samples (closed circles) with field samples (open squares) from surface 
waters of eight analytes measured through 2020-2021. Error bars represent the minimum reporting limit 
(MRL) for each analyte. The dashed line is the minimum reporting limit.  
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Figure 47: Comparison of duplicate samples (closed circles) with field samples (open squares) from 10 m 
waters of eight analytes measured through 2020-2021. Error bars represent the minimum reporting limit 
(MRL) for each analyte. The dashed line is the minimum reporting limit. 
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Figure 48: Comparison of duplicate samples (closed circles) with field samples (open squares) from bottom 
waters of eight analytes measured through 2020-2021. Error bars represent the minimum reporting limit 
(MRL) for each analyte. The dashed line is the minimum reporting limit. 
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Figure 49: Comparison of duplicate samples (closed circles) with field samples (open squares) for integrated 
samples of chlorophyll a measured through 2020-2021. Error bars represent the minimum reporting limit 
(MRL) for each analyte. The dashed line is the minimum reporting limit. 
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Figure 50: Comparison of trip blank samples (closed circles) with field blank samples (open squares) for 
integrated samples of 9 analytes measured through 2020-2021. Error bars represent the minimum reporting 
limit (MRL) for each analyte. The dashed line is the minimum reporting limit. 

4.7. Performance of Nutrients and Chlorophyll a against the Default Guideline 
Values. 

The EPA has developed default guideline values (DGVs) for assessing water quality and associated 
aquatic ecosystem protection, and as such provide a reference point for assessing the potential 
influence of salmon farming or other inputs on water quality in Storm Bay. The DGVs have been 
developed in accordance with the National Water Quality Management Strategy 
(https://www.waterquality.gov.au/anz-guidelines) for regions around Tasmania. In Storm Bay (see 
Figure 51) there are 3 subregions with DGVs that are used here for assessment. The DGVs for these 3 
subregions are based on 80th or 20th percentile for data collected between 2018 and 2019 period 
(see Table 17: adapted from OSRA_93, OSRA_80 and OSRA_81). The DGV values for chlorophyll a 
differ from the values present in the ELs because the EPA identified mistakes in the calculations in 
2021. For the purposes of this report, we compare the annual rolling median value over the 
reporting period for each site against the correct DGV for each of the parameters within the relevant 
region.  
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Table 17: Default guideline values (determined from historical data) for each of the 3 regions in Storm Bay4. 

Parameter (mg/L) or (mg/m3) Region 93 Region 81 Region 80 
Ammonia (surface) 0.006 0.008  0.009 
Ammonia (10 m) 0.007 0.006 ~0.006 
Ammonia (bottom)  0.010  0.016 0.017 
Total Nitrogen (surface)  0.31  0.31  0.33 
Total Nitrogen (10 m) 0.30  0.32 ~0.33 
Total Nitrogen (bottom) 0.33 0.34 0.34 
Nitrite & Nitrate (surface) 0.039  0.017 0.015 
Nitrite & Nitrate (10 m) 0.036 0.015 ~0.002 
Nitrite & Nitrate (bottom) 0.042 0.044 0.035 
Total Phosphorus (surface) 0.05 0.04 0.04 
Total Phosphorus (10 m) 0.04 0.03 ~0.04 
Total Phosphorus (bottom) 0.04 0.04 0.04 
Dissolved Reactive Phosphate (surface) 0.013 0.011 0.008 
Dissolved Reactive Phosphate (10 m) 0.012 0.009 ~0.006 
Dissolved Reactive Phosphate (bottom) 0.014 0.012 0.012 
Oxygen (surface) (lower limit) 7.7 7.9 7.8 
Oxygen (10 m) (lower limit) 7.5 8.0 7.8 
Oxygen (bottom) (lower limit) 7.0 7.5 7.5 
Chlorophyll a (mg/m3) 1.5 2.4  2.2 

 

During May 2020 to April 2021, the annual rolling median for total nitrogen (Figure 52) and total 
phosphorus (Figure 53) were below the DGV guidelines for all sites and depths. The nitrate + nitrite 
annual rolling medians in mid waters (10 m) at sites SB2, SB5, SB7 (region 80), the bottom waters at 
sites SB2, SB5, SB7, SB16, SB24, NUB4 (region 80) and SB12, SB14 and SB15 (region 93) were mostly 
above the DGVs; all other sites and sampling depths were below the DGVs (Figure 54). For most 
sites, the TAN annual rolling medians in the bottom waters (excluding SB12, SB13, SB14, and SB15 in 
region 93 and NUB1 in region 80), in the surface (excluding sites SB1, SB3, SB6 and SB11 in region 
93) and mid waters (excluding SB1 in region 93 and SB5 in region 80) were below the DGVs (Figure 
54). The dissolved reactive phosphorus (Figure 56) annual rolling medians in the surface, mid 
(excluding SB2, SB5 and SB7 in region 80) and bottom waters were also below in the DGVs. In 
contrast, the integrated chlorophyll a annual rolling medians were above the DGVs for sites SB1, 
SB3, SB11, SB12, SB13, SB14, and SB15 in region 93 for most surveys (Table 18), and below the DGVs 
for all sites in regions 80 and 91 (Figure 57). The dissolved oxygen annual rolling median at all sites in 
the surface, mid, and bottom waters (excluding NUB1 in region 80) were above the lower-level DGVs 
(Figure 57).  

To help interpret these results and to provide insight into how DGVs be interpreted in the future, a 
comparison of the median against the DGV (80th percentile) for integrated chlorophyll a at all sites 
near active leases in regions 80 and 93 was made against other sites in Storm Bay and surrounding 
regions of the Derwent Estuary, Port Arthur, and Huon/Channel (see below Section 4.8).  

 

 
4 Only the nutrients and the environmental parameters reported in the ELs are shown. 
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Figure 51: Map showing the location of water quality monitoring sites for the 3 default guideline regions in 
Storm Bay.  Note, site SB4 was placed in Region 93 for reporting purposes. 
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Figure 52: Temporal variation in the replicates (points) and rolling median (coloured lines) for the concentration of total nitrogen (mg/L) by site, in the surface, 10 m and 
bottom waters, throughout 2020-2021 for the 3 regions in Storm Bay. The dashed lines represent the DGV guideline for total nitrogen in each region. 
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Figure 53: Temporal variation in the replicates (points) and rolling median (coloured lines) for the concentration of total phosphorus (mg/L) by site, in the surface, 10 m and 
bottom waters, throughout 2020-2021 for the 3 regions in Storm Bay. The dashed lines represent the DGV for total phosphorus in each region. 
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Figure 54: Temporal variation in the replicates (points) and rolling median (coloured lines) for the concentration of nitrate and nitrite (mg/L) by site, in the surface, 10 m 
and bottom waters, throughout 2020-2021 for the 3 regions in Storm Bay. The dashed lines represent the DGV for nitrate + nitrite in each region. 
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Figure 55: Temporal variation in the replicates (points) and rolling median (coloured lines) for the concentration of TAN (mg/L) by site, in the surface, 10 m and bottom 
waters, throughout 2020-2021 for the 3 regions in Storm Bay. The dashed lines represent the default guidelines for TAN in each region. 
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Figure 56: Temporal variation in the replicates (points) and rolling median (coloured lines) for the concentration of total phosphorus reactive (mg/L) by site, in the surface, 
10 m and bottom waters, throughout 2020-2021 for the 3 regions in Storm Bay. The dashed lines represent the default guidelines for total phosphorus reactive in each and 
region. 
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Figure 57: Temporal variation in the replicates (points) and rolling median (coloured lines) for the concentration of chlorophyll a (mg/m3) by site, in the surface, 10 m and 
bottom waters, throughout 2020-2021 for the 3 regions in Storm Bay. The dashed lines represent the DGV for chlorophyll a in each region. 
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Figure 58: Temporal variation in the replicates (points) and rolling median (coloured lines) for the concentration of dissolved oxygen (mg/L) by site, in the surface, 10 m and 
bottom waters, throughout 2020-2021 for the 3 regions in Storm Bay. The dashed lines represent the DGV for dissolved oxygen in each region. 
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Table 18: Number of DVG exceedances for each site for each analyte, at 20 sites across 3 regions in Storm Bay.   

Region Site Total nitrogen 
(Surface/10 
m/Bottom) 

Total 
phosphorus 
(Surface/10 
m/Bottom) 

Nitrate + nitrite 
(Surface/10 
m/Bottom) 

TAN 
(Surface/10 
m/Bottom) 

Phosphorous 
dissolved 
reactive 
(Surface/10 
m/Bottom) 

Chlorophyll a 
(Surface/10 
m/Bottom) 

Dissolved 
oxygen 
(Surface/10 
m/Bottom) 

Number of 
annual rolling 
median values  

80 SB2 0, 0, 0 0, 0, 0 0, 11, 9 0, 0, 0 0, 4, 0 0 0, 0, 0 11 
SB5 0, 0, 0 0, 0, 0 0, 6, 11 0, 0, 0 0, 0, 2 0 0, 0, 0 11 
SB7 0, 0, 0 0, 0, 0 0, 11, 11 0, 0, 0 0, 4, 0 0 0, 0, 0 11 
SB16 0, 0, 0 0, 0, 0 0, 0, 4 0, 0, 0 0, 0, 0 0 0, 0, 0 4 
SB24 0, 0, 0 0, 0, 0 0, 0, 4 0, 0, 0 0, 0, 0 0 0, 0, 0 4 
NUB1 0, NA, 0 0, NA, 0 0, NA, 0 0, NA, 1 0, NA, 0 0 0, NA, 0 10 
NUB2 0, NA, 0 0, NA, 0 0, NA, 0 0, NA, 0 0, NA, 0 0 0, NA, 0 10 
NUB3 0, NA, 0 0, NA, 0 0, NA, 0 0, NA, 0 0, NA, 0 0 0, NA, 0 10 
NUB4 0, NA, 0 0, NA, 0 0, NA, 10 0, NA, 0 0, NA, 0 0 0, NA, 0 10 

81 SB8 0, 0, 0 0, 0, 0 0, 0, 0 0, 0, 0 0, 0, 0 0 0, 0, 0 11 
SB9 0, 0, 0 0, 0, 0 0, 0, 0 0, 0, 0 0, 0, 0 0 0, 0, 0 11 

93 SB1 0, 0, 0 0, 0, 0 0, 0, 0 1, 8, 0 0, 0, 0 10 0, 0, 0 11 
SB3 0, 0, 0 0, 0, 0 0, 0, 0 2, 0, 0 0, 0, 0 10 0, 0, 0 11 
SB4 0, 0, 0 0, 0, 0 0, 0, 0 0, 0, 5 0, 0, 0 0 0, 0, 0 11 
SB6 0, 0, 0 0, 0, 0 0, 0, 0 2, 0, 4 0, 0, 0 0 0, 0, 0 11 
SB11 0, 0, 0 0, 0, 0 0, 0, 0 7, 0, 5 0, 0, 0 1 0, 0, 0 11 
SB12 0, 0, 0 0, 0, 0 0, 0, 2 0, 0, 2 0, 0, 0 10 0, 0, 0 11 
SB13 0, 0, 0 0, 0, 0 0, 0, 0 0, 0, 13 0, 0, 0 10 0, 0, 0 11 
SB14 0, 0, 0 0, 0, 0 0, 0, 6 0, 0, 2 0, 0, 0 10 0, 0, 0 11 
SB15 0, 0, 0 0, 0, 0 0, 0, 3 0, 0, 2 0, 0, 0 10 0, 0, 0 11 
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4.8. Considerations for the Interpretation of the Default Guidelines Values 

It is important that any exceedances of DGVs be interpreted in the context of both local (salmon 
farming and other inputs) and broad scale (estuarine and oceanographic) drivers. To do this we 
adapted the approach outlined in Strain et al. (2020) to compare the patterns in chlorophyll a, for 
sites located at different distances away from farming inputs in regions 93 and 80.   

Firstly, we compared sites within 5 km from active lease (i.e. for region 93: SB1, SB3, SB6, SB11, 
SB12, SB13, SB14 and SB15 and region 80: NUB1, NUB2, NUB3, NUB4, SB5 and SB16) to sites that are 
further (> 5km) from active leases, but still within or near the same region (i.e. for region 93: SB2 and 
SB4 and region 80: SB2 and SB7). If the pattern is only observed at the sites close to the active 
leases, it suggests a localised effect that may be farm related. We then compared all the sites in each 
region to sites in other regions (i.e., for region 93, E3, B1 and DE3 sites in the Derwent Estuary5, C1, 
M2 in the Channel/Huon and SB2, SB4 in Storm Bay and for region 80: SB8, SB9, SB2, SB7 in Storm 
Bay). If the pattern is similar across all sites, it could indicate that the region was affected by 
estuarine or oceanographic influences or broader systems change. 

In the 12 months of sampling, the median of chlorophyll a at some sites near the active leases in 
region 93 (i.e. SB1, SB3, SB12, SB13, SB14, and SB15) but not others (i.e. SB11 and SB6) was higher 
than at sites which are  > 5km from the active leases (i.e. SB2 and SB4) (Figure 59). The median of 
chlorophyll a at these sites (i.e. SB1, SB3, SB12, SB13, SB14 and SB15) was also higher than the open 
ocean sites (SB4, SB6), the sites located in region 81 (SB8 and SB9) and the sites at the top of the 
Huon/Channel (M1, M2), but similar to some sites in the mouth of the Derwent Estuary (E3, B1 but 
not DE3; Figure 59). This could suggest a localised effect of farming that may be related to the active 
leases within region 93, but it could also be the  influence of the Derwent Estuary on sites in Storm 
Bay. To explore these trends further sampling along a transect and/or biogeochemical modelling is 
required. These patterns are also explored further in the water quality performance report for 
EL10180/1. 

Similarly, the median of chlorophyll a at some sites near the active leases in region 80 (i.e. NUB1, 
NUB2, NUB4) were higher than the open ocean sites (SB2, SB7) and the sites located in region 81 
(SB8 and SB9), (Figure 59). However, these values did not exceed the region specific DGVs. There 
were, however, no clear differences in the median of chlorophyll a for other sites close to the active 
leases (I.e. NUB3, SB5 and SB16), the open ocean sites (SB2, SB7) and the sites located in region 81 
(SB8 and SB9) (Figure 59). These results could suggest a localised effect of farming for the leases 
located in Nubeena but not the Storm Bay region. However, further sampling and/or dispersion 
modelling (i.e. CONNIE) is required to determine the spatial scale of influence of leases in the 
Nubeena region and the influences of nutrient inputs from Parsons Bay Creek. These patterns are 
also explored further in the water quality performance report for EL10211/1. 
 

 

      

 

 

 

 

 
5 Note: For the Derwent Estuary Program sites, Chlorophyll a samples are collected from the surface waters 
whereas for all other sites integrated samples from 12 m of water are collected.   
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Figure 59: The median chlorophyll a biomass for sites located in the 3 default guideline regions (shading areas) 
of Storm Bay and the surrounding regions Derwent Estuary and Channel/Huon during the May 2020 to April 
2021 sampling. The size and colour of the circles are scaled to indicate the biomass of chlorophyll a. 



Annual BEMP Report Environmental Licence 10180/1 & 10211/1 
 

106 
 

4.9. Reefs: Rapid Visual Assessment Surveys 

Overall, canopy cover averaging above 50% in both the winter 2020 and summer 2021 surveys was 
observed across the region in both survey periods (Figure 60). Canopy cover was generally higher in 
the summer survey compared with the winter survey (Figure 60). The understorey was generally 
dominated by brown and red algae, with the more exposed sites in the west (SBIR10-SBIR14) 
recording lower understorey foliose algae and higher encrusting pink algae than other sites surveyed 
(Figure 61). Turfing algae also showed a clear trend between surveys, with higher cover in summer 
2021 than winter 2020 (Figure 60). Turfing algae were recorded at all sites except SBIR20, however 
only at relatively low levels (1-20%). The highest cover of turfing algae (20.0%) was recorded at 
SBIR07 in summer (Figure 61). Sponge cover and encrusting red algae had no distinct pattern 
between site or survey (Figure 61). 

The dominant canopy-forming species at most sites across Storm Bay were Ecklonia radiata and 
Phyllospora comosa (Figure 62). For the 2020/21 surveys, E. radiata was found at all sites, except 
SBIR23, which is one of the most exposed sites; at this site, Durvillaea potatorum and Lessonia 
corrugata were dominant. P. comosa showed a distinct distribution pattern, being the dominant 
species at SBIR07-SBIR14 in the west along with SBIR20 in the east (Figure 62). At all other sites, 
canopy tended to be dominated by either E. radiata, L. corrugata or both. 

When enrichment parameters (epiphytic algae, filamentous algae, nuisance green algae and 
nuisance red algae) were examined individually, only epiphytic algae were present in any significant 
cover (i.e. consistently > 5%) (Figure 63). The highest cover of epiphytic algae for the 2020/21 
surveys was recorded at SBIR14 (average of 26.3% in winter 2020 and 27.5% in summer 2021, 
respectively). There did not appear to be any distinct differences in epiphytic algae coverage 
between surveys, although most sites recorded slightly higher coverage during the summer 2021 
survey when compared with the winter 2020 survey (i.e. approximately 2-3% increase) (Figure 63). 
Low levels (< 5%) of filamentous algae were recorded at SBIR02-SBIR06, while almost no nuisance 
green or nuisance red algae were recorded, with cover being < 2.5% at all sites.  
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Figure 60: Mean (+/- SE) percentage cover of functional parameters relating to algae cover at each site during 
the winter (August – September) 2020 and summer (February – March) 2021 RVA surveys. 
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Figure 61: Mean (+/-SE) percentage cover of functional parameters relating to substrate cover at each site 
during the winter (August – September) 2020 and summer (February – March) 2021 for the RVA surveys. 
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Figure 62: Mean (+/-SE) percentage cover of the major canopy-forming species at each site during the winter 
(August – September) 2020 and summer (February – March) 2021 for the RVA surveys. 
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Figure 63: Mean (+/-SE) percentage cover of enrichment parameters at each site during the winter (August – 
September 2020) and summer (February – March 2021) for the RVA surveys. 

To visualise overall trends in the community assemblage, a PCO analysis was conducted based on 
the means for each site and presented in two different formats: labelled by survey (winter 2020 vs. 
summer 2021) and site (Figure 64). There were distinct differences between sites and surveys, with 
differences between sites being more pronounced than differences between surveys.  

The abundance of canopy-forming macroalgae appeared to be the strongest driver of the 
differences between sites (Figure 64), with the PCO indicating that sites with high canopy cover (e.g. 
SBIR14 and SBIR10) also tended to have lower understorey algae cover and vice-versa. Likewise, 
there tended to be an inverse relationship between the cover of turfing algae and encrusting pink 
coralline algae (Figure 64). 

Although most sites correlated strongly with the vector for higher canopy cover, there were several 
sites that were distinct with comparatively lower abundance of canopy-forming macroalgae (Figure 
64). SBIR02, SBIR07 and SBIR28 in the west of Storm Bay corresponded with higher abundance of 
understorey algae and lower canopy cover. The lower canopy cover at SBIR07 and SBIR28 appeared 
to relate to their coincidence with the transition point between a kelp community dominated by E. 
radiata in the north and a community dominated by P. comosa in the south. At SBIR02 it is likely that 
canopy cover may have been underestimated due to the presence of giant kelp (Macrocystis 
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pyrifera), a species generally underestimated by the RVA method which is limited to assessing the 
coverage of stipes on the benthos rather than surface canopy. Conversely, the lower canopy cover at 
the two West of Wedge sites (SBIR22 and SBIR23) instead appeared to relate to exposure, with the 
canopy cover at these sites dominated by L. corrugata and D. potatorum, which are common species 
in high wave exposure sites. These sites (SBIR22 and SBIR23) also had lower coverage of understorey 
algae and higher coverage of encrusting algae, which are more resistant to abrasion. In both regions, 
lower canopy levels at certain sites appeared to be a functional response to ecological conditions, 
rather than a response to enrichment gradients.  
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Figure 64: Principal coordinates analysis (PCO) on RVA parameter values based on means for each site grouped 
by A) Survey (winter 2020 and summer 2021) and B) Site. Vector overlays contributing to principal coordinates 
with a base variable comparison of > 0.4 are included. The length of the vectors indicates the strength of the 
correlation. 
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4.9.1. Interannual Comparison 

A comparison of canopy and epiphytic algae coverage was conducted for the East of Yellow Bluff 
sites across all four RVA surveys (winter 2019, summer 2020, winter 2020 and summer 2021; Figure 
65-66). The West of Wedge sites were only surveyed during the last two survey events (winter 2020 
and summer 2021) and so were excluded from this multiyear comparison. It should be noted that 
SBIR09 (Trumpeter Bay mid) was not surveyed in winter 2019. 

At most sites, a seasonal trend in canopy cover was observed, where the cover of canopy-forming 
macroalgae was higher in the summer and lower in the winter (Figure 65). At a small number of sites 
(SBIR02, SBIR09 and SBIR14), canopy cover showed the opposite trend and was lower in summer 
2021 than in the preceding winter 2020 survey. Reasons for this are unknown; however, at SBIR09 
and SBIR14, the variability between surveys was generally small (< 10%). As mentioned above, the 
cover of M. pyrifera was higher at SBIR02 than all other sites, which is not captured accurately using 
the RVA method.  

 

Figure 65: Mean (+/-SE) cover of canopy algae at the East of Yellow Bluff sites (EL 10180/1) across all four RVA 
survey events (winter 2019, summer 2020, winter 2020 and summer 2021).  

Epiphytic algae generally had lowest abundance in the winter 2019 survey compared to all other 
surveys, with the sole exception of SBIR07 (Figure 66). As epiphytic algae will generally respond to 
light stimulus, a seasonal pattern is expected, with a decline in epiphytic growth in winter compared 
with summer. While a small decline compared with summer 2020 was observed at most sites, in 
winter 2020 the cover of epiphytic algae did not drop to winter 2019 abundance (Figure 66). Similar 
or lower values were subsequently recorded for summer 2021. Environmental drivers for higher 
epiphytic loadings in winter 2020 compared with winter 2019 are not clear; however, the trend 
appears to be broadscale rather than driven by localised farm-derived nutrient. 
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Figure 66: Mean (+/-SE) percentage cover of epiphytic algae at the East of Yellow Bluff sites (EL 10180/1) 
across all four RVA survey events (winter 2019, summer 2020, winter 2020 and summer 2021). 
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4.9.2. Representative Photo-quadrats 

EL 10180/1 

SBIR02 – Winter 2020 SBIR02 – Summer 2021 SBIR04 – Winter 2020 SBIR04 – Summer 2021 

  
 

SBIR05 – Winter 2020 SBIR05 – Summer 2021 SBIR06 – Winter 2020 SBIR06 – Summer 2021 
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SBIR28 – Winter 2020 SBIR28 – Summer 2021 SBIR07 – Winter 2020 SBIR07 – Summer 2021 

   

SBIR08 – Winter 2020 SBIR08 – Summer 2021 SBIR09 – Winter 2020 SBIR09 – Summer 2021 
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SBIR10 – Winter 2020 SBIR10 – Summer 2021 SBIR11 – Winter 2020 SBIR11 – Summer 2021   

 

SBIR12 – Winter 2020 SBIR12 – Summer 2021 SBIR14 – Winter 2020 SBIR14 – Summer 2021 

  

 



Annual BEMP Report Environmental Licence 10180/1 & 10211/1 
 

118 
 

EL 10211/1  

SBIR19 – Winter 2020 SBIR19 – Summer 2021 SBIR20 – Winter 2020 SBIR20 – Summer 2021 

  

APEX – Winter 2020 APEX – Summer 2021 SBIR21 – Winter 2020 SBIR21 – Summer 2021 
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SBIR22 – Winter 2020 SBIR22 – Summer 2021 SBIR23 – Winter 2020 SBIR23 – Summer 2021 
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4.10. Reefs: Deep Reef Surveys 

Overall, our observations of the deep reef systems in Storm Bay closely match those from previous 
EL and baseline surveys (see Supplementary S9). In summer 2021, the substratum varied between 
sites (Table 19). Sites SB14 and SB15 were relatively similar, being dominated by relatively flat 
bedrock with low (< 1 m) relief interspersed with large patches of sand and contrasting areas of 
higher relief. SB7 had a similar profile to SB14 and SB15, with slightly larger relief (< 2 m) and lower 
areas covered in coarse sand, reflecting oceanic influence (Table 19).  

At all sites, the algal communities were dominated by red algae of various forms including branching 
Rhodymenia spp., Callophyllis spp. and prostrate and encrusting forms of Peyessonnelia spp. (Table 
19). At SB7, patches of the green macroalgae Caulerpa spp. were observed, generally where the reef 
profile was elevated (Table 19). There were no canopy-forming macroalgae observed on any of the 
transects. 

Throughout the sampling, several sponge morpho-types were recorded (Table 19). These included 
erect laminar, erect branching, simple massive and cup forms (Table 19). Other sessile invertebrate 
taxa included sea whips (SB20), soft foliaceous bryozoans (all sites) and colonial zoanthids (SB07, 
SB15, SB20; Table 19). With the exception of feather stars, very few mobile invertebrates were 
recorded, although low numbers of sea stars (Nectria sp.) were seen at SB15 (Table 19). 

The most common fish species across all sites were Butterfly perch (Caesioperca lepidoptera), Barber 
perch (Caesioperca razor) and Rosy wrasse (Pseudolabrus rubicundus) (Table 19). These perch 
species often formed large schools. Many fish species that are common on nearby inshore reef sites 
were seen on the deep reef transects, including Bluethroat wrasse (Notolabrus tetricus), Purple 
wrasse (Notolabrus fucicola), and Hula fish (Trachinops caudimaculatus) (Table 19). At SB7, a large 
school of Jack Mackerel (Trachurus declivis) was also recorded (Table 19). 

 

 

 



Annual BEMP Report Environmental Licence 10180/1 & 10211/1 
 

121 
 

Table 19: Qualitative assessment of dominant species captured through towed video footage along a 200 m transect at each broadscale deep reef monitoring site. 

Site Depth (m) 
Visibility 

Seabed Algae Sessile Invertebrates Mobile 
Invertebrates 

Fish 

SB7 Depth 
25-30m 
 
Visibility 
10-15m 

Consolidated hard 
rock (bedrock) 
 
Mixed relief from 
flat to <2m 
 
Lower areas 
covered in coarse 
sand 

Caulerpa flexilis 
Caulerpa trifaria 
Caulerpa sp. 
Peyessonnelia sp. 
Callophyllis sp. 
Encrusting red 
coralline 
Erect coarse and 
fine branching red 
algae 

Sponges:  
Massive simple form (fan) 
Erect branching form 
Massive simple form (lumpy) 
Cup form 
 
Colonial zoanthids 
 
Soft bryozoa foliaceous 
 

Feather stars: 
Comanthus sp. 
 
 

Caesioperca lepidoptera (Butterfly perch) 
Trachurus declivis (Jack Mackerel) 
Caesioperca rasor (Barber perch) 
Pseudolabrus rubicundus (Rosy wrasse) 
Trachinops caudimaculatus (Hula fish) 
Pseudophycis barbata (Bearded rock cod) 
Cheilodactylus spectabilis (Banded morwong) 
Cheilodactylus nigripes (Magpie perch) 
Pentaceropsis recurvirostris (Longsnout 
boarfish) 
Eubalichthys gunnii (Gunn’s leatherjacket) 
 

SB14 Depth 
30m 
 
Visibility 
10-15m 

Consolidated hard 
rock (bedrock) 
 
Mixed relief from 
flat to <1m 
 
Sand patches 
 
Highly sedimented 

Peyessonnelia sp. 
 
Erect coarse and 
fine branching red 
algae  

Sponges: 
Massive simple form (fan) 
Erect branching form 
Massive simple form (lumpy) 
Cup form 
 
Soft bryozoa foliaceous 
 

Feather stars: 
Comanthus sp. 
 

Caesioperca lepidoptera (Butterfly perch) 
Caesioperca rasor (Barber perch) 
Pseudolabrus rubicundus (Rosy wrasse) 
Trachinops caudimaculatus (Hula fish) 
Pemphris multiradiata (Bigscale bullseye) 
Pseudophycis barbata (Bearded rock cod) 
Notolabrus tetricus (Bluethroat wrasse) 
Upeneichthys vlamingii (Bluespotted goatfish) 
Cheilodactylus nigripes (Magpie perch) 
Eubalichthys gunnii (Gunn’s leatherjacket) 
Nemadactylus macropterus (Jackass 
morwong) 
Pemphris multiradiata (Bigscale bullseye) 
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SB15 Depth 
25m 
 
Visibility 
10-15m 

Consolidated hard 
rock (bedrock) 
 
 Mixed relief to 
<1m 
 
Cobble 

Peyessonnelia sp. 
Caulerpa flexilis 
Caulerpa trifaria 
Caulerpa sp. 
 
Erect coarse and 
fine branching red 
algae  

Massive simple form (fan) 
Erect branching form 
Massive simple form (lumpy) 
Cup form 
 
Soft bryozoa foliaceous 
 
Colonial zoanthids 
 

Feather stars: 
Comanthus sp. 
 
Nectria sp. 

Caesioperca lepidoptera (Butterfly perch) 
Trachinops caudimaculatus (Hula fish) 
Caesioperca rasor (Barber perch) 
Pseudolabrus rubicundus (Rosy wrasse) 
Cheilodactylus spectabilis (Banded morwong) 
Pseudophycis barbata (Bearded rock cod) 
Notolabrus tetricus (Bluethroat wrasse) 
Nemadactylus douglasii (Grey morwong) 

SB20 Depth 
36-38m 
 
Visibility 
10m 

Consolidated hard 
rock (bedrock) 
 
Heavily sedimented 
 
Flat relief 
 
Sand patches 

Erect coarse and 
fine branching red 
algae  
 

Massive simple form (fan) 
Erect branching form 
Massive simple form (lumpy) 
Cup form 
 
Soft bryozoan foliaceous 
 
 
Sea whips: Primonella 
australasiae 
 
Colonial zoanthids 
 
 

Feather stars: 
Comanthus sp. 
 
Pyrosoma atlanticum 
(Atlantic salp) 

Caesioperca lepidoptera (Butterfly perch) 
Caesioperca rasor (Barber perch) 
Pseudolabrus rubicundus (Rosy wrasse) 
Nemadactylus macropterus (Jackass 
morwong) 
Pseudophycis barbata (Bearded rock cod) 
Trachinops caudimaculatus (Hula fish) 
Notolabrus tetricus (Bluethroat wrasse) 
Aracana aurita (Shaw’s cowfish) 
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4.10.1. Representative Photo-quadrats 

SB7: 

  

SB14: 

  

SB15: 

  

SB20: 
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4.11. Seagrass 

4.11.1. Mapping of Bed Extent 

Habitat mapping in Bull Bay and Adventure Bay indicates the seagrass beds are larger than Seamap 
Tasmania’s data (Figure 67-68). In Bull Bay, beds have expanded and shifted further offshore, with 
seagrass notably denser towards the south compared to sparser seagrass in the north. In Adventure 
Bay the seagrass bed also extends to depths > 10 m, with the density of seagrass decreasing with 
depth. 

 

Figure 67: Habitat map of Bull Bay showing seagrass bed extent, overlayed with Seamap Tasmania data of 
seagrass bed extent collected in 2007. 
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Figure 68: Habitat map of Adventure Bay showing seagrass bed extent, overlayed with Seamap Tasmania data 
of seagrass bed extent collected in 2007.  

At East of Sloping, the video transects were combined with satellite imagery to provide greater 
spatial coverage, as video transects suggested that the seagrass bed covers the entire area of 
interest. Higher resolution mapping will need to be undertaken to create a habitat map with greater 
confidence. At Wedge Bay, transects were dominated entirely by Caulerpa spp. with only a small 
amount of seagrass found growing within Caulerpa beds in the shallows on the south-west side of 
the bay (Figure 69). Some shorter exploratory transects show a minimal amount of seagrass further 
north of the area of interest. The results from this mapping survey indicate that the main seagrass 
bed shown from Seamap Tasmania does not represent the current habitat in Wedge Bay (Figure 70). 
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Figure 69: Video transects characterised by habitat type and historic Seamap Tasmania data of seagrass bed 
extent overlayed onto Google Earth 2019 satellite image of East of Sloping.  
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Figure 70. Habitat map of Wedge Bay depicting seagrass/Caulerpa sp. bed extent overlayed with Seamap 
Tasmania data.  

4.11.2. Seagrass Health Assessment 

The cover of Zostera spp. varied considerably between and within sites (Figure 71). When averaged 
across transects within a site, the cover of Zostera spp. was similar at three of the four sites, with 
Bull Bay, Adventure Bay and East of Sloping Island recording covers of 16.4 to 40.2%, 17.0 to 31.0% 
and 15.6 to 42.3%, respectively (Figure 71). In contrast, Zostera spp. was absent from most of the 
Wedge Bay transects and, when present, its cover was low (5.3% at SGa1 and 1.0% at SGa3; Figure 
71d). Low cover of the seagrass Halophila spp. (3.3% cover at SGa5) was also recorded at Wedge 
Bay. 
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Figure 71: Mean (+/- SE) seagrass (Zostera spp.) cover for transects outlined in ELs 10180/1 and 10211/1 at a) 
Bull Bay, b) Adventure Bay, c) East of Sloping Island and d) Wedge Bay in spring 2020.     

The cover of epiphytic algae was assessed both qualitatively and quantitatively, with the qualitative 
assessment suggesting that epiphytic cover on seagrass in Bull Bay was “low,” whereas at East of 
Sloping Island and Wedge Bay it ranged from “moderate” to “high,” depending on the transect being 
examined. In contrast, all transects examined in Adventure Bay in November 2020 recorded “very 
high” epiphytic cover, indicating almost total cover of epiphytic algae on seagrass (Table 20). 

 

 

a) b) 

c) d) 
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Table 20: Qualitative scores of epiphyte cover from ROV transects undertaken in November 2020. Where 
scoring values are 1 = very low, 2 = low, 3 = medium, 4 = high and 5 = very high. 

Site Transect EL Epiphyte Score 
2020 

Bull Bay SG1 2 
SG2 2 
SG3 3 
SG4 3 

Adventure Bay SGR1 5 
SGR2 5 
SGR3 5 

East of Sloping 
Island  

SGa1 4 
SGa2 4 
SGa3 3 
SGa4 5 
SGa5 3 
SGa6 3 
SGa7 4 

Wedge Bay SGRa1 2 
SGRa2 3 
SGRa3 4 
SGRa4 4 
SGRa5 4 
SGRa6 3 
SGRa7 3 
SGRa8 4 

 

Quantitative assessment of drop camera photo-quadrat images indicated that the cover of epiphytic 
algae was generally > 25% at most transects and occasionally exceeded 50% at Adventure Bay, East 
of Sloping Island and Wedge Bay (Figure 72). The highest epiphytic algae cover recorded at Bull Bay 
was 48.3% at SG3. Across all sites, the highest cover of epiphytic algae was recorded at East of 
Sloping Island (71.7% at SGRa1 and 73.7% at SGRa4) and at Wedge Bay (71.0% at SGa8; Figure 72). It 
should be noted that at Wedge Bay, the epiphytic algae were assessed regardless of whether the 
algae were growing on seagrass or Caulerpa spp. The trends in the cover of filamentous algae are 
very similar to those of epiphytic algae (Figure 72) because filamentous algae were the dominant 
type of epiphytic algae, recorded at each site. When comparing the quantitative and qualitative 
assessment of epiphytic algae cover, similar trends were observed between both methods and at all 
sites apart from Adventure Bay, where the quantitative assessment showed epiphytic algae 
coverage of between 43.9 and 59.5%, in contrast with the “very high” scores recorded across all 
three transects during the qualitative survey. 
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In some instances, relatively high epiphytic and filamentous cover was recorded where Zostera spp. 
cover was relatively low (e.g. SGR1 at Adventure Bay and SGRa1 at East of Sloping Island). The cover 
of Zostera spp. may be underestimated in photo quadrats, where there is dense cover of epiphytes.  

 

Figure 72: Mean percentage cover (+/- SE) of epiphytic algae (dark grey bars) and filamentous algae (light grey 
bars) for transects outlined in EL 10180/1 and 10211/1 at a) Bull Bay, b) Adventure Bay, c) East of Sloping 
Island and d) Wedge Bay in spring 2020.     

At Wedge Bay where low cover of seagrass was observed, Caulerpa spp. was recorded as the 
dominant bed-forming taxa. This is consistent with the baseline survey, which also found Caulerpa 
spp. to be the dominant bed-forming species at this site. The cover of Caulerpa spp. ranged from 
13% at SGa8 to 46.7% at SGa7 (Figure 73). At all other sites, Caulerpa spp. cover was minimal or 
absent; for Bull Bay, Caulerpa spp. was present in two transects at less than 3% cover (Figure 73a); 
for Adventure Bay, cover was less than 5% across all transects (Figure 73). For East of Sloping Island 
no Caulerpa spp. was recorded (Figure 73). The cover of wrack algae was also low across all sites 

a) b) 

c) d) 
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(Figure 74). No wrack was recorded at Wedge Bay or East of Sloping Island and less than 1.2% wrack 
was recorded per transect at Bull Bay (SG1-3) and Adventure Bay (SGR1) (Figure 74).  

 

Figure 73: Mean Caulerpa spp. cover for the transects outlined in ELs 10180/1 and 10211/1 at a) Bull Bay, b) 
Adventure Bay, c) East of Sloping Island and d) Wedge Bay, in spring 2020.     

 

a) b) 

c) d) 
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Figure 74: Mean (+/-SE) wrack algae cover for transects as outlined in ELs 10180/1 and 10211/1 at a) Bull Bay, 
b) Adventure Bay, c) East of Sloping Island and d) Wedge Bay, in spring 2020.     

4.11.3. Interannual Comparison 

The qualitative assessment provides an interannual comparison of epiphytic growth. For Bull Bay, 
apart from SG4, there was less epiphytic cover recorded in November 2020 compared to the “very 
high” levels observed during the baseline survey (Table 21). The opposite was observed in Adventure 
Bay where the epiphytic growth was consistently “very high” in 2019 and 2020 compared to the 
“low” and “medium” values recorded during the baseline survey (Table 21).  

No survey data was collected for East of Sloping Island or Wedge Bay in 2019 but the 2020 data can 
be compared to the baseline survey (Table 22). Across both sites, the epiphytic growth scores were 
higher in 2020 than 2019 (Table 22). The greatest differences between the baseline and 2020 data 

a) b) 

c) d) 
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were recorded at SGa4 and SGa7 at East of Sloping Island and SGRa3 and SGRa5 at Wedge Bay, 
where epiphytic growth scores increased from “very low” to “high” or “very high.”  

Table 21: Comparison between qualitative scores of epiphyte cover from the baseline survey and ROV 
transects conducted in November 2019 and 2020 at Bull Bay and Adventure Bay where scoring values are 1 = 
very low, 2 = low, 3 = medium, 4 = high and 5 = very high.  

Site Transect Baseline Epiphyte 
Score 

EL Epiphyte Score 
2019 

EL Epiphyte Score 
2020 

Bull Bay SG1 5 3 2 
SG2 5 4 2 
SG3 5 4 3 
SG4 3 4 3 

Adventure Bay SGR1 2 5 5 
SGR2 2 5 5 
SGR3 3 5 5 

 

Table 22: Comparison between qualitative scores of epiphyte cover from the baseline survey and ROV 
transects conducted in November 2020 at East of Sloping Island and Wedge Bay where scoring values are 1 = 
very low, 2 = low, 3 = medium, 4 = high and 5 = very high.   

Site Transect Baseline Epiphyte 
Score 

EL Epiphyte Score 
2020 

East of Sloping 
Island 

SGa1 3 4 
SGa2 2 4 
SGa3 1 3 
SGa4 1 5 
SGa5 1 3 
SGa6 1 3 
SGa7 1 4 

Wedge Bay SGRa1 1 2 
SGRa2 1 3 
SGRa3 1 4 
SGRa4 4 4 
SGRa5 1 4 
SGRa6 1 3 
SGRa7 1 3 
SGRa8 3 4 

 

The interannual comparisons of the quantitative photo-quadrat data collected by IMAS in November 
2019 and 2020 at Bull Bay and Adventure Bay suggests these areas are dynamic in terms of seagrass 
cover. Across all transects, a lower cover of Zostera spp. was observed in 2020 when compared with 
2019, except for SG3 at Bull Bay, which showed the opposite trend (Figure 75). The greatest decline 
in seagrass cover was recorded at Adventure Bay, where the 2020 cover of seagrass was between 
32.1% to 54.9% lower than in 2019 (Figure 75). 
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Figure 75: Mean (+/-) seagrass cover for transects at a) Bull Bay, b) Adventure Bay in spring 2020.     

The cover of epiphytic algae across both 2019 and 2020 followed a similar pattern to that of Zostera 
spp., with epiphytic algae cover generally lower in 2020 compared to 2019 (Figure 76). Overall, 
values for epiphytic cover were more similar between Bull Bay and Adventure Bay in 2020, 
compared to 2019, were epiphytic cover was substantially higher in Adventure Bay (Figure 76). 

 

Figure 76: Mean (+/- SE) cover of epiphytic algae across all transects in a) Bull Bay and b) Adventure Bay in 
November 2019 (dark grey bars) and November 2020 (light grey bars).  

a) b) 

a) b) 
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4.11.4. Representative Photo-quadrats 
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Wedge Bay 
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East of Sloping Island 
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5. Summary 

This report summarises the surveys undertaken between May 2020 to April 2021 for soft sediments, 
water quality, deep and inshore reefs, and seagrasses for 49 sites in Storm Bay. Where possible, 
these data are discussed in the context of other relevant data sources, including water quality 
baseline data collected by IMAS (August 2019-April 2020) the EPA (January 2018 – July 2019) and 
Swadling et al. (2017) (January 2010 – December 2015), inshore reefs baseline data collected by 
IMAS (March 2019), deep reefs and seagrass baseline data collected by Aquenal Pty Ltd (Summer 
2019) and for soft sediments the work by MacLeod and Forbes (2004) is referenced. Some of the key 
results are described below: 

Soft Sediments: Visual Assessment and Sediment Chemistry 

The visual descriptions of the sediment cores from the 2020 survey showed the dominant colour was 
either brown, olive grey, or a mixture of colours. The sediment type was either fine or very fine sand 
at most sites. The exceptions were SB21 and NUB1 which contained more silt than the other sites. 
No odour or gas bubbles were detected from any core.  

In the 2020 sampling, the mean redox values and sulphide concentrations at all sites were > 100 mV 
and  <50 µM, consistent with low levels of organic enrichment and healthy sediments (Macleod and 
Forbes, 2004).  

Soft sediments: Benthic Infauna Abundances and Communities 

Overall, the number of families and abundances of annelids in the sediments remained relatively 
similar between the spring 2019 and 2020 surveys. For both surveys (2019 and 2020), the sediment 
samples were dominated by the arthropod families Aoridae and Bodotriidae and the annelid families 
Spionidae and Lumbrineridae. In the 2020 survey, three indicator species of organic enrichment, 
eight introduced species, and one threatened species were recorded in the sediments. Only one 
species of organic enrichment Nebalia sp.1 was common at one of the sites, NUB2, where it 
averaged 20.6 indiv per grab. The MDS plot showed multiple groupings of sites with similar 
macrofaunal assemblages based on their location in Storm Bay. The most distinct groups were the 
shallow, siltier more enriched sites of SB21 in Norfolk Bay and NUB1 and NUB3 near Nubeena.  

Water Column: Physico-chemical Parameters and Nutrients 

Throughout the sampling the water temperature, nitrate, dissolved reactive phosphorus, and total 
nitrogen to a lesser extent, in the bottom waters showed seasonal trends, with elevated 
concentrations of nutrients and lower temperatures from May – September and lower levels of 
nutrients and higher temperatures from October – April. The increase in nutrients during spring and 
winter coincides with the strengthening of the Leeuwin and/or sub-Antarctic currents which are rich 
in nitrogen. During late spring and summer, the remaining nitrogen is rapidly absorbed by 
phytoplankton and the surrounding environment. 

At the consistently monitored sites (i.e. SB1-SB9) the values of nitrate and dissolved reactive 
phosphorus in the bottom waters were generally higher in spring - summer of 2020/2021 and 
2019/2020 than in 2018/2019. At these sites, the TAN in the bottom waters was also highest in 
winter-spring 2020. From May 2020 to April 2021, the surface waters TAN concentrations were 
generally < 0.012 mg-N/L; however, occasional elevated concentrations of > 0.017 mg-N/L have 
been recorded at some sites (SB4, SB6, SB11, SB12, SB13, NUB1 and NUB4), particularly during the 
spring-summer of 2020.  

Water Column: Phytoplankton Biomass and Communities 
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The biomass of chlorophyll a showed a weak seasonal trend with higher values recorded in late 
winter - spring than other seasons. The biomass of chlorophyll a was at some sites greatest in the 
winter - spring of 2020. Sites with the greatest biomass of chlorophyll a (>5 mg/m3) during this time 
were SB3, SB8, SB13, NUB2, NUB3 and NUB4. These peaks were considered unusual, both in 
magnitude and timing. The phytoplankton communities, as described from cell counts, were 
dominated by diatoms. A very small proportion of the cell counts, or species recorded were harmful 
algae species. 

Water Column: Performance against Default Guideline Values – Water Column 

During the 12 months of sampling (May 2020 – April 2021), the annual rolling median of total 
nitrogen, total phosphorous, TAN, nitrate + nitrate and dissolved reactive phosphorus at most sites 
and depths were below the DGVs . The annual rolling median for the chlorophyll a biomass was 
above the DGVs for some sites in region 93 (SB1, SB3, SB12, SB13, SB14, and SB15 and not SB6 and 
SB6) and not at sites located in regions 80 and 81. The annual rolling medians of dissolved oxygen at 
most sites and depths were above the lower-level DGVs.  

The median of chlorophyll a at some sites near to active leases in regions 93 (SB1, SB3, SB12, SB13, 
SB14, and SB15) and 80 (NUB1, NUB2 and NUB4) were higher than the surrounding sites. These 
results could indicate a localised (i.e. in space and/or time) effect of fish farming, but further 
sampling along a transect and modelling (i.e. biogeochemical and CONNIE) is required to distinguish 
the influence of other sources of nutrients including from the Derwent Estuary and Parsons Bay 
Creek and the spatial extent of nitrogen emissions from leases in these regions. These patterns are 
also investigated further in the water quality performance reports for ELs 10180/1 & 10211/1.  

Inshore and Deep Reefs 

For the inshore reefs, the cover of canopy algae species was above 50% for both the winter 2020 
and summer 2021 surveys. The understorey community was dominated by brown and red algae, 
with the more exposed sites recording lower cover of foliose understorey algae and higher cover of 
encrusting pink algae than the more sheltered sites. When the enrichment parameters were 
examined, the epiphytic algae had the highest cover (up to 25% at SBIR14) and was consistently 
recorded at low levels (< 5%) at nearly all sites. Only limited occurrences of other enrichment status 
species (i.e. filamentous algae, nuisance green and nuisance red) were recorded. 

When compared with the results from the previous years’ BEMP, the cover of canopy-forming 
macroalgae was consistently higher in the summer and lower in the winter across both years. The 
cover of epiphytic algae was higher in the winter of 2020 than in the winter of 2019, which appears 
to be a broadscale trend throughout Storm Bay. 

The deep reef benthos was dominated by red algae of various forms including branching 
Rhodymenia spp., and Callophyllis spp. and prostrate and encrusting forms of Peyessonnelia spp. 
Sponges dominated the invertebrate community, with erect laminar, erect branching, simple 
massive and cup forms of sponges all recorded, along with soft foliaceous bryozoans and feather 
stars. The most common fish species were Butterfly perch (Caesioperca lepidoptera), Barber perch 
(Caesioperca razor) and Rosy wrasse (Pseudolabrus rubicundus), consistent across both 2020 and 
2021 sampling. 

Seagrass 

The cover of Zostera spp. varied considerably between and within sites. The cover of Zostera spp. 
was similar at Bull Bay, Adventure Bay and East of Sloping Island (20-50%), but almost absent at 
Wedge Bay, which was instead dominated by Caulerpa spp., consistent with baseline conditions. The 
epiphytic cover on the seagrass in Bull Bay was “low,” whereas at East of Sloping Island and Wedge 
Bay it ranged from “moderate” to “high” and at Adventure Bay “very high” values were recorded on 
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all transects. The cover of epiphytes on the seagrass beds in Bull Bay was lower in the 2020 and 2019 
surveys than the baseline while the opposite trend was observed at Adventure Bay.  The variation in 
the epiphytic cover on the seagrass beds between the baseline survey and the EL survey could be 
linked to a range of factors including natural variability and differences in survey methods. 

Conclusions 

This is the second Storm Bay annual BEMP report. It includes 12 months of data, from May 2020 to 
April 2021. This report describes the key habitats in Storm Bay and their associated communities. 
Based on the data and parameters surveyed, there was no evidence to suggest that fish farming has 
had a system wide influence on the water quality, soft-sediment, seagrass, inshore and deep reef 
habitats of Storm Bay. However, the median of chlorophyll a at some sites near to active leases in 
regions 93 and 80 were higher than the surrounding sites, which could suggest localised effects of 
fish farming and/or the influence of other nutrient inputs. Some key features of the results are 
summarized below:  

- The mean redox values and sulphide concentrations at all sites were > 100 mV and <50 µM 
indicating healthy sediments (Macleod and Forbes, 2004).. 

- Across all the sites and samples, there was high species diversity (richness > 14 and Shannon 
Index > 2), and relatively low abundances of organic enrichment indicator species (< 20 
individuals). 

- The sea temperature, nitrate, dissolved reactive phosphorus, and total nitrogen to a lesser 
extent, in the bottom waters showed clear seasonal trends. 

- At some sites, the values of nitrate and dissolved reactive phosphorus in the bottom waters 
were generally higher in spring - summer of 2020/2021 and 2019/2020 than 2018/2019. 

- The values of TAN in the bottom waters at these sites was also the highest in winter – spring 
2020. 

- Occasional higher values of TAN > 0.017 mg-N/L were recorded, particularly during the spring-
summer of 2020. 

- At some sites, the highest values of chlorophyll a biomass were recorded in the winter – spring 
of 2020.  

- The annual rolling median for the chlorophyll a biomass was above the DGVs for some sites in 
region 93 but not 80 and 81. For all other parameters the rolling medians at most sites and 
depths were below the DGVs (total nitrogen, TAN, nitrate and nitrate, total phosphorus and 
dissolved reactive phosphorus) or above the lower-level DGVs (dissolved oxygen). 

- The median of chlorophyll a at some sites near to active leases in regions 93 and 80 were higher 
than the sites which are further > 5km from active leases.  

- There was a ‘healthy’ canopy cover (> 50%) at all reef sites, with limited occurrences of 
enrichment status species (i.e. epiphytic algae, filamentous algae, nuisance green and nuisance 
red). 

- There was no change in the inshore and deep reef communities of Storm Bay through time. 
- The cover of Zostera spp. was similar at Bull Bay, Adventure Bay and East of Sloping Island, with 

green algae (Caulerpa spp.) dominant instead at Wedge Bay. 
- The cover of epiphytes on the seagrass beds in Bull Bay and Adventure Bay was consistent 

between the 2020 and 2019 surveys. 

A longer time series of monitoring data will provide greater insight into the system dynamics and its 
major drivers, both anthropogenic and natural. The BEMP monitoring is ongoing, and the Annual 
BEMP report will be updated annually as part of the ELs 10180/1 and 10211/1, to meet the EL 
requirements.  
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