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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
Environmental Licence 10180/1 for MF281 East of Yellow Bluff. This report summarises the
results from 9 months of surveys undertaken between August 2019 to April 2020 for: (a)
soft sediments; (b) water quality; (c) deep and inshore reefs; and (d) seagrasses.
Based on the initial 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, inshore
reef, and deep reef habitats of Storm Bay. The changes in the distribution and epiphytic
cover of seagrass habitat between the baseline survey and Environmental Licence could be
linked to a range of factors including natural variability and differences in survey methods.
Some key features of the results are summarized below:
-

All redox and sulphide concentrations were indicative of healthy sediments.
The fauna composition was consistent with natural assemblages, with limited
abundances of species that indicated organic enrichment.
The concentrations of nutrients were similar to previous datasets.
There are elevated concentrations of phosphate and nitrate in spring and summer
2019-2020 across sites, and at multiple scales.
After 9 months, the indicative median of chlorophyll a at the compliance site was higher
than the annual rolling median investigative trigger level, but similar to other
intermediate and far field sites.
The monthly values at the compliance site were consistently lower than the monthly
water quality investigative trigger level of 3.3 mg/m3 .
The patterns in nutrients and chlorophyll a appear to be linked to meso-scale influences
on Storm Bay.
There was a healthy canopy cover 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 deep reef communities of Storm Bay through time.
The distribution of the Bull Bay seagrass habitat had changed since 2001.
The epiphytic cover in Adventure Bay was found to be much greater in the
Environmental Licence survey than in the baseline survey, but the opposite trend
occurred at Bull Bay.
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For the deep reef and seagrass habitats the sampling methods and designs are still being
refined. The initial results provide observations on the associated taxa of the deep reefs and
quantified the distribution and cover of seagrass and epiphytes. The report will be updated
annually as per the annual reporting requirements of the Environmental Licence.
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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.
Lease Holders Name
Huon Aquaculture Company PTY LTD
ACN 067386109
Level 13, 188 Collins Street
Hobart, Tasmania 7000
Organisations Conducting Environmental Monitoring
Institute for Marine and Antarctic Studies (IMAS)

Aquenal PTY LTD

ABN 30 764 374 782
Nubeena Crescent
Taroona, Tasmania 7053
Email IMAS.Storm.Bay.Project@utas.edu.au

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 19137,
valid until 30th October 2020.
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Fieldwork
Table 1: Details of the soft-sediment fieldwork undertaken by IMAS in Spring 2019 in fulfilment of Environmental Licence 10180/1.
Date

16/10/2019

17/10/2019

22/10/2019

23/10/2019

29/10/2019

31/10/2019

5/11/2019

11/12/2019

13/12/2019

16/12/2019

Vessel

Morana

Morana

Taroona

Taroona

Taroona

Taroona

Taroona

Morana

Morana

Morana

Wind
(knots)

5-10 N-NE

0-5 S

0-5 N

5-10 S

10-15 NW

15 NE

10 NW

5-10 N

10-15 WNW

0-5 W

Sky (%)

40% cloud
cover

35% cloud
cover

50% cloud
cover

15% cloud
cover

40% cloud
cover

NA

10% cloud
cover

100% cloud
cover

100% cloud
cover

50% cloud
cover

0.5m S

0-1m SW

0-1m SE

1.5m SW

1.5m SW

NA

1-1.5m SW

1.5m SW

1.5m SW

0.5m SW

SB-4, SB-11

SB-3, SB-6,
SB-18

SB-13, SB-1,
SB-8

SB-2, TPNB3, TPNB-1

SB-3

SB-21, TPNB2

SB-24, SB-16,
TPNB-4

SB-19, SB-5,
SB-10

SB-22, SB-17,
SB-6
(Particle size
only)

Macrofauna
Core
description
Redox
Sulphide, LOI
C:N eDNA,
Archive
SONDE
Bottom
footage

Macrofauna
Core
description
Redox
Sulphide, LOI
C:N eDNA,
Archive
SONDE
Bottom
footage

Macrofauna
Core
description
Redox
Sulphide, LOI
C:N eDNA,
Archive
SONDE
Bottom
footage

Macrofauna
Core
description
Redox
Sulphide, LOI
C:N eDNA,
Archive
SONDE
Bottom
footage

Particle size

Macrofauna
Core
description
Redox
Sulphide, LOI
C:N eDNA,
Archive
SONDE
Bottom
footage

Macrofauna
Core
description
Redox
Sulphide, LOI
C:N eDNA,
Archive
SONDE
Bottom
footage

Macrofauna
Core
description
Redox
Sulphide, LOI
C:N eDNA,
Archive
SONDE
Bottom
footage

Macrofauna
Core
description
Redox
Sulphide, LOI
C:N eDNA,
Archive
SONDE
Bottom
footage

SB-9, SB-23,
SB-18, SB-4,
SB-11
(Particle size
only)
Macrofauna
Core
description
Redox
Sulphide, LOI
C:N eDNA,
Archive
SONDE
Bottom
footage

Sea
Sites
surveyed

Methods
used

Table 2: Details of the water quality fieldwork undertaken by IMAS between August 2019 to April 2020 in fulfilment of Environmental Licence 10180/1.
Date

14/08/2019

17/09/2020

10/10/2019

22/11/2019

13/12/2019

14/01/2020

11/02/2020

11/03/2020

29/04/2020
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Vessel

RV Noctiluca

RV Noctiluca

RV Noctiluca

RV Noctiluca

RV Noctiluca

RV Noctiluca

RV Noctiluca

RV Noctiluca

RV Noctiluca

Wind
(knots)

5 – 15 N to
NW

10 – 20 N to
NW

5 – 12 S to
SSW

1 to 15 SE to
NE

3 – 15 NW

0 – 5 S to SE

0 – 5 E to SW

5 – 25 N to
NW

10 – 20 NE to
NW

Sky

0 -10% Cloud

3 – 8% Cloud

50 – 100%
Cloud

10 – 20%
Cloud

70 – 90%
Cloud

90 – 100 %
Cloud

90 – 100%
Cloud

0 % Cloud

15 – 40%
Cloud

Rain

Nil

Nil

Drizzle

Nil

Nil

Nil

Drizzle

Nil

Nil

Sea

1.5 – 2 m S

1 – 2 m W to
SW

1 – 2.5 m SE

0.2 – 1 m SW

0.1 m

0.5 m S to SW

1 – 1.5 m S to
SE

0.5 – 1.5 m S

0.5 – 1 m COF
to SW

Sites
surveyed

SB-1, SB-2, SB3, SB-4, SB-6,
SB-8, SB-9, SB11, SB-12, SB13, SB-14, SB15

SB-1, SB-2, SB3, SB-4, SB-6,
SB-8, SB-9, SB11, SB-12, SB13, SB-14, SB15

SB-1, SB-2, SB3, SB-4, SB-6,
SB-8, SB-9, SB11, SB-12, SB13, SB-14, SB15

SB-1, SB-2, SB3, SB-4, SB-6,
SB-8, SB-9, SB11, SB-12, SB13, SB-14, SB15

SB-1, SB-2, SB3, SB-4, SB-6,
SB-8, SB-9, SB11, SB-12, SB13, SB-14, SB15

SB-1, SB-2, SB3, SB-4, SB-6,
SB-8, SB-9, SB11, SB-12, SB13, SB-14, SB15

SB-1, SB-2, SB3, SB-4, SB-6,
SB-8, SB-9, SB11, SB-12, SB13, SB-14, SB15

SB-1, SB-2, SB3, SB-4, SB-6,
SB-8, SB-9, SB11, SB-12, SB13, SB-14, SB15

SB-1, SB-2, SB3, SB-4, SB-6,
SB-8, SB-9, SB11, SB-12, SB13, SB-14, SB15

Method
used

Water Quality
Analyser

Water Quality
Analyser

Water Quality
Analyser

Water Quality
Analyser

Water Quality
Analyser

Water Quality
Analyser

Water Quality
Analyser

Water Quality
Analyser

Water Quality
Analyser

Niskin Bottle

Niskin Bottle

Niskin Bottle

Niskin Bottle

Niskin Bottle

Niskin Bottle

Niskin Bottle

Niskin Bottle

Niskin Bottle

Tubing for
phytoplankton
samples

Tubing for
phytoplankton
samples

Tubing for
phytoplankton
samples

Tubing for
phytoplankton
samples

Tubing for
phytoplankton
samples

Tubing for
phytoplankton
samples

Tubing for
phytoplankton
samples

Tubing for
phytoplankton
samples

Tubing for
phytoplankton
samples

Table 3: Details of the water quality fieldwork undertaken by Aquenal between August 2019 to April 2020 in fulfilment of Environmental Licence 10180/1.
Date

26/08/2019

10/09/2019

10/10/2019

20/11/2019

13/12/2019

14/01/2020

11/02/2020

10/03/2020

14/04/2020

Vessel

Katelysia

Katelysia

Katelysia

Katelysia

Katelysia

Katelysia

Katelysia

Katelysia

Katelysia

Wind

15 NW

10 -15 W to
SW

5 NW to S

10 – 15 NE

5W

10 S to SE

5 SSE

5 SSE to N

5 – 10 N to
WNW

9

Annual BEMP Report

Environmental Licence 10180/1

Sky

5 – 10% Cloud

40 – 90%
Cloud

50 – 80%
Cloud

10 – 20%
Cloud

50 – 99%
Cloud

30% Cloud

95 – 100%
Cloud

10% Cloud

99% Cloud

Rain

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Sea

2mS

1.5 m SW

0.5 – 1.5 m SE

1 – 2 m SW

0.5 – 1.5 m

1 – 2 m S to
SW

0.5 m SE

0.5 – 1.5 m S

0.5 – 1.5 m

Sites
surveyed

SB-5, SB-7

SB-5, SB-7

SB-5, SB-7

SB-5, SB-7

SB-5, SB-7

SB-5, SB-7

SB-5, SB-7

SB-5, SB-7

SB-5, SB-7

Method
used

Water Quality
Analyser

Water Quality
Analyser

Water Quality
Analyser

Water Quality
Analyser

Water Quality
Analyser

Water Quality
Analyser

Water Quality
Analyser

Water Quality
Analyser

Water Quality
Analyser

Niskin Bottle

Niskin Bottle

Niskin Bottle

Niskin Bottle

Niskin Bottle

Niskin Bottle

Niskin Bottle

Niskin Bottle

Niskin Bottle

Tubing for
phytoplankton
samples

Tubing for
phytoplankton
samples

Tubing for
phytoplankton
samples

Tubing for
phytoplankton
samples

Tubing for
phytoplankton
samples

Tubing for
phytoplankton
samples

Tubing for
phytoplankton
samples

Tubing for
phytoplankton
samples

Tubing for
phytoplankton
samples
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Table 4: Details of the inshore reef fieldwork undertaken by IMAS in winter 2019 in fulfilment of
Environmental Licence 10180/1.
Date

08/08/2019

14/08/2019

15/08/2019

02/09/2019

Vessel

Morana II 455854

Mallanna II 418916

Morana II 455854

Mallanna II 418916

Wind
(knots)

5-6 NNE-ENE

1-2 W-ENE

5-6 N-WSW

<13 ENE

Sky

Patchy cloud

Light cloud

Overcast

Cloudy

Rain

Nil

Nil

Nil

1.2mm

Sea

S Swell <1m
developing

SSE Swell 1.5m

SSE Swell <1m
decreasing

S Swell 1-1.5m
developing

Current

Nil

Nil

Nil

Moderate surface
current

Visibility (m)

5

1-2

5

5

SBIR04, SBIR06,
SBIR10, SBIR28

SBIR05, SBIR12

SBIR07, SBIR08,
SBIR11

SBIR02, SBIR14

Sites
surveyed

Table 5: Details of the inshore reef fieldwork undertaken by IMAS in late summer 2020 in fulfilment of
Environmental Licence 10180/1.
Date

24/02/2020

25/02/2020

11/03/2020

19/03/2020

Morana II 455854

Morana II 455854

Mallanna II 418916

Mallanna II 418916

Wind (knots)

4-6 W-ESE

2-14 WSW-ESE

1-9 SSW-ESE

5-8 NNE-ESE

Sky

Light cloud

Patchy cloud

Patchy cloud

Light cloud

Rain

Nil

Nil

Nil

Nil

Sea

SW-SSW <1m

SW-SSW 1m

SW-SSW 1-1.5m

SW-SSW <1m
developing

Current

Nil

Nil

Nil

Moderate Surface
Current

Visibility (m)

5

5

5

5-10

Site surveyed

SBIR10, SBIR12,
SBIR28

SBIR04, SBIR05,
SBIR11, SBIR14

SBIR06, SBIR07,
SBIR08, SBIR09

SBIR02

Vessel
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Table 6: Details of the deep reef fieldwork undertaken by IMAS in late winter 2020 in fulfilment of
Environmental Licence 10180/1.
Date

18/03/2020

19/03/2020

Vessel

RV Noctiluca

RV Noctiluca

3 – 9 NNW to SW

4 – 9 NNE to ENE

Sky

Overcast

Overcast

Rain

Nil

Nil

Sea

<1m wind chop

<1m wind chop

Negligible

Negligible

<7

<10

SB-15, SB-14

SB-07

Wind (knots)

Current
Visibility (m)
Sites surveyed

Table 7: Details of the seagrass fieldwork undertaken by IMAS in late spring 2019 in fulfilment of
Environmental Licence 10180/1. NB: Asterisk refers to additional transects undertaken to more accurately
assess seagrass distribution and health.
Date

19/11/2019

25/11/2019

26/11/2019

Vessel

Lowinna

Taroona

Taroona

Wind

Variable S – SW

Light variable N – ESE

Variable SW – S

Sky

Patches of cloud

Patches of cloud

Patches of cloud

Rain

Nil

Nil

Nil

Sea

< 1m

1 – 1.5m

1 – 2m

Current

Nil

Nil

Nil

Visibility (m)

10

5

5 – 10

Site surveyed

Bull Bay

Adventure Bay

Bull Bay
Adventure Bay

Transects
completed
Method used

SG-14

SGR-13

SG-14, SG-5*, SGR-13

ROV

ROV

Drop camera
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2. Introduction
Storm Bay is a large deep bay that is connected to the River Derwent on its north-western
boundary, Frederick Henry Bay on its north-eastern boundary and Tasman Sea on its
southern boundary. The eastern and western boundaries are defined by the Tasman
Peninsula and Bruny Island, respectively. Storm Bay is the mixing zone between freshwater
inputs from the River Derwent outflow and the surrounding oceanic waters (Swadling,
Eriksen et al. 2017).
The Broadscale Environmental Monitoring Program (hereafter BEMP) for Environmental
Licence 10180/1: Marine Farming Lease No. 281 at Yellow Bluff is designed to assess the
environmental performance of salmon farming on the western side of Storm Bay. The BEMP
monitors key indicators of environmental change across the receiving habitats. This includes
measuring 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 Environmental Licence No. 10180/1 for Yellow Bluff
(hereafter the Environmental Licence) an Annual Broadscale Monitoring Report must be
submitted to the Director of the EPA each calendar year. The requirements for the Annual
Broadscale Monitoring Report are outlined in Attachment 11 and 12 of the Environmental
Licence. This report has been compiled to fulfil these requirements of the Annual Broadscale
Monitoring Report and includes an analysis of water quality monitoring results and
investigation of key water quality parameters against investigative trigger levels.
The Environmental Licence includes details of the sites, and the methods and frequency for
monitoring. According to Environmental Licence requirements, this report summarises the
surveys undertaken between August 2019 to April 2020 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 this report presents 9
months of data from August 2019 to April 2020. Where possible, these data are discussed in
the context of other relevant data sources, including water quality baseline data collected
by the EPA (January 2018 – July 2019), inshore reefs baseline data collected by IMAS (March
2019) and deep reefs and seagrass baseline data collected by Aquenal Pty Ltd (summer
2019). The water quality section discusses the work of Swadling, Eriksen et al. (2017) and for
soft sediments, the work of Macleod and Forbes (2004) is referenced.

3. Methods
a.

Site details

The BEMP is designed to monitor the water column, soft sediment, seagrass, and
surrounding reef systems, across a range of sites and throughout the year (Figure 1). In
total, 28 sites across Storm Bay have been surveyed during August 2019 to April 2020
(Figure 1, Table 1). These monitoring sites extend over multiple spatial scales in relation to
their distance from the Yellow Bluff lease. In addition, the water quality at one site (SB3) is
monitored for compliance (Table 7).
13
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During 2019-2020, there were 10 sites monitored for soft-sediments, 14 sites for water
quality, 3 sites for deep reef, 12 sites for inshore reef and 2 sites for seagrass (Table 7).
However, inshore reef sites SBIR3 (Dennes Point) and SBIR13 (Cape Queen Elizabeth) did not
contain appropriate reef habitat for monitoring and 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 Environmental Licence,
and further details are presented below (Table 8).

Figure 1: Map of monitoring sites. Details of each site are given in Table 1.
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Table 8: Details of sites surveyed during the Storm Bay Broadscale Environmental Monitoring Program, 2019-2020 sampling.
Site

Location

Easting

Northing

Matrix

SB-1

South West of Iron Pot

532161

5231714

Water column, Soft sediment

SB-2

Mid Storm Bay

545112

5220157

Water column, Soft sediment

SB-3*

Near Yellow Bluff

533050

5225300

Water column, Soft sediment

SB-4

South East of Cape Queen Elizabeth

536650

5210400

Water column, Soft sediment

SB-5

North of Wedge Island

554239

5226021

Water column, Soft sediment

SB-6

East of Variety Bay

535203

5216884

Water column, Soft sediment

SB-7

Storm Bay at Darts Reef

556300

5215510

Water column, Deep reefs

SB-8

South East of Betsey Island

542350

5231150

Soft sediment

SB-9

South West of North West Head

547371

5236067

Water column, Soft sediment

SB-11

East of Variety Point

537350

5216200

Water column, Soft sediment

SB-12

Storm Bay South West of Betsey Island

536950

5230370

Water column

SB-13

off Bull Bay

530650

5230300

Water column, Soft sediment

SB-14

East of Yellow Bluff

538300

5226200

Water column, Deep reefs

SB-15

East of Trumpeter Bay

537120

5221078

Water column, Deep reefs

SB-IR2

Iron Pot

534051.6611

5232859.871

Inshore reefs

SB-IR4

Cape De La Sortie

529810.5258

5230630.442

Inshore reefs

SB-IR5

west of Bull Bay point

530140.7422

5229270.824

Inshore reefs

SB-IR6

One Tree Point

531550.0581

5227774.129

Inshore reefs

SB-IR7

Yellow Bluff

532550.9093

5224522.229

Inshore reefs

SB-IR8

Trumpeter Bay North

532114.8361

5222600.848

Inshore reefs

SB-IR9

Trumpeter Bay mid

532087

5221295

Inshore reefs
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SB-IR10

Trumpeter Point

532935.6068

5220649.04

Inshore reefs

SB-IR11

Variety Bay

533472.6947

5218286.509

Inshore reefs

SB-IR12

Variety Point

534098.2907

5216382.028

Inshore reefs

SB-IR14

Moorina Bay

534046.5856

5211480.955

Inshore reefs

SB-IR28

Bleaches Bluff

531754.3632

5226387.24

Inshore reefs

SG (Transect 1)

Bull Bay

529675.9

5229286

Seagrass

SG (Transect 2)

Bull Bay

529710.8

5229241

Seagrass

SG (Transect 3)

Bull Bay

529756.2

5229196

Seagrass

SG (Transect 4)

Bull Bay

529811.2

5229157

Seagrass

SGR (Transect 1)

Adventure Bay

528936.2

5198860

Seagrass

SGR (Transect 2)

Adventure Bay

528729.7

5198739

Seagrass

SGR (Transect 3)

Adventure Bay

528992.2

5199069

Seagrass

Table 9: Survey parameters, frequency and method for samples collected in the Storm Bay monitoring program.
Matrix

Component

Water
column

Nutrients

Analyte/Parameter
Total ammoniacal nitrogen (TAN)
Nitrate
Nitrate + Nitrite

Frequency

Commenced

Sites

Monthly

August 2019

14
sites

1 month after the
lease is stocked

Number samples per site
x 3 (surface, mid = 10 m
below surface, bottom= 1m
above seabed)

Method
Niskin bottle

Silica
Total nitrogen
Total Kjeldahl Nitrogen
Total phosphorous
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Dissolved Reactive Phosphorous

Environmental
parameters

Dissolved oxygen

Monthly

Florescence

August 2019
1 month after the
lease is stocked

Temperature

14
sites

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

CTD

Salinity
DO saturation
Turbidity
pH
Cell counts Chlorophyll a
Abundance/diversity Harmful algae
ID

Monthly

Biota

Benthic infauna diversity and
abundances

Annually

Spring 2019

23
sites

x 3 benthic

Chemistry

Redox, Stable isotopes, Particle size
and Sulphide

Annually

Spring 2019

23
sites

x 3 benthic

Phytoplankton

Soft
sediment

August 2019
1 month after the
lease is stocked

14
sites

x 1 (12m depth integrated)

Depth
integrated
sampler
VanVeen grab

Craib corer

Inshore
rocky reefs

Benthic

Rapid assessment of function
groups and indicator species

Biannually

Winter 2019

11
sites

x 12 quadrats

Fixed quadrats

Deep rocky
reefs

Benthic

Fish, invertebrate and macroalgal
species richness and abundances

Annually

Late Summer 2020

3
sites

x 1 transect

ROV

Seagrass

Benthic

Seagrass distribution and health;
temporal and spatial variance

Annually

Spring 2019

2
sites

3 or 4 transects

ROV, Drop
camera
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3.1. Soft sediment
Field samples for sediment physico-chemical properties and benthic fauna were collected
between October to December 2019, from 10 sites (Figure 2). On each field trip, notes were
taken of the depth, wind speed and direction, rainfall amount, cloud cover, swell height and
direction, and the times when cores were sampled (Table 1).

Figure 2: Map showing locations of the soft-sediment sites surveyed for the Environmental Licence in 2019.

3.1.1. Visual Assessment and Sediment Chemistry
At each site, 3 sets of sediment cores (each 20 m apart) were collected using a quad corer.
The cores were collected in Perspex tubes (250 mm long, 45 mm internal diameter). The
first core was processed in the laboratory, for redox and sulphide and a visual description of
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the sediment. The second core was sub-sampled in the field for carbon and nitrogen stable
isotope and loss on ignition analysis. For stable isotope and loss of ignition analysis,
sediment from the top 2cm of the core was used. 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.
In the laboratory, a visual assessment was made of each core, including: measurement of
core length, sediment colour (using a Munsell soil chart), assessment of plant/animal life
and assessment for gas vesicles and smell (indicating presence/absence of hydrogen
sulphide). Redox 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).
A sub-sample of sediment from the top 100 mm of each core was removed and placed in a
70 ml specimen for particle size analysis. The sediment grain size was measured by placing
the sample from the specimen into a graduated cylinder containing 30ml of water – 30ml is
subtracted from the new volume and noted as the sediment volume. The sample was then
gently wet sieved through a sieve stack of 4, 2, 1 mm, and 500, 250, 125, 63 µm. The
sediment fraction < 63 µm was allowed to drain away, i.e. not collected. The remaining
material 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
is measured as the displaced volume. The fraction of sediment < 63 µm was determined 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 (Monash University). For carbon analyses, the samples
were ground and acidified with a dilute HCl solution to dissolve solid carbonates. The
samples were then analysed on an ANCA GSL2 elemental analyser interfaced to a Hydra
2022 continuous flow isotope ratio mass spectrometer (Sercon Ltd., UK). These samples
were also analysed 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 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
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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, Gorley 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 in each grab 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, Gorley 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).

3.2. Water column
Field samples for physiochemical parameters, nutrients, chlorophyll a and phytoplankton
were collected monthly from 14 sites (Figure 3). In addition, 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 nutrient/CTD samples were taken (Table 2).
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Figure 3: Map showing locations of the water quality sites surveyed for the Environmental Licence in 20192020.

3.2.1. Physicochemical Parameters and Nutrients
Temperature, salinity, fluorescence, pH, dissolved oxygen and turbidity were measured (full
water column profile) at each site 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. At
each site, the CTD measurements are reported on at 0.5 – 1 m below the surface, at 10 m
depth, and within 1 m of the seabed. At these discrete depths, Niskin bottles or a Teflon
sampling bottle were used to sample seawater for the analysis of total nitrogen, nitrogen
Kjeldahl, and total phosphorus by flow injection; ammonia, nitrate, nitrate and nitrite,
phosphorus dissolved reactive by flow injection; silica by molybdate reactive (Table 10).
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Sample containers provided by AST were filled with either filtered or unfiltered seawater
and stored on ice. After the field trip, the samples were frozen before being sent to AST for
analysis.
Table 10: 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, and phytoplankton analysis
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. Phytoplankton sample jars were
provided by AST were filled and preserved with Lugols Iodine. Samples were maintained on
ice prior to delivery to the AST laboratories. 3L sample containers were filled for chlorophyll
a analysis and stored on ice. Back at the laboratory, 2L of that water was filtered through
GF/F filters. The filtrate was then frozen and sent to AST for analyses of chlorophyll a using
spectrophotometry.
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3.2.3. QA/QC
For each survey, duplicate seawater samples were taken from one randomly selected site.
Field blanks were taken on the vessel and transferred to the relevant containers. 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. Rapid Visual Assessment Surveys
Monitoring of the 12 inshore reefs (Figure 3) using rapid visual assessment (RVA) was
undertaken across 4 days in late winter (August – September 2019) and 4 days in late
summer (February – March 2020). Site conditions as described in section 3.1 were recorded
for each day (Tables 4, 5).
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 fifteen functional parameters as a proxy for ecosystem
health. Of the fifteen parameters, ten assess broad structural parameters associated with
ecosystem function (macroalgae canopy, substrate type, trophic effects), while 5 relate
solely to enrichment response:
•
•
•
•

Macroalgal canopy (e.g. total canopy, sub-canopy brown/green/red algae)
Substrate type (e.g. encrusting coralline algae, encrusting red 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), turfing algae, dust on algae)

Sites are assessed through diver surveys using 1 m2 quadrats at 12 fixed locations at any
given site. All fifteen functional parameters are assessed in each quadrat, with the quadrat
also photographed for archival purposes.
The RVA data were analysed using principal co-ordinate 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 fifteen functional parameters between the
two seasons and within a season between sites. A vector overlay was used to determine
which of fifteen parameters were driving the dissimilarity between seasons. For PCO
analyses, the cover of each functional group for each of the sites was converted to a BrayCurtis 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.
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Figure 4: Map showing locations of the inshore reef survey sites for the Environmental Licence surveyed in
2020.

3.3.2. Deep Reef Surveys
The 3 deep reef sites in the Environmental Licence (Figure 5) were surveyed across 2 days in
March 2020, with site conditions recorded on each day (Table 6). At each site, a Saab Falcon
ROV was used to undertake the deep reef surveys. This ROV provided a stable platform to
house a Sony FDR-X3000R 4K Action Cam which recorded underwater footage in 4K. The
camera was housed in a specifically developed housing made by SeaGIS. Location of the
ROV was recorded by use of a MicronNav Ultra-Short Base Line (USBL) positioning system,
giving absolute location and depth of the ROV by means of a log that is recorded every 1 – 2
seconds.
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Single point coordinates that are provided under the Environmental Licence were used to
place the transect at each of the sites. At SB14, where deep reef had been surveyed as part
of the Yellow Bluff (MF281) baseline survey, the ROV was flown to replicate the baseline
transect. At the other sites (SB07, SB15), high resolution seafloor mapping was undertaken
prior to flying the ROV to determine reef habitat extent and to decide the optimal bearing
for the transect. This mapping was carried out using a WASSP S3 multibeam mapping sonar
with differential GPS georeferencing from a stand-alone Marinestar 9205 GNSS receiver.
The sonar was fixed to the IMAS research vessel RV Noctiluca. Raw depth and backscatter
data were collected along transect lines and were spaced to ensure 50 percent overlap of
the multibeam swaths. These raw swath data were corrected for tide and sound velocity
and cleaned using QPS Qimera Multibeam Processing software. Sound velocity depth
profiles were determined using the Chen-Millero algorithm applied to raw data collected
with a Seabird Electronics SBE19 Plus V2 CTD.
Following the pre-determined transect bearing, the ROV was flown at approximately
8m/minute. The ROV remained within 1m of the substrate where possible along a 200 m
transect at each of the 3 sites, as per the Environmental Licence. The recorded footage was
reviewed, with dominant fish, algal and invertebrates recorded and tabulated, in
accordance with the baseline survey conducted by Aquenal Pty Ltd (Aquenal 2019). When
species level identification of flora and fauna was not possible, the established and accepted
classification scheme of the Collaborative and Automated Tools for Analysis of Marine
Imagery (CATAMI) was used to categorise taxa. The 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.
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Figure 5: Map showing locations of deep reef survey sites.

3.4. Seagrass
Monitoring of seagrass was undertaken on 2 major seagrass beds in the western region of
Storm Bay; Bull Bay (SG) and Adventure Bay (SGR) (Figure 5). Four transects were described
in Attachments 8 and 9 of the Environmental Licence for Bull Bay and 3 transects for
Adventure Bay, however, these transects were based on original Seamap Tasmania data,
which has not been updated since 2001 (Figure 6). As the distribution of beds has changed
since 2001, potentially due to natural variation or differences in survey methods,
particularly at Bull Bay, transects were either extended or added as part of the November
2019 survey to gain a more accurate description of the distribution and health of seagrass
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beds at this site (Figure 8). Monitoring was undertaken across 3 days in November 2019,
with site conditions recorded for each day (Table 7).

Figure 6: Map showing locations of seagrass survey sites for the Environmental Licence.
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Figure 7: Maps showing locations of seagrass survey sites for a) Bull Bay and b) Adventure Bay.

Figure 8. Map showing locations of seagrass survey sites for Bull Bay with additional and extended IMAS
transects to capture a more accurate representation of seagrass beds at this site.
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3.4.1. Mapping and Surveys
Two methods were used to monitor the seagrass beds. First, a BlueROV2 was used to record
video (1080p, 1920 x 1080 pixels or Full High Definition) along site specific transects. The
accuracy of the ROV flight was improved by laying a physical transect constructed from a
350 m lead-core rope marked with cattle-ear tags at 10 m intervals between each of the
GPS points. As back-up, a GoPro recording video in 4k was mounted to the top of the ROV
system. Video data for each transect was 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. The videos provide an excellent source of qualitative information on the
seagrass bed, as well as historical archive.
Second, an additional drop camera method was used to collect photo-quadrat images. The
drop camera had a downward facing standalone IP Camera module with a 2.7 – 13.5 mm
zoom lens and field of view of 100 degrees to the sides in an aspect ratio of 16:9 at 1080p
(1920 x 1080 pixels or Full High Definition 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 1. 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 via CPCe (50 random points). Images were then individually analysed via a
score card set out in Microsoft Excel which allowed multi-layer scoring for parameters
observed. The parameters scored were percentage cover of Zostera spp. and epiphytic
growth on seagrass and percentage cover of Caulerpa spp., filamentous algae, wrack algae
(brown, green and red groupings) and other algae cover (brown, green and red groupings).
The substrate type was also scored to help assess the range and extent of the beds. To
compare our results with the Aquenal Pty Ltd baseline survey, we also gave the seagrass
covered in epiphytic algae a qualitative score using the same metrics as outlined in the
baseline report.
Table 11: Epiphytic coverage qualitative scale used in November 2019 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

To estimate the seagrass bed extent at each site, the results from the photo-quadrats were
used. The images were allocated one of 3 categories: seagrass bed, edge, sand. The photos
Note the methods were extended from the baseline survey to capture quantitative information about the
cover of seagrass and epiphytic algae.

1
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were then imported into ArcMap. Interpolation was used to provide an estimate of seagrass
cover at both sites. The health of the seagrass was determined from the photos in the beds
and excluded photos on sand.

4. Results and Interpretation
4.1. Soft sediment: Visual Assessment and Sediment Chemistry
For context we have included the table from Macleod and Forbes (2004) that characterises
the key features of exposed/sandy sites likely to be observed to different stages of organic
enrichment (Table 12).
Table 12: Macleod and Forbes (2004) summary table of the key features of impact/recovery stage at their
exposed/sandy site. (NB. Key Biotic Indicators row: organisms identified with * are indicative in combination
rather than individually).
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4.1.1. Visual Assessment and Sediment Chemistry
The results from visual assessment of the sediment cores collected in 2019 are documented
in Table 13. The dominant sediment colour for SB1, SB2, SB4, SB5, SB9, SB11, and SB13 was
brown with the remaining sites recording olive grey SB3 and SB6, or a mixture of colours
SB8 (on Munsell soil chart) (Table 12). The sediment type was either plain sand, fine sand,
silty sand and sand with silt patches in most of the cores (Table 12). Shell grit or shell
fragments were observed at a number of sites (i.e. SB4, SB9, SB13), but also to a lesser
extent in SB11 (Table 12). No odour or gas bubbles were detected from any cores (Table 12).
4.1.2. Redox Potential
In spring 2019, mean redox potential of the sediments varied between 156.6 and 453.8 mV
across the 10 sites with the lowest redox recorded at SB6 and the highest redox potential
values recorded at SB2 (Figure 9). Across all sites, the redox potential values of the
sediments were above 100 mV consistent with no evidence of impact from organic
enrichment (Figure 9; Table 12).
4.1.3. Sulphide Concentration
In spring 2019, mean sulphide concentration of the sediments varied between 0.001 and 8.8
µM across the 10 sites with the lowest sulphide concentration recorded at SB4 and the
highest sulphide concentration values recorded at SB13 (Figure 9). Across all sites, the mean
sulphide concentration values were <12.5 µM consistent with no evidence of impact from
organic enrichment (Figure 9; Table 12).
4.1.4. Particle Size Analyses
Sediment particle size distributions appear broadly similar across the 10 sites and were
dominated by fine sand with small amounts of coarse sand, silt and gravel (Figure 10). The
exception was SB2 which only contained coarse sand/fine sand sediments (Figure 10).
4.1.5. Organic Carbon (LOI%)
The mean organic carbon content (LOI%) of the sediments ranged between 0.77 and 1.67 %
across the 10 sites (Figure 11). The organic carbon content of the sediments was low at
most of the 10 sites (Figure 11). The lowest organic carbon content of the sediments was
recorded at SB9 and the highest at SB11 (Figure 11).
4.1.6. Stable Isotope Analysis
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 10, 12). The highest (C%) content in the sediments was recorded at SB6
(0.28%), and the lowest at SB2 (0.06%) (Figure 12). Similarly, the mean organic nitrogen
content (%) of the sediments varied across the 10 sites (Figure 12). The organic nitrogen
content (N%) in the sediments was highest at SB6 (0.043%), and lowest at SB2 (0.008%)
(Figure 12). The carbon to nitrogen molar ratio (C:N) of the sediments was lower than 10 at
all of the 10 sites, indicating sediment organic material was predominately marine origin
(Figure 4). The highest molar ratios (C:N) in the sediments were recorded at sites SB8 (9.31)
and the lowest at SB11 (4.67) (Figure 12).
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The δ13C signature of the sediments was generally low at the 10 sites, not exceeding -21.8
(Figure 13); again typical of marine particulate organic material. The highest δ13C in the
sediments was recorded at SB5 (-21.8 ) and the lowest δ13C in the sediments at SB8 (-19.8)
(Figure 13). In contrast, the δ15N signature of the sediments ranged between 5.9 at SB9 to
8.8 at SB8 (Figure 13).
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Table 13: Core descriptions for soft sediments collected in 2019.
Core

Core
Length
(cm)

Munsell Chart Colour

Colour

Sediment

Sulphorous
smell
Yes (y)
No (n)

Beggiatoa
Presence
(p)
Absence
(a)

Tubes
Presence
(p)
Absence
(a)

Feed
pellets
Presence
(p)
Absence
(a)

SB-1.1

7

Top 3cm is 10YR 5/3. Rest is mixture of 10YR 5/3 and
10YR 5/1

Brown/grey

Sand with silt patches

N

a

a

a

SB-1.2

10

10YR 5/2 throughout with patches of GLEY1 4/N

Greyish brown/dark grey
patches

Sand with silt patches

N

a

a

a

SB-1.3

10

Top 5cm 10YR 5/3. Rest 10YR 5/2. One 2.5x2cm patch
of GLEY1 4/N

Brown/greyish brown/dark
grey patch

Sand with silt patches

N

a

a

a

SB-2.1

10.5

10YR 4/3 throughout

Brown

Sand

N

a

a

a

SB-2.2

10.5

10YR 4/3 throughout

Brown

Sand

N

a

a

a

SB-2.3

10.5

10YR 4/3 throughout

Brown

Sand

N

a

a

a

SB-3.1

5.1

Top 3.5cm 5Y5/2. The rest 5Y5/1.

Olive grey/grey

Fine sand and silt

N

a

a

a

SB-3.2

5.3

Top 3.5cm 5Y5/2. The rest 5Y5/1.

Olive grey/grey

Fine sand and silt

N

a

p

a

SB-3.3

5

Top 3.5cm 5Y5/2. The rest 5Y5/1.

Olive grey/grey

Fine sand and silt

N

a

p

a

SB-4.1

10

Top 3.5cm 10YR5/3. The rest 10YR5/2.

Brown/greyish brown

Fine shell grit and sand

N

a

a

a

SB-4.2

11

Top 4cm 10YR5/3. The rest 10YR5/2.

Brown/greyish brown

Fine shell grit and sand

N

a

a

a

SB-4.3

14.5

Top 7cm 10YR5/3. The rest 10YR5/2

Brown/greyish brown

Fine shell grit and sand

N

a

a

a

SB-5.1

8.7

10YR 4/3 consistent

Brown

Silty sand

N

a

a

a

SB-5.2

8.5

Top 78mm 10YR 4/3. Rest 10YR 4/2

Brown/dark greyish brown

Silty sand

N

a

a

a

SB-5.3

10

Top 75mm 10YR 4/3. Rest 10YR 4/2

Brown/dark greyish brown

Silty sand

N

a

a

a

SB-6.1

5.5

Top 2.5cm 5Y5/2. Bottom 3cm 5Y5/1

Olive grey/grey

Fine sand

N

a

a

a
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SB-6.2

5

Top 2.5cm 5Y6/2. Bottom 2.5cm 5Y5/1

Light olive grey/grey

Fine sand

N

a

a

a

SB-6.3

5

Top 2.5cm 5Y5/2. Bottom 2.5cm is 5Y5/1

Olive grey/grey

Fine sand

N

a

p

a

SB-8.1

8.5

10YR 5/3 throughout

Brown

Sand

N

a

a

a

SB-8.2

8

Top 1mm GLEY 4/10Y. Next 2cm 10YR 5/1. Next 1.5cm
10YR 5/3 but with streaks of GLEY1 3/N. Rest
combination of 10YR 3/1 and GLEY1 3/N.

Dark greenish
grey/grey/brown/very dark
grey

Sand with silt on surface
and patches throughout

N

a

a

a

SB-8.3

11.7

Top 0.2cm 10YR 5/1. Next 8cm 10YR 5/3. Rest 10YR
5/2

Grey/brown/greyish brown

Sand

N

a

a

a

SB-9.1

9.5

Top 55mm 10YR 5/3. Rest 10YR 5/2

Brown/greyish brown

Sand with silt and shell
grit

N

a

a

a

SB-9.2

11.9

Top 90mm 10YR 5/3. Rest 10YR 5/2

Brown/greyish brown

Sand with silt and shell
grit

N

a

a

a

SB-9.3

12.2

Top 80mm 10Y 5/3. Rest 10YR 5/2

Brown/greyish brown

Sand with silt and shell
grit

N

a

a

a

SB-11.1

12

Top 5cm 10YR5/3. Black streaks down to 10cm. Last
2cm 10YR5/1.

Brown/black streaks/grey

Sand with silt patches

N

a

a

a

SB-11.2

10

Top 5cm 10YR5/3. Transition zone 57cm. Last 3cm
10YR5/1.

Brown/grey

Sand with silt patches

N

a

p

a

SB-11.3

8.5

Top 4cm 10YR5/3. Transition zone black streaks 1cm.
The rest to bottom 10YR5/1.

Brown/grey

Fine shell grit and sand
with silt patches

N

a

p

a

SB-13.1

11.5

Top 3.5cm 10YR 5/3. Rest is combination 10YR 5/1 +
10YR 5/2

Brown/grey/greyish brown

Sand with silt and shell
grit at bottom

N

a

a

a

SB-13.2

11.6

Top 7cm 10YR 5/3. Rest 5Y 5/1

Brown/grey

Shell grit on surface.
Sand with silt patches at
bottom

N

a

a

a

SB-13.3

9.8

Top 5.5cm 10YR 5/3. Rest 5Y 5/1

Brown/grey

Sand with silt and shell
grit at bottom

N

a

a

a
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Figure 9: Spatial variation in the replicate (black points) and mean (red crosshairs) a) corrected redox values
(mV) and b) sulphide concentrations (μM) and c) organic carbon content (LOI %) for 10 sites in Storm Bay for
sediments collected in 2019. Major impacts of organic enrichment is typically indicated by redox values < 0 mV
and sulphide concentrations > 100 μM (Macleod and Forbes 2004) and this is represented by the dashed line
in each plot. The levels associated with other stages of impact and recovery are shown in Table 12.
100%

% sediment type (mean)

90%
80%
70%
60%
50%
40%
30%
20%

Fine sand (<0.25-0.063mm)

SB13

SB9

SB8

SB6

SB5

SB4

SB3

Coarse sand (<2mm-0.25mm)

SB11

Gravel (>2mm)

SB2

0%

SB1

10%

Silt (<0.063mm)

Figure 10: Spatial variation in the mean percentage 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 10 sites in Storm Bay for sediments collected in 2019.
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Figure 11: Spatial variation in the mean (±SE) organic carbon (%LOI) for 10 sites in Storm Bay for sediments
collected in 2019.

Figure 12: Spatial variation in the mean (±SE) percentage carbon (%C), percentage nitrogen (%N) and C:N
molar ratio for 10 sites in Storm Bay for sediments collected in 2019.
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Figure 13: Mean (±SE) carbon (δ13C) versus nitrogen (δ15N) stable isotopes values for each of the 10 sites in
Storm Bay for sediments collected in 2019.

4.2. Soft sediment: Benthic Fauna and Communities
In this survey, 2428 individuals, comprising of 198 species among 121 families were
collected across 30 grab samples. Crustacean were the most abundant group making up
60 % of the total abundance. Polychaetes were the second most abundant group (20 %),
then molluscs (13 %), other taxa (4 %, e.g. nemerteans, sipunculan worms and tunicates)
and echinoderms (4 %). Forty one percent of families were crustaceans, 25 % molluscs, 21 %
polychaetes, 9 % other and 4% echinoderms.
The total abundances were lower and faunal diversity similar in the sediments across sites in
Storm Bay to other soft-sediment in south-eastern Tasmania 2. Monitoring sites in Storm Bay
recorded an average of 242.8 individuals from 41.3 families per site. For comparison, broad
scale monitoring sites in the Oakhampton in 2019, D'Entrecasteaux/Huon Channel in 2017,
and the Tasman Peninsula in 2018 averaged 698.57 individuals from 50.2 families (Aquenal
2019), 382.53 individuals from 33.26 families (Aquenal 2018) and 592.77 individuals from
48.33 families per grab/site (Aquenal 2018), respectively.
4.2.1. Diversity and Abundance
The diversity and abundances of total invertebrate fauna and annelids in the sediments,
differed among the 10 sites (Figure 14). The highest average numbers of families and
species per grab/site were recorded at SB6 (41.3 families and 51.3 species), and the lowest
at SB8 (13.3 families and 14.7 species) (Table 14). Similarly, the highest average abundances
of total benthic invertebrates and annelids per grab/site were found at SB6 (205.7 total
abundance, 62.7 annelids abundance) and the lowest abundances at SB8 (28 total
For comparison with other studies, all site data represents the pooled data from 3 grabs. Elsewhere in this
study we have reported data as the average per grab for each site.

2
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abundance, 4 annelid abundance) (Figure 14). The Simpson’s and Shannon’s diversity indices
demonstrated that the lowest values were found at SB1 relative to the other sites sampled
(Table 14). The k-dominance plots showed that none of the sites were dominated by
particular benthic families (Figure 15).
4.2.2. Important Species
In general, the sediment samples were dominated by arthropods, from the family Isaeidae,
annelids from the family Spionidae and to a lesser extent, molluscs from the family
Cardiidae (Figure 16). Some species within the Capitellidae and Nebaliidae families are
considered indicators of organic enrichment in south east Tasmania (Macleod and Forbes
2004; Table 12). In the 2019 survey, two organic enrichment indicator species, Nebalia sp.1
and Nebalia sp.3 were recorded (Table 14). The highest abundances of Nebalia sp.1 were
found at SB6 (Table 3). Two introduced species, the spider crab Pyromaia tuberculata, and
the mollusc Raeta pulchella were detected in very low numbers (1 individual at SB6) in the
sediments (Table 14). There were no threatened species recorded in the sediments at the
sites sampled.
4.2.3. Community assemblage
The multidimensional scaling (MDS) shows the similarities between sites based on benthic
invertebrate family diversity and abundance data (Figures 17, 18). Sites with similar
community assemblage are plotted close together in ordination space and those with
greater differences in benthic assemblage are further apart.
The MDS plot showed 5 or more main potential groupings of sites with similar macrofaunal
assemblages based on their location in Storm Bay. However, the fit of the MDS was poor
(i.e. stress 0.21). The most distinct group was Sites SB3, SB6, SB4 and SB11, which are
located along the coast of Bruny Island (Figure 2), and appear to have broadly similar
macrofaunal assemblages that are grouped to the right of the plot (Figure 17). This was
driven largely by differences in the abundance of the amphipod Aoridae, the polychaetes
Capitellidae, Maldanidae, and Spionidae, the echinoderm Amphiuridae (Figure 17). The
observed variation in benthic community assemblage also reflected differences in the
physical environment whereby SB3, SB6, SB4 and SB11, had higher percentage of silt (Figure
10) than the other sites (Figure 18). Overall, the sediment grain size (silt) and depth were
broadscale drivers, relating to the physical habitat, food and habitat availability.
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Figure 14: Spatial variation in mean (±SE) the a) number of benthic invertebrate families (per grab/site), b) total abundance of benthic invertebrates (per grab/site) and c)
abundance of Annelids (per grab/site) at 10 sites in Storm Bay for sediments collected in 2019.
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Figure 15: K-dominance plot of family level benthic invertebrate data from 10 sites in Storm Bay for sediments collected in 2020.
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Figure 16: Abundances of benthic invertebrates by family within each taxonomic grouping at 10 sites in Storm
Bay for sediments collected in 2019.
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Figure 17: MDS plot of benthic invertebrate data from 10 sites in Storm Bay for sediments collected in 2019. Vectors in indicate key families
with a high correlation (>0.60) with ordination space and represent families driving the separation of sites in two dimensions.
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Figure 18: MDS plot of the average number of benthic invertebrate families from the 10 sites in Storm Bay sampled in in 2019. Vectors in indicate key environmental
variables with a high correlation (>0.5) with ordination space and represent the environmental variables driving the separation of sites in two dimensions.
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Table 14: Mean (±SE) diversity (species richness, Shannon’s H (H’), Simpson’s diversity (SDI)) of benthic
invertebrates at 10 sites in Storm Bay for sediments collected in 2019.
Site

Species Richness

H’

SDI

SB-1

17.3

(2.33)

2.1 (0.27)

0.8 (0.07)

SB-2

28.3

(5.21)

3.0 (0.22)

0.9 (0.01)

SB-3

33

(4)

2.7 (0.65)

0.8 (0.17)

SB-4

34

(0)

3.2 (0.05)

1.0 (0.01)

SB-5

25.3

(3.76)

2.7 (0.15)

0.9 (0.02)

SB-6

51.3

(3.67)

3.3 (0.14)

0.9 (0.01)

SB-8

14.7

(0.33)

2.3 (0.15)

0.9 (0.05)

SB-9

28

(4.04)

3.0 (0.11)

0.9 (0)

SB-11

34.3

(3.71)

3.1 (0.06)

0.9 (0.01)

SB-13

22

(2.65)

2.4 (0.20)

0.8 (0.05)

Table 15: Abundances of organic enrichment indicator and introduced benthic invertebrates at 10 sites in
Storm Bay for sediments collected in 2019.
Organic
enrichment

Organic enrichment

Organic enrichment

Introduced

Introduced

Phylum

Annelida

Arthropoda

Arthropoda

Arthropoda

Mollusca

Family

Capitellidae

Nebaliidae

Nebaliidae

Inachoididae

Anatinellidae

Species

Capitellid
sp.8

Nebalia sp.3

Nebalia sp.1

Pyromaia
tuberculata

Raeta pulchella

SB-1

0

0

0

0

0

SB-2

0

0

0

0

0

SB-3

0

0

1

0

0

SB-4

0

0

0

0

0

SB-5

0

0

0

0

0

SB-6

0

1

7

1

1

SB-8

0

0

0

0

0

SB-9

0

0

0

0

0

SB-11

0

0

2

0

0

SB-13

0

0

1

0

0

Total

0

1

11

1

1
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4.3 Water-Column: Physico-Chemical Parameters
Water column measurements were collected by IMAS each month from fourteen sites
between August 2019 and April 2020, under the Environmental Licence 10180/1. To provide
some recent historical context, data collected by the EPA from January 2018 – July 2019 is
also presented in this report in conjunction with the BEMP data. 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 surveys. Also, site SB1 was visited either monthly
or fortnightly, coinciding with the Derwent Estuary Monitoring Program.
This report presents observations of each analyte for the BEMP and EPA sample periods in
relation to the following:
a) Inter-annual trends (all sites on one plot through time, averages calculated for
surface, middle (10m) and bottom waters)
b) Intra-annual trends (January to December, surface, middle and bottom)
c) By site
d) By site through time
4.3.1. Temperature
Water temperatures across Storm Bay, were relatively consistent between sites and showed
a clear seasonal cycle with the highest temperatures recorded in the summer months (~1718 oC) and the lowest temperatures in the winter months (~10 oC) (Figure 19). Water
temperatures generally declined with depth from the surface to the bottom of the water
column (Figure 19) and this divergence was most pronounced during summer (Figure 1).
However, during winter the water temperature increased with depth from the surface to
the bottom of the water column (Figure 19).
4.3.2. Salinity
Salinity varied little across Storm Bay, and there was no clear seasonal cycle in salinity
(Figure 20). Between January 2018 and April 2020, the mean monthly salinity, at all depths,
varied between 33 ppt and 36 ppt (Figure 20). Although variation in salinity with depth was
relatively small, bottom and mid waters typically had higher salinities than the surface, and
at various times salinity dropped in the surface waters. This was most notable at SB1 and
S12, where less saline surface waters flow into the bay from the Derwent Estuary and the
D'Entrecasteaux Channel (Figure 20).
4.3.3. Dissolved Oxygen
Dissolved oxygen was relatively uniform across Storm Bay, with median values around 7.8
mg/L (Figure 21). Seasonally, dissolved oxygen was lowest in late summer and autumn
(Figure 21) when temperatures were highest (Figure 19). The dissolved oxygen peak in
spring 2018 is larger due to SB1 and therefore, most likely reflect the influence of the
Derwent Estuary. Across the 2019-2020 survey, most of the dissolved oxygen values fell
between the 25th and 75th percentiles, and SB1 showed the greatest variation around the
median (Figure 21).
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Figure 19: 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) and bottom plotted as lines. B) variation in temperature across the year, all data from every site
was pooled for each month, C) variation in temperature for each site pooled over time, and D) variation in
temperature at each site through time.
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Figure 20: 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) and bottom plotted as lines. B) variation in salinity across the year, all data from every site was
pooled for each month, C) variation in salinity for each site pooled over time, and D) variation in salinity at
each site through time.
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Figure 21: 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) and bottom plotted as lines. B) variation in dissolved oxygen across the year, all data
from every site was pooled for each month, C) variation in dissolved oxygen for each site pooled over time,
and D) variation in dissolved oxygen at each site through time.
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4.4. Water-Column: Nutrients
4.4.1. Total Nitrogen
Total nitrogen values were quite variable with little evidence of seasonal trends at this stage
(Figure 22). Sites closest to the mouth of the Derwent estuary are most affected by runoff
and is evidenced by higher surface nitrogen in comparison to more oceanic sites (Figure 22);
this is most evident at SB1 in June 2018 when total nitrogen peaked at the same time as a
drop in surface salinity (Figure 20).
4.4.2. Total Ammoniacal Nitrogen
There was no obvious seasonal trend in total ammoniacal nitrogen (TAN) (Figure 23). This
appears to largely reflect the spring-summer period of 2019-2020 when TAN concentration
was markedly higher at depth (Figure 23). The highest TAN values occurred from JanuaryMarch 2020 in the bottom waters of SB5, SB12 and SB15, and to a lesser extent SB2, SB4,
SB6, SB8, SB11, SB14 (Figure 23). However, it is important to note that this pattern is not
consistent across years; in spring-summer 2018/19 bottom concentrations of TAN remained
low (Figure 23).
4.4.3. Nitrate and Nitrite concentrations
The nitrate concentrations in Storm Bay showed a very clear seasonal trend, peaking in
winter and dropping down too much lower levels in summer and autumn (Figures 24, 25).
This is consistent with the patterns reported previously by Swadling (et al., 2017) in Storm
Bay. This pattern is likely linked to the influence and intrusion of nitrate rich subantarctic
bottom waters. In this study, bottom water nitrate concentrations have remained elevated
through spring and summer 2019-2020 and this is evident at all sites (Figure 24). The
pattern for nitrate + nitrite (Figure 25) is largely consistent with that described for nitrate,
reflecting that nitrite makes up a small fraction of the combined measurement.
4.4.4. Total Phosphorus and Dissolve Reactive Phosphorus
Dissolved reactive phosphorus concentrations also reached a peak in winter and early
spring, at approximately 0.015 mg-P/L (Figure 26). This likely reflects the influence of the
Southern Ocean. There was to a much lesser extent some evidence of seasonality in total
phosphorus (Figure 27). As we described for nitrate, bottom water dissolved phosphate
concentrations have remained elevated through spring and summer 2019/20. This pattern is
this is evident at all sites (Figure 27), and as such, could be linked to meso-scale influences
on Storm Bay.
4.4.5. Silica, Molybdate Reactive
The silicate concentrations also appear to show a seasonal pattern with a peak through
winter - early spring (Figure 28). This pattern was most pronounced in surface waters and to
some extent it is also apparent in bottom waters (Figure 28). Distinct peaks in surface
silicates were mainly evident at site SB1 (Figure 28). This site is close to the mouth of the
Derwent River and periodic freshwater flows from this river are likely to be the source of
these silicate peaks.
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Figure 22: 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) and bottom plotted as lines. B) variation in total nitrogen across the year, all data from
every site was pooled for each month, C) variation in total nitrogen for each site pooled over time, and D)
variation in total nitrogen at each site through time.
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Figure 23: 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) and bottom plotted as lines. B) variation in ammonia across the year, all data from
every site was pooled for each month, C) variation in ammonia for each site pooled over time, and D) variation
in ammonia at each site through time.
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Figure 24: 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) and bottom plotted as lines, B) variation in nitrate across the year, all data from every site was pooled for
each month, C) variation in nitrate for each site pooled over time, and D) variation in nitrate at each site
through time.
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Figure 25: 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) and bottom plotted as lines, B) variation in nitrate and nitrite across the year, all data
from every site was 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.
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Figure 26: 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) and bottom plotted as lines, B) variation in total phosphorus across the year, all data
from every site was 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.
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Figure 27: 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) and bottom plotted as lines, B) variation in DRP across the year, all data from
every site was pooled for each month, C) variation in DRP for each site pooled over time, and D) variation in
DRP at each site through time.
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Figure 28: 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) and bottom plotted as lines, B) variation in silica across the year, all data from every site
was pooled for each month, C) variation in silica for each site pooled over time, and D) variation in silica at
each site through time.
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4.5. Water-Column: Phytoplankton Biomass and Communities
4.5.1. Chlorophyll a
Chlorophyll a is routinely used as a measure of phytoplankton biomass. Chlorophyll a
generally exhibited slightly higher values in winter and spring than summer and autumn
(Figure 29). The highest chlorophyll a observed was approx. 4.0 mg m-3 in November 2019,
at SB11 (Figure 29) and the median concentration across all sites ranged from 1 - 2.0 mg m-3.
Although the pattern is not as clear for chlorophyll a as it was for nitrate and phosphate,
there is again some evidence of more elevated levels, at a number of sites, late 2019 and
early 2020, than typically seen during the same period in previous years (Figure 29).
4.5.2. Phytoplankton Composition and Abundances
Phytoplankton abundance in Storm Bay was dominated by diatoms (Class Bacillariophyta),
with dinoflagellates (Class Dinophyta) being the next most abundant, excluding October
2019 when the green algae Prasinophyceae was next most abundant (Figure 30). The
abundance of the different phytoplankton classes differed through time and across the 14
sites (Figure 31). At most sites, the highest counts of phytoplankton were recorded in spring
(Figure 31). However, during late summer 2020, there were also peaks in the abundances of
phytoplankton at some sites (Figure 31).
4.5.3. Harmful Algae
The dataset was divided into harmful and non-harmful phytoplankton species (Hallegraeff
1991). Most of phytoplankton counted were non-harmful species (Figure 32). The highest
densities of harmful phytoplankton were recorded in summer 2019-2020, at SB1, SB6, SB12,
SB13 and S14 (Figure 33). During this period, there was an influx of the dinoflagellate,
Scrippsiella trochoidea (Figure 33).
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Figure 29: Spatial and temporal variation in chlorophyll a (mg/mg3) values for surface, middle and bottom
samples collected 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, all data from every site was pooled for each month, C)
variation in chlorophyll a for each site pooled over time, and D) variation in chlorophyll a at each site through
time.
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Figure 30: The a) mean densities of phytoplankton (cells/mL per site for each survey event) by class and the b) relative abundance of phytoplankton (cells/mL per site for
each survey event) by class, for samples collected at 14 sites across Storm Bay.
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Figure 31: Spatial and temporal variation in the density (cells/mL per site for each survey event) of
phytoplankton collected at 14 sites in Storm Bay. A) monthly for all sites through time with the means the
integrated samples plotted as lines for Bacillariophyceae and all other classes, B) variation total abundance at
each site through time, C) relative abundance of classes at each site through time.
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Figure 32: The a) mean densities of phytoplankton (cells/mL per site for each survey event) and the b) relative abundance of phytoplankton (cells/mL per site for each
survey event) of harmful and non-harmful phytoplankton, for samples collected at 14 sites across Storm Bay.
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Figure 33: Spatial and temporal variation in the density (cells/mL per site for each survey event) in the
densities of harmful and non-harmful phytoplankton (cells/mL per site for each survey event) for 14 sites in
Storm Bay. A) monthly of harmful species only for all sites through time with the means the integrated samples
plotted as lines, B) variation at each site through time, C) relative abundance at each site through time.

4.6. Water-Column: QC/QA
The Environmental Licence requires a range of quality assurance and quality control
measures. The schedule sets minimum percent variation targets for assessing quality control
(e.g. <20% difference between 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 Environmental Licence schedule conditions (i.e. <20%
difference between field and duplicate samples).
The comparison of field samples and duplicate samples from the same sites, for surface,
10 m and bottom waters are presented in (Figures 34-36). Silicate and nitrate were the most
similar, with the duplicate samples matching the field samples frequently (Figures 34-36).
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For remaining analytes (total ammoniacal nitrogen, dissolved reactive phosphorus, total
nitrogen and total phosphorous), the field samples and duplicate samples were similar for
most cases, with observed differences < 20% (Figures 34-36, Supplementary S5a). However,
for a few samples the observed differences between the field and the duplicate samples
exceed the 20% limit (Supplementary S5a). There were no systematic errors between
duplicates and field observations (Figures 36, 37, Supplementary S5a).
The comparisons of trip blanks samples and field blanks samples showed some differences
in the reported values, but the differences mostly did not exceed the minimum reporting
limits for the analytes tested (Figures 38, Supplementary S5b). However, for a few samples
the observed differences between the field blank and the trip blank samples did exceed the
20% limit (Supplementary S5b). There were no systematic errors between the field blank
and trip blank samples (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 38) and the results should therefore be
treated with caution.
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Figure 34: Comparison of duplicate samples (closed circles) with field samples (open squares) from bottom waters eight analytes measured through 2019-2020. Error bars
represent the minimum reporting limit (MRL) for each analyte. The dashed line is the minimum reporting limit.
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Figure 35: Comparison of duplicate samples (closed circles) with field samples (open squares) from 10 m waters eight analytes measured through 2019-2020. Error bars
represent the minimum reporting limit (MRL) for each analyte. The dashed line is the minimum reporting limit.
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Figure 36: Comparison of duplicate samples (closed circles) with field samples (open squares) from surface waters eight analytes measured through 2019-2020. Error bars
represent the minimum reporting limit (MRL) for each analyte. The dashed line is the minimum reporting limit
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Figure 37: Comparison of duplicate samples (closed circles) with field samples (open squares) for integrated samples of chlorophyll a measured through 2019-2020. Error
bars represent the minimum reporting limit (MRL) for each analyte. The dashed line is the minimum reporting limit.
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Figure 38: Comparison of trip blank samples (closed circles) with field blank samples (open squares) for integrated samples of 9 analytes measured through 2019-2020.
Error bars represent the minimum reporting limit (MRL) for each analyte. The dashed line is the minimum reporting limit.
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4.7. Performance of Nutrients and Chlorophyll a against Investigative Trigger Levels
The licence includes monthly (chlorophyll a only) and annual investigative trigger levels for
compliance site SB3. At this site, when the monthly value for chlorophyll a exceeds 3.3
mg/m3 or the rolling annual median value for each of the parameters exceeds the levels
specified in Table 1 (adapted from Table 1 of the licence schedule), the Licence holder
should undertake further investigations to determine the potential influence of salmon
farming or other inputs. Water quality investigative trigger levels, generated by the EPA,
were based on 80th, 50th or 20th percentiles from 3 sites (SB3, SB6 and SB1) for data
collected between 2018 and 2019 period. The investigation trigger levels based on the
rolling annual median do not come into effect until after the collection of twelve months of
data (August 2020) but indicative rolling medians for SB3 were calculated and presented for
the data from August 2019 to April 2020, to provide context (Table 16).
Across the monitoring period, the total ammoniacal nitrogen, total nitrogen, nitrate and
nitrite, total phosphorus, dissolved phosphorus and dissolved oxygen concentration in the
surface and bottom waters and the integrated chlorophyll a at SB3, varied through time.
The indicative median values of all analytes (except chlorophyll a) were below the annual
rolling median investigative trigger level and the dissolved oxygen concentration was above
the rolling median investigative trigger levels (Table 16). In contrast, the chlorophyll a rolling
median value for the first 9 months is currently above the annual rolling median
investigation trigger level; note all monthly values are below the monthly investigative
trigger level of 3.3 mg/m2 (Table 15). To interpret these results and to provide insight into
how compliance site data can be interpreted in the future (noting again that there is no
exceedance here), a comparison of the integrated chlorophyll a data at SB3 against other
sites is made below (Section 4.8).
Table 16: The investigative trigger levels (determined from EPA and historical data) and the indicative rolling
medians (Aug 19 to Apr 20) for the compliance site SB3.
Parameter

Level

SB3

Ammonia (surface)

6.0 µg/L

2.5 µg/L

Ammonia (bottom)

10.0 µg/L

2.5 µg/L

Total Nitrogen (surface)

308.0 µg/L

250.0 µg/L

Total Nitrogen (bottom)

330.0 µg/L

250.0 µg/L

Nitrite & Nitrate (surface)

38.6 µg/L

3.0 µg/L

Nitrite & Nitrate (bottom)

41.8 µg/L

3.0 µg/L

Total Phosphorus (surface)

48.0 µg/L

26.0 µg/L

Total Phosphorus (bottom)

40.0 µg/L

26.0 µg/L

Dissolved Reactive Phosphate (surface)

12.8 µg/L

6.0 µg/L

Dissolved Reactive Phosphate (bottom)

14.0 µg/L

6.0 µg/L

Oxygen (surface)

7.7 mg/L (lower limit)

8.51 mg/L

Oxygen (bottom)

7.1 mg/L (lower limit)

8.59 mg/L

Chlorophyll a

1.1 mg/m3

1.45 mg/m3
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4.8. Considerations for Investigative Trigger Levels and their Interpretation
A challenge with using a single site for compliance (i.e. SB3) is that due to random chance,
higher or lower values may be recorded through time, that lead to exceedances of the
either the monthly (Chlorophyll a only) or annual rolling median investigative trigger levels.
Hence, comparison against other monitoring sites is essential (Figure 39). The first step we
propose is to compare the data at the compliance site to other sites in the intermediate
area (<5 km) of the lease/s of interest. For the Yellow Bluff lease, we compared the pattern
at SB3 (compliance site) which is ~1.2km from the lease with sites SB12, SB13, SB14 and
SB15 that are between 3 and 5 km from the lease (Figure 39). If the pattern was only
observed at the compliance site, it suggests a localised effect that may be farm related, but
given it is only a single site, additional gradient sampling on a transect and/or dispersion
modelling (e.g. CONNIE) would be required to identify the likely cause and the spatial extent
of change.
If a similar pattern was observed at both the compliance and intermediate sites, we would
then, compare the water column data from these sites against the most appropriate farfield (i.e. >5km) reference sites for that region. For the Yellow Bluff lease, the data at SB3
and SB12, SB13, SB14 and SB15 was compared to SB4, SB7, SB2 and SB9 (Figure 39). If the
pattern was only observed at the sites in the intermediate area of the lease, additional data
and or modelling would be required to understand the likely cause of the change, whereas if
the pattern was similar to the far-field sites this could indicate a broader scale system
change.
After the first 9 months of sampling, the indicative median for chlorophyll a at SB3 was
above the annual rolling median investigative trigger level , but notably the indicative
median at other intermediate and far-field sites are also over the investigative trigger level
(Figure 40c). The median and range of chlorophyll a concentrations measured at SB3 are
generally less or comparable to both the intermediate sites (SB12, SB13, SB14 and SB15)
and far-field sites (SB2, SB4, SB7 and SB9) (Figure 40). Throughout the sampling, the
chlorophyll a concentrations measured at the compliance (SB3) were lower than the
monthly investigative trigger level of 3.3 mg/m3 (Figure 40a). In contrast, the chlorophyll a
measurements at the intermediate site SB11 were greater than the monthly investigative
trigger level of 3.3 mg/m3 on two occasions (Figure 40a). Given that the temporal trajectory
of SB3, intermediate and far field sites all appear similar (Figure 40b), the data to date
points to a broader system scale change. In this case other data sources can be used to
identify whether the change reflects mesoscale oceanography. Long-term data sets (e.g.
IMOS Maria Island and Storm Bay site SB2), the more oceanic reference sites for the other
BEMP programs in the south east and the Storm Bay BGC model will be pivotal in
interpreting the drivers and scale of change.
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Figure 39: Map showing the location of MF281, the compliance site (red SB3) intermediate sites (blue <5 km
from the lease, SB12, SB13, SB14, SB15), far-field sites (black >5 km from the lease, SB2, SB4, SB7, SB9) and
sites not included in the comparison (hatched SB1, SB5, SB6, SB8, SB11) in Storm Bay3.
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Figure 40: Spatial and temporal variation in chlorophyll a (mg/mg3) values at the compliance site (red: SB3),
intermediate sites (blue: <5 km from the lease SB12, SB13, SB14, SB15) and far-field sites (black: >5 km from
the lease SB2, SB4, SB7, SB9) in Storm Bay. A) monthly chlorophyll a, B) monthly chlorophyll a with loess
smoothers and C) variation in chlorophyll a, across 9 months of sampling for each site. The black dotted lines
are the either the monthly investigative trigger level (plots A and B) or the annual rolling median investigation
trigger level (plot C) from the environmental licence and the solid grey shading are the confidence intervals.
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4.9. Reefs
4.9.1. Rapid Visual Assessment Surveys
Most sites in the region had healthy canopy cover, averaging above 50% cover in both
winter (August – September 2019) and summer (February – March 2020) surveys (Figure
41). At sites with very high canopy cover the substratum was generally dominated by pink
encrusting coralline algae (Figure 41). At the sites SBIR02, SBIR28, SBIR07 where there was
less canopy cover, there was a greater cover of understorey brown and red algae (Figure
41). The dominant canopy cover shifted from P. comosa at the southern sites to Ecklonia
radiata at the northern sites (Figure 42). Although RVA does not accurately capture cover of
giant kelp, Macrocystis pyrifera, it was commonly observed at SBIR02, and to a lesser extent
SBIR28 and SBIR07. The cover of both canopy and understorey algae was generally greater
in the summer 2020 survey compared to the winter 2019 survey (Figures 43-44).
When the enrichment parameters were examined individually (epiphytic algae, filamentous
algae, nuisance green and nuisance red), only epiphytic algae was present in any significant
cover (Figure 44). At all sites (except SBIR07), there was a greater average percentage cover
of epiphytic algae in summer 2020 compared to winter 2019 (Figure 44). The greatest
percentage cover of epiphytic algae were observed in the summer 2020 survey at SBIR14
(38.75%) (Figure 44). Almost no filamentous or nuisance red algae was observed in the sites
surveyed, although a very small percent cover of nuisance green algae was recorded in the
northern sites, generally in the form of Ulva spp. (Figure 44). These results are likely driven
by a variety of sources, including nitrogen inputs from the nearby catchments such as the
Derwent (Figure 22).
To visualise the differences between sites and seasons, a PCO using all 15 parameters was
conducted (Figure 44-45). The results showed that 48.6 % (horizontal axis, Figure 44) of the
variation between sites could be explained by the differences in reef structure (i.e. canopy
and sub-canopy variables) (Figure 44-45). Most sites tended to have similarly high values for
canopy cover and pink encrusting coralline algae, however, some sites (e.g. SBIR02, SBIR07,
SBIR28) had distinctly less cover of canopy algae and were more dominated by sub-canopy
algae, particularly brown and red algae (Figure 44-45). These site level differences appear to
be stronger in the winter survey compared to the summer survey (Figure 44-45). A further
25.3 % (vertical axis, Figure 44) explained the seasonal differences in reef structure between
sites. The growth of sponges and epiphytic algae during summer contributed to most of the
seasonal differences observed (Figure 44). Site SBIR02 is distinguished from all other sites
during the winter 2019 survey due to the greater presence of red encrusting algae (Figure
44-45).
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Figure 41: Average percentage cover of 6 functional parameters relating to ecosystem structure for both
Winter (August-September 2019) and Summer (February-March 2020) RVA sampling events.
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Figure 42: Average percentage cover of the major canopy forming species at each site in both Winter (AugustSeptember 2019) and Summer (February-March 2020) RVA sampling events.
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Figure 43: Average percentage cover of the 4 enrichment parameters surveyed in both Winter (AugustSeptember 2019) and Summer (February-March 2020) RVA sampling events.
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Figure 44: Principle coordinates analysis (PCO) on RVA parameter values based on means for each site shown for both Winter (August-September 2019 blue) and Summer
(February-March 2020 red). Vector overlays contributing to principle coordinates with a base variable comparison of > 0.5 are included. The length of the vectors indicates
the strength of the correlation.
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Figure 45: Principle coordinates analysis (PCO) on RVA parameter values during a) Winter (August-September 2019) and b) Summer (February-March 2020) sampling
events. Vector overlays contributing to principle coordinates with a base variable comparison of > 0.5 are included. The length of the vectors indicates the strength of the
correlation.
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Figure 46: The algae assemblage characteristics of inshore reefs from photoquadrats in Storm Bay in winter
2019 and summer 2020.
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4.9.2. Deep Reef Surveys
Overall, our observations of the deep reef systems in Storm Bay broadly correspond with
the initial data previously collected on these systems by IMAS (Barrett, Sanderson et al.
2001, Lucieer, Barrett et al. 2012, Lyle, Hill et al. 2017), and the baseline surveys undertaken
by Aquenal Pty Ltd at SB14 in summer 2019. The community on the substratum was
dominated by sponges and red algae, and the fish communities comprised mostly of perch
and wrasse species (Table 16).
The substratum varied between sites (Figure 47). SB14 and SB15 were relatively similar, and
were dominated by relatively flat bedrock with low relief interspersed with large patches of
sand and contrasting areas of higher relief (Figure 47). SB07 had a similar profile to SB14 and
SB15, however being a more oceanic site, the small amounts of sand deposited on the reef
was much coarser (Figure 47).
At all sites, the algal communities were dominated by red algae including branching
Rhodymenia spp. and Callophyllis spp., and Peyessonnelia spp. in both prostrate and
encrusting forms (Table 17). It is likely that the red algal assemblages on these reef systems
is quite diverse, however, species-level identification of these taxa was not possible using
the ROV footage (Table 17). At SB07 and SB15 the green macroalgae Caulerpa was
observed, Caulerpa flexilis was more prevalent at SB07, while Caulerpa trifaria was more
common at SB15 (Table 16). There was no canopy-forming brown macroalgae observed in
any of the transects, however, the understorey brown species Carpoglossum confluens was
observed at SB14 (Table 17).
Several sponge morpho-types were recorded (Table 17). At all sites, erect laminar, erect
branching, simple massive and cup forms of sponge were observed (Table 17). Other sessile
invertebrate taxa included sea whips (SB07), gorgonians (SB14, SB20), bryozoans (SB15,
SB20), zoanthids (SB15) and stalked ascidians (SB07) (Table 17). With the exception of
featherstars, very few mobile invertebrates were recorded. Low numbers of southern rock
lobster (Jasus edwardsii) and sea stars (Nectria sp.) were seen at SB07 (Table 17).
The most common fish species across all sites were Butterfly perch (Caesioperca
lepidoptera), Barber perch (Caesioperca razor) and Rosy wrasse (Pseudolabrus rubicundus)
(Table 17). These 2 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), the Purple wrasse (Notolabrus fucicola), and a
variety of leatherjackets and morwong (Table 17).
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Table 17: Qualitative assessment of dominant taxa in ROV footage along a 200 m transects on deep reef sites in Storm Bay.
Site

Depth
(m)

Seabed

Algae

Sessile Invertebrates

Mobile Invertebrates

Fish

SB07

31

Consolidated hard
rock (bedrock)

Caulerpa flexilis

Sponges:

Caesioperca lepidoptera (Butterfly perch)

Rhodymenia sp.

Massive simple form (fan)

Featherstars:
Comanthus sp.

Peyessonnelia sp.

Erect branching form

Callophyllis sp.

Massive simple form (lumpy)

Encrusting red
coralline

Cup form

Mixed relief from flat
to <2m
Lower areas covered
in coarse sand

Jasus edwardsii
Nectria sp.

Colonial zoanthids

Caesioperca rasor (Barber perch)
Pseudophycis barbata (Bearded rock cod)
Upeneichthys vlamingii (Bluespotted goatfish)
Aplodactylus arctidens (Marblefish)
Cheilodactylus spectabilis (Banded morwong)
Notolabrus tetricus (Bluethroat wrasse)
Notolabrus fucicola (Purple wrasse)

Solitary stalked ascidian

Pseudolabrus rubicundus (Rosy wrasse)
Suezichthys aylingi (Crimson cleaner wrasse)

Sea whips: Primnoella
australasiae

Acanthaluteres vittiger (Toothbrush
leatherjacket)
Meuschenia scaber (Velvet leatherjacket)
Aracana aurita (Shaw’s cowfish)

SB14

31

Consolidated hard
rock (bedrock)

Carpoglossum
confluens
Peyessonnelia sp.

Mixed relief from flat
to <1m
Highly sedimented

Callophyllis sp.
Erect coarse and
fine branching red
algae

Sponges:
Massive simple form (fan)

Featherstars:
Comanthus sp.

Caesioperca lepidoptera (Butterfly perch)
Caesioperca rasor (Barber perch)

Erect branching form

Dasyatis brevicaudata (Smooth stingray)

Massive simple form (lumpy)

Neosebastes scorpaenoides (Common gurnard
perch)

Cup form
Gorgonians: Pteronisis sp.

Trachinops caudimaculatus (Hula fish)
Upeneichthys vlamingii (Bluespotted goatfish)
Cheilodactylus nigripes (Magpie perch)
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Nemadactylus douglasii (Grey morwong)
Nemadactylus macropterus (Jackass morwong)
Notolabrus tetricus (Bluethroat wrasse)
Pseudolabrus rubicundus (Rosy wrasse)
Meuschenia scaber (Velvet leatherjacket)
Aracana aurita (Shaw’s cowfish)

SB15

30

Consolidated hard
rock (bedrock)
Mixed relief to <1m
Some small areas
<2m2 of bare rock

Peyessonnelia sp.

Massive simple form (fan)

Caulerpa spp.

Erect branching form

Erect coarse and
fine branching and
sheet-like
membranous red
algae

Featherstars:
Comanthus sp.

Caesioperca lepidoptera (Butterfly perch)
Caesioperca rasor (Barber perch)

Massive simple form (lumpy)

Pseudophycis barbata (Bearded rock cod)

Cup form

Trachinops caudimaculatus (Hula fish)
Vincentia conspersa (Southern cardinalfish)

Hard bryozoa fenestrate

Cheilodactylus nigripes (Magpie perch)

Soft bryozoa foliaceous

Cheilodactylus spectabilis (Banded morwong)
Nemadactylus macropterus (Jackass morwong)

Colonial anemones Zoanthids

Latridopsis forsteri (Bastard trumpeter)
Notolabrus tetricus (Bluethroat wrasse)
Pseudolabrus rubicundus (Rosy wrasse)
Pictilabrus laticlavius (Senator wrasse)
Acanthaluteres vittiger (Toothbrush
leatherjacket)
Eubalichthys gunnii (Gunn's leatherjacket)
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Figure 47: The habitat characteristics of deep reefs from ROV footage of Storm Bay in 2020.

SB07:

SB14:

SB15:

4.10. Seagrass
4.10.1. Mapping
The distribution of the seagrass beds in Bull Bay were substantially different to the original
SeaMap Tasmania data collected twenty years ago, which could be linked to a range of
factors including natural variability and survey methods (Figure 48). A large portion of the
seagrass bed mapped by SeaMap Tasmania is now sand, which is similar to the results from
the baseline surveys undertaken by Aquenal Pty Ltd in the summer of 2019, suggesting that
the changes in seagrass distribution occurred prior to the commencement of salmon
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farming at Yellow Bluff.
As part of the November 2019 sampling, we undertook additional sampling using the drop
camera to estimate the current distribution of the bed and constructed a preliminary map
of the seagrass bed from this data (Figure 48). We found that the seagrass has shifted
approximately 30 m to the east of the original SeaMap site in the last 20 years. As a result, a
large portion of the transects outlined in the Environmental Licence are not on the main bed
and only include sand. In contrast, the seagrass bed extent in the southern Adventure Bay
site, was very similar to that of the SeaMap Tasmania data from 2001 (Figure 49).

Figure 48: Estimated extent of the seagrass bed in Bull Bay in November 2019, Storm Bay. Data captured from
transects as outlined in Environmental Licence (red triangles), and additional IMAS photo quadrat (green
triangles) were used to determine the bed edge or seagrass (green circles). All waypoints are in GDA 94, Zone
55 and are overlain on the 2001 SeaMap Tasmania seagrass data.
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Figure 49: Estimated extent of the seagrass bed in Adventure Bay in November 2019, Storm Bay. Data
captured from transects as outlined in Environmental Licence (red triangles), and additional IMAS photo
quadrat (green triangles) were used to determine the bed edge or seagrass (green circles). All waypoints are in
GDA 94, Zone 55 and are overlain on the 2001 SeaMap Tasmania seagrass data.
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4.10.2. Surveys
Given that the seagrass transects (SG 1-3) outlined in the Environmental Licence were
located on sand, our assessment of seagrass health was undertaken using quadrats that
captured the main seagrass bed, and additional IMAS photo-quadrats was used to examine
bed extent (see Figure 49). There was considerable variation in seagrass cover across the
Bull Bay seagrass bed, varying from 15.4% in transect SG3 to 50% in transect SG5. (Figure
51:a). Comparatively, cover was relatively consistent across Adventure Bay over the 3
transects, ranging between 48.4% and 60.1% across the 3 transects (Figure 50:b).
Greater epiphytic algae growth on seagrass was observed at Adventure Bay (averaging close
to 75% cover across the 3 transects) than at Bull Bay (< 38%, Figure 51). Overall, epiphytic
algal growth was dominated by brown algae in all transects at both sites (Figure 51).

Figure 50: Seagrass (Zostera spp.) percentage cover for survey sites at a) Bull Bay and b) Adventure Bay for
transects as outlined in Environmental Licence, plus additional photo-quadrats collected by IMAS in spring
2019.

Figure 51: Total epiphytic percentage cover for survey sites at a) Bull Bay and b) Adventure Bay for transects as
outlined in Environmental, plus additional photo-quadrats collected by IMAS in spring 2019.
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To compare the most recent data to the 2019 baseline seagrass survey undertaken by
Aquenal Pty. Ltd. in November 2019, we gave an epiphyte score to the transects using the
same qualitative categorical measure as outlined in the baseline survey. Using this
comparison, the epiphytic cover in Adventure Bay was found to be much greater in the
Environmental Licence survey than in the baseline survey, scoring consistently “very high,
plants completely covered” in November 2019, compared with “low, minimal epiphytic
growth” in the baseline survey undertaken in summer 2019 (Table 17). In contrast, the
epiphytic cover at Bull Bay was greater in the baseline survey, recording “high” or “very
high” than the Environmental Licence survey in November 2019 (Table 17). Overall, in the
Environmental Licence survey, the epiphytic cover at Adventure Bay was scored higher than
the epiphytic cover in Bull Bay (Table 17).
Filamentous algae were the dominant epiphytical cover on seagrass. Seagrass at Adventure
Bay had more epiphytic filamentous algae, where the seagrass often appeared smothered
by filamentous growth (Figure 52). In contrast, Bull Bay had much lower scores of
filamentous algae (Figure 52).
Table 17: Qualitative epiphyte score from Bull Bay and Adventure Bay for transects outlined in Environmental
Licence for both November 2019 Environmental Licence survey and baseline survey undertaken in summer
2019.
Site

Transect

Baseline Epiphyte Score

EL Epiphyte Score

Bull Bay

SG1

5

3

SB2

5

4

SB3

5

4

SB4

3

4

SB5

NA

4

SGR1

2

5

SGR2

2

5

SGR3

3

5

Adventure Bay

Figure 52: Total filamentous algal growth as a percentage for both survey sites a) Bull Bay and b) Adventure
Bay for transects as outlined in Environmental Licence [a) SG1 – SG4 & b) SGR1 – SGR3] and extended
transects by IMAS [a) SG5].
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Wrack algae was only observed at Bull Bay in very low percentage cover on transects SG3
and SG4, and in Adventure Bay at SGR2 (Figure 53). Caulerpa spp. was present only in
Adventure Bay during the November 2019 survey period, occurring across all transects in
low abundances, but with slightly higher percentage cover on transect SGR2 (4.61%) relative
to all the other transects (Figure 54).

Figure 53: Total wrack algae as a percentage cover for both survey sites a) Bull Bay and b) Adventure Bay for
transects as outlined in Environmental Licence [a) SG1 – SG4 & b) SGR1 – SGR3] and extended transects by
IMAS [a) SG5].

Figure 54: Percentage cover of Caulerpa spp. for both survey sites a) Bull Bay and b) Adventure Bay for each
transects as outlined in Environmental Licence [a) SG1 – SG4 & b) SGR1 – SGR3] and extended transects by
IMAS [a) SG5].

89

Annual BEMP Report

Environmental Licence 10180/1

Figure 55: Representative images from seagrass transects
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5. Summary
This report summarises the surveys undertaken between August 2019 to April 2020 for: soft
sediments; water quality; deep and inshore reefs; and seagrasses for 28 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 the EPA (January 2018 – July 2019),
inshore reefs baseline data collected by IMAS (March 2019) and deep reefs and seagrass
baseline data collected by Aquenal Pty Ltd (summer 2019). Some of the key results are
described below:
Soft Sediments: Visual Assessment and Sediment Chemistry
The visual descriptions of the sediment cores from the 2019 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 in all cores. No odour or gas bubbles were detected from any core.
The redox values and sulphide concentrations indicted no evidence of impacts from organic
enrichment (Macleod and Forbes 2004)
Soft sediments: Benthic Infauna Abundances and Communities
The total abundance of infauna in the Storm Bay sediments was relatively low compared
with other BEMP regions in south eastern Tasmania. However, the faunal diversity was
similar. In general, the sediment samples were dominated by arthropods, from the family
Isaeidae, annelids from the family Spionidae and to a lesser extent, molluscs from the family
Cardiidae. At all sites, there were very low abundances of any species considered indicative
of organic enrichment.
Water Column: Physico-chemical Parameters and Nutrients
The sea temperature, silicate, phosphate, and nitrate concentrations showed clear seasonal
trends. The trends in nitrate and phosphate concentrations likely reflects the influence of
the Southern Ocean (Swadling, Eriksen et al. 2017). Interestingly, nitrate and phosphate
concentrations in bottom water dissolved have remained elevated through spring and
summer 2019-2020, and this is evident at all sites. Distinct peaks of silicates in surface
waters at site SB1 which is close to the mouth of the Derwent River highlight that periodic
freshwater flows from this river are likely to be an important source of silicate to the
system.
Water Column: Phytoplankton Biomass and Communities
Chlorophyll a generally exhibited slightly higher values in winter and spring 2019 than
summer and autumn 2020. The concentrations of Chlorophyll a were generally higher in
2019-2020 than 2018-2019. 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 Investigative Trigger levels – Water Column
Across the 9 months of sampling, the median values of TAN, total nitrogen, nitrate and
nitrite, total phosphorus, dissolved phosphorus for surface and bottom waters, were below
the annual rolling median investigation trigger levels and the dissolved oxygen
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concentration never fell below the rolling median investigative trigger levels. After 9
months of sampling the median for chlorophyll a at the compliance site was higher than the
annual rolling median investigative trigger level, but the monthly values did not exceed the
monthly investigative trigger level of 3.3 mg/m3.
Inshore and Deep Reefs
The RVA surveys indicated that the inshore reefs had >50% cover of canopy algae. The
dominant canopy cover shifted from P. comosa at the southern sites to Ecklonia radiata at
the northern sites. Sites with higher canopy cover had higher cover of pink coralline algae
on the substrate and low understorey algae values, with the reverse observed at sites with
lower canopy cover. Of the enrichment parameters examined (epiphytic algae, filamentous
algae, nuisance green and nuisance red), only epiphytic algae was present in any significant
cover. At most sites, there was a greater average percentage cover of epiphytic algae in
summer (February - March 2020) compared to winter (August – September 2019).
The observations from the ROV surveys in 2020 indicate that the deep reefs in Storm Bay
had not changed since previous baseline surveys were conducted by Aquenal Pty Ltd, and
were dominated by sponges and red algae, and large school of perch and wrasse.
Seagrass
The mapping data suggests that the main seagrass bed in Bull Bay has shifted approximately
30 m to the east since the original SeaMap Tasmania mapping was conducted in 2001. In
contrast, the location of the Adventure Bay seagrass bed has remained relatively constant
through time. The average cover of seagrass in Adventure Bay was around 75%, indicating a
continuous and relatively dense seagrass bed. There was more variability in seagrass cover
at the Bull Bay site, with values between 25 – 50% cover, suggesting the seagrass bed is
patchier. The epiphytic algal cover was dominated by filamentous algae at Adventure Bay
and a more mixed epiphytic algal assemblage at Bull Bay. The epiphytic cover in Adventure
Bay was found to be much greater in the Environmental Licence survey than in the baseline
survey, but the opposite trend occurred at Bull Bay.
Conclusions
This is the first Storm Bay annual BEMP report. It includes 9 months of data, from August
2019 to April 2020. This report describes the key habitats in Storm Bay and their associated
communities. Based on the initial data and parameters surveyed, there was no evidence to
suggest that fish farming has had a system wide influence on the water quality, softsediment, inshore and deep reef habitats of Storm Bay. The changes in the distribution and
epiphytic cover of seagrass habitat between the baseline survey and the Environmental
Licence survey could be linked to a range of factors including natural variability and
differences in survey methods. Some key features of the results are summarized below:
-

All redox and sulphide concentrations were indicative of healthy sediments.
The fauna composition was consistent with natural assemblages, with limited
abundances of species that indicated organic enrichment.
The concentrations of nutrients were similar to previous datasets.
There are elevated concentrations of phosphate and nitrate in spring and summer
2019-2020 across sites, and at multiple scales.
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The monthly concentration of chlorophyll a at the compliance site did not exceed the
monthly investigative trigger level of 3.3 mg/m3.
Indicative concentration of chlorophyll a at the compliance site was higher than the
annual rolling median investigative trigger level, but similar to other intermediate and
far field sites.
The patterns in nutrients and chlorophyll a appear to be linked to meso-scale influences
on Storm Bay.
There was a healthy canopy cover 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 deep reef communities of Storm Bay through time.
The distribution of the Bull Bay seagrass habitat had changed since 2001.
The epiphytic cover in Adventure Bay was found to be much greater in the
Environmental Licence survey than in the baseline survey, but the opposite trend
occurred at Bull Bay.

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
Environmental Licence 10180/1 for MF281 East of Yellow Bluff, to meet the Environmental
Licence requirements.
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