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1

Introduction
The Port of Adelaide is the primary port in South Australia, located at Outer Harbor (approximately
14km west of the Adelaide CBD) in South Australia (Figure 1-1). The port is operated by Flinders
Ports and handles a diverse array of inbound and outbound cargoes, contributing significantly to the
State’s economic activity. A significant amount of this trade is containerized, and Outer Harbor is the
location of the Flinders Adelaide Container Terminal and the Port Adelaide Passenger Terminal
which contribute significantly to South Australia’s import and export of goods and visitors.
Flinders Ports Pty Ltd (FP) has identified the need to widen the existing shipping channel and swing
basin at Outer Harbor in Port Adelaide. This is being driven by the emergence of Post Panamax
class vessels which are wider than the 36m design vessel width of the existing channel and swing
basin. Outer Harbor can only currently accommodate vessels up to a maximum width of 42.2m width
with operational restrictions. The Port Adelaide Outer Harbor Channel Widening Project will enable
the port to accommodate vessels with a maximum width of 49m without operational restrictions.
To meet this growth the existing channel will be widened by 40m to a total width of 170m. The swing
basin will be widened from 505m to 560m. The widening footprint of the channel and turning basin
are illustrated by the red line in Figure 1-1. The dredged material will be transported to a designated
dredge material placement area (DMPA), located approximately 30km offshore in the Gulf of St
Vincent (yellow box in Figure 1-2). This area is approximately 7km by 5km in size and located in
deep water (>30m), thereby avoiding major shipping routes.
A detailed Development Application (DA) Report was submitted in July 2017 in accordance with the
Development Act 1993, as a Section 49 application given this project is defined as public
infrastructure. Sponsorship for this application was received from the Minister for Transport and
Infrastructure prior to lodgement in May 2017. Flinders Ports DA 010/V048/17 received approval on
28th May 2018. A dredging licence was received under the Environmental Protection Act 1993 on
the 13th March 2019. As a condition of the licence, a seagrass assessment must be undertaken to
the satisfaction of the EPA prior to the commencement of works. This report documents the findings
of this assessment. The survey methodology was approved by the EPA as per submitted Seagrass
Monitoring Program (SMP), which formed part of the Environmental Monitoring Program (EMP).
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Purpose, Scope and Objectives
The purpose of this baseline seagrass survey report is to:
• Document the survey methodology utilised for the baseline survey, and confirm it is consistent
with the approved SMP;
• Detail the findings of the baseline survey;
• Compare results to those of the 2017 seagrass survey to understand if this influences the
modelled impact results; and
• Detail next steps for undertaking subsequent surveys, and how these will be compared.
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3

Modelled Impacts to Seagrass
To support the Development Assessment application (approved in 2017), a habitat risk assessment
methodology was applied to the project, using the outputs from the predictive dredge plume
numerical model. Impact predictions were presented as 'zones of impact’, which is now recognised
as ‘best practice’ in dredging environmental assessments and are commonly used in environmental
assessments of dredging projects in Australia, building on the methodologies set out in the dredging
environmental assessment guidelines produced by the Western Australia Environmental Protection
Agency (WA EPA) (2016).
The zones adopted for the habitat risk assessment, include the following:
• Zone of High Impact = water quality impacts resulting in predicted mortality of ecological receptors
with recovery time greater than 24 months.
• Zone of Low to Moderate Impact = water quality impacts resulting in predicted sub-lethal impacts
to ecological receptors and/or mortality with recovery between 6 months (lower end of range) to
24 months (upper end of range).
• Zone of Influence = extent of detectable1 plume, but no predicted ecological impacts.
It is important to note that the recovery times outlined for the various zones should be considered as
indicative only, noting that such timeframes are dependent on a range of factors that are extremely
complex and difficult to accurately predict. The zones and their ‘recovery timeframes’ represent a
means for comparing the likelihood that significant, detectable impact to sensitive receptors could
occur, and are based on the assumption that recovery timeframes are dependent on the magnitude
of impact.
A concept design of the zones of impact (sourced from WA EPA 2016) is shown in Figure 3-1.
In the DA report, an assumption was made that all seagrass would be lost immediately post-dredging
within the zone of high and low to moderate impact, as a conservative measure. The tolerance of the
seagrass species present within the study area and likely to be impacted by the dredge plume. Light
is one of the key determinants of species loss and recovery. Colonising /ephemeral species (such
as Heterozostera spp.) are characterised by short turnover times (<months) and low physiological
resistance to disturbances. However, ephemeral species can recover rapidly, in part due to high
investment in sexual reproduction and the resultant ability to build up a seed bank (Erftemeijer &
Robin Lewis 2006, Kilminster et al. 2015). Conversely, persistent/perennial species (such as
Amphibolis/Posidonia spp.) have long turn-over (months–years) of growth units (i.e. rhizome, shoot
and root), clonal vegetative growth and high physiological resistance to disturbance, but are slow to
recover from disturbances (Kilminster et al. 2015).
Gils et al (2017) undertook a review of possible minimum light requirements for seagrass species
present in South Australia on behalf of SA Water. It is suggested that Heterozostera spp. have an
optimal light availability threshold of >20% Light (% of surface irradiance), over a 30 day rolling
average period. This is based on a literature review however and has not been field tested.

1

‘Detectable’ plume in terms of detectable above background conditions by instrumentation deployed in the water column
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Furthermore, the main area of predicted loss is in an intertidal area, which has complex light
requirements in comparison to subtidal areas.

Figure 3-1

Concept design of impact zones (WA EPA 2016)

Based on the predicted zones of impact, the development assessment application predicted the following
seagrass losses as a result of dredging activity.
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Table 3-1 Estimate of seagrass impacts from direct and indirect dredge plumes from the
development application (2017), Winter periods (without application of dredging controls, such as a
reactive monitoring program)
Classification
category

Coverage

Direct
Impact

Total Area (ha)
within the High
to Medium
Impact Area
(Winter)

Notes

Moderate to
dense seagrass

Moderate to
dense (35100%)

-

0.02

Amphibolis and/or Posidonia.
Relatively undisturbed seagrass
meadow in good condition.

Sparse seagrass

Sparse (135%)

4

0.2

Halophila australis and/or very
sparse Posidonia. Likely to have
experienced some disturbance from
existing channel operation. Variable
condition- poor to good.

Seagrass
dominated by
Heterozostera

Moderate to
dense (35100%)

-

158

Based on unsupervised
classification and past distribution
(EPA, 2011) and satellite imagery;
not ground-truthed during this
survey. Condition is not known.

4

158

Total

The areas of impact to seagrass have been reviewed and Table 3-1 updated to reflect the findings
of the baseline seagrass survey (refer to section 5.2).
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Baseline Survey Methodology
The survey methodology outlined below is consistent with that proposed in the approved SMP. The
purpose of the survey program is to identify seagrass coverage prior to the commencement of
dredging to allow for comparison post-dredging to gain an understanding of the impact of dredging
on surrounding seagrass communities.

4.1

Survey Timing
The survey was conducted over two survey campaigns due to weather constraints. The first survey
was conducted on 14, 15 and 16 April. The weather was fine, with light to moderate winds of variable
direction which provided workable conditions. The second survey was conducted on 28 and 29 April.
The weather was fine with calm to light winds which provided ideal survey conditions.

4.2

Survey sites

4.2.1

Dredging Licence Compliance Sites (Control and Impact Sites)
To comply with the Dredge Licence conditions, and the BACI approach required, the survey locations
of the following (refer to Figure 4-2):
• Control sites – sites that are outside of the turbidity zone of influence and therefore not modelled
to be impacted by dredging. The control sites will be used to ensure that any measured changes
at the impact sites are due to the activity (i.e. dredging) rather than other causes. These control
sites were selected as those outside of the turbidity zone of influence and within the EPA define
study area.
• Impact sites – sites modelled as being within the turbidity zone of influence (no ecological impact).
Thus, these sites will be surveyed to validate the impact modelling i.e. no ecological impact.
The survey area was identified by the EPA (Attachment C of the approved dredge licence). The
selection of sites is focused on identifying whether modelled seagrass impacts are as predicted in
the DA approval. A level of seagrass loss has been predicted and approved with the zones of high
and low to medium impact, therefore, sites located within these predicted zones are limited for EPA
purposes.
Sites were broadly selected based on previous seagrass mapping (April 2017) undertaken by BMT
to ensure all representative benthic habitat types are sampled and to allow for comparison between
surveys. These sites were further refined in consultation with the EPA to include sites at the location
of water quality monitoring buoys, some additional sites on shallow intertidal areas north of the inner
channel and to allow for sufficient statistical power to compare sampling events.
Each of the control and impact sites cover an area of 16 ha, composed of a 400 m by 400 m quadrant.
There are 25 control sites and 10 impact sites within the survey area and within each of the sites,
five 50 m replicate transects were surveyed. The five transect replicates within each site ensure that
the sampling is representative of the site and there is sufficient power to detect a difference between
sampling events at the site level. The survey design provides a detection power (the power for
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detecting an effect of a given size) of 87% and therefore provides the necessary power at a critical
feature cover of 15%. The survey power calculator output is shown in Figure 4-1.
Daily differing weather conditions meant that transect surveys approved in the SMP could not be
exactly replicated within each site. On arrival at each transect point and prior to any video footage
collection, the direction of drift of the boat due to winds/tides was determined. The direction of the 50
m transect was decided by the Master of the vessel and BMT staff but was collected within the predefined site boundary. Results were not impacted due to the level of replication between sites.

Figure 4-1

4.2.2

Screen shot of Survey Power calculator (provided by S. Gaylard, EPA)

Native Vegetation SEB Site (Recovery sites)
In addition to sites surveyed to comply with the dredge licence requirements, further sites, labelled
as ‘recovery’ sites were surveyed to understand seagrass impacts within the zones of impact (i.e.
low to medium and high impact (as shown in Figure 4-2). The recovery sites may be used to
determine seagrass recovery rates and SEB offset requirements post-dredging.
Recovery transect sites, consisted of 25 recovery transects spaced along the channel. The transect
sites had no pre-defined site boundary but consisted of single points. At each of the 25 recovery
transect sites, a 50 m transect was surveyed. The transect points will be conducted at broadly similar
locations between survey campaigns but may be affected by the variability of prevailing weather
conditions (see Section 4.2.1).
Note that the recovery sites have been used in addition to the control and impact sites to inform
satellite mapping to determine changes in the extent and distribution of seagrass percent cover and
composition. The recovery sites have not been compared against the control or impact sites for the
Dredge Licence Condition Seagrass Assessment (BACI design).
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4.3

Survey method
The baseline field survey involved the use of:
• Towed video camera transects in sub-tidal and intertidal areas; and
• Benthic trawl techniques using a modified seagrass rake for species identification.
The towed video camera survey technique was used to identify seagrass species composition and
percentage cover. Note that benthic trawls were only used to collect samples of the seabed to confirm
seagrass classifications through visual inspection where this was not possible from video footage. A
minimal amount of seagrass was taken to confirm species classifications (less than 0.5 m2). The
benthic trawls were conducted at sites C2_C, C3_A, C4_A, C6_A, C11_E, I3_E, I6_B, I7_A and I9_B
and was deployed for a length of less than 5 metres at each location.
Towed video transects were conducted along the transects within the study area. The underwater
video camera system consisted of a high definition camera (3840 x 2160 pixels per frame) with a
wide-angle lens. The camera was flown at ~1 m above the substratum at a speed of 1–2 km/h facing
downwards at a 45-degree angle. All footage was recorded onto the internal camera memory, while
composite standard definition footage was relayed to a screen on the vessel for real-time data
analysis by a trained marine ecologist. All equipment (laptop, GPSs and the camera) was set to the
same date/time to ensure that habitat data collected along each transect could be geo-referenced
onto mapping (as appropriate). The length of the 50 m transects began at the point of clear footage
at the seafloor.
The percentage coverage, seagrass species/genus and other variables of interest (e.g. algae,
bivalves and benthic habitat types) were recorded, taking additional GPS marks at locations where
the densities and/or species composition changed. Densities were estimated using seagrass
percentage cover standards (McKenzie 2003, see Figure 4-3). The video footage collected was
reviewed post-field to ensure a consistent approach to habitat classification and to match the survey
data to the GPS tracklog (by date and time).
Specifically, for the Dredge Licence Condition Seagrass Assessment (i.e. for the transects conducted
at the control and impact sites), the video camera was set to take a still image every five seconds
(concurrent with the video footage). These images were used to inform the quantitative seagrass
percentage cover and statistical assessment. The Coral Point Count software used for the image
analysis, uses a random assignment of points given relatively similar distances from the sea bed.
Thus, this removes the need to know the depth from the sea bed and allows transects to be
completed in a more efficient manner.
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Figure 4-3

Seagrass percentage cover estimates (McKenzie 2003)
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4.4

Survey Results Analysis and Reporting

4.4.1

Dredge Licence Condition Seagrass Assessment
In accordance with the SMP, after each survey was undertaken, field survey data was analysed using
suitable techniques and documented (including mapping).

4.4.1.1 Coral Point Count Analysis
Coral point count image analysis was performed using Coral Point Count Software to be able to
objectively quantify the percent cover of seagrass at each of the transect sites. The software
randomly assigned five points across the image.
Analysis involved digitally overlying a virtual photo-quadrat containing random points on each
captured video frame. The Coral Point Count software was then used to measure the percentage
cover of key categories of benthic biota by scoring each random point according to the classification
system. This data will then be used for temporal comparison after dredging is complete. It should be
noted that coral point count is the most effective way of comparing different sites however it has the
limitation that it only considers a random subset of the image that is represented by the random
points, meaning that some areas that had seagrass were classified as bare as none of the random
points overlaid the areas of the video frame that contained the seagrass coverage. Heterozostera
and Posidonia cannot be differentiated using video footage and therefore they were classified during
the point count according to depth, with the Posidonia genera generally being found in deeper
habitats than the Heterozostera.

4.4.1.2 Statistical Methods
Non-numerical multidimensional scaling (NMDS) was used to determine the distance between each
of the sites for this baseline study. To complete this statistical analysis a square root transformation
had to be performed. The NMDS was performed on the average percentage cover of each of the
sites. After the dredging is complete and the all the seagrass data has been collected a before-aftercontrol-impact (BACI) analysis framework will be used for the comparison over time.

4.4.1.3 Satellite Mapping
Satellite imagery was used to establish the full extent of seagrass coverage outside of the surveyed
transects. A Sentinel 2-B image was downloaded for analysis, this image was captured on April 14th,
2019. A Depth Invariant Index (DII) was created to remove water attenuation. Habitat classifications
(including seagrass percent cover and composition) was derived using the DII. All of these operations
were conducted in ArcGIS version 10.5.
The DII was also classified for distribution of species and their coverage, this was split into eight
classes:
• Bare substrate;
• Macroalgae – dominant coverage;
• Low density – <35% seagrass coverage;
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• Moderate density – 35–70% seagrass coverage;
• High density – >70% seagrass coverage;
• Heterozostera low density cover – <35% coverage;
• Heterozostera mod density cover – 35-70% coverage; and
• Heterozostera high density cover – >70% coverage.
Note that mapping in areas deeper than the ground survey points was considered unreliable and
was therefore not included in the final map. The nearshore area south of the channel should also be
treated with caution as there was no ground truth data within this area.

4.4.1.4 Data Analysis
To validate the impact modelling performed to support the Development Application (BMT WBM
2017), the area of each habitat classification based on the satellite mapping for each modelled zone
of impact (i.e. zone of high impact, low to medium impact and zone of influence) was calculated. This
will then be compared to the modelled impact.
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Results

5.1

Benthic primary producer species
Within the study area, four major genera of seagrass were found: Posidonia, Amphibolis, Halophila
and Heterozostera. The percentage seagrass cover varied widely across transects ranging between
0 and 100% seagrass cover.
The overall seagrass community composition varied between each of the sites (Figure 5-1). Most of
the control sites were dominated by the three perennial seagrass genera: Amphibolis, Heterozostera
and Posidonia, whereas the impact sites had mostly Halophila and Posidonia.

Figure 5-1

5.1.1

Comparison of species composition and cover at the control and impact sites

Statistical analysis
Community resemblance found that two main groupings of communities, with C20, I4, I5, and I8
resembled each other and were different to all of the other survey sites (Figure 5-2 and Figure 5-3).
The other survey sites were split into two separate groupings of resemblance. These similarities
between sites will be useful for comparisons of pre and post dredging conditions.
The resemblance between C20, I4, I5 and I8 is a result of them being Halophila dominant, which is
different to the other sites. The second grouping of C1, C2, C3, C12, C13, C19, C22, I1, I2 and I10
is a result of these sites being dominated by Heterozostera. While the remaining sites have
resemblance due to the dominance of Posidonia.
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Figure 5-2

Figure 5-3

Community resemblance of sites – group average

Community resemblance of sites – non-metric MDS
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5.2

Seagrass habitat mapping
The seagrass habitat map from the April 2019 pre-dredging survey is shown in Figure 5-4. Broadly,
within the study area, seagrass coverage was high, with approximately 58% of benthic cover
categorised as moderate to dense seagrass (Table 5-1). Seagrass meadows were dominated by
perennial Posidonia or Amphibolis species, with ephemeral, Halophila genera dominated meadows
observed in depths between six to 13 m. Heterozostera was predominately observed in shallow
intertidal areas but was also observed in moderate depths in low densities. Macroalgae was largely
observed in areas of moderate depth north and south of the existing shipping channel and covered
approximately 6% of the study area.
Seagrass mapping within the channel showed a predominately sparse coverage of seagrass. During
the ground truthing field survey the section just seaward of the channel seawall was found to have a
very low-density coverage of Halophila (<5%). While the end of the channel had a very low-density
coverage of either Amphibolis, Halophila or Heterozostera (<5%). Seagrass coverage was also
sparser in areas immediately north and south of the existing shipping channel. The lack of seagrass
to the north of the Inner Harbor and Bird Island, is likely due to the very shallow, intertidal flats which
is not suitable habitat for seagrass colonisation.
The overall pattern of seagrass is similar to the that of the BMT (WBM 2017) seagrass mapping,
although the areas are not directly comparable (due to different survey area extent and survey
design) (Figure 5-5). However, based on high level comparisons an increase in seagrass percentage
cover in deeper meadow fringe areas is evident in the 2019 survey compared to the 2017 survey.
The bare to patchy seagrass meadows to the south of the Outer Harbor, appears to have expanded
since the 2017 survey.
The ground truthing data collected increased the accuracy of the habitat mapping. The field data was
used during the supervised classification of the DII image to create training samples of the dominant
seagrass genera and the coverage class for each transect. A training sample was created for each
transect from the field data collected. Once the classification was performed the habitat mapping was
assessed to determine the quality of the classifications and it was noted that the classification was
not able to differentiate between the seagrass genera in the deeper habitats. This resulted in the
deeper communities being classified only on the percentage cover. The classification was unable to
differentiate between the different seagrass genera at depth as generally the remote sensing limit for
satellite images is approximately 20 m, with the ease of detection lessoning with depth (Mishra et al.
2006). The field transects were conducted with a maximum depth of 20 m and therefore it was not
possible for the classification to differentiate the spectral signatures of the seagrass genera at such
depths despite having ground truthing data. Many of the seagrass meadows also had mixed
communities and therefore the spectral signature was very similar. The ephemeral seagrass species
were difficult to map due to their low density (0-10%) and as they were often interspersed between
other species. Heterozostera was able to be differentiated from the other seagrass genera as it is
predominately found in the shallow and intertidal regions of the study area and therefore the remote
sensing classification was able to easily differentiate between the different spectral signatures. The
remote sensing ability of the zone of impact is also limited due to the sparse coverage of seagrass
in these areas. However, the ground control points allowed this area to be classified with relative
accuracy.
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Table 5-1

Benthic cover within the study area

Benthic cover type

Approximate Area (km2)

Total Area (%)

Bare

31.4

12.1

Macroalgae

15.5

5.9

Sparse mixed species <35%

34.5

13.3

Moderate mixed species 3570%

77.00

29.7

Dense mixed species >70%

73.0

28.2

Heterozostera dominated
<35%

14

3.0

Heterozostera dominated 3570%

15.4

5.7

Heterozostera dominated
>75%

15.5

2.1

Table 5-2 Seagrass Classification Category Based on the Zones within the Study Area
Classification
Category

Classification
Sub-category*

Zone of
High
Impact –
Total
Area (ha)

Moderate to
dense mixed
species seagrass
(35-100%)

Moderate
seagrass

0

Dense
seagrass

0

Sparse mixed
species seagrass
(1-35%)

Sparse
seagrass

Seagrass
dominated by
Heterozostera (1100%)

Sparse
Heterozostera

Zone of low
to moderate
Impact –
Total Area
(ha)
0

0

Zone of
Influence (No
Ecological
Impact)– Total
Area (ha)
100

0
0

Area outside
modelled
impact (i.e. No
impact) – Total
Area (ha)
2252

251
151

9748
7496

0

0

0

0

964

964

7181

7181

0

0

0

23

100

271

1021

3888

*The seagrass categories have been broken down into sub-categories to reflect the greater survey effort in 2019. Note also that areas
outside of the likely impact area have been added due to the broader survey extent

The total area of impacted seagrass (zone of high impact and zone of low to medium impact) is much
lower than predicted in 2017 (Refer to Figure 3-1) with an overall seagrass loss of 23 ha predicted
as a result of dredging compared to the 2017 estimate of 162 ha; this is due to the change in dredging
methodology between the development case and the current project methodology.
Figure 5-6 and Figure 5-7 show the reduced area of impact between the area predicted to be
impacted in 2017 in comparison to the revised dredge methodology.
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Figure 5-6

Figure 5-7

Zones of Impact (approved case)

Zones of Impact (improved dredge methodology)
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Summary
The pre-dredging baseline seagrass survey found the dominant seagrass genera was Posidonia and
Amphibolis which were found at various depths. The other notable seagrass genera were Halophila
and Heterozostera. Halophila typically had sparse coverage at depths of up to 15 m while
Heterozostera was predominately found in shallow intertidal areas. The impact zone was mostly
composed of various seagrass communities at varying densities, in addition to some bare sand
patches and some areas of macroalgae communities.
The mapping of moderate to dense seagrass in 2017 and 2019 were generally consistent, with an
increase in seagrass coverage observed. This is mostly seen in the deeper area southwest of the
channel which now has a moderate to high density coverage of Posidonia.
When compared to the estimated area of seagrass loss made in 2017; that predicted in 2019 is much
lower; this is reflective of the improved dredging methodology which reduced the double-handing of
material and generation of fine sediment which reduces light availability to seagrass species. The
majority of impact is predicted to occur within mixed meadows of Posidonia/ Amphibolis which have
a higher tolerance to disturbance, but are expected to take longer post-dredging to recover than
ephemeral species.
The Seagrass Monitoring Program consists of three field surveys throughout the Project lifecycle.
This current survey is the baseline survey and will be followed with two post-dredging surveys, with
one after dredging ceases in April 2020 and another approximately 2 years post dredging activities
ceasing in April 2022. These have been scheduled so that surveys are conducted generally at the
same time each year, to allow for direct comparison of results. This takes into account the fluctuations
in seagrass extent and growth with the seasons (i.e. seagrass extent is typically greater in summer
months, and contracts in winter as light availability reduces).
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