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1. Overview
In 2015, prior to the breaching of the seawall at Mutton Cove, it was proposed to
attempt to protect the eroding remnant mangroves and establish young forests along
the exposed areas of the seawall, using “Living Shorelines” approaches.
Adelaide and Mount Lofty Ranges Natural Resources Management Board
commissioned “Mutton Cove: Draft project proposal for mangrove rehabilitation”
2015, however the proposed actions lapsed with the seawall breach in 2016.
Erosion adjacent to Mutton Cove has now breached the sea embankment in several
places, eroded the footpath and threatens the remnant mangroves and encircling
embankments. Australian Naval Infrastructure is proposing the development of a
Master Plan for the site.
Estuary Care Foundation, with support from Adelaide and Mount Lofty Ranges Natural
Resources Management Board, has sought advice about possible “Living Shorelines”
rehabilitation methods to:

•
•
•

build skill in mangrove protection and rehabilitation,
improve blue carbon outcomes through protection of remnant
mangrove and saltmarsh habitats and creation of new areas of those
habitats, and
minimise risk to existing infrastructure within the Cove and to the
north and west.

This report provides:

•
•

A walkover site assessment to update understandings of risk to
remnant mangroves on the channel edge (riverside) of the levee and
the current trajectory of the site,
A review of the original 2015 Mutton Cove: Draft project proposal for
mangrove rehabilitation,

•
•
•

A summary of “Living Shorelines” rehabilitation methods that may be
useful,
Development of some approaches to potential mitigation, and
Identification of any “no regrets” activities that could be implemented
at this site.
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2. Site assessment, September 2019

Figure 1 - Map showing current state of Mutton Cove
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The site was inspected on 9 September 2019 for embankment erosion and breaches,
inundated areas, vegetation changes and other changes to the site that have occurred
as a result of increased site inundation.
There are now four main breaches in the seawall and a number of areas where
breaching is likely in future. Presently, only the southern two breaches allow water to
enter the Cove on a daily basis. The flow of water through these restricted areas is
both rapid and a large volume. The roar of the incoming water is audible across the
site.
The northernmost breach has only fully breached through the embankment’s upper
half, so only overtops at very high tides. One reasonable storm could excavate this
breach down to the level that daily inundation would occur. The breach south of that
has breached into an area of higher land (a sandy point) which is slowly eroding away
and this breach will also eventually widen and deepen.
The southern walking embankment has breached, as has the “diagonal” embankment.
These are daily subject to the passage of fast-moving, but shallow, tidal waters. Even
where these embankments still retain some integrity, they are inundated by tidal
waters on most days, as they are low lying. The northern “dog-leg” in the walking path
is also inundated daily.
Erosion driven by wave action (Coleman 2015a) is occurring rapidly along the eastern
(river) side of the seawall where the wall is unprotected by riverside mangroves.
Where there are mangroves protecting the seawall, the erosion impact is still (as it was
in the risk assessment by Coleman in 2015b) impacting the root zones of the
mangroves and mangrove trees are continually being lost along the riverside. The two
southern stands of mangroves are now essentially islands. The breaches in the seawall
prevents access to them except along the intertidal zone at low tide.

Figure 2 - Sketch of sand slumping
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Inside the Cove, where the inner embankments were never rocked, the sand that
forms these embankments is slumping with every tidal inundation. Erosion is occurring
along the western and northern embankments and the western (protected) side of the
seawall. This erosion has been sufficient to cause parts of the path to collapse along
the northern embankment and the most northern part of the seawall. While erosion
from regular daily tides has, largely, already impacted these embankments a review of
the angle of repose of the sand at the foot of the embankments and knowledge that
the highest tides can reach almost to the top of the seawall, leads one to the
estimation that the erosion will continue, albeit at a slower pace, until the
embankments are reduced to the appropriate angle of repose right around the site. It
is likely the majority of the northern path will completely erode away, along with some
parts of the western path. There is some possibility that erosion, left long enough,
could threaten built infrastructure including roads and drains.
Areas in the north-west of the site were used to dump seagrass wrack (mixed with
sand) from North Haven beach. This use of the site occurred from 2004 to 2006 and
may have occurred during earlier periods as well. The result was the development of a
weedy and hummocky landscape in the area north-west of the “dog-leg in the path.
In the past (2006-2007), some of this dumped material was removed to place into deep
parts of the site where stagnant seawater in excavated “borrow” trenches acidified.
The aim was to form a gradually sloping area that saltmarsh species could migrate
along. While the seawall was intact, this appeared to be a process that was working
reasonably well. Since the seawall breached the additional daily inundation has led to
the organic components of that fill rotting away, forming subsurface holes that lead to
large “cave-ins” through the saltmarsh in the area south of the “dog-leg” in the path.
The changes to the habitats inside the Cove since the breach in the seawall have largely
been discussed in the Mutton Cove: 2017 Revegetation Plan (Coleman & Coleman
2017). In summary, much of the saltmarsh has drowned and a large cohort of juvenile
mangroves has grown across the site. But there are some interesting aspects to the
vegetation changes at Mutton Cove which could be explored further here, as they may
impact on the outcome of any future changes in management of the site.
Adult mangroves are vulnerable to changes in hydroperiod. In a local example, the
construction of embankments carrying the transmission lines for ETSA across from Dry
Creek to Torrens Island cut off the drainage from an area of mangroves and the trees
died very rapidly. For many years the area was denuded of mangroves. In the early
1990’s a new creekline was dredged along the transmission line embankment and tidal
flows returned to the area (EPA 2005). By 2000, the new mangroves in the area had an
extensive canopy covering close to 75% of the area. The reverse occurred when the
tidal gates were removed at Swan Alley (the mouth of Dry Creek) in the mid 1990s.
There the adult mangroves drowned once tidal inundation increased, but a new cohort
of juveniles replaced the dead trees almost immediately.
So why didn’t the adult mangroves along the creeks at Mutton Cove drown? Possibly it
was a function of the nature of the tidal regime in the Cove, prior to the breach in the
seawall. The restricted tidal prism in the Cove had a lower high tide and a higher low
tide than the less restricted tidal prism that occurs now, but both oscillate around the
same mid-point. The higher high tide makes up for the low tide being lower, so the
hours of inundation, by luck more than anything, are much the same.
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Not all adults were as lucky. Those on slightly higher areas became very stressed and a
few died. An interesting group of adults are the “leaky wall” mangroves that are
growing on the western side of the seawall. The seawall was constructed very roughly,
with no filter cloth and no impermeable clay lining – such embankments are
sometimes called “freestone” embankments when they are designed specifically to
allow water to pass through. I suspect in the case of the Mutton Cove seawall there
was no planning involved. These mangroves are growing on quite high land and
previously only obtained a small flow through the seawall. The current inundation
regime is considerably larger and there have been a significant number of deaths
amongst this group of adult trees.
Finally, there are some aspects of the growth of juvenile mangroves that will be useful
to consider going forwards. Ashford and Allaway (1995) found that there is a
continuum of gas space in Avicennia marina seedlings that allows them to obtain
oxygen for their root system before they develop pneumatophores (peg roots). It can
be easily observed that the peg roots of this species vary in length according to
whether they are located in relatively deep or more shallow water. In well drained
shingle ridges on the eastern Eyre Peninsula the trees often do not develop peg roots,
and neither did trees grown terrestrially for Dampier Salt in the Pilbara (Coleman, pers
obs).
The lack of peg roots in juveniles may mean the plants are more “plastic” in their
tolerance for variable hydrological regimes. It is probable that once these roots are
developed to match the hydrological conditions the plant is established within, the
plants are less able to tolerate changes in hydrological regime. Therefore, any changes
to the hydrology that occur as a result of actions such as reinstating the seawall, if
done in the immediate future, are unlikely to kill all of the juveniles. Those that have
developed peg roots may die, but the younger cohorts are likely to survive. This is an
important point, because it means it is unlikely that the site can easily be returned to
“mangroves along the creeks and saltmarsh on the flats”.
If mangroves can grow in dry gardens, and the young ones don’t necessarily die if the
hydrological regime changes, what usually keeps them out of saltmarshes? Incursion
into saltmarshes appears to be controlled by the need for keeping the propagules wet
for long enough for them to shed their coats and put out roots. In Mediterranean
climates, the propagules seem to need at least twice daily tidal inundation, to prevent
them from withering before they establish. But once established, they appear to be
able to manage on less frequent inundation, as long as the soil remains moist.

3. Review of 2015 “Mutton Cove: Draft project
proposal for mangrove rehabilitation”
Prior to the breaching of the seawall at Mutton Cove a draft proposal to attempt the
protection of the eroding remnant mangroves and establish young forests along the
exposed areas of the seawall using “Living Shorelines” approaches, was floated.
Only techniques for lower energy coasts were considered, as at that time it was
thought that speed limitations (large vessel wakes, particularly of tugs, appear to be
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the driving force of erosion along the river) may be implemented, reducing the need
for more engineered, hardened approaches.

Figure 3 – L- Site overview, R- northern mangrove detail

The site proposed for the trials contained two areas of eroding mangroves and a wide
area of mud flat (shaded yellow) where rehabilitation actions could be implemented. In
the light of the above it was proposed to trial several different approaches:

Delta Environmental Consulting

RELEASED: 25 October 2019

ECF-MC-001-PC

8

Mutton Cove:
Investigation and review of potential Living Shorelines projects

1)

2)

3)
4)
5)
6)
7)

Use of coir bio-log toe protection (red line round southern mangroves in the
site overview, above) where mangroves were being eroded, with some
minimal sandy backfill between the erosion scarp and the bio-logs
Use of rock toe protection (red line round northern mangroves on the RH
picture over the page) where mangroves were eroded, in combination with a
small fillet extension southward where there appeared to be a possible area
for sediment accumulation, possibly with sandy backfill in the filleted area
(yellow shading)
Placement of de-husked mangrove propagules into backfilled areas and fillet
area, by volunteers
Placement of mangrove propagules into the mudflat (yellow shaded areas
south of the mangroves) with no protection
Placement of mangrove propagules into the same mudflat areas, but behind a
temporary plastic wave break (plastic mesh) fence or under gutter guard
Planting of seedling mangroves behind temporary wave break fence on the
mudflats
Planting of individually staked mangrove seedlings onto the mudflats

It was noted that coir logs placed into areas with ongoing wash break down within 3-5
years and need replacing. In areas protected from wash, saltmarsh plants can cover the
coir logs and start to gather sediment, so that the logs become buried and don’t
require replacing. It was noted that the coir log trial area around the southern riverside
mangroves would be relatively exposed and that coir logs would only provide
temporary protection, until other controls such as the reduction in large vessel wakes
by speed limitation, installation of intertidal shellfish reefs, or growth of young
mangroves seaward of the remnant trees occurred.
The draft proposal was conceptual in nature and stated that a detailed implementation
plan would be required, using site measurements for material quantities.
In the four years since the draft proposal was written, there have been significant
developments that would make its implementation challenging. It is necessary here to
consider some of the implementation details that were not spelled out in the draft
proposal.
It would have been envisaged that the seawall would provide access to the different
stands of mangroves – trucks could carry materials along the seawall and stockpile rock
and other materials at the “turnaround nodes” located along its length. Where
machinery was required, in order to place material on the mud flat (rock toes and
fillets), excavators standing on swamp mats could be used. These machines could
access the mud flat from ramps built down from the seawall track in the vicinity of the
mangrove stands being protected. This would allow the machines to retreat up onto
the seawall at high tide, while maximising the period of time they could work down on
the mud flat.
The breaches through the seawall have essentially isolated the southern stand of
mangroves, which were earmarked for coir log protection. There is no seawall access.
Tidal flat access from the south is also not possible with the two large breaches
draining Mutton Cove at ebb tide for some hours after the river tide has fallen away. In
some tidal conditions the outflow continues through these two scoured areas of mud
flat until the incoming tide returns and overwhelms the outward flow. This suggests
that trying to use volunteers to move heavy coir logs from the south of the site to the
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southern mangrove stand may not be feasible. It is a long distance, the footing looks
uncertain and the volunteers could find themselves caught by the tide and need to
traverse the northern partial breach in order to leave the area. Accessing these
southern mangroves from the north is also difficult. There is a longer amount of
seawall that has not collapsed, but south of the northern stand of mangroves the
seawall rapidly becomes unsafe for vehicles and it would be necessary for volunteers
to carry the heavy coir logs some hundred meters or so and then negotiate the partial
breach. Tidal flat access is possible, but this would be an extremely long distance to
portage the logs. Finally, if there is no reduction in large vessel (particularly tug)
speeds, the mangroves would only gain a three-year benefit and then the logs would
need replacing. The original proposal foresaw eventual speed reductions allowing the
mangroves to grow back and gather sediment to cover the coir logs.
The northern stand of mangroves (ear marked for rock toes and a fillet) still has
vehicular access at the north of the stand, which could be used to allow excavators
working from swamp mats to place rock toes at least around the northern half of the
northern mangrove stand. It is debatable whether the seawall is sufficiently stable at
the southern end of the northern mangroves to allow regular truck traverses that
would be needed to bring in materials to be used for fillet construction or to build a
ramp to allow machinery access to the southern part of the northern stand to place
rock toes. Distance is important, because work can only take place at low tide. It takes
a considerable time for an excavator working on swamp mats to mobilise and
demobilise into the work zone, and there is a distance (unknown to me) where this is
no longer feasible due to the short period of low tide.
The areas marked for mangrove growth trials in the draft proposal were set back from
a rather narrow area where the Mutton Cove Creek debouched through its pipes to the
river. This area had fast moving flows during the retreating tidal phase each day, so
was considered unsuitable for the growth trials. The two major breaches in the seawall
occur in both this area and to the south of it. This means that much of the area earmarked for mangrove growth trials is now subject to ebb-tide scouring, judging from
satellite imagery reviewed on Google Earth.
The rapidity with which the seawall is disintegrating suggests that the concerns
outlined above, and the potential means of addressing them, are likely to be
overwhelmed by the magnitude of further seawall loss, in the near future. Therefore, it
is suggested that the trials suggested in the 2015 draft project proposal be considered
further in the light of decisions being made about the long-term character of the site,
whether the seawall should be reinstated and whether large vessel and tug speed
reductions will be implemented. Some ideas about the potential trajectories the site
could take are explored in Section 5 Potential approaches.

4. Living Shorelines methodologies
The Living Shorelines methods that would have been used to implement the 2015 draft
project proposal are, in general, the same as the methods that would be used to
implement other proposals that arise as a result of community, corporate and
government agency consultation in the future. They are discussed in some detail here,
for information. Engineering rebuilding of the seawall is not a Living Shoreline
approach and is outside the scope of this report.
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4.1 Coir bio-logs and fill

Figure 4 - Conceptual diagram - Edging

“Coir logs” are sausages of coir, usually wrapped with a hessian net. The weight of each
coir log is small enough that they can be manually placed. The largest 300mm x 3m logs
weigh 25kg and there are smaller logs of 1.5m x 200mm and 3m x 200mm. The logs are
flexible and usually pegged down at one-meter intervals using wooden stakes on either
side connected with a rope across the top, although some people simply use one stake
and punch it through the coir log. The former approach does not damage the log and
may be longer lasting in rougher water conditions. Some Australian coir logs have predrilled and lined “stake holes”.
Coir logs can be used to reinforce undercut areas such as the erosion front along the
mangrove roots. They may also be used to slightly terrace long slopes.
The logs need to be well bedded into place, usually by making a shallow trench to sit
the logs in. It is usual to make them conform as closely as possible to the surface they
are protecting. Any gaps between the logs and erosion scarps they are being used to
protect should be backfilled with sandy material and mangrove propagules inserted in
the fill. If the coir logs are placed in close proximity to an erosion scarp very little sand
fill is required.
Placing and staking the coir logs can be done using volunteer labour as the materials
are not particularly heavy and the skills are similar to those used by the Friends of
Mutton Cove in planting and installing plant guards. Placement of small amounts of
sandy fill from the delivery pile to the back of the coir logs could be done using
wheelbarrows and planks, but it may be more practical to use a contractor to both
deliver and place the fill.
Volunteer collected and de-husked mangrove propagules can be planted into any areas
where sandy fill has been placed behind the coir logs. Propagules may also be inserted
into the coir logs themselves, under the netting. Planting should follow the method
noted in the mangrove planting literature review prepared for the Adelaide and Mount
Lofty Ranges Natural Resources Management Board (Coleman 2015a).
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Coir logs in areas subject to ongoing wash break down within 3-5 years and need
replacing. In areas protected from wash, saltmarsh plants can cover the coir logs and
start to gather sediment, so that the logs become buried and don’t require replacing
In the draft project proposal, it was identified that to install a bio-log toe adjacent the
southern mangroves would have required approximately 350m of coir bio-logs.
Commercially available logs in Australia have reduced in price over the last four years.
Currently, 3m long logs of 300mm diameter, with pre-drilled staking holes, cost about
$77 each. About 120 coir logs would have been required. Depending on the method
used to secure the coir logs, between 480 and 960 stakes (@ $1.30) and something in
the order of 150m of sisal rope ($75) would have been needed. It was thought likely
that the requirement for sand for backfilling would have been less than 80 m3.

4.2 Rock toes, sills, fillets and fill
Rock “toes” and “sills” slow down loss of mangroves as well as providing nooks and
crannies young propagules may establish within. “Toes” are small piles of rocks that
are separated from each other and that are placed right in the erosion scarps of the
eroding mangroves, in contact with the plants. The advantage of a rock toe is that it
conforms very closely to the erosion scarp. As a result, sandy backfill will not be
needed for the area protected by the rock toe.
“Sills” are long lines of rocks, located slightly seaward of the erosion scarp. Water runs
through the sills and something of a still pool forms behind, between the rocks and the
trees, that allows sedimentation to occur and young mangrove propagules to establish.
Gaps are left at intervals in sills, to allow fish passage.

Figure 5 - Conceptual diagram - Rock toes and sills
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“Rock fillets” are a sill that extends past an eroding area of mangroves to partially
enclose an area where sand could be placed to augment the surface level. This
augmentation is not strictly necessary, as the fillet will eventually encourage natural
accumulation of sediment in that area, providing the opening is not facing directly into
the oncoming boat wakes. Regardless of whether a filleted area has sandy fill, the area
should be planted up with de-husked mangrove propagules.

Figure 6 - Conceptual diagram - Rock fillet

Dense rock is more likely to stay in place in marine situations than either lighter
“kunkar” type rock or coir logs. Placement of rock toes usually requires a contractor,
who would work at low tides over some days, with the machine on swamp pads.
The rock toe and fillet trial suggested in the 2015 draft project proposal for the
northern mangroves was estimated to be approximately 350m long and 45cm high,
made from rip rap or quarry spalls. Depending on the type of rock selected, the 70
cubic metres of stone required would have massed between 100 and 150 tonnes.
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4.3 Vegetated benches

Figure 7 - Conceptual diagram - Vegetation

In protected areas, where the issues may revolve around sand slumping rather than
significant erosion driven by waves, vegetation alone may be used to stabilise low
slopes or protect embankments. Such slopes can also provide a retreat zone that
allows saltmarsh habitats to access higher land as sea levels change. Slumped areas
may be cut-back to make a slope, or a slope made from filled sand may be placed in
front of the slumped area if cutting back would impact on existing infrastructure. In
the event that there is a shortage of space, or material, to provide a slope lower than
1:10, coir logs may be used to make terraces.
The slopes should be planted up with saltmarsh seedlings (if available) and de-husked
mangrove propagules. This approach may be best suited to areas inside Mutton Cove,
where sand slumping is a result of daily tidal wetting, rather than wave action.

4.4 Mangrove establishment trials
Revegetation of parts of the intertidal flat on the eastern side of the seawall with
mangroves may be possible. It would be necessary to attempt re-establishment well
away from areas being scoured by the ebb tides exiting Mutton Cove via the breaches
in the seawall. Success would also be more likely if wake waves from large vessel and
tugs were reduced as a result of speed limitations.
Wide areas of relatively sheltered mudflat can be used to trial the planting of
mangrove propagules. This is a quick and easy approach, well suited to volunteer
implementation, with the main time constraints being obtaining Native Vegetation
permit(s). The on-ground works require a single person to collect and dehusk
propagules, then a “planting day” using volunteers. Collected propagules can be dehusked by soaking overnight in a bucket of water and planted shallowly into the mud
flat, as specified in the mangrove literature review (Coleman 2015a). Trials could
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determine the degree of protection required for juvenile mangroves to establish. One
area could be planted with no protection, another with plastic mesh wave break
fencing and another with gutter guard arches pegged over rows of the propagules.
Seedling trials require the use of mangrove seedlings at the 6-leaf stage. Transplanting
some of the excess seedlings from inside Mutton Cove may be one approach (the
seedlings are greatly in excess of the number that will eventually reach maturity).
Harvesting 6-leaf seedlings and transplanting can occur with very little lead time
required – the main time constraint would be in relation to Native Vegetation
permit(s). This approach also appears well suited to volunteer implementation.
An alternative could be to establish a nursery that can water the plants with seawater.
Growing seedlings requires a relatively long lead time, and the infrastructure,
permitting and ongoing management needed for a marine plant nursery are significant,
suggesting this approach may be best managed commercially. There are local nurseries
(eg Landscape Construction Services) who may be prepared to do this for a relatively
small number of plants (up to a thousand?) using an IBC (intermediate bulk container)
of seawater that is recycled continuously and kept at the appropriate salinity (about
30% seawater) by adding freshwater to make up for evaporation. The size of the
seawater container suggested here could be handled by the type of machinery
commonly found in small commercial nurseries. IBC’s are designed for easy loading
onto trucks, equipped with a frame that allows them to be lifted on and off vehicles
with a front end loader. This simplifies the return of the used salty water to the sea.
Plants could be grown in standard tubes, or in milk cartons with a dowel stake already
placed inside. Plants in standard tubes could be removed from their tubes and planted
directly into the mud flat behind a plastic mesh wave break fence. Plants grown in milk
cartons could be planted still inside their milk cartons using a planting tool and the
dowel stake hammered further into the mud, with no fencing.

Figure 8 - "Milk carton" method of planting, planting tool (L), planted mangrove with
dowel stake (R)

Volunteers could be used to collect propagules and undertake the planting. Propagules
can be collected late December-March. Seeds are de-husked by soaking in a bucket of
fresh water for 24 hours then placed in the shade in seed trays filled with damp
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seagrass and kept moist till they germinate. Once germinated, they are potted up.
Alternatively the de-husked propagules can be potted up immediately. It can take at
least 10 months for the seedlings to reach the 6-leaf stage, prior to planting.
Almost all of the physical works for revegetation using seedlings can take place in a few
days or a week at most. Time constraints exist around the permitting, the collection
period for propagules, but the largest time requirement is the time taken to grow
seedlings (which can amount to nearly a year).

5. Potential approaches, 2019
5.1 The interactions
Any amelioration or remediation work at Mutton Cove will have impacts on the various
habitats and infrastructure of the site. There will be impacts that are expected and
quite likely unexpected impacts as well. The ongoing natural alterations and manmediated interventions at Mutton Cove have resulted in dynamic changes, many of
which are still playing out.
The aspects that need to be considered in any suggested actions are: the seawall itself
(riverside and cove-side), eroding northern embankment and path infrastructure,
northern dogleg in walking path, the southern inundated and breached
path/embankment, the diagonal inundated and breached embankment, the eroding
western embankment, baby mangroves of differing age cohorts across the site, adult
creekline mangroves, the “leaky-wall” mangroves, the riverside mangroves, the dead
and dying saltmarsh, and the area with cave-ins.
Two immediate options to consider are:
•
•

Repairing the seawall and reinstating the tidal pipe infrastructure
Not repairing the seawall and using remedial actions along the landward
embankments of the Cove to halt erosion

The following discussion of these options looks at the most likely outcomes for the site.
It is highly likely that unexpected eventualities may arise from either course of action.

5.2 Repair seawall and pipes
The capital cost of repairing the seawall has increased by several orders of magnitude
since the risk assessment of the seawall was conducted (Coleman 2015b). The 1.2km
long seawall, even though it was built in an ad-hoc manner, was costing an average of
$5000 per annum in maintenance. Experience with seawall breaches around Gillman,
Wingfield and Dry Creek suggests that a breach, if rectified immediately, costs in the
vicinity of $50,000 to repair. Left for some months, with widening, that amount
increases to some hundreds of thousands of dollars. With four breaches of the seawall
and many hundreds of meters eroded to the point of instability the entire wall would
need rebuilding. Costs for that length may be in the million-dollar field, with much
depending on whether the rebuilt embankment is to be a freestone type (large rock
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allowing water to pass through along its length) or an engineered impervious seawall
with tidal pipes.
Rebuilding the seawall would be challenging if the “riverside” remnant mangroves and
the “leaky wall” mangroves were not to be impacted during the construction phase.
Supposing the seawall was constructed without destroying any mangroves, a well-built
seawall of either type with vehicle access along the top would make it possible to
undertake protection actions for the eroding remnant riverside mangrove stands.
Inside the seawall the “leaky wall” mangroves may thrive, or fail, depending on what
type of seawall was constructed. If it were not leaky, their demise could be rapid.
Depending on the similarity of any new daily inundation patterns to the existing
patterns, the mature “creekline” mangroves, may not notice the new seawall and tidal
pipe structure, they may become a little stressed and adjust, or they may die.
Across the flat parts of the site where juvenile mangroves have established since the
breach, it is hard to predict the impact. Young mangroves with peg roots are likely to
die, but the most recent cohort could survive. They are spread widely across the entire
site. Should they grow to maturity their canopies are likely to shade out any saltmarsh
understorey and their presence would deter shorebird use of the saltmarsh. From a
permitting point of view, the potential loss of remnant and recent regrowth mangroves
may require an offset of some kind, under native vegetation and fisheries legislation.
In the time before the surviving juvenile mangroves reach any significant canopy size,
saltmarsh could utilise the flats. It may take some years for saltmarsh to re-establish as
very little remains alive inside the Cove and there are next to no nearby seed sources
along this reach of the river (Barker Inlet tides do not come round much past “The
Partings” so seeds are unlikely to wash through from there. Sarcocornia quinqueflora
appears the most likely samphire species to quickly colonise – it is present in a rim
around the site and produces runners that will rapidly spread onto the flats once tidal
waters are reduced.
Rebuilding the seawall would mean that the northern and western embankments
would stop eroding immediately. Relocating the walking paths well back from the
collapsed edges would be the most economical approach to dealing with the eroded
embankments, combined with laying down branches of native shrubs bearing seeds on
the steep slopes to stabilise them, and form microclimates suitable for plants to
establish naturally (Coleman and Coleman 2017, Cook and Coleman 2009). Resurfacing
the northern “dog-leg” path, reinstating the southern path and the southern
embankment where it is breached would be required. It may be decided to let the
“diagonal” embankment atrophy, or not. Machinery could be used to collapse the
“cave-ins” that have resulted from the wetting of the seagrass/sand mix used to make
a saltmarsh retreat slope along the west.
This approach would most likely end up with a mixed saltmarsh/mangrove habitat in
the short term, which was the community’s desired outcome as specified in the
Environmental Management Plan Mutton Cove, South Australia (Coleman & Cook
2003) and which was the habitat type present in the earliest aerial photography of the
site. It is also the habitat type of most use to the shorebirds of Winaityinaityi Pangkara
(Adelaide International Bird Sanctuary). However, over the longer term unless the
juvenile mangroves that now occupy the flats are weeded out, the site is likely to
change its character to a mangrove-dominated monoculture.
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5.3 Leave breaches unrepaired and reinforce landward levees
An alternative approach, given the initial high capital cost of rebuilding the seawall,
may be to implement a “retreat” policy. This approach would walk away from the
seawall and undertake reinforcement of the landward embankments. Depending on
how fast the seawall breaches progress, the young mangrove forest that is establishing
across the site may at least prevent wave action against the encircling landward levees.
This leaves slumping from wetting as the driving force of the erosion. The impacts of
daily wetting have largely already been felt. The less frequent higher tides will continue
to cause erosion for many years to come, exacerbated by ongoing sea level rise. It is
difficult to know where this could stop, as the angle of repose of sand is low. The lack
of wave action does, however, allow the use of soft engineering, or “Living Shorelines”
approaches to protecting the landward embankments, rather than hardened surfaces
such as rock walls.
One option to protect the northern and western embankments would be to emplace
sloped and terraced saltmarshes adjacent to the eroding embankment faces, made
from coir logs and sandy fill (NOT seagrass/sand mix in the wetter areas). The length of
the northern and western embankments is approximately 1.2km. At the marsh plain
edge the depth of fill would be zero and at the landward edge the fill should be above
the elevation the tide reaches monthly – preferably the tide should reach the
embankment wall no more than twice a year. This suggests aiming for a finished
elevation of at least 1.7m AHD (Coleman and Coleman 2017). The depth of the
additional fill at any given point of the embankment face will depend on the elevation
of the flooded marsh plain 50m offshore of that point, which varies from well below
0m AHD in the creek, through 0.4m AHD for most of the plain, to 0.7m AHD for higher
ridges.
Assuming the target fill elevation next to the embankments is 1.7m AHD, and an
average marsh plain elevation of 0.4m AHD, roughly 20,000m3 of sandy fill would be
required for a slope 25m wide, giving a 1:19 slope. Such a slope would not require coir
logs to stabilise it.
A narrower slope would use less sand, but if the slope were steeper than 1:10, it would
require terracing with coir logs to prevent the sand from slumping. For example, a 10m
wide slope would require only about 8000m3 of fill, but the slope would be 1:8. A single
row of 300mm coir logs midway on such a slope would produce two terraces with 1:10
slopes.
The quantities above are merely estimations, and prior to undertaking any such work
proper surveying and construction estimation would be required.
A “retreat” policy would lead eventually, to the complete loss of the seawall and all the
remnant riverside mangroves. Given that the seawall itself is eroding rapidly, it is
difficult to contemplate that any “Living Shoreline” type of protection could save the
remnant riverside mangroves, unless large vessel and tug speed reductions were
implemented.
Almost the entirety of the site has already been colonised by juvenile mangroves and it
is expected that all annual cohorts of these would continue to grow (and sequester
carbon). The exception would be the juvenile mangroves growing close to the northern
and western embankments, which would be buried by the sand terraces used to
protect the eroding embankments.
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The “leaky wall” adult mangroves may hold on for some decades but would eventually
be lost as the seawall washes away. The adult “creekline” mangroves may suffer a
series of setbacks if some of the additional breaches in the seawall, combined with
ongoing sea level rise, increases the period of time they are inundated daily.
The saltmarsh on the site is already mostly destroyed and the loss of the seawall would
hasten the loss of the remnants. Much of the remaining “rim” of samphires clinging to
the eroding embankments would be buried by the sand terraces. This loss would be
reversed as the sand slopes/terraces would provide a significant area on which to grow
saltmarsh.
Saltmarsh takes some time to naturally colonise onto “new” sandy substrates – the soil
in an area subject to regular tidal inundation needs to be “primed” to support plant
life. A slime of cyanobacteria and diatoms colonise initially and prepare the surface.
Planting saltmarsh plugs after the surface layer has developed is more likely to be
successful than immediate planting. Even where the slope is relatively low, saltmarsh
rebuilding projects in other states have found that laying a hessian planting net across
the surface prior to planting results in less loss of plants.
Along the lowest edge of the slopes, planting mangrove propagules is advised. They
will provide additional protection from any small waves and this will help with
sediment accumulation over the terraces.
The vegetation growing on the terraces/slopes will further stabilise the slopes and will
start to accrete sediment. Should coir logs be used, the overgrowing vegetation and
accumulated sediment would protect the logs from breakdown, so they should not
require replacement – the aim is to grow a self-sustaining habitat that protects the
embankments behind and that adjusts itself to gradual changes in sea level over time.
The area of cave-ins would continue to collapse, because organic material in the
sand/seagrass mix will continue to get wet daily, speeding rotting. Parts of this area
that are not buried under sand terraces may need regular visits from machinery to
flatten the caves out. If the path were to be diverted away from this area, the presence
of the cave-ins poses less of a safety risk.
The eroded parts of the walking path along the northern embankment would still
require repairing, or the path moving back. The NW ‘dog-leg’ of the walking path would
have to be abandoned and rerouted onto the higher land to the west. The southern
and diagonal tracks could likewise be abandoned (maybe ripped or scarified to prevent
access and allow the site to reclaim them) and a new path through the site on high land
formalised.
As the paths are used by the Naval Shipyard employees for exercise purposes, a loop is
desirable. A potential loop path could be formed by entering the Cove near the
electricity substation and travelling north along the western embankment and then
east along the northern embankment. At the river the path could turn and run back
towards Mersey Road alongside the Mutton Cove Buffer Drain North, before joining
the footpath along Mersey Road.

6. “No regrets” actions
Determining the approach to manage Mutton Cove going forward will require time and
consultation. Estuary Care Foundation is interested in investigating some “no regrets”
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actions that would address some of the aims outlined at the start of this report – to
build skills in mangrove and saltmarsh restoration, sequester “blue” carbon, and
demonstrate some of the “Living Shorelines” techniques in the local environment.
Coir log rim and sand terrace projects, and mangrove/saltmarsh planting trials are
some of the more economical smaller projects. They have an additional advantage of
not leaving a mess if they are unsuccessful.
There are likely to be locations in the Port River and on Torrens Island where the
mangrove propagule planting trials could be implemented this season.

7. Monitoring
Mutton Cove has been subject to ongoing changes in its hydrology for a long time,
starting with the building of the seawall and the use of the Cove’s creek as a discharge
for fluvial dredgewaters. The various changes to the hydrology of the site have led to
changed land elevation and soil properties. An altered habitat has eventually
established after each change.
Whatever is done at Mutton Cove will lead to changes – some have been foreseen in
this report and some unexpected surprises will no doubt present themselves. If the
learnings developed at Mutton Cove are to be applicable elsewhere, there must be a
monitoring program of some kind, that continues over the longer term. Short term
monitoring tends to pick up the immediate changes and misses the ongoing, slower
changes as the habitat adjusts to its new “normal”.
Consultation on what trajectory should be planned for Mutton Cove and what actions
should be undertaken is proposed. This consultation should also include what
monitoring is required.

8. Typical project costs
With no project currently decided, estimations for quantities are premature. The table
on the following page contains typical unit costs for materials and labour, which could
be applied to any actions decided. The costs of processes such as undertaking the
necessary community consultation to determine Mutton Cove’s future, obtaining
hydrological advice to inform the engineering design, the engineering design itself and
obtaining any necessary permits or approvals are not included in the table below.
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Cost per
unit

Description
Bio-log toe and back fill estimates
Biologs, each (300mm X 3m)
Stakes pack of 25, 600mm
200m roll 6mm sisal rope
Beach sand per cubic meter (includes contractor placing it)
Jute or Coir planting mesh for planting zones (per m2)

$77.00
$38.50
$75.00
$75.00
$1-$2

Rock toe, fillet & back fill estimates
Rip rap/quarry spalls per tonne
Contractor placement of toe & fillet (depends on size of machinery)
Beach sand in fillet area per cubic metre (includes contractor placement)

$28.00
???
$75.00

Propagule trials
Plastic safety barrier mesh (50m roll) $50.00
Stakes for fencing (total) $30.00
Gutter guard pre-formed 1m strips
$5.00
Pins for gutter guard (box of 500) $122.00
Volunteer coordination
???

Seedling trials
Establish nursery
Milk cartons, forestry tubes, dowel stakes, per seedling
Plastic safety barrier mesh (50m roll)
Stakes for fencing (per 50m roll)
Volunteer planting day coordination
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