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Weymouth Beach is an open, sandy shore located on the North Coast of Tasmania.
Like many open, sandy shores across Tasmania and Australia, erosion has become
evident and coastal stability a concern and priority. This study aims to assess the
erosion and coastal stability of Weymouth Beach and provide recommendations, to
enhance its coastal stability and prevent erosion.
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Introduction

Weymouth Beach (WB) is an open, sandy shore (Sharples, 2006; Department of Tourism,
Arts and the Environment, Tasmania [DTAET], 2007). WB is also subject to a strong oceanic
presence; while wave energy is low at WB (DTAET, 2007), it is prone to seasonal storm and
flood events (Survey participant, pers. comm.., 2015; Bureau of Meteorology [BOM], 2015).
This can be problematic; low frequency and high intensity events have the greatest influence
on a landscape’s geomorphology (Ellison, 2015). WB vegetation is dominated by marram
grass (Ammophila arenaria) and sea spurge (Euphorbia paralias), which hold a strong
position in dune sediment (Rudman, 2003). For this reason, they have been introduced to
many coastal environments to enhance coastal stability (Hayes and Kirkpatrick, 2012),
including WB.

Marram grass and sea spurge have dominated Tasmania’s coastal landscape and have been
too aggressive in retaining sediment (Rudman, 2003). This has left a greater distinction
between areas of aggressively retained sediment and loose sediment. As a result, during
erosive events such as storms and floods, loose sediment is washed away easily, while the
retained sediment forms a steep wall. This makes the WB dunes more susceptible to erosion
and the undercutting of dune sediment. Marram grass and sea spurge, as introduced species,
are thus counterproductive in maintaining, or enhancing, coastal stability.

However, beaches are naturally replenished from oceanic, estuarine and riverine sediment.
This mechanism is known as a ‘sediment budget’ (Sharples, 2006; French, 2002; Figure 1).
Alternatively, this dependence also makes a beach vulnerable to changes in the oceanic,
estuarine and riverine environment (Chu et al., 2014). Since WB is dominated by the quartz
of the Pipers River’s sediment, the events of Pipers River and the estuary are of particular
interest; the theoretical and geographic context of Weymouth’s sediment budget are
displayed below in Figures 1-3.
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Figure 1: demonstration of the sediment budget mechanism. Source: Bird and Lewis (2015).

Erosion is also a known issue at other beaches along northern Tasmania, such as Turners
Beach. While the wave energy of the Bass Strait remains mostly constant along all shores of
northern Tasmania (Figure 2), beaches estuarine, catchment and anthropogenic factors are not
consistent. This owes to a different context and factors of each beach’s sediment budget.
Consequently, management of beaches across northern Tasmania should be subjective.
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Figure 2. the bathymetry and oceanic movement of the Bass Strait and surrounding region, with the Sub-
Antarctic Current Water (SACW) and the South Australian Surface Water (SASW) being the predominant
source of Weymouth’s oceanic input. Source: Sandery (2006) [edited by Skinner, 2015].




Figure 3: an overview of the Pipers River catchment, a dominant contributor to WB sediment composition.
Source: Department of Primary Industries, Water and Environment [DPIPWE] (1999).



Weymouth and Bellingham are primarily towns for the retired and people’s holiday ‘shacks’.
As a result, human impacts are concentrated during summer. Such impacts include the
trampling of dunes and the obstruction of rehabilitation efforts.

WB has been classified as an area of ‘high risk’ and vulnerable to coastal erosion; if
Weymouth is to face storm and high tide events directly, the inundation of Weymouth could
become a seasonal occurrence. With this being said, while the hind dune remains, the WB
dune system can be rehabilitated; the re-stabilisation of coastal systems, through dune system
remediation, has proved successful in: France (Roze” and Lemauviel, 2004), the United
States of America (Martinez et al., 2013) New Zealand (Martinez et al., 2013) and Scotland
(Scottish Natural Heritage [SNH], n.d.). Yet Australia’s limited success in regaining coastal
stability (Short, 2008; Rodney, 2000), shows a gap in our understanding of coastal dune
systems. In the case of WB, a qualitative and quantitative assessment of WB coastal stability,
followed by informed and unobstructed remediation efforts is essential.
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Figure 4: Coastal erosion risk, by class, courtesy of The George Town Council (2015..

As a result, this study aims to assess the coastal stability of WB and provide remediation
options. This assessment will contrast the current dune system to the model of a natural dunes
system, to discuss the multivariate nature of coastal stability. This assessment will then be
able to provide educated recommendations, for positive environmental outcomes in regards to
the coastal stability of WB. In this way, Weymouth and Bellingham’s environmental, tourist,
recreational and real-estate values can be upheld.



Methods
torest

The dune system of WB was & -
analysed physically, using: aerial :
photography, conventional
photographs of the landscape, a
recent dune cross-sectional survey
and sediment analysis. Aerial
photographs pre-2000 were

obtained from Land Tasmania.

Aerial photographs post-2000 were Figure 5: Transect of a healthy dune system. Source: Anthoni (2000)
[edited by Skinner, 2015].
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provided by the George Town
Council. The conventional photographs of Weymouth have been provided by members of the
Weymouth community and members of the Weymouth Progress Association.

Aerial photography of WB was compiled into a timeline, in the results section. This timeline
has also been provided further depth through the aid of conventional landscape photography;
this imagery is a simple and effective way to communicate and justify recommendations with
the community and other stakeholders (Survey participant, pers. comm., 2015). Stakeholders,
in this instance include: the George Town Council, the Weymouth Progress Association,
Tamar Natural Resource Management, Weymouth locals and tourists to Weymouth.

by Skinner, 2015].




Cross-sectional survey
The cross-sectional survey and sediment analysis of WB was conducted under the
supervision of Joanna Ellison. This survey was taken from three datum points along WB, set
by the Weymouth Progress Association. These transects were taken on the 24" of April 2015
during low tide, at 12:45pm. These transects were completed as a university class study for
the unit ‘KGA 326: Environmental Geomorphology’, to display the distance and variances in
elevation, from the datum points/hind dune to the low tide mark. These transects were made
by three different groups, which may cause variances. The transects overall purpose is to
reaffirm what is seen in the aerial photographs and to provide some context when discussing
the sediment analysis and the multivariate nature of coastal stability. Ultimately, these
transects aim to provide baseline data for the quantitative analysis of WB geomorphology.

Sedimentary analysis
The sedimentary analysis focused on Transect 3, the eastern most transect; this transects
location and geomorphology provides the greatest indication of estuarine and marine
influence, at WB. No additional transects or sedimentary analyses have been taken since this
time; there have been no storm events since April 2015 (Survey participant, pers. comm.,
2015; BOM, 2015) to alter the environment and warrant another analysis.

Social survey
Social science is also important in understanding how natural processes interact with social
values (Johnston and Ellison, 2014). In this instance, how the destabilisation of WB and the
retreat of its dunes affect: local recreation, housing and other social values. For this reason,
members of the Weymouth community and Weymouth Progress Association have been
surveyed on: their involvement with WB, their understanding of the history and causes for
change at WB and their opinions on coastal management. These surveys will be referenced as
‘Survey participant, pers. comm., 2015°. No survey statistics have been provided; survey
responses were unanimous.

Results

Aerial photography
The timeline (Figures 7-11) used aerial photography to demonstrate the progression of the
WB dune system, in relation to vegetative cover and increasing urbanisation. These factors
are highly influential on coastal stability (DTAET, 2007) and are thus significant in the WB
coastal stability analysis. Furthermore, the shading of the estuary’s channel indicates varying
depth. The increased presence of grey silt and quartz in the channel has also been noted by
kayakers and locals (Survey participant, pers. comm., 2015).



Figure 7: The Weymouth area (1949) displaying very limited settlement and an un-vegetated dune system.
Figure source: Land Tasmania (2015) [edited by Skinner, 2015].
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Figure 8: The Weymouth area (1980) displaying increased urbanisation, a vegetated dune system and a receding
fore dune. Figure source: Land Tasmania (2015) [edited by Skinner, 2015].



3 I

Y . '.. . : /Iq" a
Figure 9: The Weymouth area (2005) displaying a heavily receded fore dune and reduced hind dune vegetative
cover, courtesy of The George Town Council (2015) [edited by Skinner, 2015].
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Figure 10: The Weymouth area (2010) displying the absence of a fore dune, courtesy of The George Town
Council (2015) [edited by Skinner, 2015].
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Figure 11: The Weymouth area (014) displaing steepening of the hind dune, courtesy of The George Town
Council (2015) [edited by Skinner, 2015].
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Conventional photography
The available conventional landscape photography compliments Figures 7-11 well; Figures
12-15 provide a logical transition from Figures 7-11 to Figure 16-19 and Table 1, when
discussing the process of coastal instability and dune erosion.

Figure 12: Weymouth’s eastern most dune (2009), next to the estuary mouth. The dune is undercut and
dominated by marram grass, courtesy of Lindal Byard.
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Figure 13: Weymouth’s eastern most dunes (2009), displaying the widespread undercutting and dominance of
marram grass, courtesy of Lindal Byard.

Figure 14: View of Weymouth beach from the Bellingham dunes (early 1960’s), displaying a steady slope from
the eastern most dune to the estuary mouth, courtesy of Lindal Byard.
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Fiure 15: View of Weyouth beah from the Bellingham dunes (2007), displaying a steep slope of the hind
dune into the high tide mark, courtesy of Lionel Cooper.
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Figure 16: Transect 1: The most western transect of WB (24" of April, 2015) at low tide, displaying the
presence of a minor dune.
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Figure 17: Transect 2: The central transect of WB (24" of April, 2015) during low tide, displaying a relatively

steady progression from hide dune to the low tide mark. No minor dune is present.
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Figure 18: Transect 3: The most eastern transect of WB (24" of April, 2015) at low tide, displaying a relatively

steep transition from hind dune to the low tide mark.
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Figure 20: Photograph looking upwards of Transect 1 (2015), courtesy 6f lan Sauer.

Figure 21: Photograph looking upwards of Transect 2 (2015), courtesy of lan Sauer.
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Figure 22: Photograph looking upwards of Transect 3 (2015), courtesy of lan Sauer.

These transects (Figures 16-18 and Figures 20-22) display a contrasting transition from the
hind dune to the low tide mark. Yet these transects remain comparable, without the
conflicting presence of a major dune structure, such as a fore dune. As baseline data, these
transects lay down the foundations for present and future studies for the quantitative analysis
of WB geomorphology.

The sedimentary result (Refer to Figure 19 and Table 1 in the appendix), show a range of
sediment types. These range from very fine sand to granule, as classified in Krumbein and
Aberdeen’s logarithmic scale (1937). Furthermore, the dominance of quartz in the sediment
composition affirms a high riverine and estuarine influence (Figure 19 and Table 1); in this
instance, quartz is a mineral found in the Pipers River catchment (Bottrill and Matthews,
2006). Since carbonated sediment indicates an oceanic origin (Biscaye et al,1976), the minor
dune’s coarser, carbonated sediment indicates a recent storm event.
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Figures 23-25 illustrate additional aspects in relation to WB and its sediment budget and
other coastal trends, see Figure 1.

Figure 23: Transect 3 (24" of April, 2015) displaying the presence of
pioneering, invasive species in the resulting minor dune of a recent storm
event.
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Figure 24: Reoccurring protrusion of rocks on the Bellingham side of the estuary mouth and the presence of a
reoccurring sandbar that can often block out the estuary’s mouth (17" of April, 2012), courtesy of Lionel
Cooper.

Figure 25: Erosion of the Bellingham dune (10™ of July, 2014), contrasting the nature of erosion, derived from
dune orientation, courtesy of Lionel Cooper.
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Discussion

The aerial imagery of WB (Figures 7-11) has indicated a trend, between increased vegetation
and urbanisation to the receding dunes and the coastal instability of WB. Vegetation is often
associated with coastal stability; when more people populated Weymouth there was an
increased value for the coastal stability of WB. Consequently, vegetation was planted on the
dunes to stabilise WB and to protect its inherent values (Figure 7 and 8). At the time, marram
grass was understood to enhance coastal stability, through its effectiveness in retaining dune
sediment (Rudman, 2003; Hayes and Kirkpatrick, 2012). Understandably, the contrast
between Figures 8 and 9 display a change in vegetation density. Marram grass is known to
naturalise its new coastal environment (Jenks, 2014), in doing so it has dramatically altered
the dune system of WB (Figures 8-11); The vegetation increase (Figures 8-11) indicates the
change in the hind dune’s presence (Figure 5); the naturalisation of WB, by marram grass,
has seen the forest and hind dune replace the fore dune of 1949 (Figures 7-11). As a result,
the previous location of the hind dune in 1949 has de-elevated and the now undercutting hind
dune of marram grass, consequently leaves Weymouth increasingly vulnerable to flooding.
Evidently, this plantation has become counterproductive for coastal stability (Figures 7-15

and Figures 23-25). Understandably, this
vulnerability and exposure has made WB
reliant on the nourishment of its
sediment supply.

One source of beach nourishment, the
estuary (Figure 19 and Table 1), has also
been implicated by increased
urbanisation; decreased estuarine and
riverine vegetation has seen the
channel’s depth (Survey participant,
il pers. comm., 2015), width and structure
nal g m H ” u,“ PR \(j:earr;git:n(Flgures 7 11)_. Estuarln_e groynes
: plemented (Figure 26) in the late
1980’s to regain environmental stability
(Survey participant, pers. comm., 2015)
(Figure 27), yet when locals and tourists
began stubbing their toes on the groynes
they were removed in 2008 (Survey
participant, pers. comm., 2015). This is
disappointing, since the groynes were
proving successful in retaining sediment
(Survey participant, pers. comm., 2015).

Figure 26: the remains of the groynes in the
Weymouth/Bellingham estuary, facing towards the
Bellingham dunes, courtesy of Lindal Byard.
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Figure 27: the function of a groyne in retaining sediment, albeit for open shores, the mechanism is the same.
Source: College of Charleston (n.d.).

As mentioned previously, the retention of sediment in the estuary is important; the
stabilisation of the estuary is directly correlated with sediment supply to the beach (Sharples,
2006). As a result, the lack of vegetation to retain composure of the estuary has resulted in
sediment both choking the estuary and eroding its shoreline (Figures 7-11). This
displacement of sediment has directly taken away from the sediment supply to WB.

Unfortunately, attempted plantations of Tea tree, further upstream, have been uprooted and
snapped (Survey participant, pers. comm., 2015). This is evidence of a gap in understanding
of geo-conservation efforts, between those who understand the value of native plantations
and those who do not.

From what has been discussed previously, this gap is testament to the value of conventional
landscape photography. This photography (Figures 23-25), is qualitative evidence for relating
marram grass and other invasive species, to coastal instability. Figures 20-22 are also
important in this gap, which depict the impact of vegetation trampling. The trampling of
vegetation often leads to damage of vegetation (Schalcher et al., 2014 in Maslo and
Lockwood, 2014, 60-69; Hayes and Kirkpatrick 2012; Johnston and Ellison 2014); vegetation
trampling is known to increase vulnerability to erosion (Purvis et al., 2015; Johnston and
Ellison, 2014). As discussed previously, in the absence of vegetation, dune sediment is bare
and increasingly vulnerable to erosion. This is especially the case when directly contrasted
against highly aggressive, highly sediment retentive species, such as marram grass.

The advantage and disadvantage of vegetation trampling, is that trampling is a human impact.
The advantage of this human impact, is that people can be influenced, educated (Islam, 2000)
and act, when in their interest to protect the environment (De Martino et al., 2015). The
disadvantage is that people may not listen or want to change (Islam, 2000; De Martino et al.,
2015), especially if information is not communicated clearly. For this reason, an illustrative
timeline at community events is an essential way in communicating the scientific concepts of
geo-conservation to the stakeholders of WB.
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Concerns for the coastal stability of WB are justified in Figures 16-18, especially when
paired with Figures 7-11; Figures 7-11 and Figures 16-18 have shown that while the low tide
mark has not changed dramatically, the WB dune structure has been reduced to an eroding
hind dune. From this, it can be deduced that storm events have had a greater impact on WB
dune structure and coastal stability, than any change in sea-level rise. As mentioned
previously, low frequency and high intensity events have the greatest influence on a
landscape’s geomorphology (Ellison, 2015).

WB is an open, sandy shore (Sharples, 2006; DTAET, 2007). Open, sandy shores are highly
dynamic and heavily influenced by their sediment budget (Hanley et al., 2014; Sharples,
2006); any change in these dynamics will have a corresponding effect on the coastal stability
of WB and its geomorphology. In this instance, these dynamics are the frequency and
intensity of these oceanic events.

According to White et al. (2010) and Mclnnes et al. (2012), as the climate changes, there will
be more extreme events, flooding and increased sea-level rise across Tasmania. This means
there will be greater pressure from both high intensity, low frequency events, as well as low
intensity, high frequency events.
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Figure 28: Diagram of the Bruun Rule (Bruun, 1962), indicating the relationship between sea-level rise and
coastal erosion.

Sea-level rise, in itself, is a low intensity event for progressive landward erosion. The
calculation of landward erosion for the Bruun Rule is as follows: the landward translation of
sea-level rise is given by geometry and is expressed as R = SL/(hd+f), where S is the amount
of sea level rise, L is the active length of the profile, hd is the closure depth, and f is the
freeboard. S=.003(Church et al., 2008 in Government of Tasmania, 2009); L= 68 (Figure
18); hd=9 (Figure 18); f=2 (Figure 18). Consequently, progressive erosion from sea level rise
=.019 m, or 19 cm, per annum.
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Figure 11 indicates there is approximately 120 m of dune system remaining at WB. As a
result, the WB dunes would take 63 years to erode away from sea-level rise, per se.
Understandably, sea-level rise will bring added pressures to maintaining coastal stability
(Bosello and De Chian, 2014; White et al., 2010; Mclnnes et al., 2012).

With this being said, the Bruun Rule: “does not account for longshore interactions and
assumes the wave climate is steady and hence the equilibrium profile remains the same —
simply translated landwards and upwards with the rise in mean sea level” (Commonwealth
Science and Industrial Research Organisation, 2008). Furthermore, this is a broad rule that
does not take into account the adaptive capacity, or physical response of every beach. For
example, dominant vegetation varies. Vegetation is a dominant factor in dictating adaptive
capacity, in a beach’s ability to retain sediment during a storm event. Thus vegetation has a
greater influence over the rate of dune erosion than sea-level rise.

WB physical response to these storm events has proven to be poor (Figures 12 and 13). At
present, Figure 16 and 18 show the presence of a minor dune. When compared to Figure 19
and Table 1, it is confirmed that these minor dunes are the product of a recent storm event;
coarse sediment is indicative of a recent deposition (Krumbein, 1941) and the calcium
carbonate depicts an oceanic origin (Biscaye et al., 1976). Evidently, WB is prone to storm
events which can both erode and dispose sediment. This is important in managing the coastal
stability of WB, since pioneering species, can take advantage of this new disposed sediment
quickly (Figure 23). The issue is thus to compose WB with the right pioneering, native
species, such as spinifex (Spinifex sericeus) and austrofestuca (Austrofestuca littoralis).

The oceanic influence is still only one aspect to the sediment budget and the coastal stability
of WB. The sediment analysis (Figure 19 and Table 1) confirms the current composition of
WB is dependent on the nourishment of the Pipers River. This dependence adds another
aspect of vulnerability to the coastal stability of WB. As discussed earlier, the estuary has
become implicated by increased urbanisation and coastal erosion. Furthermore, Locatelli
(2001) found that a ‘flash-flow” hydrological regime, accounts for approximately 90% of
Pipers River bank erosion; the quartz and silt eroded from the high intensity, low frequency
events of the Pipers River, have been found in the shallowing channel of the estuary (Survey
participant, pers. comm., 2015). Summer sinkholes composed of course sediment, a sandbar
that can block out the estuary’s mouth and the exposure of rocks in the estuary, all of which
can appear and disappear in a day or two have also been documented (Figure 24; Survey
participant, pers. comm., 2015). This owes to the complexity and dynamics of the WB and
estuarine sediment budget and the need for further investigation, in all aspects of the WB
sediment budget.

Evidently, the stability of the estuary and WB are multivariate in nature; management of the
Pipers River catchment should be made in consultation with the management of WB. In
doing so, the management of WB requires environmentally stable alternatives to retain newly
deposited sediment, from riverine, estuarine and oceanic events; the management of WB
vegetation and the sediment budget, are consequently vital in maintaining coastal stability
and remediating the WB dune system. Extreme climatic events are becoming more common
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(White et al., 2010); building adaptive capacity through coastal management will become
increasingly important, as the climate changes and these high intensity events become more
frequent.

Recommendations

There are a number of actions that can be taken, in regards to the coastal stability of WB:
hand removal, burning or poisoning of marram grass and re-establishment of native species,
the implementation of beach and estuarine groynes, the implementation of dune
fencing/thatching, the implementation of boardwalks and signage, no action, or finally,
integrated management.

Marram grass and sea spurge management

Hand, or manual removal, poisoning and burning, as methods of marram grass and sea spurge
removal, vary in cost and effectiveness. As outlined by the Invasive Species Specialist Group
(ISSG) (n.d.), both manual removal and burning are “effective but also hugely cost and
labour intensive” (Pickart, 1997 in ISSG, n.d.). The costs of manual removal and burning can
include the: transport of people and equipment and the cost of labour and equipment. These
cost are known to range from US$ 36,600/ha (Peterson, 2004 in Hyland and Holloran, n.d.) to
US$ 86,703/ha (Pickart, Andrea and Sawyer, 1998 in Hyland and Holloran, n.d.).

The extensive rhizome network of marram grass makes it notoriously difficult to eradicate.
For this reason, thatch removal and re-sprout control are two key essential and effective
control efforts in eradicating marram grass (Hyland and Hollorand, n.d. in ISSG, n.d.). While
fire is an effective means of eradicating marram grass, it also stimulates its regrowth (Pickart
and Sawyer, 1998 in ISSG, n.d.). Consequently, hand removal and monitoring or chemical
control of regrowth will be required after burning is undertaken. Chemical control is not
recommended for small amounts of re-sprouting (ISSG, n.d.), since not enough of the plant is
exposed and will require further manual control. Fire can also stimulate the growth of many
native coastal vegetative species (Parks and Wildlife Service, 2010); burning, followed by the
hand removal of re-sprouting marram grass, can promote growth of native species and the re-
naturalisation of the WB dune system.

Groynes

The present vegetative composition of WB has effectively disabled WB capacity to retain
sediment (Figure 12 and 13). As shown in Figure 25, the Bellingham dunes orientation makes
it susceptible to coastal erosion from the prevailing SACW and SASW currents (Figure 2). A
north-south orientated groyne, positioned on the western side of the estuaries mouth would
retain sediment for WB, while breaking the wave energy of the prevailing currents on the
Bellingham dunes. The construction of groynes, such as the previous Tea tree groynes in the
estuary, can be both low in cost and effective. Yet locals are concerned that groynes: hinder
recreational value, are easy to stub their toes on and provide a navigational hazard (Survey
participant, pers. comm., 2015). This can be overcome with a fluorescent flag protruding
from the groynes, though this may degrade WB aesthetic value. Furthermore, since WB
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sediment composition is dominated by the Pipers River, the obstruction of its sediment to
WB by the groynes could prove counterproductive in dune remediation efforts.

Fencing and thatching

Dune fencing and thatching has proven successful, as far away as Scotland (SNH, n.d.) and in
Turner’s Beach, Tasmania (Johnston and Ellison, 2014). As noted by SNH (n.d.), dune
fencing and thatching has “minimal [adverse] impact on the natural system... and does
enhance natural dune recovery”, especially when re-vegetation is present. The issue is that
dune fencing and thatching provides little resistance to storms (SNH, n.d.); dune fencing and
thatching requires on-going maintenance costs (Page and Thorp, 2010; SNH, n.d.).
Furthermore, it is vital that invasive species are not present when fencing and thatching take
place; the invasive colonisation of this new structure would only advance current erosive
issues.

Another issue is that locals may feel their beach access is restricted, or that WB aesthetic
value is degraded. Yet as discussed by Gomez-Pina et al. (2002) in Johnston and Ellison
(2014) and SNH (n.d.), these issues can be overcome using: boardwalks for alternative beach
access and informative posters for the public in regards to coastal damage and fencing
effectiveness.

Boardwalks and signage

At Turners Beach, Tasmania, it was found that signage was the least effective remediation
effort, with only 17% of respondents considering them as effective (Johnston and Ellison,
2014). Among the Weymouth community, installing boardwalks is considered an appropriate
action to take, in reducing human impact on the dunes (Survey participant, pers. comm.,
2015). These boardwalks would also provide an alternative route, to wading through the
irritative spinifex. Johnston and Ellison (2014) also found 94% of their respondents
considered boardwalks an effective means in reducing dune instability. Essentially,
boardwalks are an effective means in reducing dune instability, though are only effective
when dune management strategy is understood and in the interest of the public (SNH, n.d.).

Consequently, the effectiveness of both signage and boardwalks require coastal stability to be
in the interest of beach users and for coastal management practices to be understood. Signage
is often a method for engaging the public and justifying the use of management practices. Yet
as mentioned, they are considered ineffective; alternative educational methods, such as field
days or barbeques, should be considered.

No action

As discussed and qualified by the Bruun calculation, no action will inevitably result in the
erosion of the entire WB dune system, leaving Weymouth to face storm events directly.
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Integrated management

As discussed, each management option has advantages and disadvantages; fire is effective yet
requires the monitoring and manual removal of invasive species, of which is labour intensive.
Groynes can be relatively cheap, yet do not have the community’s support and can restrict
WB riverine nourishment to further choke the estuary. Fencing and thatching are effective in
restabilising coastal dunes, yet are vulnerable to storms, requiring ongoing maintenance,
community support and the absence of invasive species. Boardwalks and signage, as
discussed, can be effective in reducing dune destabilisation caused by human traffic, yet
require holistic community support and understanding.

Integrated management aims to employ the advantages of each practice, with the available
financial and human resources and community support. SFM Environmental Solutions (2005)
notes in the ‘George Town Coastal Management Plan’ that, in Weymouth, “intervention
would require significant expenditure of resources”. Consequently, it is essential that
remediation efforts are cost effective.

Using limited resources, burning, followed by the hand removal of invasive species and
boardwalk construction should be undertaken. While this practice can be expensive, as
discussed previously, it is also highly cost effective. Costs can be further reduced using
volunteers to remove invasive species after the burning. Furthermore, Page and Thorp (2010),
note that burning should only be undertaken in consultation with biodiversity, vegetation,
wildlife and fire specialists.

To integrate management practices, dune fencing, thatching and boardwalk construction
should follow dune burning and removal of marram grass; fencing will provide some
protection for this exposed sediment, as well as an opportunity for native pioneers, such as
spinifex and austrofestuca to consolidate the sediment. To reduce the vulnerability of dune
fencing, exposed sediment and the risk from fire hazards, it would be recommended that
fencing establishment and burning takes place in spring; storms have passed after spring and
fire bans are usually not in place at this time; dune fence installation after storms will reduce
the cost of maintenance, making it a viable option to coincide with burning and manual
removal. While the costs of burning are subjective, the ISSG (n.d.) state that burning is less
costly than both manual removal and herbicide use on their own; burning appears viable if
manual removal or herbicide use is already practiced. Manual removal, as noted, can be
voluntary and dune fencing/thatching installation can be as low as AUD$834/ 100 m (SNH,
n.d.). In perspective, WB is approximately 1,083 m in length (Figure 11); this recommended
course of integrated management could be as low as AUD$ 9032. This cost could be reduced
further, based on the materials used for fencing. Furthermore, the cost of burning has not
been accounted for; since the WB dunes are crown land, burning should be at the expense of
the Tasmanian Government, especially if this project is in their interest, of which it should,;
the cost of remediation now is much less than the cost of dikes, which can cost US$0.9 to
29.2 million per metre rise in height, per km length (in 2009 US dollars) (Hillen et al., 2010
in Linham and Nicholls, n.d.)
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Burning, manual removal and dune fencing/thatching are the first three recommended
remediation efforts to take with limited resources; maintaining sediment at WB will also
reduce the choking of the estuary, based on the sediment budget in Figure 7. To fully address
the issues of the estuary and to enhance the transport of riverine sediment into WB, erosion in
the Pipers River catchment and the estuary, should be investigated further. At present, the
community and other stakeholders should be educated on the significance of Tea tree
plantations in the estuary and catchment.

Furthermore, the community should be made aware that while spinifex causes irritation, it is
essential for dune remediation. Understandably, education should also be an integral part of
WB remediation efforts; the community needs to value and understand the effectiveness of
dune fencing/thatching and dune burning, as well as the effect of dune trampling. The cost of
education and community engagement can be as low as a community barbeque, or another
community event.

Conclusion

If no action is taken, sea-level rise has the capacity to fully expose Weymouth. While
dynamic, not all open, sandy shores are the same; the timing of full exposure is based on WB
inherent adaptive capacity to increasingly erosive and frequent events. The Pipers River
catchment and the SACW and SASW currents are contributors to the WB sediment budget,
of which depose sediment in high intensity, low frequency events. The proposed
recommendations for integrated management can work with these dynamics and be both
effective and low in cost. Yet these efforts cannot be obstructed and require the support of the
community to be successful. This discussed form of integrated management would not only
result in safeguarding Weymouth’s social and environmental values, but would also avoid the
Government to choose between sacrificing these values and the costly construction of dikes.

Furthermore, the sinkholes at Weymouth and Bellingham are enigmatic and showcase the
dynamic nature of open, sandy shores. There is consequently a need for further investigation
to assess whether or not they are indicative of a greater threat to Weymouth’s social and
environmental values. Furthermore, the open sandy shores of northern Tasmania rely on the
same oceanic sediment budget; the issues discussed previously could be indicative of greater
problems. There is consequently a need for further analysis across northern Tasmania, to
form a framework that attracts greater resources and understanding for later coastal geo-
conservation efforts. This analysis should be thorough, using social science and take into
consideration the varying inputs from each beach’s different riverine and estuarine sediment
budget.

27



References

Anthoni, F., 2000: Disappearing beaches: Dune stabilisation,
<http://www.seafriends.org.nz/oceano/beachdun.htm>

Bird, E. and Lewis, N., 2015: Beach Renourishment, SpringerBriefs in Earth Sciences.

Biscaye, P.E., Kolla, V. and Turekian, K.K., 1976: Distribution of calcium carbonate in
surface sediments of the Atlantic Ocean, Journal of Geophysical Research, 81, 2595-2603.

Bosello, F. and De Cian, E., 2014: Climate change, sea level rise, and coastal disasters. A
review of modeling practices, Energy Economics, 46, 593-605.

Bottrill, R.S. and Matthews W.L., 2006: Occurrence of Gemstone Minerals in Tasmania.
Mineral Resources Tasmania, Hobart.

Bruun, P., 1962: Sea level rise as a cause of shore erosion, Journal Waterways and Harbours
Division, 88, 117-130.

Bureau of Meteorology, 2015: Monthly rainfall Weymouth (Tam O’Shanter),
<http://www.bom.gov.au/jsp/ncc/cdio/weatherData/av?p_nccObsCode=136&p_display_type
=dailyDataFile&p_startYear=&p_c=&p_stn_num=091272>, (accessed 1 Oct. 2015).

Chu, M.L., Guzman, J.A., Munzo-Carpena, R., Kiker, G.A. and Linkov, I., 2014: A
simplified approach for simulating changes in beach habitat due to the combined effects of
long-term sea level rise, storm erosion, and nourishment, Environmental Modelling and
Software, 54, 111-120.

Church, J.A., White, N.J., Hunter, J.R. and Lambeck, K., 2008: A post-IPCC AR4 update on
sea level rise. In Government of Tasmania, 2009: State of the Environment Report:
Indicators: Sea level change. Tasmanian Planning Commission, Hobart.
<http://soer.justice.tas.gov.au/2009/indicator/21/> (accessed 10™ Oct. 2015).

College of Charleston, no date: Groins,
<http://oceanica.cofc.edu/an%20educator'sl%20guide%20to%20folly%20beach/guide/proces
s3.htm>, (accessed 1 Oct. 2015).

Commonwealth Science and Industrial Research Organisation, 2008: Why does sea level
change. <http://www.cmar.csiro.au/sealevel/sl_drives_short.ntml> (accessed 30 Sep. 2015).

De Martino, S., Kondylis, F. and Zwager, A. 2015: Protecting the Environment For Love or
Money? The Role of Motivation and Incentives in Shaping Demand for Payments for
Environmental Services Programs
<http://pfr.sagepub.com/content/early/2015/09/08/1091142115604352.abstract> (accessed 1
Oct. 2015).

28


http://soer.justice.tas.gov.au/2009/indicator/21/

Department of Primary Industries, Water and Environment, 1999: Hydrological Analysis of
Rivers in the Pipers Catchment. Department of Primary Industries, Water and Environment,
Hobart.

Department of Tourism, Arts and the Environment, Tasmania, 2007: Vegetation, Fauna
Habitat and Geomorphology Coastal Values Information for the Northern Tasmania NRM
Region, Interpretation Manual. Coastal and Marine Branch, DTAE, Tasmania.

Ellison, J.C., 2015: Coastal processes 1. Unpublished paper presented in KGA 326
Environmental Geomorphology.

Ellison, J.C., 2015: Weymouth Beach Field Trip guide 2015. Unpublished paper presented in
KGA 326 Environmental Geomorphology.

French, P.W., 2002: Coastal and Estuarine Management. Routledge, London.

George Town Council. Coastal Erosion Hazard by Class [map]. George Town Council:
George Town, 2015.

Gomez-Pina, G., Munoz-Perez, J.J. and Ramirez, L.C., 2002: Sand dune management
problems and techniques. In Johnston, E. and Ellison, J.C., 2014: Evaluation of beach
rehabilitation success, Turners Beach, Tasmania. Journal of Coastal Conservation, 18, 617-
629.

Hanley, M.E., Hoggart, S.P.G., Simmonds, D.J., Bichot, A., Colangelo, M.A., Bozzeda, F.,
Heutefeux, H., Ondiviela, B., Ostrowski, R., Recio, M., Trude, R., Zawadzka-Kahlau, E. and
Thompson, R.C., 2014: Shifting sands? Coastal protection by sandy banks, beaches and
dunes, Coastal Engineering, 87, 136-146.

Hayes, M. and Kirkpatrick, J.B., 2012: Influence of Ammophila arenaria on half a century of
vegetation change in eastern Tasmanian sand dune systems, Australian Journal of Botany,
60, 450-460.

Hubbard, D.M., Scapini, F., Nel, R., Lastra, M., McLachlan, A. and Peterson, C.H., 2014:
Open-coast sandy beaches and coastal dunes. In Maslo, B. and Lockwood, J.L. (eds), Coastal
Conservation. Cambridge University Press, Cambridge, 60-69.

Hillen, M.M., Jonkman, S.N., Kanning, W., Kok, M., Geldenhuys, M., Vrijling, J.K. and
Stive, M.J.F., 2010: Coastal Defence Cost Estimates. Case Study of the Netherlands, New
Orleans and Vietnam.. In Linham, M.M. and Nicholls, R.J., n.d.: Sea Dikes,
<http://www.climatetechwiki.org/content/sea-dikes> (accessed 10 Oct. 2015).

Hyland, T. and Holloran, P., n.d.: Controlling European beach grass (Ammophila arenaria)
using prescribed burns and herbicide. In Invasive Species Specialist Group, n.d.: Ammophila
arenaria (marram grass) Management Information. Invasive Species Specialist Group.

Invasive Species Specialist Group, n.d.: Ammophila arenaria (marram grass) Management
Information. Invasive Species Specialist Group.

29



Islam, N., 2000: Protecting Bangladesh’s Environment: The Role of the Civil Society. Emory
University, Atlanta.

Jenks, G., 2014: Utilising New Zealand Coastal Dune Degradation Records as a Proxy for
Analogous Global Impacts. CLIMsystems, Hamilton.

Johnston, E. and Ellison, J.C., 2014: Evaluation of beach rehabilitation success, Turners
Beach, Tasmania. Journal of Coastal Conservation, 18, 617-629.

Krumbein, W.C., 1941: Measurement and Geological Significance of Shape and Roundness
of Sedimentary Particles, Journal of Sedimentary Petrology, 11, 64-72.

Krumbein, W. C., and Aberdeen, E., 1937: The Sediments of Barataria Bay, Journal of
Sedimentary Petrology, 7, 3-17.

Land Tasmania. Weymouth 1949. Land Tasmania: Hobart, 2015
Land Tasmania. Weymouth 1980. Land Tasmania: Hobart, 2015.

Locatelli, A., 2001: Fluvial Geomorphology of the Pipers River North East Tasmania.
Unpublished paper presented to The University of Tasmania, Launceston.

Martinez, M.L., Gallego-Fernandez, P.A. and Hesp, J.B., 2013: Coastal Dunes: Human
Impact and Need for Restoration. Springer Berlin Heidelberg, New York.

Mclnnes, K.L., O’Grady, J.G., Hemer, M., Macadam, 1., Abbs, D.J., White, C.J., Corney,
S.P., Grose, M.R., Holz, G.K., Gaynor, S.M. and Bindoff, N.L., 2012: Climate Futures for
Tasmania: extreme tide and sea-level events technical report, Antarctic Climate and
Ecosystems Cooperative Research Centre, Hobart.

Page, L. and Thorp, V., 2010: Tasmanian Coastal Works Manual: A best practice
management guide for changing coastlines. Department of Primary Industries, Parks, Water
and Environment, Hobart.

Parks and Wildlife Service, 2010: Fire Management: Fire, flora and fauna. Parks and
Wildlife Service, Hobart.

Peterson, B., 2004: The use of heavy machiney (excavators) to remove Ammophila arenaria
(European beachgrass) from native sand dunes at Point Reyes National Seashore. In Hyland,
T. and Holloran, P., n.d.: Controlling European beach grass (Ammophila arenaria) using
prescribed burns and herbicide, <http://ic.ucsc.edu/~kholl/envs160/holloran%26hyland.pdf>
(accessed 9 Oct. 2015).

Pickart, A.J., 1997: Control of European Beachgrass (Ammophila arenaria) on the West
Coast of the United States. In Invasive Species Specialist Group, n.d.: Ammophila arenaria
(marram grass) Management Information. Invasive Species Specialist Group.

Pickart, Andrea J., and John O. Sawyer. 1998. Ecology and restoration of northern California
coastal dunes. In Hyland, T. and Holloran, P., n.d.: Controlling European beach grass

30



(Ammophila arenaria) using prescribed burns and herbicide,
<http://ic.ucsc.edu/~kholl/envs160/holloran%26hyland.pdf> (accessed 9 Oct. 2015).

Purvis, K.G., Gramling, J.M., and Murren, C.J., 2015: Assessment of beach access paths on
dune vegetation: Diversity, abundance, and cover. Journal of Coastal Research, 31, 5, 1222-
1228.

Rodney, J., 2000: From beaches to beach environments: linking the ecology, human-use and
management of beaches in Australia, Ocean and Coastal Management, 43, 495-514.

Roze’, F. and Lemauviel, S., 2004: Sand Dune Restoration in North Brittany, France: A 10-
Year Monitoring Study. Restoration Ecology, 12, 29-35.

Rudman, T., 2003: Tasmanian Beach Weed Strategy for marram grass, sea spurge, sea
wheatgrass, pypgrass and beach daisy. Nature Conservation Report 03/2, Nature
Conservation Branch, Department of Primary Industries, Water and Environment, Tasmania,
Hobart.

Sandery, P.A., 2006: Towards an understanding of the flushing of Bass Strait. School of
Chemistry, Physics and Earth Sciences Flinders University, Adelaide.

Schalcher, T.A., Jones, A.R., Dugan, J.E., Weston, M.A., Harris, L., Shoeman, D.S., White,
C.J., Grose, M.R., Corney, S.P., Bennett, J.C., Holz, G.K., Sanabria, L.A., Mclnnes, K.L.,
Cechet, R.P., Gaynor, S.M. and Bindoff, N.L., 2010: Climate Futures for Tasmania: extreme
events technical report, Antarctic Climate and Ecosystems Cooperative Research Centre,
Hobart.

Scottish Natural Heritage, n.d.: A guide to managing coastal erosion in beach/dune systems
Summary 4: Dune Fencing. <http://www.snh.org.uk/publications/on-
line/heritagemanagement/erosion/appendix_1.4.shtml> (accessed 9 Oct. 2015).

SFM Environmental Solutions Pty Ltd, 2005: George Town Coastal Management Plan. SFM
Environmental Solutions Pty Ltd, Hobart.

Sharples, C., 2006: Indicative Mapping of Tasmanian Coastal Vulnerability to Climate
Change and Sea-Level Rise: Explanatory Report (Second Edition); Consultant Report to
Department of Primary Industries and Water, Tasmania.

Short, A., 2008: Impact of coastal erosion in Australia,
<http://www.coastalwatch.com/environment/4524/impact-of-coastal-erosion-in-australia>
(accessed 1 Oct. 2015).

31



Appendix



"ynow s,AJenisa ayl 1e SUOIJLIO| pue € 109suel] Buoje azis ajoned ul ssouaiayllp Bulke|dsip ‘UosLedwod 8Z1s JUBWIPSS € 199suUrl] 6T 8.nbi4

(wr)
e 9= E T4 L ﬂ-___.n e (0F<
Q
3303 1 _jaes sy
05
ST kT
ot
LIFEg, 4
5t ﬂ
U .
oo
e o5t
e
L]
oo
o5k

-




Table 1: Transect 3 sediment compositions.

Analysis/Sample | Hind dune: Minor dune Minor dune Low tide range: | Estuary- Estuary-
Om Top: 29m bottom: 45m 56m dune water’s
edge
Partical Sub-rounded Sub-angular Rounded/Sub- | Rounded/Sub- | Sub- Sub-
Composition angular rounded rounded rounded
Colour 7/2 2.5Y 7/4 2.5Y 8/52.5Y 6/3 2.5Y 6/4 10YR |6/425Yy
Carbonate (%) 17% 17% 30% <10% 25% <10%
Dominate Quartz Quartz Quartz Quartz Quartz Quartz

mineral




