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Geomorphic evolution and the role of organic matter in a temperate supratidal
Melaleuca wetland: Corner Inlet, VIC

Abstract

Coastal wetlands are highly productive ecosystems with an exceptional capacity for sequestering organic
matter in the accumulating substrate. Recent studies have focused on intertidal saltmarsh and mangrove
communities with limited research extending to the supratidal wetland forests, especially in temperature
regions. The overall aim to fill the knowledge gap present in current literature by addressing two aims. The
aims of this study is to (1) determine the processes driving the development and persistence of
supratidal wetland forests in Corner Inlet, Victoria, Australia; and (2) reconstruct the historic vegetation
shifts that have occurred in the embayment over the Holocene. A combination of stratigraphic analyses
and photogrammetry were used to achieve these aim. Cores were collected to quantify the accumulation
and preservation of organic matter across the intertidal-supratidal wetland gradient. Results from
stratigraphic logs, bulk density and loss-on-ignition analyses, grain size, and high-resolution core logging
(ITRAX) were compiled to determine the contribution and preservation capacity of organic matter in
Melaleuca paperbark swamps (MPS) and to produce a paleo-reconstruction of the site. Along the study
gradient, an increase in organic matter contribution was observed within the surface organic horizon
shifting from the mangrove (5-10% organic matter) through to the MPS communities (up to 66% organic
matter). The organic-rich soils of MPS noticeably declined at a greater rate in the more terrestrial
substrate further from the seaward edge. This revealed a limitation in the preservation capacity of MPS
with depth, with MPS having a greater effectiveness in organic preservation in more marine influenced
settings. A time series analysis of historic aerial imagery, and paleo-reconstruction of sedimentary cores
were used to reconstruct the historic vegetation shifts across the intertidal-supratidal wetland complex.
Seaward migration of the wetland communities was identified during the paleo-reconstruction. Overtime,
the infilling estuary revealed marine sands and seagrass meadows shift progressively to mangrove,
saltmarsh, herbaceous wetlands and finally MPS. However, recent decadal shifts in the wetland
community have inverted to a landward retreat. These results suggest that anthropogenic impacts on the
Earth’s climate have increased the rate of sea-level rise to a point which exceeds the rate of vertical
accretion. The landward retreat of MPS and related rise in sea-level may result in the belowground
disruption of preserved organic matter. This may lead to alterations in the global carbon cycle with large
proportion of organic matter sequestered in these forests to be remineralised into CO2, having further
implications on anthropogenic climate change.
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Abstract

Coastal wetlands are highly productive ecosystems with an exceptional capacity for
sequestering organic matter in the accumulating substrate. Recent studies have focused
on intertidal saltmarsh and mangrove communities with limited research extending
to the supratidal wetland forests, especially in temperature regions. The overall aim
to fill the knowledge gap present in current literature by addressing two aims. The
aims of this study is to (1) determine the processes driving the development and
persistence of supratidal wetland forests in Corner Inlet, Victoria, Australia; and (2)
reconstruct the historic vegetation shifts that have occurred in the embayment over
the Holocene. A combination of stratigraphic analyses and photogrammetry were
used to achieve these aim. Cores were collected to quantify the accumulation and
preservation of organic matter across the intertidal-supratidal wetland gradient. Results
from stratigraphic logs, bulk density and loss-on-ignition analyses, grain size, and
high-resolution core logging (ITRAX) were compiled to determine the contribution
and preservation capacity of organic matter in Melaleuca paperbark swamps (MPS)
and to produce a paleo-reconstruction of the site. Along the study gradient, an increase
in organic matter contribution was observed within the surface organic horizon shifting
from the mangrove (5-10% organic matter) through to the MPS communities (up to
66% organic matter). The organic-rich soils of MPS noticeably declined at a greater
rate in the more terrestrial substrate further from the seaward edge. This revealed
a limitation in the preservation capacity of MPS with depth, with MPS having a
greater effectiveness in organic preservation in more marine influenced settings. A time
series analysis of historic aerial imagery, and paleo-reconstruction of sedimentary cores
were used to reconstruct the historic vegetation shifts across the intertidal-supratidal
wetland complex. Seaward migration of the wetland communities was identified during
the paleo-reconstruction. Overtime, the infilling estuary revealed marine sands and
seagrass meadows shift progressively to mangrove, saltmarsh, herbaceous wetlands and
finally MPS. However, recent decadal shifts in the wetland community have inverted
to a landward retreat. These results suggest that anthropogenic impacts on the Earth’s
climate have increased the rate of sea-level rise to a point which exceeds the rate of
vertical accretion. The landward retreat of MPS and related rise in sea-level may result
in the belowground disruption of preserved organic matter. This may lead to alterations
in the global carbon cycle with large proportion of organic matter sequestered in these
forests to be remineralised into CO?, having further implications on anthropogenic

climate change.
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1 Introduction

1.1 Organic Matter in Coastal Wetlands

The production and preservation of organic matter within terrestrial and marine ecosystems
plays a significant role in the global carbon cycle (Janzen, 2004). Forested and wetland
communities are of particular importance due to their high productivity of organic matter
above- and belowground (Dixon et al., 1994; Trettin and Jurgensen, 2002; Saintilan et al.,
2013; Sohn et al., 2013). Forested areas contain approximately 80% and 40% of the global
above- and belowground terrestrial carbon, respectively (Dixon et al., 1994). Approximately
18-30% of the total belowground carbon stores can be attributed to wetlands areas,
despite covering only 2-3% of the Earth’s terrestrial surface (Trettin and Jurgensen, 2002).
Preservation of organic matter below the surface is influenced by a complex interaction
of biotic and abiotic components of an ecosystem. Factors impacting preservation include
climate, soil chemistry and composition, and vegetation (Lal, 2005; Pester et al., 2012). The
interaction occurring between these factors in coastal ecosystems allows for the efficient
preservation of organic material. This signifies the importance of organic accumulation and
preservation in coastal wetlands .

Coastal wetlands’ distribution is governed by the combination of biotic and abiotic
factors associated with low energy coastal areas (Pennings et al., 2005). Tidal wetlands
are a subcategory of coastal wetlands that are positioned around the tidal frame, and are
categorised into three zones: subtidal, intertidal, and supratidal.

The surge in research surrounding coastal wetlands has been focused on the role
inundation plays in preservation and productivity of intertidal and subtidal wetland
communities (saltmarsh, mangrove and seagrass communities) (Kirk, 2004; Dise, 2009;
Del Grosso et al., 2010; McLeod et al., 2011; Howard et al., 2014; Morris et al., 2016).
Examination of sediment cores have been used to address the contribution of organic
material of these wetland communities in the past (Kelleway et al., 2017b; Adame et al.,
2019). Limited research has been undertaken to understand these processes in the wetland
vegetation positioned above the intertidal zone. Supratidal wetland forests are forested
communities positioned above highest astronomical tide (HAT) in the supratidal zone. Due
to the positioning of supratidal wetland forests beyond the astronomical tidal frame they
receive aperiodic inundation from extreme tides and/or meteorological events (Adame et al.,
2019). The supratidal wetland forests of Australia are largely dominated by the genera
Melaleuca and Casuarina (Boon et al., 2016). Melaleuca paperbark swamps (MPS) are a
supratidal wetland forest commonly found along Australian coastlines that are dominated
by Melaleuca, a genus of trees and shrubs from the family Myrtaceae (Barlow, 1988). The
implications of anthropogenic draining and clearing of many wetland ecosystems has led
to significant declines in MPS distribution and abundance (Bowkett and Kirkpatrick, 2003;

Robinson et al., 2006). Studies concerned with the organic contribution of MPS have only
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included those in tropical climates (Adame et al., 2019; Tran et al., 2013a), with currently
no published research focusing on the role of organic matter in temperate supratidal wetland
forests. Further research of MPS, specifically within temperate climates is required to

broaden the understanding of organic matter accumulation within supratidal wetland forests.

1.2 Coastal Wetlands Response to Environmental Change

A coastal wetland’s ability to increase surface elevation in response to changing sea-level
is a key component in maintaining the stability of ecosystem structure and function
(Alongi, 2014; Baker et al., 2009; Woodroffe et al., 2016). To remain stable, surface
elevation must increase at a similar rate to that of rising sea-level (Kirwan and Megonigal,
2013; Morris et al., 2016; Reed, 1995). Changes to surface elevation are a function of
surface and belowground processes. The vertical accretion of sediment fills the available
accommodation space of the wetland, raising surface elevation (Rogers et al., 2019a).
Autocompaction of sediments, decomposition of stored organic material, and erosion can
reduce surface elevation by decreasing sediment volume, thereby raising relative sea-level
(RSL) (Morris et al., 2016). Present day estuaries of south-east Australia formed during the
post-glacial marine transgression and subsequent sea-level rise (SLR) of the Holocene (Roy
et al., 2001). Estuaries are a common location for coastal wetlands, as they are typically
protected, low energy environments. Present day mean sea-level for Australia was reached
approximately 2 kya (Rogers et al., 2019b). Before modern standards, there was a steady
rise in sea-level until 5 kya, preceded by sea-level sharply falling to approximately 4m below
present day sea-level around 6 kya. The stable sea level over the last 2 ky has led to sediment
accumulation and seaward migration within wetland communities.

A period of stable sea-level has resulted in progressive infilling of estuaries (Dalrymple
et al., 1990; Zaitlin et al., 1994). The slow rate of infilling that ensue the post-glacial marine
transgression formed the ideal conditions within the intertidal zones of Australia for ecotonal
saltmarsh-mangrove communities to exist (Adam, 1993; Roy et al., 2001). Changes in
south-east Australia coastal wetlands distribution during the Holocene has been observed
using sedimentary cores. Cores sampled from contemporary saltmarsh across multiple sites
contain remnants of ancient mangrove communities in the form of preserved macrofossils
(Saintilan and Williams, 1999a; Saintilan and Wilton, 2001).

During rising sea-level, vertical accommodation space increases, paving the way for
further sedimentation and geomorphic evolution of the coastal zones of Australia. If changes
in RSL exceed the rate of vertical accretion, vegetation communities will begin to encroach
landwards from the stress of changing environmental conditions. Despite SLR increasing
accommodation space which allows for further accretion of organic matter, continuous
rise may lead to reduced organic preservation. As sea-level rises, the rate of erosion may

increase, exposing previous sequestered organic matter (DeLLaune and White, 2012; Kirwan



and Mudd, 2012). Similarly, stable or diminishing sea-level have been proposed to deplete
organic matter as a result of substrate development reaching upper limit of accommodation
space, that being HAT, and becoming increasing terrestrial (Rogers et al., 2019a). Under
future projections for anthropogenically driven SLR, the threshold for exposing sequestered
organic matter may potentially be reached (Oppenheimer et al., 2019; Rogers et al., 2019a).
Anthropogenic clearance of wetlands also poses a threat to the effectiveness of sequestering
organic material.

Aerial photography has been used to assess decadal changes within coastal wetlands
(Buckney, 1987; Chafer, 1998; Rogers et al., 2005). In south-east Australia a landward
migration has been observed surrounding the mangrove and saltmarsh communities (Rogers
et al., 2005; Kelleway et al., 2016b; Whitt et al., 2020), however there has been minimal
research extending beyond the impacts on intertidal wetlands into the supratidal wetland
forests. Sensitivity to relative SLR has been suggested to play a role in the diminishing
coverage of supratidal wetland forests in Australia (Bowman et al., 2010; Kelleway et al.,
2018) and globally (Kirwan et al., 2007; Schieder et al., 2018). These changes have been
suggested to have number potential drivers, these include changes to temperature (Whitt
et al., 2020), sedimentation regimes (Saintilan and Williams, 1999b), autocompaction of
substrate (Rogers et al., 2006), and alterations to the regions hydrology (Saintilan and
Williams, 1999b). Research into coastal wetlands’ response to a changing environment
has been predominately dedicated to the intertidal saltmarsh and mangrove. This has left
critical knowledge gaps within present literature surrounding the supratidal wetland forests,
including MPS.

1.3 Aims and Objectives

This study will address the current knowledge gap surrounding supratidal wetland forests,
focusing on MPS. Sediment cores will be taken to determine the changes in vegetation
distribution that have occurred during the Holocene (hereafter referred to as long-term
changes). They will also help quantify the role that organic matter plays in the surface
organic horizon and preservation of organic matter through the substrate. Historic aerial
photography will be used to assess the changes in wetland distribution over the last 70 years

(hereafter referred to as short-term changes).

Aim 1: Determine the processes driving the development and persistence of supratidal
wetland forests

Objectives:

* Characterise contributions of organic and mineral components in the substrate across

the intertidal-supratidal gradient.



» Assess relationships between organic matter preservation, stratigraphic composition

and hydrology.

Aim 2: Reconstruct historic vegetation shifts across an intertidal-supratidal wetland
complex (Corner Inlet, Victoria)

Objectives:

* Map distribution changes of intertidal and supratidal vegetation communities over a

70-year period
* Characterise and correlate sedimentary strata across the intertidal-supratidal gradient.

* Identify and assess macrofossil distribution in sediment profiles to determine

vegetation communities present.

Organic contributions in previous studies of supratidal wetland forests have shown a high
proportion of organic to mineral matter within the near surface sediment. It is hypothesised
that MPS will have an organic-rich surface and potentially demonstrate an efficient capacity
for organic matter preservation with depth. The paleo-reconstruction of these wetlands
throughout the Holocene is hypothesised to follow the process of estuary evolution. As the
estuary begins to infill the vegetation will shift to accommodate the new seaward moving
foreshore. Recent mapping of the temperate wetlands of south-east Australia have revealed
an expansion of mangrove forest into the upper intertidal saltmarsh. The mapping of Corner
Inlet wetlands in this project is hypothesised similar landwards shift will occur in vegetation

communities, with mangroves encroaching into saltmarsh communities.

1.4 Thesis Outline

This thesis is comprised of the following elements. The first is a review of the current
literature surrounding estuarine evolution and the structure and changes that occur within
coastal wetland communities. The literature review also addresses the role of sediment
accumulation, both organic and mineral, and the influence of these on wetland surface
dynamics, and therefore wetland structure and function. The methodology used to complete
this study is presented and followed by the collective results for each analysis. The results
have been interpreted in the context of existing literature to address the aims of this study.

Finally, the conclusion of the findings of the study are presented.



2 Literature Review

This literature review consists of three primary topics: (1) estuaries, to understand the
environmental setting of the coastal wetlands of this project; (2) coastal wetlands, to outline
the structure and function of these vegetative communities; (3) and the role of sedimentation
within coastal wetlands to identify the processes that control the stability or dynamism of
the wetlands. A review of the geomorphic processes shaping modern estuaries is focused
on research of south-east Australian estuaries. This section explain the processes driving
estuarine evolution from young to mature estuaries. Narrowing in from the estuary scale, an
assessment of coastal wetlands of was undertaken. This is focused on the characteristics and
distribution of intertidal and supratidal wetlands within an estuary, along with the changes
that occur in wetlands. This is followed by an explanation of the role of organic and mineral

sedimentation in coastal wetlands, controlling whether wetlands are dynamic or stable.

2.1 Estuaries

The term estuary refers to a body of water where the mixing of freshwater and marine
saltwater occurs. Sedimentary inputs within estuaries are sourced from fluvial and marine
settings, with morphological influences from fluvial, tidal, and wave processes (Boyd,
1992). An estuary’s extent ranges from the upper limits of the fluvial system impacted
by saline intrusion, through to its coastal opening (Woodroffe, 2002). The morphology
and evolution of an estuary is determined by two aspects: the dominant physical processes
(fluvial, tidal, or wave) of the estuary; and the evolution of the coastal surroundings,
involving factors such as variations in relative sea-level (RSL), sediment input and output,
sediment type, and shoreline shape (Boyd, 1992; Roy et al., 2001). Three main estuary
types are informed by the physical processes operating within the estuary: river dominated,

tide-dominated and wave-dominated (Figure 2.1) (Roy et al., 2001).
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Figure 2.1: Conceptual morphological structure of estuaries, depicting the extremities of
river-dominated, tide-dominated, and wave-dominated. Source: Cooper (1993)

Present day estuaries of south-east Australia formed during the post-glacial marine
transgression and subsequent SLR of the Holocene (Roy et al., 2001). These estuaries
are a common location for coastal wetlands, as they are typically protected, low energy
environments. Many of south-east Australia’s modern estuaries were formed over the course
of the Holocene as a result of the post-glacial marine transgression and subsequent SLR
(Roy et al., 2001). In response to this, fluvial systems began to drown and experienced a
landwards shift as the rate of SLR surpassed the rate of sedimentation (Roy, 1994; Zaitlin
et al., 1994). As sea-level stabilised, the landward regression of estuaries halted and the
rate of sedimentation at this stage exceeded SLR, resulting in the progressive infilling of
estuaries (Dalrymple et al., 1990; Zaitlin et al., 1994).



2.1.1 Estuary Evolution

Estuaries along eastern Australia can be divided into five groups relating to the prevalence
of marine influence (Table 2.1) (Roy et al., 2001) . Open marine embayments have a
strong marine influence with limited influx of fresh water from fluvial processes (Roy
et al., 2001). This is a common early transitional phase in estuary evolution, after which
young systems may experience sediment infill, thereby constricting estuarine area over time
and decreasing available accommodation space (Cooper, 2001; Roy, 1994). This process
changes the biological communities and hydrological characteristics of the estuary (Hodgkin
and Kendrick, 1984; Roy, 1984; Roy et al., 2001). The effective accommodation space of
tidal coastal wetlands is bounded between the underlying bedrock and HAT (Figure 2.2;
Rogers et al., 2019a). The realised accommodation space is the zone that has been infilled
by sediment, changes within this zone result in vertical change of the wetlands. Available
accommodation space is the potential space that sediment can infill. As mineral and organic
sediments accumulate the available accommodation space of the wetland decreases in one

of two ways: vertically or horizontally.

Table 2.1: Types of coastal bodies in eastern Australia based on marine influence. Source:
Roy et al. (2001)

Groups Types (and examples) Mature forms*

—

I. Bays . Ocean embayments (Botany Bay)
II. Tide-dominated estuaries 2. Funnel-shaped macrotidal estuary (South Alligator River, Tidal estuaries
Northern Territory)
. Drowned valley estuary (Hawkesbury River)
. Tidal basin (Moreton Bay)
Barrier estuary (Lake Macquarie) Riverine estuaries
. Barrier lagoon (The Broadwater/South Stradbroke Island)
. Interbarrier estuary (Tilligerry Creek, Port Stephens)
. Saline coastal lagoon (Smiths Lake) Saline creeks
. Small coastal creeks (Harbord Lagoon, Sydney)
10. Evaporative lagoons (The Coorong, South Australia)
V. Freshwater bodies 11. Brackish barrier lake (Myall Lakes) Terrestrial swamps
12. Perched dune lake (LLake Hiawatha)
13. Backswamp (Everlasting Swamp, Clarence River)

III. Wave-dominated estuaries

IV. Intermittent estuaries

*Mature forms refer to infilled estuaries.
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Figure 2.2: Conceptualised wetland accommodation space and zonation. Below mean
sea-level represents the subtidal zone, mangrove and saltmarsh represent the intertidal zone,
and supratidal wetlands represent the supratidal zone. Source: Rogers et al. (2019a) edited
to include supratidal wetlands.

During the infilling stage, dominant processes morph the estuary into on of four groups
(Groups II-V of Table 2.1). Australian estuaries are predominantly tidal-dominated or
wave-dominated. There is a clear geographical separation between the tidal-dominated
estuaries characteristic of northern Australia and the wave-dominated systems across much
of southern Australia (Figure 2.3; Harris et al., 2002; Hodgkin and Hesp, 1998; Woodroffe,
1993). Dominant wave action along the south-east coast of Australia provides a large supply
of marine sediment to estuaries, compared to their tidal and river counterparts (Dalrymple
et al., 1992). Wave-dominated estuaries are categorised by their tidal driven inlets, with an
enclosing or semi-enclosing supratidal barrier formed by wave-deposited sediments (Figure
2.1; Roy et al., 2001). Barriers form as sediment is transported from the continental shelf
and deposited along the coastline by wave energy (Woodroffe, 2002). The barrier feature
of wave-dominated estuaries acts as an effective sediment trap, limiting coastal regression
as the estuaries tend to experience an initial period of rapid infilling (Heap et al., 2004).
This causes the shape of the estuary to become increasingly channelised (Cooper, 1993).
As the infilling progresses, an estuary reaches the latter stages of maturity and takes on
more river-dominated characteristics (Figure 2.4; Roy et al., 2001). After the infill process
is complete, the morphology of the estuaries resembles that of a river channel with a
wave-dominated delta (Dalrymple et al., 1990; Harris et al., 2002).
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The small catchment size of many south-east Australian estuaries minimises fluvial
inputs (Roy et al., 2001). This can be attributed to periodic low rainfall events reducing the

sediment supply of fluvial systems. In the event of low fluvial sedimentation and heavy input



wave-deposited sediments, the barrier can fully enclose the estuary, creating an isolated
lagoonal system. This closure can span a few days or up to years (McSweeney et al., 2018).
Systems of this nature are referred to as Intermittently Closed/Open Lakes and Lagoons
(ICOLLs). This closure starves the estuary of marine sediment, with terrestrial sediments
delivered from fluvial processes supplying the estuary (Roy et al., 2001). The channel
infilling the estuary begins to deposit coarse sediments forming a fluvial delta at the head
of the channel, while the finer sediments infill the remaining accommodation space of the
central basin (Figure 2.4; Woodroffe, 2002;Sloss et al., 2005;Sloss et al., 2006 Woodroffe,
2002). The finer grained silt and muds are dark in colouration due to the carbon rich content
(Roy et al., 2001). Infilling along the boundaries of the estuary sustains suitable conditions

for wetland vegetation to inhabit.

2.2 Coastal Wetlands
2.2.1 Wetland Characteristics and Distribution

Coastal wetlands are positioned around low energy coasts, with their distribution determined
by biotic and abiotic factors (Pennings et al., 2005). They can be categorised according to
a range of criteria. Tidal wetlands are a category of wetlands positioned and influenced by
the tides. Tidal wetland communities are categorised into three zones within the tidal frame:
subtidal, intertidal, and supratidal (Figure 2.2). Coastal wetland zonation is informed by the
vegetation community’s tolerance to the biotic and abiotic stressors present, with salinity
and inundation being the primary factors (Crowley and Gagan, 1995; Pennings et al., 2005).

The subtidal zone is located below the lowest astronomical tide (LAT) and experiences
constant inundation. Seagrass meadows are a common wetland community located in the
subtidal and lower intertidal zone. Above this is the intertidal zone, positioned between
the LAT and HAT. These zones experience periodic inundation with respects to their
position in the tidal frame and tidal regime of the area. Mangroves and saltmarshes are
common upper intertidal vegetation communities. These communities commonly coexist in
south-east Australia, forming ecotonal communities within the intertidal zone; in temperate
Australia, mangroves are typically located above MSL in the tidal frame regions and
saltmarshes typically positioned further landwards in the upper intertidal zone above mean
highwater neap tidal (Allen, 2000;Kelleway et al., 2017b;Perillo et al., 2018). Lower
intertidal communities consist of mudflats and/or seagrass. Located above the HAT, the
supratidal zone is unaffected by surface inundation from astronomic tidal activity but may
be infrequently inundated during extreme tides and/or meteorological events such as storms.

Global estimates of mangrove coverage range between 137,760 — 152,308 km? with
increasing distribution and species diversity moving towards tropical regions of middle
latitudes (Spalding, 2010; Giri et al., 2011; Friess et al., 2012). The distribution patterns
of mangrove species can be attributed to their lower tolerance of as a majority of the
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11,000 km? of mangrove forests are positioned in the tropical wetlands in northern Australia
(Galloway, 1982). In contrast, the distribution and diversity of saltmarsh species shows an
inverse trend to mangroves, favouring more temperate climates and have a widely varied
global coverage estimated to be between 22.000-400,000km? (Duarte et al., 2013;McLeod
et al., 2011) . Saltmarshes tend to prefer temperate climates, observed in assessments of
species biodiversity undertaken across Australian saltmarshes (Adam, 1993). The temperate
wetlands of southern Australia contain more than 30 species of saltmarsh, which is over
three times that of the northern tropics of Australia, containing less than 10 species
(Adam, 1993; Saintilan, 2009). The temperate conditions of south-east Australia support
the coexistence of saltmarsh and mangrove communities within the upper intertidal zone
(Adam, 1993). This is complimented by the slow infill following the post-glacial marine
transgression, which formed an ideal intertidal zone that allows both communities to coexist
(Roy et al., 2001).

In recent decades there has been an increasing focus on the ecosystem services
provided by coastal wetlands. Ecosystem services are ‘the benefits people obtain from
ecosystems’ (MEA, 2005) and serve as justification for the conservation and restoration
of many ecosystems (Mitsch and Gossilink, 2000;Boyd and Banzhaf, 2007;Kelleway et al.,
2017a). Coastal wetlands provide habitat for fisheries, act as filtration systems for nutrients
and pollutants, sequester and store carbon, and provide many other ecological benefits
(Kelleway et al., 2017a) The global annual ecosystem service provided by intertidal wetland
communities alone is estimated at US$24.8 trillion (de Groot et al., 2012). Despite
the predominant tropical distribution of mangroves, global climate change is causing a
poleward migration of many temperate and tropical ecosystems (Walther et al., 2002). This
disruption is changing the structure and function of many wetland communities through
the displacement of native species and alteration of biodiversity patterns (Kelleway et al.,
2017a).

2.2.2 Supratidal Wetland Forests

Supratidal wetlands support forested communities located in the supratidal zone above
the HAT. Compared to their lower elevation counterparts (saltmarshes and mangroves),
supratidal wetland forests only experience inundation in the event of extreme tides and/or
meteorological events. Melaleuca Paperbark Swamps (MPS) are a wetland forest dominated
by Melaleuca, a genus of trees and shrubs from the Family Myrtaceae. MPS that grow
along freshwater and estuarine waters of the coast have an extensive range covering ~6.4
million ha across Australia (ABARES, 2016; Jeanes, 1996; Robinson et al., 2006; Raulings
et al., 2007; Tran et al., 2013a), though much of this distribution is not within coastal
catchments. The salt tolerance of many Melaleuca species allows for their distribution
within the supratidal zone of coastal Australia (Salter et al., 2007; Tran et al., 2013b).

Water salinity is a limiting factor to the range of water regimes tolerable by Melaleuca
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(Salter et al., 2007, 2010) Anthropogenic draining and clearing of many wetland ecosystems
has influenced a significant decline in abundance and distribution of MPS (Bowkett and
Kirkpatrick, 2003; Robinson et al., 2006).

The supratidal MPS of tropical and sub -tropical Australia have been the subject of
research interest in recent years. Adame et al. (2019) studied five palustrine Melaleuca
wetlands in tropical Queensland determining their carbon storage capability. However, the
temperate supratidal MPS. which span southern New South Wales to southern Western
Australia are largely unstudied. Melaleuca ericifolia, Melaleuca quinquenervia and
Melaleuca lanceolata are the major coastal species of Melaleuca along the coastlines of
temperate Australia (Boon et al., 2016). M. ericifolia dispersal mechanisms are unique
in that - unlike most Melaleuca species, which use seeds in dispersion and reproduction
to form a new individual plant - they are an extensively clonal species and produce
physically independent ramets (Ladiges et al., 1981). This process is potentially key in their
success as coastal wetland species as it is a method that reduces the reproductive capability
but increases the survivability and persistence of the species in otherwise unfavourable
environmental conditions (Esckert, 2002;Ladiges et al., 1981).

2.2.3 Changes in Wetland Distribution and Extent

Elevation and related conditions control the distribution and structure of vegetation in the
coastal zone. This meaning that changes in vegetation composition and/or structure can
be used to reflect other environmental changes. An example of vegetation structure can be
observed in the poleward advancement of Avicennia marina into the saltmarsh communities
of the south-east Australian wetlands (Saintilan et al., 2014). Changes in temperature
threshold has been theorised to be responsible for recent mangrove expansion due to extreme
freeze events controlling the distribution of the cold-sensitive mangroves in the United States
(Osland et al., 2013; Osland et al., 2017). In south-east Australia, studies have suggested
SLR provokes change in surface elevation and distribution within a wetland ecosystem. As
wetlands increase surface elevation through the accumulation of sediment, biomass, and
soil water volume they may adjust to rising sea-level (Saintilan et al., 2018). If the rate
of vertical accretion is equal to SLR, the vegetation remains stable, otherwise a landwards
regression of wetland vegetation occurs. In south-east Australia, saltmarshes typically have
a lower capacity to build surface elevation compared to mangrove communities, leading to
the encroachment of mangroves into saltmarsh as elevations between the two communities
begin to level (Rogers et al., 2005). Higher precipitation rates have also been linked to
the mangrove encroaching into saltmarsh regions (Eslami-Andargoli et al., 2010). Given
these factors, a competitive advantage is given to mangrove communities over saltmarsh,
which restricts their extent within the wetland complex in response to SLR, although this
is dependent on whether the saltmarsh are able to migrate upslope (Saintilan ez al., 2018).

In the event that sedimentation exceeds SLR and the estuary infills, wetland vegetation may
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undergo a seaward shift, as the estuary morphology experiences increased vertical accretion
and lateral progradation (Roy et al., 2001).

Sedimentary records have been used to identify historic lateral shifts of coastal wetland
vegetation, including both sea- and landward directions. Saintilan and Hashimoto (1999)
observed mangroves encroaching into tidal saltmarsh along the Hawkesbury River, NSW,
Australia. Within the underlying sediment, preserved mangrove roots were found indicating
previous occupation of mangroves beneath the contemporary saltmarsh plains, with similar
findings from (Kelleway et al., 2017b). This demonstrates the shifts that occur between
communities within the wetland over time as a result of changes in relative sea-level. Despite
the dynamic nature of coastal wetlands, they have been shown to have the potential to persist
in changing environments over hundreds to thousands of years. The Posidonia oceanica
meadows of Portlligat Bay, Spain have remained stable for 5616 + 46 Cal yr BP (Lo Iocano
et al., 2008). This corresponds to the beginnings of the highstand following the last glacial
maximum (Lambeck and Chappell, 2001). For this to occur, the rate of sedimentation would
have matched the rate of SLR with both rising at a rate of 1.1 m/kyr as sea-level sat 3-7
m below present-day level (Lambeck and Bard, 2000; Lo Iocano et al., 2008). Rozaimi
et al. (2016) study of Posidonia australis meadows in Oyster Harbour, Western Australia
quantified the percentage organic matter within the subtidal wetland (9.07 + 0.36%). The
eutrophication-driven loss in seagrass distribution has resulted in the remineralisation of
otherwise sequestered organic material. Under the assumption that all organic matter stored
in the shallow sediments was remineralised, 37-41 Gg CO, was produced as a result. These
findings further emphasise the importance of wetland ecosystems in the global carbon cycle.

Aerial photograph records have been used in south-east Australia to characterise and
quantify vegetation shifts as far back 1930s. Saltmarsh decline and mangrove expansion has
been heavily documented across Australia and has been observed across numerous estuaries
(Saintilan and Williams, 1999b; Rogers et al., 2005; Jupiter et al., 2007). South-east
Australian saltmarsh coverage has declined: 25% in Lake Macquarie (Winning, 1990); 67%
in the Hunter Valley (Buckney, 1987;Williams et al., 1999); 49% lost within the Minnamurra
estuary (Chafer, 1998) ;and over 80% lost across Homebush Bay within the Paramatta River
(Clarke and Benson, 2010). Historical aerial photography has also been used to observe
changes to MPS (Williams, 1984; Bowman et al., 2010). Bowman et al. (2010) found that
coverage MPS in Kakadu Nation Park declined by 5% from 1964 to 2004 as a result of
damage from feral ungulates and saltwater intrusions. In contrast to this, the mangrove
communities of the Kakadu region have increased their distribution by 17% (Williamson
etal.,2011).

Focus has been placed on the intertidal and subtidal communities and how they respond
to the pressures of SLR and other environmental factors, though there is limited research
available on the response of the supratidal wetland forest. Invasive fauna capable of

impacting the surrounding vegetation and soil present a potential threat to the distribution of
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MPS. This is recognised by the dieback of MPS in Kakadu National Park. The alterations
to the hydrology of the area have allowed tides to penetrate further inland increasing soil
salinity, and thus affecting the health of MPS (Bowman et al., 2010; Finlayson et al., 1993).
Currently, there is limited insight into the lateral changes that occur amongst the supratidal
wetland forest, though there is a critical knowledge gap surrounding the vertical processes

and the processes involved in building surface elevation.

2.3 Wetland Substrate Processes
2.3.1 Importance of Surface Elevation in Coastal Wetlands

A coastal wetland’s ability to increase surface elevation in response to changing sea level
is a key component in maintaining the stability of ecosystem structure and function (Baker
et al., 2009;Alongi, 2014; Woodroffe et al., 2016). To remain stable, surface elevation
must increase at a similar rate to the rate of rising sea-level (Kirwan and Megonigal,
2013; Morris et al., 2016; Reed, 1995). Changes to surface elevation are a function of
surface and belowground processes. The vertical accretion of sediment fills the available
accommodation space of the wetland, raising surface elevation (Rogers et al., 2019b).
Autocompaction of sediments, decomposition of stored organic material, and erosion can
reduce surface elevation by decreasing sediment volume, thereby raising relative sea-level
(RSL) (Morris et al., 2016). Isostatic and tectonic processes can also cause the subsidence
of wetlands over an extended period of time, lowering their absolute elevation, resulting in
a rise in RSL. Groundwater is considered to have minor impact on the surface elevation of
mangroves and saltmarsh at a diurnal scale attributed to evapotranspiration (3 mm variation
between spring neap high tide and low tide) (Rogers and Saintilan, 2008). The main
variation caused by changes in groundwater comes as a result of the Southern Oscillation
Index (SOI). This accounts for 80% of the variability as observed by Rogers and Saintilan
(2008) with changes of 4mm up to 25 mm variation between drought and pre-drought
conditions. It is not yet known to what extent variations in groundwater may influence
surface elevation dynamics in supratidal wetlands. Hydrodynamic energy (including the role
of tides) influences vertical and lateral accretion of sediment, however there are components
which can reduce the surface elevation of a wetland. Eustatic SLR can also result in a rise
in RSL. These processes can reverse the otherwise dominant vertical and lateral evolution

of wetlands.

2.3.2 Sediment Accretion in Coastal Wetlands

Within wetlands there are two primary origins of sediment influx: autochthonous material,
internally derived from predominantly plant productivity within the wetland ecosystem; and,

allochthonous materials externally derived, which are primarily mineral based with limited
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organic components (French, 2006; Baker et al., 2009; Saintilan et al., 2013; Krauss et al.,
2014). In order to understand the long-term evolution of coastal wetlands the contributions

of organogenic and minerogenic processes will be reviewed here.

2.3.2.1 Contribution of Mineral Matter to Wetland Substrates

Mineral sediments are deposited when material introduced by tidal activity settles out of the
water column and onto the surface (Marion et al., 2009). Areas that experience increased
inundation depth (i.e. locations lower in the tidal frame) typically have a higher depositional
rate than those that sit higher in the tidal frame (Kirwan and Megonigal, 2013; Morris et al.,
2016) (Figure 2.5). For example, in temperate Australia, mangrove forests typically sit
lower in the tidal frame than adjacent saltmarsh and are therefore subject to higher rates of
mineral accumulation. Calcareous organisms are able to build the mineral components of
wetlands substrates in the form of biogenically derived carbonate sediments (Wang and Li,
2011).
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Figure 2.5: Conceptual links between the accumulation of mineral and organic matter,
and realised accommodation space. Two dimensional model of sediment characteristics
representing the accommodation space of a three dimensional wetland. = Mineral
sedimentation was conceptualised to have a positive linear relationship with accommodation
space, though may diminish exponentially or in a polynomial manner with decreasing
accommodation space. Accommodation space changes as a result of changes in relative
sea-level, mineral and organic sediment accumulation and autocompaction. Sedimentation
is variable across sites according to the availability of mineral and organic sediments, and
below ground root productivity of surrounding vegetation. Source: Rogers et al. (2019a)

Vegetation structure also plays a role in the sedimentation rates of mineral matter
(Wolanski et al., 1992). Sediment is deposited at a higher rate as the energy of the water
is lowered by vegetation. Mangrove pneumatophores have been found to be successful and
trapping sediment with a preference to accumulate clay minerals (Furukawa et al., 1997).
Once mineral matter is deposited, unless eroded, it remains stable and does not break down
in the substrate. The sediment volume is still subjective to change. Root development can
increase sediment volume, where auto compaction of sediment is responsible for a reduction

in volume (Morris et al., 2016).
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2.3.2.2 Contribution of Organic Matter to Wetland Substrates

Coastal wetland vegetation’s high net primary production (NPP) is a result of photosynthetic
processes converting inorganic CO, from the atmosphere to provide sustenance for plant
growth (Nixon, 1980; Alongi, 2002; Dise, 2009; Del Grosso et al., 2010). The NPP
of wetland ecosystems are comparable to the productivity of the most efficient terrestrial
ecosystems (Alongi, 2009; Alongi, 2014). This can be attributed to their efficient nutrient
derivation and water usage under saline conditions, which increase the production of organic
material (Dise, 2009). This organic matter can be added to the belowground system through
root and rhizome growth or accumulated on the surface through leaflitter (Finlayson et al.,
1993; Morris et al., 2016).

Climatic conditions, salinity levels and nutrient availability control the NPP of coastal
wetlands, with hydrological characteristics and temperature dictating the production of
organic matter (Kirk, 2004; Del Grosso et al., 2010; McLeod et al., 2011). Tidal inundation
duration and frequency have the capability to shift NPP, with frequency shown to play a
more substantial role in controlling this variation (Kirk, 2004). NPP was found to be at
its maximum when tidal inundation is at an intermediate level, showing diminishing results
with extreme inundation. The reasoning for this is explained by limitations placed on aerobic
respiration through periodic inundation restricting oxygen availability (Kirk, 2004). An
increasing temperature will result in NPP to increase (Del Grosso et al., 2010; McLeod
et al., 2011), while also causing an increase in aerobic and anaerobic respiration which
lower the preservation of the stored carbon (Chmura et al., 2003; Dise, 2009; Kirwan and
Blum, 2011).

Contrary to the stability of mineral matter, organic matter is subject to the physical
and biochemical processes involved in the organic decomposition (Zhao et al., 2015). The
aerobic decomposition of litter continues the cycling of N and P within soils, assisting the
productivity of wetland vegetation (Zhao et al., 2015). The microorganisms involved in
the breakdown of organic matter rely on aerobic conditions to decompose organic matter
(Kirk, 2004) . As tidal inundation controls substrate saturation, it also influences the rate
at which microbes are able to remineralise organic matter (Morris et al., 2016; Howard
et al., 2014). Accommodation space and position within the tidal frame can impact the
longevity of organic matter stored in sediment. As available accommodation space is
depleted and the wetland surface sits higher in the tidal frame, the soil will experience
increased exposure to oxygen, encouraging decomposition (Rogers et al., 2019b). Due to
the numerous environmental factors controlling the production and preservation of organic

matter, carbon stocks vary according to geomorphic settings (Kelleway et al., 2016a).
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2.3.3 Organic Matter Sequestration in Coastal Wetlands

The carbon cycling of vegetated areas plays a significant role within the global carbon cycle
(Janzen, 2004). Forest and wetland communities store a large proportion of the Earth’s
above- and belowground carbon stores, with forested areas storing ~80% of the terrestrial
aboveground carbon and ~40% of all belowground terrestrial carbon (Dixon et al., 1994;
Trettin and Jurgensen, 2002). Wetlands contribute between 18-30% of the total global
belowground carbon despite covering 2-3% of the Earth’s terrestrial surface (Trettin and
Jurgensen, 2002). Coastal wetlands have exceedingly high quantities of carbon sequestered
with respect to the extent of their global distribution and compared to that of terrestrial
ecosystems (Dise, 2009; Howard et al., 2014; McLeod et al., 2011). The high potential
of coastal wetlands to store carbon can be attributed to limited oxygen availability due
the periodic inundation of coastal wetlands. The aerobic limitations along with the high
NPP associated with wetland ecosystems allow for coastal wetlands to store significant
amounts of carbon. This combined with their high NPP are the reason coastal wetlands are
highly effective carbon stores. Their affinity for carbon sequestration has led to increased
recognition surrounding the importance of blue carbon ecosystems within the global carbon

cycle.
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3 Methods

3.1 Study Setting

Corner Inlet is an ocean embayment estuary located approximately 200 km south-east of
Melbourne in the South Gippsland region of Victoria, Australia (Figure 3.1). It is the
southern-most marine embayment and intertidal system of mainland Australia. The estuary
has an area of 600 km? and relatively small catchment area of 2300 km?, which stretches
from Woodside to Wilson Promontory (Figure 3.2; Dickson et al., 2013). Corner Inlet is
positioned within the temperate warm summer — cool winter climatic zone (BOM, 2020).
It has a mean annual precipitation of 1055.7 mm and an average maximum temperature
of 16.4°C (BOM, 2020). Corner Inlet’s tides are semi-diurnal with a tidal range of 2.9 m
(Gilmour, 2014).
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Figure 3.1: Location map of Corner Inlet.
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Figure 3.2: Catchment area of Corner Inlet.  Source:West Gippsland Catchment
Management Authority (2014)

3.1.1 Geomorphology and Environment

Corner Inlet is positioned south of the Strzelecki Ranges, which provide the primary higher
catchment for the coastal region (Figure 3.2; Figure 3.3; Dickson et al., 2013). These
ranges reach elevations of 600-700 m and drain in a north-west and south-east direction.
The south-east drainage basin connects and transports sediment to Corner Inlet via the
Agnes, Albert, Franklin and Tarra Rivers. The Lower Cretaceous Strzlecki Group forms the
basis of the range. This group consists of thick layers fluvial-derived sandstone, siltstone
conglomerates, and minor coal beds. The granite intrusions that form the foundations of
Wilsons Promontory connect to the mainland through dune, wetland and sand deposits

overlying a basal sandstone and siltstone.
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Figure 3.3: Map of the geology of the Corner Inlet catchment area. Source: West Gippsland
Catchment Management Authority (2014)

The mainland surrounding Corner Inlet consists predominately of relatively flat
depositional terrace (1.0 — 1.7 m AHD). These encompassing terraces formed in the
Holocene during a period of higher RSL (Bird, 1993). Behind the depositional terrace are
steeply rising bluffs reaching above 3 to 5 m AHD. These bluffs formed as the coastlines of
a previously higher sea-level (Bird, 1993).

Corner Inlet’s wetland complex is composed of subtidal aquatic beds and sandy shores,
intertidal flats, intertidal mangrove forests and saltmarshes, through to the supratidal MPS
and herbaceous wetlands (Figure 3.4). Dieback of the supratidal MPS can be observed
along the wetlands of Corner Inlet. This along with the landwards encroachment of the
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mangrove forest suggest that the wetlands of the area are currently shifting landwards.
The cool wet climate and high tidal variation of Corner Inlet, along with the evidence of
shifting vegetation communities through field observations makes these wetlands a point of
interest in understanding the processes and driving forces in supratidal MPS evolution and

stability/dynamism.
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Figure 3.4: Vegetation community mapping of Corner Inlet. Key codes: 0140 (Mangrove
shrubland); 0009 (Coastal saltmarsh aggregate); 0010 (Estuarine wetlands); 0053 (Swamp
scrub); 0875 (Blocked coastal stream swamp); 0008 (Wet heathland); 0048 (Unspecified).
Source: Victoria. Department of Sustainability and Environment. (2012)

Corner Inlet is listed as a Wetland of International Importance under the Ramsar treaty
and is one of 65 in Australia. The treaty site encompasses Corner Inlet and Nooramunga.
The area in which the treaty covers is locked at its time of listing and changes to the extent
of the wetland are not considered. The Ramsar treaty is also limited to the boundaries of the
intertidal zone and subtidal, excluding the MPS. The West Gippsland Catchment Manage
Authority also developed a Water Quality Improvement Plan for the Corner Inlet catchment.
This plan aims to reduce the sediment and nutrient loads to the surrounding waterways,

estuary, and marine environments of the Corner Inlet Ramsar Site (Dickson et al., 2013)
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3.1.2 Water Quality

The surface water salinity of Corner Inlet is usually equal to that of ocean-water, with
heightened periods of salinity during summer due to increased evaporation (Dickson et al.,
2013). Heavy metal and pesticides concentrations within the waterways of Corner Inlet have
not been shown to be a significant issue. P (Phosphate) levels are low within the estuary,
however N (ammonium, nitrate and nitrite) concentrations were significant with some sites
20 times the guidelines for estuary proposed by the State Environment and Protection Policy
(SEPP). Silt and clay deposition occurs primarily in the upper reaches of Corner Inlet’s
tributaries prior to entering the embayment. The fine sediments that do enter the embayment
during periods of high flow do not settle in the main channel or sandflats, and are primarily

deposited in the backwater areas of the embayment.

3.1.3 Land-use in the Catchment Area

The dominant land-use activity in Corner Inlet’s catchment area consists of agricultural
practices (50% of total land-use) (Figure 3.5; Dickson et al., 2013). This is predominately
dryland grazing (cattle and sheep) and dairying comprising approximately 40% and 10%
of total land-use respectively. Much of the surrounding agricultural practice is adjacent to
the tributary waterways of Corner Inlet. Forestry land-use covers approximately 21% of the
catchment area, with 3% of forests logged each year. Corner Inlet is included within the
28% of protected areas covered by Parks and Reserves. Urbanisation within the catchment
area is limited to less than 1% of the total catchment area. Urban expansion is estimated to

increase to 2.3% coverage over the next 30 years.

23



Dairy (10%)
Dryland Grazing > 100ha (12%)

Dryland Grazing 20-100ha (28%)

Lifestyle and Dryland Grazing < 20ha (1%)
Lakes, Marshes and Wetlands (<1%)
Mining (<1%)

Residential, Services, Transport and
Communication (<1%)

Reserves (28%)

Forestry (21%)

Figure 3.5: Proportion of each land-use category in the Corner Inlet catchment. Source:
Dickson et al. (2013)

3.2 Experimental Design

This study was divided into first, a stratigraphic analysis and second, a geospatial analysis.
The stratigraphic analysis involved collection of sediment cores and deployment of water
level and salinity loggers along a transect (Figure 3.6). The transect was divided into four
sites: Mangrove; Saltmarsh; a Melaleuca site near the saltmarsh (Melaleuca 1); and a second
Melaleuca site (Melaleuca 2) closer the inland herbaceous vegetation (Figure 3.7). Two
Melaleuca sites were selected to assess any variation that occurs between forests closer to
the coastal zone to those further inland. The cores collected underwent laboratory analyses
to determine the stratigraphy, bulk density, organic matter composition, and grain size. This
provided insight into the long-term changes that are occurring across the wetland and the
role of organic material in MPS. The geospatial component involved a decadal time series
analysis of the wetland vegetation over the last 63 years to develop an understanding of the
short-term variation occurring across the wetland. With these combined approaches, long-
and short-term changes can be used to reconstruct the historic vegetation shift of the study

site.
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Figure 3.6: Core locations along the transect. Red - mangrove, orange -saltmarsh, green -
Melaleuca 1, blue - Melaleuca 2.
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Figure 3.7: Conceptual model of the shifting vegetation community within the
intertidal-supratidal wetland complex. The transect was broken up into four sites:
mangrove; saltmarsh; Melaleuca 1; and Melaleuca 2. Each zone is demonstrated to be
positioned higher in elevation to the next (from mangrove to Melaleuca 2), resulting in a
declining marine influence.

3.3 Stratigraphic Analyses
3.3.1 Coring and Water Chemistry
One core was taken at each site: mangrove (MAN), slatmarsh (SM), Melaleuca 1 (MEL1),

and Melaleuca 2 (MEL?2). To take the sediment cores, a 3 m aluminium tube with an internal
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diameter of 74 mm was forced into the ground using a sledgehammer. To prevent roots from
inhibiting the coring, the edges of each tube were sharpened in order to cut through larger
roots. A brace was then placed around the core for extraction, upon which the core was
immediately capped to prevent sediment loss. Cores were then kept below 4°C awaiting
further analyses. The collection of cores follows the methodology of Kelleway et al., 2016a.
Coring of this nature causes compaction of the sediment. To counteract this, a compaction

correction factor must be applied down core for any further sampling.

The equation for the to determine the compaction correction factor is:

I
“Th
Where:

C = Compaction correction factor

1 = Compacted length

[ = True length

Cores were split in half along their length in the laboratory to undergo stratigraphic
logging, macrofossil collection, bulk density (BD) and loss on ignition (LOI) analysis, and
grain size analysis. Compaction correction factors were used to determine the relationships
between the ‘compacted length’ and ‘true length’. The length of soil profile within the tube
was divided by the length of the core barrel taken to provide a linear compaction correction
factor across the core. The correction factor can then be used to find the required depth to
be sectioned for each core.

Soil moisture measurements were collected using a 1 m Russian peat core to avoid soil
compaction and the addition of water. The surface 20 cm was collected and sectioned into
1 cm samples. Wet samples were weighed and placed in an oven at 60°C to be dried. Dried

samples were then weighed, and the water content was determined for the near surface soil.

The equation for the to determine the moisture content is:

(mt — My )
ny

W% = x 100%

Where:
W % = Percentage moisture content
m; = mass of undried sub-sample

my = mass of dried sub-sample
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Water level and salinity logging was undertaken to understand the role of ground water
and surface tidal inundation across the study site. Single ground water standpipes were
installed at each core location. Within each of the standpipes a continuous water level
logger was installed, and salinity level loggers were installed at each of the MPS sites.
As a result of COVID-19 restrictions, collection of this data was prevented and thus data
is limited to a single point in time. A Trimble Real-Time Kinematic Global Positioning
System (RTK-GPS; horizontal error = 8 mm; vertical error = 15 mm) was used to survey the
study transect. Three replicate coordinates were taken at each core and along the transect
location. Elevation of each site were taken with respect to the Australian Height Datum

(AHD), where 0 m elevation is the approximate MSL of Australia.

3.3.2 Stratigraphic Logging and Macrofossil

Cores were inspected to determine the distribution of sedimentary strata, roots and
macrofossils throughout the depth of each core.  Strata were separated through
distinguishing characteristics including: grain size; colouration; quantity of preserved
organic matter; and evidence of inorganic carbon.

Macrofossils are an indicator for the prevailing vegetation at the time. Significant
macrofossils (seeds, roots, rhizomes etc) exposed down core were extracted in an initial
inspection to be identified using microscopy. After the remaining stratigraphic analyses
were completed a secondary thorough inspection was undertaken using the remnants of
the core. The true depths of each macrofossil were recorded, identified and photographed
using a light microscope. To identify the samples, available material was compiled to assess

possible origins for the specimens.

3.3.3 Bulk Density and Loss-On-Ignition Analysis

BD and LOI provide information on the organic and mineral contents of the strata. Johnson
et al., (2007) found significant variation within the surface 20-30 cm within wetlands
sediments. A higher sensitivity was used for the surface 30 cm to capture this variation,
with samples taken every 2 cm. Beyond 30 cm depth, 2 cm samples were taken in 5cm
increments. Each sample was weighed in pre-weighed aluminium trays and dried at 60°C.
Samples were weighed again after 24 hours to determine water loss and were then returned
to the oven. This process was repeated until samples showed no significant change over 24

hours of drying.
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The equation for the to determine the bulk density is:

ot
Where:

p = bulk density

g = weight of dry sample

v = compaction-corrected volume of sub-sample from aluminium tube

The dried samples were homogenised in a mortar and pestle until a fine powder was
achieved and quartz grains were smaller than 0.5 mm. In a LOI analysis, 2-4 g is considered
optimal to prevent an under- or overestimated result (Heiri et al., 2001). 2 g of the
homogenised samples were then dried at 105°C for 24 hours to remove any remaining
moisture before being analytically weighed. Samples were placed into a muffle furnace
at 550°C for four hours to remove all organic matter (Heiri et al., 2001). Samples were then

weighed post ignition to record a change in weight.

3.3.4 Micro-XRF

The core taken from the Melaleuca 1 site (MEL1) underwent a high-resolution logging using
micro-XRF (ITRAX Core Scanner) to inform the environmental reconstruction of the site.
The core was scanned using a molybdenum tube set at 30 kV and 55 mA, with a dwell time
of 10 s and step size of 1 mm. Three environmental proxies were selected on the basis of
their suitability in marine or estuarine sediments: Ca/Rb, Zr/Rb, and Br.

Ca/Rb was used as a proxy for sediment origin, with Ca-rich sediment having a marine
provenance as opposed to the low Ca sediments of terrigenous source (West et al., 2004;
Rothwell et al., 2006; Wolters et al., 2010; Hughes et al., 2010). Ca has a predominantly
marine origin and was therefore selected as a marker for the marine influence within the core
(West et al., 2004; Wolters et al., 2010). Similar rationale was used in assigning Rb as the
terrestrial proxy for this ratio, as it is largely associated with sediments of terrigenous origins
(Rothwell et al., 2006; Hughes et al., 2010). Zr/Rb was selected as a proxy for grain-size as
Zr is found within zircon crystals which do not break down into smaller sediments such as
clays, as opposed to Rb which easily breaks down into clays (Hughes et al., 2010). Br was
used as a proxy for the productivity of wetland vegetation with higher values equating to a

greater influence from the surrounding vegetation (Ziegler et al., 2009).

3.3.5 Grain Size

Grain size acts as an indicator for the energy of an environment at time of deposition.
Organic matter is capable of being any size based of the source material structure and its

degree of humification, providing false readings during the analysis. To counteract this, a
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30% hydrogen peroxide (H,O,) was added to samples until there was no visible reaction
taking place, this time ranged from 2 to 14 days based of the organic content (Gray ef al.,
2010). The samples were dried and weighed, before removing sediments with a grain size
>2 mm through wet sieving. The samples were disaggregated using a sonicator for 2 minutes
before processing. The samples were processes using the Malvern Mastersizer-X which uses
laser diffraction to count and sort sediment based on grain size. The Mastersizer produces
three values, along with an average of both., with the average being used to show the grain
size of selected strata downcore. The removed sediment was dried and weighed to assess

the proportion of sediments not measured by the Mastersizer.

3.4 Photogrammetry

An assessment of aerial photography spanning from the 1950s to present was produced in
this study (Table 3.1). This was used compare the lateral changes of wetland communities
over a short-term decadal period. Georectification and interpretation were undertaken at a
resolution of 1:1000.
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Table 3.1: Summary of aerial photography used for the time series analysis. Refer to
Appendix F for images used.

Year  Image Type Pixel Image Description Source
Size
(cm?)

1957 Black and 2025 Average quality, boundaries not Victorian

White well defined Government
1969 Colour 2025 Average quality, boundary Victorian
(RGB) between saltmarsh and mangrove  Government

not well defined

1978 Black and 225 Good quality, boundary between  Victorian
White saltmarsh and mangrove not well ~Government
defined
1983 Colour 225 Good quality, clear boundaries Victorian
(RGB) Government
1987 Colour 900 Good quality, boundary between  Victorian
(RGB) saltmarsh and mangrove not well ~Government
defined
2010 Colour 2500 Average quality, colouration made Google
(RGB) vegetation boundaries difficult to Earth

distinguish, juvenile mangroves
blended with dark sections

2020 Colour 3600 Poor quality, grainy, saltmarsh Google
(RGB) boundary unclear Earth

3.4.1 Spatial Referencing

Historic aerial photography was imported into ArcGIS 10.7.1. The images were georectified
to the present-day imagery with a minimum of 15 ground control points (GCPs) selected
across each site. GCPs included granite outcrops and significant mangrove canopies, and
were focused around the area of interest. A second order transformation was used across all
imagery and a root mean square (RMS) error from the georectified images was assessed and
recorded. Georectification was considered inaccurate if the RMS error value was greater
than 0.1.

3.4.2 Time Series Analysis

An area covering the south-west corner of the wetlands through to Millers Landing was
selected for the analyses as a result of the extent of available imagery (hereafter referred

to as whole embayment). An approximately 100 m wide boundary encompassing transect
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was selected alongside this for a localised assessment around the coring locations. Images
were analysed in reverse sequential order from present day back to 1957. Boundaries were
devised by digitising polylines across visually interpreted vegetation boundaries. These
boundaries were classified into six regions: mangrove seaward edge; mangrove landward
edge; saltmarsh seaward edge; intertidal landward edge; Melaleuca seaward edge; and
Melaleuca landward edge. These regions were assessed based on the changes in colour,
tone, and texture with respect to the modern image coupled with field reconnaissance.
Polygons were created around four areas to assess the changes in area of the wetlands.
These areas included: mangrove; saltmarsh; bare ground; Melaleuca. This was achieved
through tracing the polylines developed to polygons with a defined area. Mangrove
and Melaleuca area were determined by the their seaward and landward extents. Bare
ground was designated as the barren area between vegetation communities and saltmarsh
was determined using the saltmarsh seaward edge and intertidal landward edge. A 2010
assessment of Melaleuca in Corner Inlet was excluded due to the lack of clarity between
vegetation.
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Figure 3.8: Map of Corner Inlet spatial analysis extent. = The analysis of the
intertidal-supratidal wetland complex was separated into two sections. Yellow: Area extent
of the whole embayment analysis. Red: Area extent of the transect analysis.
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4 Results

4.1 Stratigraphic Analysis
4.1.1 Field Measurements

The salinity across each cores declines in a landwards directions with MAN having the
highest salinity at 32.9 ppt and MEL2 with the lowest at 3.03 ppt (Table 4.1). Water table
levels show alternating depths from low (MAN and MEL1) to high (SM and MEL2) moving
landwards. Changes in ground cover vegetation were observed across each site, including
amongst the two MPS sites, with the ground cover vegetation of MEL2 consisting of more

terrestrial species.

Table 4.1: Core ID, location, vegetation, core measurements, organic matter data,
groundwater salinity and water table depth (collection date)

Site Mangrove Saltmarsh Melaleuca 1 Melaleuca 2
Core ID MAN SM MEL1 MEL2
Latitude -38.905771 -38.906074 -38.906257 -38.906730

Longitude 146.297979 146.297858 146.297803 146.297326
Vegetation Avicennia N/A Melaleuca Melaleuca

(Tree) maina ericifolia ericifolia

Vegetation N/A Selliera Selliera Fresh to

(Ground radicans, radicans brackish water

Cover) Samolus repens, herbaceous
Sarcocornia vegetation,

spp., Triglochin grasses

striatum
Core Length 2.17 2.54 2.61 2.52
(m)
Compaction 0.77 0.78 0.77 0.65
Correction
Factors
Surface 0.35 0.45 0.65 0.25
Organic
Horizon
Depth (m)
Salinity (ppt) 32.9 23.4 17.63 3.03
Water Table 3 20 9 32
(cm below
surface)
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4.1.2 Mangroves

MAN is characterised by organic matter concentrations <10% throughout the profile, though
variation in organic matter does occur at a lower scale (Figure 4.1). There are three
primary peaks in the organic matter profile begin with the surface organic horizon. The
surface 0.35 m correlates to MAN-A which is characterised by the fine silts and clays
of MAN-A with fine roots found throughout, and MAN-B where contribution of sands
increase coinciding with a reduction in density of fine roots. Organic matter in these layers
range from 2.1-8.9% and gradually decrease with depth. The grain size of MAN surface
sediments is a mix of sand and finer sediments (Refer to Appendix E). The coarser profile
continues through MAN-C where organic matter increases to 5.6% with fine root material
found throughout this unit. The grain size of MAN-C fines downwards for 3 cm before
returning to predominately silt and clay. Organic matter gradually decreases to 1.7% until
reaching the carbonate heavy MAN-D. The organic matter peak of MAN-E appears more
continuous than previous peaks, maintaining a range of 3.1-5.8% across the layer. The
gradual diminish of organic matter begins in MAN-F and continues through the remaining

core.
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Figure 4.1: Core photo, stratigraphic units, percentage organic matter and bulk density (left
to right) of the Mangrove core (MAN). 0 m AHD is approximately equivalent to mean sea
level.

4.1.3 Saltmarsh

SM displays an organic-rich surface horizon comprising of ~20-60% organic material in
the initial 0.45 m of the core (SM-A to SM-E). The grain size of MAN surface sediments
consists predominately finer sediments (Refer to Appendix E). Organic matter sharply
changes between SM-A to SM-C below which there is a steady decline from SM-D.

Consistent presences of fine to coarse root material and very fine dark brown sediments
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correlates to this high in surface organics. SM-F is characterised by its shift to coarse
sediments with a dark grey colouration. This unit’s low density of root preservation
in this layer, coincides with the stable period of low organic matter (~2-3%). Organic
matter increases in SM-G ranging from 4-6% following the return of finer sediments, well
preserved roots material. This layer is mottled with yellowish brown colouration, which
correlates to a similar MAN-E within the MAN core. Organic matter declines moving

through the profile into the light coloured, sand dominated SM-H.
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Figure 4.2: Core photo, stratigraphic units, percentage organic matter and bulk density (left
to right) of the Saltmarsh core (SM). 0 m AHD is approximately equivalent to mean sea
level.
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4.1.4 Melaleuca 1

The surface organic horizon of MEL1 shows the greatest proportion of organic contribution
(up to 66%) amongst the cores studied, while also extending deeper (0.65 m) than its
intertidal counterparts (Figure 4.3). MELI-A has a stable organic concentration sitting
around 60% before beginning to decline over MEL1-B to MELI1-C. Br and Ca:Rb
concentrations through the surface profile follow the organic composition of the units.
MELI-D sees an increase in grain size, Zr:Rb and low period in percentage organic matter.
Below MELI1-D, MEL-E experiences increased grain size, and Zr:Rb, while the inverse
occurs for organic composition and Ca:Rb. The grain size and colouration of this unit
correlates to both MAN-E and SM-G, along with the corresponding increase in organic
content. Similarly to MAN and SM this unit overlays the sand dominated sediments with
low organic contribution. MEL1-F is a unique unit amongst the cores being grey in colour,
comprised of sands tightly packed with fine sediment and has a tacky texture. The remainder
of MELI is then followed by similar sands to that found the bottom of MAN and SM.
Preserved macrofossils were consistent throughout the profile, comprised of primarily root
and rhizome casings. There was a clear shift preserved detritus below approximately 0.43
and 0.2 m AHD (MF-10 and MF-13 respectively; Refer to Appendix B). Soil moisture in
MEL1 remains mostly stable at ~80% in the surface 20 cm, which is consistent with the
stable surface organic horizon (Figure 4.4).The overall grain size throughout the profile
of MEL1 fined upwards (Refer to Appendix E). Shifting from sandy sediments between
MELI1-F and MEL1-J, to a mix of sand and finer sediments above this until MEL1-C.
MELT1-A through to MEL1-C consists predominantly of finer sediments.
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Figure 4.3: Core photo, radiograph, stratigraphic units, percentage organic matter, bulk
density and elemental analysis (left to right) of the Melaleuca 1 core (MEL1).
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Figure 4.4: Percentage organic matter, bulk density and moisture content (left to right).
Organic matter and bulk density data from the primary Melaleuca 1 core, while moisture
content was collected separately using the Russian peat corer. 0 m AHD is approximately
equivalent to mean sea level.

4.1.5 Melaleuca 2

MEL?2 shows broad similarities in the surface organic horizon as MELI ranging from
57-65% (Figure 4.5). In contrast to MEL1, MEL2 organic horizon is the shallowest
across the four cores, reaching 0.25 m below the surface (MAN-A to MAN-C). Beneath
this, there is a sharp decline in organic matter leading into MEL2-B, where the gradient
eases over MEL2-B to MEL-C as grain coarsens in the latter. MAN-D has a small rise
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in percentage organic matter, with similar grain size and colouration to that of MAN-E,
SM-G and MELI1-E. In contrast to MEL1, MEL2 sediment is predominately sands below
MEL2-E. Poor preservation of organic material can be seen in occasional fine to moderate
roots throughout the remainder of the core. MEL2-H has a break in the sand dominated
sediments as this unit consists of silt and clay with no visible sands. Soil moisture in MEL2
declines after 10 cm, which is consistent with the trends observed in percentage organic

matter (Figure 4.6).
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Figure 4.5: Core photo, stratigraphic units, percentage organic matter and bulk density (left
to right) of the Melaleuca 2 core (MEL2). 0 m AHD is approximately equivalent to mean
sea level.
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Figure 4.6: Percentage organic matter, bulk density and moisture content (left to right).
Organic matter and bulk density data from the primary Melaleuca 2 core, while moisture
content was collected separately using the Russian peat corer. 0 m AHD is approximately
equivalent to mean sea level.

4.1.6 Intertidal-Supratidal Complex

When comparing the cores it can seen that MAN has a comparatively low concentration
organic matter in the surface organic horizon, reaching a depth of 0.35 m below the surface
(Table 3.1). The percentage organic matter in the surface sediments of the SM are greater
than that found in MAN and extends 0.45 m below the surface. MEL1 contains the highest
contribution of organic matter within the surface organic horizon, while also extending the
deepest of all four cores (0.65 m below the surface). MEL?2 is similar in percentage organic
matter to MEL1, however it has the shallowest surface organic horizon of each core at 0.25
m AHD. Organic contribution beyond the surface horizon of MEL2 sharply decline for the
remainder of the core. Across MAN, SM and MEL1 an increase in organic matter occurs
approximately 0.8 m below the surface. The increase remained relatively stable ranging
from 4-6% over the three cores until declining at approximately -0.5 m AHD. This drop-off
was seen across all four cores and organic matter remains below 2%. Grain size comparisons
across cores revealed that the surface mangrove sediments were consistent with the grain
size that occurred in MEL1-E and the base of MEL1-D (Table 4.3). These consisted of an
even mixing of sand and finer sediments. Comparisons can be made between the surface
sediments of SM and the grain size of MEL1-C, consisting of predominantly finer sediments
(Table 4.5).
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Figure 4.7: Percentage of organic matter downcore with respects to the Australian Height
Datum (m AHD) across the four cores: A. Mangrove; B. Saltmarsh; C. Melaleuca 1; D.
Melaleuca 2. 0 m AHD is approximately equivalent to mean sea level.
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Table 4.3: Row by row comparison of similar grainsizes between the stratigraphic units through the profile of the Melaleuca 1 (MELT) core and
the surface 15 cm of the mangrove core (MAN). 0 m AHD is approximately equivalent to mean sea level.
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Table 4.5: Row by row comparison of similar grain sizes between the stratigraphic units through the profile of the Melaleuca 1 (MEL1) core and
the surface 15 cm of the saltmarsh core (SM). 0 m AHD is approximately equivalent to mean sea level.
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4.2 Photogrammetry

Mangroves in 1957 covered an area of 29204m?2, separated into five isolated regions (Figure
4.8 C and D; Figure 4.12 A; Table 4.7 A; Figure 4.10 C). Mangrove expanded at a relatively
slow rate over with change between 1957 to 1987, expanding on average 0.8% per year over
the 30 year period . Post 1987 the expansion rate of the mangroves increased over four fold
to 2.7% from 1987 to 2010. This again increased to 4.76% per year between 2010 and 2020,
with present day extents where mangrove cover an area of 89495m2, 206.5% greater than
its extent in 1957 (). Similar overall trends can be seen in the analysis of the transect with a
total areal change of 193.5% (Figure 4.9 C and D; Figure 4.11 C; Figure 4.12 B; Table 4.7
A).

The coverage of bare ground experienced an overall increase by 99.5%, though did not
see a pattern in its growth, differing from the mangrove expansion (Figure 4.8; Figure 4.10
D; Figure 4.12 A; Table 4.7 B). There are three periods where minor change over the site
or the area decreased. Each of these changes correlate to expansion of other ecosystems.
The changes that occur in 1978 and 2010 correspond to increase in the rate of mangrove
expansion, while the changes between 1983 to 1987 follow an increase both mangrove and
saltmarsh area. Bare ground in the transect was not present pre-1983. Post-1983 bare ground
experienced a fivefold increase to area extent between 1983 to 2020 (Figure 4.9; Figure 4.11
D; Figure 4.12 B; Table 4.7 B).

In contrast to the mangrove expansion both sea- and landward, saltmarsh experienced an
overall landward retreat and decrease in extent. In 1957, saltmarsh formed one unit covering
an area of 26613; an area of the mangrove at that time. Saltmarsh declined at a varying rate
over the 1957 to 1983 before seeing a small increase of 4.2% in 1987 (Figure 4.8 E and
F; Figure 4.10 E; Figure 4.12 A; Table 4.7 C). Saltmarsh extent further declined, becoming
increasingly patchy as it experiences a total reduction in area of 52.3%. Similar overall
trends can be seen along the transect with an overall decline of 61.3% (Figure 4.9 E and F;
Figure 4.11 E; Figure 4.12 B; Table 4.7 C).

Rapid expansion of the MPS occurred across the embayment between 1957 to 2020,
increasing coverage by 81.3% (Figure 4.8 G and H; Figure 4.10 F; Figure 4.12 A;
Table 4.7 D). The predominately landward and western lateral (parallel to the foreshore)
expansion of the MPS increased at an inverse rate to exponential increase of the mangrove
communities. MPS expansion rates sharply decline post 1987, with 99% of the total change
occurring between 1957 to 1987. During this declining expansion, MPS experienced spatial
heterogeneous loss to the landward extent of the MPS from 1987 to 2020, which would have
offset a portion of the total area change. The transect analysis experiences minor landwards
retreat and a massive expansion, increasing MPS extent by 193.5% (Figure 4.9 G and H;
Figure 4.11 F; Figure 4.12 B; Table 4.7 D).
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Figure 4.8: Time series analysis of the whole embayment area spanning from 1957 to 2020. (A) Reference map of Corner Inlet in 1957, (B)
reference map of Corner Inlet in 2020 (C) digitised lines of mangrove seaward edge, (D) digitised lines of mangrove landward, (E) digitised lines of
saltmarsh seaward edge, (F) digitised lines of intertidal vegetation landward edge, (G) digitised lines of Melaleuca seaward edge, and (H) digitised
lines of Melaleuca landward edge.
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Figure 4.9: Time series analysis of the transect area spanning from 1957 to 2020. (A) Reference map of Corner Inlet in 1957, (B) reference map
of Corner Inlet in 2020 (C) digitised lines of mangrove seaward edge, (D) digitised lines of mangrove landward, (E) digitised lines of saltmarsh
seaward edge, (F) digitised lines of intertidal vegetation landward edge, (G) digitised lines of Melaleuca seaward edge, and (H) digitised lines of
Melaleuca landward edge. The coordinates of the top right corner is -38.904940°S 146.299313°E.
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Figure 4.10: Changes in wetland vegetation distribution across the whole embayment from 1957 to 2020. (A) Reference map of Corner Inlet in
1957, (B) reference map of Corner Inlet in 2020, (C) changes in mangrove distribution, (D) changes in bare ground distribution, (E) changes in

saltmarsh distribution, and (F) changes in Melaleuca. Green represents the area of growth; red represents the area of retreat; yellow represents the
area that has remained stable.
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Figure 4.11: Changes in wetland vegetation distribution across the transect from 1957 to 2020. (A) Reference map of Corner Inlet in 1957, (B)
reference map of Corner Inlet in 2020, (C) changes in mangrove distribution, (D) changes in bare ground distribution, (E) changes in saltmarsh
distribution, and (F) changes in Melaleuca. Green represents the area of growth; red represents the area of retreat; yellow represents the area that
has remained stable. The coordinates of the top right corner is -38.904940°S 146.299313°E.
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Figure 4.12: Wetland vegetation distribution changes across the (A) whole embayment and
(B) transect from 1957 to 2020.
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Table 4.7: Area coverage (m?) and percentage change of the wetland vegetation from 1957
to 2020. (A) Mangrove, (B) bare ground, (C) saltmarsh, and (D) Melaleuca.

A. Whole Embayment Transect
Year Area (m?) Change (%) Area(m?) Change (%)
1957 29203.7 N/A 2541.5 N/A
1969 30886.0 5.8 3155.7 242
1978 33072.9 7.1 3281.9 4.0
1983 34452.3 4.2 32229 -1.8
1987 37211.2 8.0 3062.1 -5.0
2010 60628.0 62.9 4782.7 56.2
2020 89495.3 47.6 7458.5 55.9
Total Change  60291.6 206.5 4917.0 193.5
B. Whole Embayment Transect
Year Area (m?) Change (%) Area(m?) Change (%)
1957 7249.3 N/A 0.0 N/A
1969 9723.4 34.1 0.0 N/A
1978 9487.9 2.4 0.0 N/A
1983 11405.6 20.2 163.2 N/A
1987 11843.0 3.8 476.4 192.0
2010 10530.8 -11.1 659.0 38.3
2020 14483.2 37.5 969.7 47.1
Total Change  7233.9 99.8 806.5 494.3

58



C. Whole Embayment Transect
Year Area (m?) Change (%) Area(m?) Change (%)
1957 26613.1 N/A 2887.1 N/A
1969 21263.6 -20.1 2356.2 -18.4
1978 20052.3 -5.7 2522.2 7.0
1983 17798.1 -11.2 2369.6 -6.1
1987 18538.3 4.2 2379.0 0.4
2010 18403.7 -0.7 1575.9 -33.8
2020 12684.1 -31.1 1116.8 -29.1
Total Change -13929.0 -52.3 -1770.3 -61.3
D. Whole Embayment Transect
Year Area (m?) Change (%) Area (m?) Change (%)
1957 102366.6 N/A 10258.5 N/A
1969 114681.6 12.0 13131.1 28.0
1978 145873.7 27.2 25370.9 93.2
1983 162568.9 11.4 25794.0 1.7
1987 181386.6 11.6 29902.4 15.9
2020 185539.1 23 30108.3 0.7
Total Change 83172.4 81.2 19849.8 193.5
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5 Discussion

5.1 Organic Contribution in Coastal Wetlands

Across the wetland gradient from mangrove to Melaleuca, an increase in organic

contribution can be observed among surface units (Figure 4.7).

5.1.1 Organic Contribution in the Supratidal Zone

Both MEL1 and MEL2 exceeded the organic contribution of their intertidal counterparts,
with up to 66% organic material in the surface horizon (Figure 4.3; Figure 4.5). MPS cores
have a stable organic-rich surface, beneath which, organic matter declines. Organic matter
experiences a slow decline in MEL-1 over the surface 0.65 m. Below this, a period of
low organic contribution occurs until the preserved unit (MEL1-E); beneath which organic
contribution returns to a stable low for the remainder of the profile. MEL-2 is unique
amongst the cores, its surface organic matter sharply decreasing 0.1 m below the surface
and experience a sub-surface preserved unit (MEL2-D) higher in absolute elevation (1.13
m AHD) than the other cores (-0.23 to 0.14 m AHD). Below this sandy mineral matter
dominates the sediments.

Carbon concentration is primarily used to present the findings; however, this study
prioritises its findings around biomass. Despite this, comparisons are still able to be made
between this study and others. Tropical MPS have been found to have highly organic
sediments containing 140+40 (ranging 20-230) Mg C ha’! in the surface 50 cm of the core
(Adame et al., 2019). The concentrations in this study were consistent with the average
of Adame et al. (2019). MELI1 organic composition is consistent with the upper range of
this core, while MEL?2 sits around the mean findings from this study. The concentrations of
this study are also consistent with sub-tropic MPS in Australia, with a organic composition
greater than the mean of sub-tropical MPS (104+16 t ha!) in the surface 30 cm (Tran and
Dargusch, 2016). These high values are likely due to the high productivity and rate of
litterfall from the forests. Finlayson ef al. (1993) study of tropical MPS found that these
forests produce approximately 700 g m™. The high productivity of MPS is evident from the
organic-rich surface sediments of the MPS in this site (Figure 4.3; Figure 4.5). The aperiodic
inundation of MPS results in the limitation of two substrate development processes that are
potentially responsible for the organic-rich characteristics of the forests.

Firstly, the output of organic matter from the MPS is lowered due to a restricted mode
of transport. This leads to a consistent build-up of surface-deposited organic material.
However, inundation is required in part for organic preservation of the surface organic
horizon. In a study of MPS disturbed by inundation, there was no significant impact
observed on the carbon stocks of the stand understory, deadwood, roots, or soil (Tran and

Dargusch, 2016). Leaflitter was the only factor found to impacted by inundation; with
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inundated areas containing coarse to fine litter, while dry forests held little to no fine litter
(Greenway, 1994; de Neiff et al., 2006; Tran and Dargusch, 2016). This is supported
by the differences observed in the surface organic horizon of MEL1 and MEL2 (Figure
4.3; Figure 4.5). Consistent high moisture content of MELI in the surface 20 cm aligns
with a stable organic contribution (Figure 4.4). Soil moisture in MEL2 begins to decline
below the surface 10 cm which correlates to the sharp decline in organic matter that occurs
(Figure 4.6). This may also have been partially due to organic matters ability to absorb
moisture. Nevertheless, a balance is required between areas in regards to inundation and
soil moisture. Forests require sufficient inundation to accumulate and preserve fine litter
and not experience excessive output of matter within wetland forests.

The second process is the lack of allochthonous sedimentation, which limits the input
of mineral matter, giving a greater proportion of organic to mineral composition in the
wetland (Figure 2.5; Kirwan and Mudd, 2012; Rogers et al., 2019b). These two limiting
factors within the supratidal forest can explain the organic-rich nature of MPS surface
sediments. These findings suggest a potential placement for MPS on the Rogers et al.
(2019b) conceptual model (Figure 2.5) of substrate accumulation, in which the figure
considering regions above HAT. The inclusion of MPS and supratidal wetland forests based
of this study only would hold severe limitations due to the extent of this study, and further
research is required for a valid assessment. Despite this, the organic and mineral component
within the MPS could be assessed and the substrate characterised by its high proportion of

organic contribution.

5.1.2 Organic Contribution in the Intertidal Zone

Mangroves showed a predominantly mineral contribution, consisting of ~90-95% of
sediment accumulated in the surface horizon (Figure 4.1). The organic matter throughout the
profile of MAN slowly declines from organic peaks (MAN-A & MAN-C), with the latter
being less organic-rich. Below these units, organic matter increases throughout MAN-E
before decreasing and remaining consistently low. These findings are consistent within
the range of south-eastern Australian mangrove communities (range = 2.5-34.3 kg C m?;
mean = 23.1 kg C m™?; Saintilan ef al., 2013). The mangroves of this study fall below the
mean of both south-eastern Australian and global mangrove communities (mean = 25.5 kg
C m2; Siikamiki er al., 2012; Donato et al., 2011). Kelleway et al. (2016a) in a NSW
study of temperate mangroves, found mangroves organic contribution higher than that of
the mangroves within this study. Mangroves communities along the Hawkesbury River have
shown variation in organics composition based on whether they are positioned in hypersaline
and marine environments, or freshly accreted riverina bound communities (Saintilan, 1997).
The mangroves of Corner Inlet exceeded the organic material stored in hypersaline and
marine sand environments (mean = 5.21 kg m?, mean = 6.01 kg m™, respectively) and

below the average for riverina flats (mean = 40 kg m™2) with a biomass of 34.7 kg m™.
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Comparatively to the mangroves, the substrate composition of the saltmarsh community
is organic-rich in the surface sediments (Figure 4.2). The difference in mineral accumulation
between the mangrove and saltmarsh communities is likely associated to the differences
in inundation frequency, depth, and duration. These variables restrict the input of
allochthonous sediments, which are the primary driver for mineral accumulation in
wetland communities (Alongi, 2009; Krauss et al., 2010; Rogers et al., 2019a). Organic
concentration of saltmarsh communities in this study are higher than both marine and
fluvial settings in a study of Sarcocornia-Sporobolus midmarsh wetlands by Kelleway et al.,
2017b. Saltmarsh organic contributions within this study were above average and within the
expected range with respect to south-eastern Australian (range = 6.1-34.3 kg C m™?; mean
=19.1kg C m2; Saintilan et al., 2013), and global (mean = 16.2 kg C m2; Duarte ef al.,
2013) values for saltmarsh communities. Productivity and biomass of saltmarsh vegetation
have been shown to be less than that of mangroves (Clarke and Jacoby, 1994; Rogers et al.,
2019b). This however, does not correlate to the organic matter differences along the transect
of this study.

5.2 Long-Term Shifts in Ecosystem Structure

An assessment of the stratigraphic and geochemical features throughout the profile allows
for the paleo-reconstruction of the site on Corner Inlet. This gives insight into the long-term
changes occurring over the wetland communities.

The paleo-reconstruction along the transect went as follows with respect to MELI1
(Figure 4.3):

* Marine sands and seagrass meadows vertically accreted until the approximate depth
of the preserved unit (MEL-E) where mangrove became the prevailing wetland

community.

* As the available accommodation space decreased in the mangrove community, it is

likely that saltmarsh migrated accordingly.

» Saltmarsh proceeded to accumulate sediment, until eventually being overlaid by the

fresh to brackish water herbaceous wetlands.

* Finally, the MPS that form the contemporary setting expanded into the herbaceous

wetlands, which proceeded to migrate landward.

Between MEL1-G and MEL1-J there is a notable marine signature that steadily decline
moving upwards in the strata shown through the high Ca/Rb values (Figure 4.3). The
preservation of fine to medium roots embedded within sandy sediments is suggestive
seagrass meadows (Lo Iocano et al., 2008), in case of this study Posidonia australis.

Macrofossils found in these units were identified as potential roots and rhizomes Posidonia
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australis, commonly found within Corner Inlet (Figure 5.1). Similar units occur within
MAN (MAN-F to MAN-G) and SM (SM-H) which are determined to likely be the same
setting for deposition (Figure 4.1; Figure 4.2). The grey mix of sand and fine sediments
of MEL-F correlates to a drop in marine influence (Ca/Rb). Here in MEL-F Ca/Rb was
at its minimum, suggesting a higher contribution of terrestrial material relative to marine

sediments.

Figure 5.1: Comparison of Posidonia australis (A) root and (B) rhizome macrofossils.
(1) Seagrass macrofossils collected from Melaleuca 1 (MEL1). (2) reference photos of
Posidonia australis macrofossil supplied by Oscar Serrano. Collected samples are (1A)
MF-27, and (1B) MF-28. Background grid size for in (1) is 5 x 5 mm (Refer to Appendix
B).

Above this unit is the preserved unit (MAN-E, SM-G and MELI1-E), which base is
around -0.5 m ADH across MAN, SM and MELI1 (Figure 4.1; Figure 4.2; 4.3; Figure 4.7).
This unit across MAN, SM and MEL1 occurs approximately 0.8 m below the contemporary
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surface. The preservation in this layer is likely to be at least partly due to the soil structure
present in the unit. The preserved unit sediments consist of primarily finer sediments which
allow for tighter compaction of the soil. This acts as a physical barrier, as organic material
becomes encapsulated by the inorganic silts and clays (Van Veen and Kuikman, 1990),
which also trap water within and above the sediments.. Much of the preserved layer is below
mean sea-level, increasing the duration this unit is inundated and thus preservation capacity
(Rogers et al., 2019c). The grain size of this unit roughly corresponded to the near surface
samples collected from MAN (Figure 4.3; comparing GSa-11 to GSb-1 & 3). The bottom
of MEL1-D has the closest grain size match for the MAN samples (comparing GSa-11 to
GSb-2). Grain size comparisons and sedimentary characteristics suggest that the preserved
unit across the cores are potentially the near surface sediments of the mangrove communities
(Macphail et al., 2010). The higher proportion of finer sediments shown in the grain size
analysis and by a dip in the Zr/Rb ratio are consistent with the sediment accumulation that
occurs within mangrove community. Mangroves have a high efficiency for trapping fine
sediments within their pneumatophores (Victor et al., 2004; Willemsen et al., 2016). This
is achieved by pneumatophores altering the hydrodynamics of the passing tides, effectively
trapping 80% of suspended sediment, primarily silts and clays through flocculation of the
finer sediments (Wolanski ef al., 1980; Wolanski et al., 1992; Furukawa et al., 1997). This is
further supported by the marine signature (Ca:Rb) showing an increase in marine influence
comparative to the adjacent stratigraphic units (MEL1-D and MEL1-F).

No clear comparison could be made for a saltmarsh boundary using the grain size
analyses. The nearest grain size comparison to the surface grain size of the saltmarsh is
GSa-4 & 6 (Figure 4.5). Saltmarsh accumulate primarily finer sediments which occur above
GSa-7, suggesting saltmarsh occurred within in the overlying units. However, preserved
detrital material found from 0-0.7 m AHD are larger than the roots and rhizomes of the
dominant saltmarsh species of Corner Inlet. These samples are consistent with the larger
rhizomes and roots of Phragmites australis or another fresh to brackish-water reed (Figure
5.2). This is more consistent with the herbaceous wetlands that exist beyond the MPS.
Rhizomes are shallow growing material which indicate that they were deposited close to the
surface. From this it can be distinguished that the herbaceous wetland community, at least
in part, was present along MEL1. It is possible that the MPS expanded into the herbaceous
wetland present between 0-0.7 m AHD, followed by a shift in the vegetation communities
at some point beyond 0.7 m AHD, where MPS becomes the overlying wetland community.
Though changes to the environmental factors such as salinity levels likely changed, which
resulted in the retreat of the herbaceous wetlands. Long-term changes observed across
the transect correlate to the expect gradual infilling of estuaries (Roy et al., 2001). As a
result, the wetland communities have experienced a mostly seawards migration with surface

sediments (above 0.7 m AHD) indicating a shift in environmental conditions.
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Figure 5.2: Comparison of Phragmites australis roots, rhizome and nodes. (1) Root and
rhizome macrofossils collected from Melaleuca 1 (MEL1). (2) Living root and rhizome of
Phragmites australis. (A) Roots and rhizome casing, (B) rhizome casing, and (C) node.
Collected samples are (1A) MF-7, (1B) MF-6, and (1C) MF-1. Background grid size for in
(1)1is 5 x 5 mm (Refer to Appendix B).

5.3 Short-Term Shifts in Ecosystem Structure

In contrast to the vegetation shifts occurring in Corner Inlet over longer time scales,
interpretation of aerial photographs demonstrated that between 1957 to 2020 the extent of
mangroves increased by 206.5% and saltmarsh communities decreased by 52.3% along the
study site (Figure 4.10; Figure 4.8; Figure 4.12; Table 4.7). The changes that occur in these
intertidal communities follow a trend that is near ubiquitous across estuaries in south eastern
Australia (Saintilan and Williams, 1999a; Saintilan and Wilton, 2001; Rogers et al., 2006)
and other temperate coastlines including New Zealand (Burns and Ogden, 1985; Morrisey
et al., 2003; Lovelock et al., 2009; Debra et al., 2010).

Varying influences have been found to cause the mangrove transgression occurring

across the estuaries of south-east Australia. Hypothesised drivers include:
* Changes in temperature (Saintilan et al., 2014; Whitt et al., 2020).
* Increased sedimentation regimes (Saintilan and Williams, 1999a).

* Changes to the water chemistry of the estuary through increased freshwater and
nutrients (Saintilan and Wilton, 2001).

* Saltmarsh compaction during drought conditions (Rogers et al., 2000).
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* Altered tidal regimes (Saintilan and Williams, 1999a).

Whitt et al. (2020) hypothesised that the cause of the marine transgression within Western
Port Bay, a nearby Victorian estuary was due to the impacts of changes in temperature.
Under a temperature driven expansion of mangroves, it might be expected that the saltmarsh
would see a similar rate of loss as a result of competition between the saltmarsh and
mangrove. The saltmarsh zone appears to have retreated prior to the arrival of the mangrove,
leaving patches of bare ground that the mangrove proceeds to grow within (Figure 4.10;
Figure 4.8; Figure 4.12; Table 4.7 A and B). Under a rising sea-level, changes in the
abiotic and biotic contributions within the environment may have caused an early retreat
in the saltmarsh community. The landward retreat observed in some areas of MPS is
also supportive of this hypothesis. That is, there is no obvious reason why temperature
changes would lead to a Melaleuca retreat at its seaward edge. However, it is likely that
the increased stress of an increased RSL would result in a landward retreat of the MPS. The
exponential increase in mangrove growth correlates to an increase in Melaleuca dieback
between 1987-2020, which may suggest a common cause in these two vegetation changes.
Dieback of Melaleuca observed in Northern Australia were suggested to have occurred
as a result of SLR which caused in increased salinity, combined with the effects of feral
ungulate damage (Bowman et al., 2010; Sloane et al., 2019). This demonstrates the impacts
of introducing environmental stressors into a Melaleuca community.

Seaward and lateral changes account for the largest increase in coverage along the
study site (Figure 4.10 C; Figure 4.11 C Figure 4.8 C and D; Figure 4.9 C and D). These
changes are likely due to increased sedimentation rates causing greater rates of vertically
accretion, increasing surface elevation to that suitable for mangrove development (Williams
and Meehan, 2004; Roper et al., 2011). Although there is no local data on sedimentation
rates, the high mineral contribution within the mangrove core supports that there is sufficient
mineral supply to allow for the mangrove expansion through these means. Natural cliffing
has formed around the MPS which may explain the origins of a portion of the accumulated
sediment (Figure 5.3). Areas where natural cliffing has occurred coincide with historic
breaks in the mangrove communities. One possible explanation for this is that these exposed
areas were eroded by inundation and subsequently deposited along the foreshore. This
would also explain the initial lateral expansion of the mangroves between 1957- 2010:
sediment accumulated, building the foundations for mangrove development. The largest
and most well defined cliffing occurs along the eastern most break in the mangroves
between 1987-2010, which was the last large lateral expansion (Figure 5.4). The majority of
seaward expansion occurs after the lateral infilling of mangroves. The exponential change
to coverage within the mangrove communities suggests that environmental conditions were
altered around the 1980s. This coincides with the La Nina event that occurred between
April 1988 and July 1989 (BOM, 2020). This period experienced high rainfall events in
the highest decile, with strong effects on the south-east half of Australia. Large flood
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events, including several flash floods across the Gippsland region which were preceded
by two dry periods in the Gippsland area: The 1987 to 1988 El Nino; and the break
that occurred during the La Nina event. These climatic events cause large runoff events
and potentially alter sedimentation rates in the estuary as a result (McLaughlin et al.,
2003; Istanbulluoglu and Bras, 2006; Eslami-Andargoli et al., 2010). The fine silt and
clay sediment deposited in the upper reaches of Corner Inlet’s tributaries may have been
removed during this period (Dickson et al., 2013). This change in sediment load would
explain the large-scale expansion between 1987-2020. The non-linear acceleration in SLR
over this time might also explain the non-linear mangrove expansion. Rising sea-levels
have been shown to increase sediment loading in coastal wetlands and is another potential
contributor to this hypothesised sediment movement (Morris et al., 2002).The effect of
mangrove communities on hydrodynamics and sediment accumulation naturally encourage
sedimentation, while also reducing erosion rates (Furukawa et al., 1997). The seaward and

lateral changes may be attributed solely to this process or a combination of some of the

aforementioned explanations.

Figure 5.3: Natural cliffing along the Melaleuca seaward edge. Image taken from within the
outline boundary of Figure 5.4
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Figure 5.4: Lateral expansion of the mangrove community that occurred between (A) 1987
and (B) 2010.

Extensive landward and lateral change occurred for the MPS, encroaching into the
herbaceous wetlands of Corner Inlet (Figure 4.10 F; Figure 4.11 F Figure 4.8 G and
H; Figure 4.9 G and H) . This interaction was suggested as far back as the 1960s as a
result of increasing salinity causing a dieback and replacement of the Phragmites australis
communities with MPS (Bird, 1961). However, salinity is unlikely to be the only factor
driving changes between these communities. A similar study on short-term changes between
herbaceous wetlands and MPS in the Gippsland region of south-east Australia found a 72%
expansion of MPS and decline of 26% in the herbaceous wetlands (Boon et al., 2008).
Boon et al. (2008) suggests that a combination of salinity and inundation contributed to
changes in microtopographical relief in the area. This would be further complimented by
preservation capacity of Melaleuca spp. via the essential oils in their leaves (Bailey et al.,
2003). Phragmites australis has been found to have a lower tolerance than Melaleuca to
increasing accumulation rates of organic matter (Morris et al., 2008). MPS high productivity
likely stressed the organic sensitive Phragmites australis resulting in its retreat.

Changes to the seaward extent of the MPS occur at a much slower rate than that of
intertidal communities (Figure 4.8 G; Figure 4.9 G; Figure 4.10 E and F; Figure 4.11 E
and F). This 1s potentially due the high rates in which MPS accumulate sediment. Higher
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rates of vertical accumulation would assist in maintaining the elevation of the MPS with
respects to a rising sea-level. This equilibrium is observed across 1957 to 1987, where
little variation in Melaleuca extent occurs. This trend did not continue post 1987 with a
majority of Melaleuca decline occurring between 1987-2020. The non-linear increase in
MPS correlates to the exponential increase observed in the mangrove extent. These findings
suggest that post 1987 rate of change in RSL has begun to exceed the rate in which the MPS
can accumulate sediment, resulting in the spatial heterogeneity that has occurred in recent
decades.

The comparatively slow retreat of the MPS acts as a landward boundary for the saltmarsh
community, restricting the retreat of saltmarsh as a result of RSL. If the rate of change
within the wetland communities continues, then saltmarsh will potentially see a localised
extinction of the endangered community in this region of Corner Inlet. Saltmarsh decline
and mangrove expansions can be attributed to each community’s ability to vertically accrete
sediment. Rogers et al. (2006) found saltmarsh to have a low capacity for vertical accretion
comparatively to mangroves. This suggests that mangroves have a greater ability to
respond to changes in SLR. Vertical accumulation of organic material in the MPS and
intertidal wetlands is insufficient in maintaining elevation in Corner Inlet. Therefore,
supply of mineral material will act as the limiting factor in the future resilience of the

intertidal-supratidal complex to SLR.

5.4 Limitations and Further Research

The major limitation present in this study involved the spatial scale in which it covers. This
study would have benefited from a larger scale assessment of the region using multiple
transects for the analysis and increased spatial extent. A smaller scale assessment was
chosen to allow for a higher resolution spatial analysis, while focusing on the same area the
stratigraphic analysis took place to effectively compare the findings. Within the stratigraphic
analysis the proportion of living root material to preserved organic matter within the surface
organic horizon was difficult to delineate. This produces problems quantifying the organic
preservation capacity of the wetlands surface sediments.Minor human error within the LOI,
BD, grain size and spatial analyses potentially occurred. COVID-19 travel restrictions
prevented the collection and download of salinity and water level logger data. This led
to the data collected to be limited to single point in time (i.e. at installation of the loggers).
This produced data that could be used as minor insight into the conditions of site. Resources
for macrofossil identification are difficult to come by within literature and other available
texts, while specimens collected may not be diagnostic for the identification of specific taxa.

Within the analysis of historic aerial photography several limitations arose based on
image resolution and clarity. Imagery for 2010 and 2020 were sourced from Google Earth

Pro and captured using CNES/Airbus. Due to this, the resolution of the image provided
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presented a large limitation in assessing finer details. This combined with colouration of the
photography, in particularly showing the contrast between juvenile mangroves and water
in the 2010 image, and saltmarsh to bare ground in the 2020 image created error within
digitised boundaries. Similar issues in contrast and resolution occurred in the photos from
1957-1969. Low contrast in the black and white aerial photograph made 1957 difficult to
assess all boundaries, excluding mangrove. The boundary for saltmarsh and mangroves in
1969 was unclear due to little contrast. The uncertainty across imagery resulted in operator
error during the digitisation process of vegetation delineation. Rate of change for the MPS
was restricted by the unclear landward extent of the forest combined with limitation to
georeferencing the inland vegetation. As a result, the area change was limited to a static and
arbitrary landward boundary in the whole site and transect analyses. The final limitation of
the spatial analysis came with addressing the spatial heterogeneity of the MPS. An overall
rate of change was assessed for Melaleuca, despite a majority of change being localised to
zones within the embayment.

Further research into the role of organic matter in MPS should be undertaken to
develop the gaps within current literature. This would create a greater pool of information
surrounding supratidal wetland forests of the temperate regions of Australia. As a result, the
valid addition of MPS to the Rogers et al. (2019b) conceptual diagram could be developed
to show the processes driving substrate development above HAT for wetland communities.
Increasing the extent of the geospatial analysis to an estuary wide scale would allow for a
deeper understanding of the recent changes and potential trajectory of Corner Inlets wetland
communities. Extending this to the northern boundary of the embayment would potentially
show a very different result being located at the mouth of many river systems draining into
Corner Inlet. Addressing both above- and belowground biomass would further highlight the
potential of supratidal wetland forests as carbon stores and their role within the carbon
cycle. Develop our understanding of their importance would provide further rationale
for the protection and conservation of these valued communities. Radiocarbon dating of
macrofossils and bulk sediment samples within the core would generate an aspect of time
through the profile and provide insight into the rate the estuary and wetlands are changing.
The inclusion of other analyses that aid in distinguishing changes in environmental setting

would allow for an improved reconstruction of the wetlands.
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6 Conclusion

Organic material contribution within surface organic horizons were found to increase with
elevation across the intertidal-supratidal gradient. Mangrove ecosystems were predominately
low in organic matter when compared to saltmarsh, while the MPS had the highest organic
contributions. This is a result of decreasing inundation with increasing elevation, limiting the
overall mineral input. The high productivity MPS and low mineral input from tidal inundation
resulted the proportionally organic-rich soil. Limits to the capacity of organic matter
preservation were found surrounding MPS position. Correlations between soil moisture and
organic composition were observed as the landward extent of the forest showed a shallow
organic horizon and low sub-surface organic preservation, while the hydrated soils of the
seaward Melaleuca demonstrated greater potential for preservation. Conversely, organic
matter preservation may be resulting in higher water retention. Long-term changes within
the estuary’s wetlands follow the trends of subsequent infilling associated with estuarine
evolution. That is, the wetland communities of the site have migrated seaward over the course
of the Holocene, as indicated by the shifts in the stratigraphic record, marine influence and
detrital remnants throughout the profile of the cores. In contrast to this, changes in vegetation
distribution in recent years has predominantly seen a landwards retreat. Mangrove was found
to be encroaching on the saltmarsh communities along with localised dieback of the MPS.
Together these changes may be indicative of an increasing rate of SLR that exceeds vertical
sediment accumulation, influence wetland community distribution. The landward retreat of
MPS and related rise in sea-level may result in the belowground disruption of preserved
organic matter. This may lead to alterations in the global carbon cycle with large proportion
of organic matter sequestered in these forests to be remineralised into CO?, having further
implications on anthropogenic climate change.

Further research into organic matter contributions in temperate MPS and other supratidal
wetland forests beyond a site-specific study would highlight their importance across
temperate regions. An assessment addressing the above and belowground components would
determine the role of MPS in organic preservation and total biomass. Increasing the spatial
extent of the study would better present the estuary scale shifts in the wetland communities
of Corner Inlet. This would enhance the understanding of the short-term changes occurring,
while the addition of radiocarbon dating, and other analyses would improve the understand
of the long-term changes that have occurred.

This study has highlighted the potential importance of temperate MPS as effective
ecosystems in biomass accumulation and preservation, presenting the role MPS play in the
global carbon cycle as a carbon sink. It was also able to identify the ubiquitous trend of
temperate mangroves expansion and encroachment towards saltmarsh occurring in recent
years, while presenting some of the first evidence for the retreat of seaward Melaleuca

margins in temperate Australia.
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Appendices

A Summary of Stratigraphic Units

The following tables provide the details of the stratigraphic units of MAN, SM, MEL1, and MEL2.

Table A.1: Stratigraphic units of mangrove core (MAN) consisting of depth range in m ADH, colouration, organic content, and grain size.

AHD is approximately equivalent to mean sea level.

Stratigraphic ~ Depth Range Colouration Organic Content Grain Size
Unit (m AHD)
MAN-A 0.50 - 0.77 Very dark grey Organic-rich, fine roots Fine to very fine sediments

(Imm), dead seagrass rack

MAN-B 0.38 - 0.50 Dark grey Organic matter present, less ~ Sands with fine sediments
roots than A, mangrove root mixing
(1-2 cm)
MAN-C 0.32-0.38 Dark grey Organic matter preset, coarse ~ Sands with fine sediments

root (1 cm) at 0.35 m AHD

mixing, fining down to
predominantly fine

sediment with some sand

Continue to Next Page ...
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Stratigraphic ~ Depth Range Colouration Organic Content Grain Size
Unit (m AHD)
MAN-D -0.19-0.32 Dark grey Organic matter preset Predominantly fine
sediment with some sand.
Shell fragments
(carbonates present)
MAN-E -0.50 - -0.19 Dark grey mottled with Organic matter preset Predominantly fine
yellowish brown. Transitions sediment with very little
to light grey from dark grey sand
below -0.44 m AHD
MAN-F -1.04 - -0.50 Light grey with lenses of Low organic matter Sandy
dark grey
MAN-G -1.40 - -1.04 Light greyish brown Low organic matter Sandy

End of Table
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Table A.3: Stratigraphic units of saltmarsh core (SM) consisting of depth range in m ADH, colouration, organic content, grain size, and additional
information. 0 m AHD is approximately equivalent to mean sea level.

Stratigraphic ~ Depth Range Colouration Organic Content Grain Size
Unit (m AHD)
SM-A 1.07 -1.13 Strong brown Organic-rich, fine roots to Very fine sediment

coarse roots (up to Smm)

SM-B 1.01-1.07 Dark brown Organic-rich, fine roots to Very fine sediment
coarse roots (up to Smm)
SM-C 0.94 - 1.01 Very dark brown Organic-rich, fine roots to Very fine sediment
medium roots (up to 2mm)
SM-D 0.82-0.94 Dark greyish brown Organic-rich, fine roots (up Very fine sediment
to Imm)
SM-E 0.73-0.82 Very dark greyish brown Organic-rich, fine roots (up Very fine sediment

to 1mm), roots coarsen at the

bottom (4mm)

SM-F 0.05-0.73 Dark grey Organic presents Sand with fine sediment

mixing

Continue to Next Page ...



Stratigraphic ~ Depth Range Colouration Organic Content Grain Size
Unit (m AHD)
SM-G -0.47-0.05 Dark grey mottled with Organic-rich, long medium Predominantly fine with
yellowish brown roots (3mm). sandy sediment mixing.
Coarsens downwards
below -0.29 m AHD
SM-H 0.78 - -0.47  Grey mottled with dary grey. Low organic matter Sandy

Transitions to light brownish
grey from grey below -0.6 m
AHD

16

End of Table
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Table A.5: Stratigraphic units of Melaleuca 1 core (MELI) consisting of depth range in m ADH, colouration, organic content, grain size, and

additional information. 0 m AHD is approximately equivalent to mean sea level.

Stratigraphic ~ Depth Range Colouration Organic Content Grain Size
Unit (m AHD)
MEL1-A 0.94-1.19 Black Organic-rich, fine to coarse Fine sediment
roots (up to 4mm)
MELI1-B 0.75-0.95 Black Organic-rich, fine roots Fine sediment
MELI1-C 0.58 -0.75 Dark brown Organic-rich, very fine to Fine sediment
fine roots (up to 1mm), roots
and rhizomes
MEL1-D 0.13-0.58 Dark grey Some organics present, Fine sediment mixed with
preserved roots, plus >2 cm sands
wide rhizome
MELI1-E -047-0.13 Dark grey mottled with Organic-rich, few preserved Fine sediment with some
yellowish brown roots sand
MELI-F -0.64 - -0.47 Grey Low organic, little Sandy with fine sediment
preservation mixing
MELI1-G -0.84 --0.64  Reddish grey mottled with Low organic, little Sandy

dark reddish grey

preservation

Continue to Next Page ...
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Stratigraphic ~ Depth Range Colouration Organic Content Grain Size
Unit (m AHD)

MELI1-H -1.10--0.84 Reddish grey mottled with Low organic, little Sandy
dark reddish grey preservation

MEL1-1 -1.19--1.10 Dusty red some mottling Low organic, little Sandy
with dark reddish grey preservation

MELI-J -1.42--1.19 Weak red Low organic, little Sandy
preservation

End of Table
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Table A.7: Stratigraphic units of Melaleuca 2 core (MEL?2) consisting of depth range in m ADH, colouration, organic content, grain size, and

additional information. 0 m AHD is approximately equivalent to mean sea level.

Stratigraphic ~ Depth Range Colouration Organic Content Grain Size
Unit (m AHD)
MEL2-A 1.31-1.43 Very dark brown Organic -rich, fine roots Fine sediment
MEL2-B 1.25-1.31 Dark brown Organic-rich, fine roots Fine sediment
MEL2-C 1.16 - 1.25 Very dark brown Organic-rich, fine roots Fine sediment with some
sand mixing
MEL2-D 1.02-1..16 Dark greyish brown mottle Organic-rich, fine roots Fine sediment
with yellowish brown
MEL2-E 0.67 -1.02 Dark grey Low organic matter, some Sandy
fine roots
MEL2-F 0.28 - 0.67 Dark grey Low organic matter, some Sandy
fine roots
MEL2-G 0.04 - 0.28 Grey Low organic matter, poorly Sandy
preserved fine roots
MEL2-H 0.01 - 0.04 Grey Low organic matter Very fine sediment
MEL2-1 -0.40 - 0.01 Grey Low organic matter Sandy

Continue to Next Page ...
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Stratigraphic ~ Depth Range Colouration Organic Content Grain Size
Unit (m AHD)
MEL2-J -0.82 --0.40 Light Brown Low organic matter, poorly Sandy
preserved fine roots
End of Table
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B Table of Macrofossil

The following table presents the macrofossils found throughout the profile of MEL1

Table B.1: Macrofossils collected throughout the profile of Melaleuca 1. Macrofossils are given a sample ID, photo, depth range (0 m AHD is
approximately equivalent to mean sea level) description and identification where possible. Background grid size for scaling is 5 x 5 mm.

Sample Start Depth End Depth o . .
Photo Description Identification
ID (m AHD) (m AHD)

Vegetation node, hard, well Phragmites
ME-1 67.06 65.76
preserved australis node
Coarse casing of a root or
ME-2 67.06 64.46

rhizome

Continue to next page ...
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Sample Start Depth End Depth o ] )
Photo Description Identification
ID (m AHD) (m AHD)
48
| Dense very fine roots and long
MF-3 65.76 63.16
— coarse roots
) ) . Wide rhizome -
Wide rhizome and medium-fine
MF-4 57.97 56.67 . Phragmites
root/rhizome .
australis

Continue to next page ...
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Sample

Start Depth End Depth

Photo Description Identification
ID (m AHD) (m AHD)
MEF-5 56.67 55.37 Well preserved woody fragment
) ] Phragmites
MF6 . 55.37 52.78 Long and wide rhizome .
' australis

Continue to next page ...
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Sample

Start Depth End Depth

Photo Description Identification
ID (m AHD) (m AHD)
Phragmites
ME-7 52.78 44.99 )
australis
MEF-8 51.48 50.18 Medium rhizomes

Continue to next page ...
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Sample Start Depth End Depth o . .
Photo Description Identification
1D (m AHD) (m AHD)
MF-9 44.99 43.69 Potential seed pod
Rhizome and dense very fine Phragmites
MEF-10 44.99 43.69 .
roots australis

Continue to next page ...
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Start Depth End Depth o . .
Description Identification

Sample
Photo
ID (m AHD) (m AHD)
T
MF-11 u 41.09 34.60 Collection of long rhizome

LB
l

!

Collection of long rhizome and

35.90 33.30
roots

MF-12

Continue to next page ...
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Sample Start Depth End Depth L. . .
Photo Description Identification
ID (m AHD) (m AHD)
Collection of long rhizome and
MF-13 33.30 21.61
roots
MF-14 7.33 7.33 Fine root

Continue to next page ...
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Sample

Start Depth End Depth

Photo Description Identification
ID (m AHD) (m AHD)
MF-15 6.03 4.73 Root casing
MF-16 343 2.13 Fine roots

Continue to next page ...
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Sample Phot Start Depth End Depth
ID o0 (m AHD) (m AHD)

Description

Identification

MEF-17 -4.36 -6.31

Very fine root

MF-18 -7.60 -10.85

Fine root

Continue to next page ...
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Sample Phot Start Depth End Depth
oto
ID (m AHD) (m AHD)

Description

Identification

MF-19 -21.24 -26.43

Long fine root

MF-20 -21.24 -22.54

Medium root

Continue to next page ...
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Sample Phot Start Depth End Depth
oto
ID (m AHD) (m AHD)

Description

Identification

MF-21 -36.82 -39.42

Medium root

MF-22 -40.72 -42.01

Medium root

Continue to next page ...
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Sample Start Depth End Depth

Photo Description Identification
ID (m AHD) (m AHD)
ME-23 -42.01 -44.61 Medium root
MF-24 -58.90 -60.19 Fine and very fine root

Continue to next page ...
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Sample Phot Start Depth End Depth
oto
ID (m AHD) (m AHD)

Description

Identification

ME-25 -83.57 -88.76

Long rhizome

MF-26 -87.46 -93.96

Long rhizome

Continue to next page ...
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Sample Start Depth End Depth

Photo Description Identification
ID (m AHD) (m AHD)

Posidonia

MF-27 -108.24 -109.54 Very fine root i
australis
Very fine casing of a root or Posidonia

MF-28 -125.12 -126.42 .

rhizome australis

End of Table
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C ITRAX Reference Profiles

The following figure refers to the geochemical profiles from the high-resolution core logging used in this study.

Ca Zr Rb Ca:Rb Zr:Rb

0 5000 10000 O 5000 10000 15000 O 2000 4000 6000 O 5 10 0.1 1 10
15

0.5

Depth (m AHD)
(=]

-0.5

-1.5

Figure C.1: Micro-XRF data collected from Melaleuca 1. Ca is environmental proxy for marine influeces. Zr is a proxy for coarser sediment
grain size. Rb is used as a proxy for terrestrial influence and finer sediment grain sizes. High values Ca/Rb concentrations indicate greater marine
influence. High Zr/Rb concentrations are a proxy for coarser grain size. 0 m AHD is approximately equivalent to mean sea level.



D Data Tables

The following tables present the data values collected from the LOI and BD analysis of
MAN, SM, MEI, and MEL2. Moisture content data for MEL1 and MEL2 is also presented

in this appendix.

Table D.1: Results of the bulk density and loss-on-igition analysis of mangrove core (MAN).
Samples are presented with an ID, depth range (0 m AHD is approximately equivalent to
mean sea level), bulk density (given in g cm™?) and percentage organic matter.

Sample Start Depth End Depth Bulk Density Organic Matter

ID (m AHD) (m AHD) (g cm>) (%)
MAN-1 0.77 0.75 0.35 8.87
MAN-2 0.75 0.73 0.61 6.93
MAN-3 0.73 0.71 0.75 5.76
MAN-4 0.71 0.69 0.77 4.06
MAN-5 0.69 0.67 0.61 5.59
MAN-6 0.67 0.65 0.67 4.44
MAN-7 0.65 0.63 0.54 7.00
MAN-8 0.63 0.61 0.64 3.47
MAN-9 0.61 0.59 0.60 4.24
MAN-10 0.59 0.57 0.65 5.12
MAN-11 0.57 0.55 0.67 3.56
MAN-12 0.55 0.53 0.75 4.58
MAN-13 0.53 0.51 0.70 3.67
MAN-14 0.51 0.49 0.79 3.77
MAN-15 0.49 0.47 0.91 3.86
MAN-16 0.47 0.45 0.80 3.13
MAN-17 0.42 0.4 1.14 2.08
MAN-18 0.37 0.35 0.60 5.56
MAN-19 0.32 0.3 0.76 3.73
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Sample Start Depth End Depth Bulk Density Organic Matter

ID (m AHD) (m AHD) (g cm™) (%)
MAN-20 0.27 0.25 0.70 5.24
MAN-21 0.22 0.2 0.88 3.77
MAN-22 0.17 0.15 1.07 3.63
MAN-23 0.12 0.1 1.13 222
MAN-24 0.07 0.05 1.01 2.99
MAN-25 0.02 0 1.00 2.99
MAN-26 -0.03 -0.05 1.14 2.68
MAN-27 -0.08 -0.1 1.19 2.50
MAN-28 -0.13 -0.15 1.33 1.64
MAN-29 -0.18 -0.2 1.40 1.96
MAN-30 -0.23 -0.25 1.40 1.68
MAN-31 -0.28 -0.3 1.07 3.99
MAN-32 -0.33 -0.35 1.06 4.77
MAN-33 -0.38 -0.4 1.09 4.85
MAN-34 -0.43 -0.45 1.07 5.76
MAN-35 -0.48 -0.5 1.30 3.99
MAN-36 -0.53 -0.55 1.25 3.06
MAN-37 -0.58 -0.6 1.51 2.65
MAN-38 -0.63 -0.65 1.26 2.30
MAN-39 -0.68 -0.7 1.61 1.96
MAN-40 -0.73 -0.75 1.60 1.76
MAN-41 -0.78 -0.8 1.53 1.95
MAN-42 -0.83 -0.85 1.32 222
MAN-43 -0.88 -0.9 1.41 2.02
MAN-44 -0.93 -0.95 1.47 2.20
MAN-45 -0.98 -1 1.52 1.91
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Sample Start Depth End Depth Bulk Density Organic Matter

ID (m AHD) (m AHD) (g cm™) (%)
MAN-46 -1.03 -1.05 1.45 1.95
MAN-47 -1.08 -1.1 1.43 1.87
MAN-48 -1.13 -1.15 1.44 1.84
MAN-49 -1.18 -1.2 1.48 1.77
MAN-50 -1.23 -1.25 1.38 1.48
MAN-51 -1.28 -1.3 1.38 1.41
MAN-52 -1.33 -1.35 1.50 1.36
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Table D.3: Results of the bulk density and loss-on-igition analysis of saltmarsh core (SM).
Samples are presented with an ID, depth range (0 m AHD is approximately equivalent to
mean sea level), bulk density (given in g cm™) and percentage organic matter.

Sample Start Depth End Depth Bulk Density Organic Matter
ID (m AHD) (m AHD) (g cm™) (%)
SM-1 1.13 1.11 0.17 36.25
SM-2 1.11 1.09 0.22 34.71
SM-3 1.09 1.07 0.26 30.91
SM-4 1.07 1.05 0.17 34.62
SM-5 1.05 1.03 0.16 38.55
SM-6 1.03 1.01 0.14 50.36
SM-7 1.01 0.99 0.15 57.62
SM-8 0.99 0.97 0.22 51.77
SM-9 0.97 0.95 0.21 41.37
SM-10 0.95 0.93 0.21 36.25
SM-11 0.93 0.91 0.25 31.66
SM-12 0.91 0.89 0.23 26.18
SM-13 0.89 0.87 0.21 28.05
SM-14 0.87 0.85 0.17 29.78
SM-15 0.85 0.83 0.21 23.69
SM-16 0.83 0.81 0.22 22.66
SM-17 0.78 0.76 0.24 23.19
SM-18 0.73 0.71 0.36 12.96
SM-19 0.68 0.66 0.82 3.97
SM-20 0.63 0.61 0.82 3.60
SM-21 0.58 0.56 0.49 4.25
SM-22 0.53 0.51 1.12 2.93
SM-23 0.48 0.46 1.19 3.02
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Sample Start Depth End Depth Bulk Density Organic Matter
ID (m AHD) (m AHD) (g cm™) (%)
SM-24 0.43 0.41 0.99 2.01
SM-25 0.38 0.36 1.16 2.56
SM-26 0.33 0.31 1.21 2.14
SM-27 0.28 0.26 1.22 2.53
SM-28 0.23 0.21 1.11 2.54
SM-29 0.18 0.16 1.14 2.85
SM-30 0.13 0.11 1.24 2.28
SM-31 0.08 0.06 1.32 2.63
SM-32 0.03 0.01 1.25 3.33
SM-33 -0.02 -0.04 1.01 4.03
SM-34 -0.07 -0.09 0.91 4.70
SM-35 -0.12 -0.14 0.96 3.75
SM-36 -0.17 -0.19 0.74 542
SM-37 -0.22 -0.24 0.77 6.68
SM-38 -0.27 -0.29 0.88 5.90
SM-39 -0.32 -0.34 0.92 4.78
SM-40 -0.37 -0.39 0.80 5.81
SM-41 -0.42 -0.44 0.87 4.72
SM-42 -0.47 -0.49 1.08 3.33
SM-43 -0.52 -0.54 1.23 2.02
SM-44 -0.57 -0.59 1.21 2.36
SM-45 -0.62 -0.64 1.35 1.74
SM-46 -0.67 -0.69 1.36 1.57
SM-47 -0.72 -0.74 1.29 1.42
SM-48 -0.77 -0.79 1.29 1.36
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Sample Start Depth End Depth Bulk Density Organic Matter
ID (m AHD) (m AHD) (g cm™) (%)

End of Table
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Table D.5: Results of the bulk density and loss-on-igition analysis of Melaleuca 1 core
(MEL1). Samples are presented with an ID, depth range (0 m AHD is approximately
equivalent to mean sea level), bulk density (given in g cm™?) and percentage organic matter.

Sample Start Depth End Depth Bulk Density Organic Matter
ID (m AHD) (m AHD) (g cm™) (%)

MELI1-1 1.19 1.17 0.13 58.04
MEL1-2 1.17 1.15 0.19 61.76
MEL1-3 1.15 1.13 0.13 65.70
MEL1-4 1.13 1.11 0.16 65.65
MEL1-5 1.11 1.09 0.15 65.87
MEL1-6 1.09 1.07 0.16 56.70
MEL1-7 1.07 1.05 0.18 54.49
MEL1-8 1.05 1.03 0.14 56.82
MEL1-9 1.03 1.01 0.15 56.05
MEL1-10 1.01 0.99 0.17 56.97
MELI1-11 0.99 0.97 0.15 55.94
MELI1-12 0.97 0.95 0.16 56.47
MEL1-13 0.95 0.93 0.17 49.60
MELI1-14 0.93 0.91 0.15 51.76
MELI1-15 0.91 0.89 0.17 43.26
MELI1-16 0.89 0.87 0.22 30.68
MEL1-17 0.84 0.82 0.19 37.50
MELI1-18 0.79 0.77 0.22 26.15
MELI1-19 0.74 0.72 0.32 21.41
MEL1-20 0.69 0.67 0.45 11.88
MEL1-21 0.64 0.62 0.51 9.84

MEL1-22 0.59 0.57 0.79 5.05

MEL1-23 0.54 0.52 1.29 2.21
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Sample Start Depth End Depth Bulk Density Organic Matter

ID (m AHD) (m AHD) (g cm™) (%)
MELI1-24 0.49 0.47 1.28 2.17
MEL1-25 0.44 0.42 1.25 1.93
MEL1-26 0.39 0.37 1.39 1.63
MELI1-27 0.34 0.32 1.42 1.74
MEL1-28 0.29 0.27 1.37 1.60
MEL1-29 0.24 0.22 1.22 1.37
MEL1-30 0.19 0.17 1.36 2.05
MEL1-31 0.14 0.12 1.37 2.77
MEL1-32 0.09 0.07 1.19 3.64
MELI1-33 0.04 0.02 1.20 4.50
MELI1-34 -0.01 -0.03 1.15 5.04
MELI1-35 -0.06 -0.08 1.14 5.48
MELI1-36 -0.11 -0.13 1.02 5.46
MEL1-37 -0.16 -0.18 1.18 4.60
MEL1-38 -0.21 -0.23 1.25 4.80
MEL1-39 -0.26 -0.28 1.21 4.79
MEL1-40 -0.31 -0.33 1.14 5.28
MELI1-41 -0.36 -0.38 0.97 5.95
MEL1-42 -0.41 -0.43 1.13 4.17
MEL1-43 -0.46 -0.48 1.39 1.90
MEL1-44 -0.51 -0.53 1.46 1.36
MEL1-45 -0.56 -0.58 1.40 1.44
MEL1-46 -0.61 -0.63 1.30 2.14
MEL1-47 -0.66 -0.68 1.07 1.11
MEL1-48 -0.71 -0.73 1.53 0.92
MEL1-49 -0.76 -0.78 0.95 1.33
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Sample Start Depth End Depth Bulk Density Organic Matter

ID (m AHD) (m AHD) (g cm™) (%)
MEL1-50 -0.81 -0.83 1.10 1.42
MELI-51 -0.86 -0.88 1.09 1.15
MEL1-52 -0.91 -0.93 1.00 1.31
MELI1-53 -0.96 -0.98 1.08 1.60
MELI1-54 -1.01 -1.03 1.21 1.45
MELI1-55 -1.06 -1.08 1.18 1.38
MELI1-56 -1.11 -1.13 1.17 1.12
MELI1-57 -1.16 -1.18 1.39 1.15
MEL1-58 -1.21 -1.23 1.17 1.23
MELI1-59 -1.26 -1.28 1.20 1.18
MEL1-60 -1.31 -1.33 1.16 1.14
MELI1-61 -1.36 -1.38 1.16 1.23
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Table D.7: Results of the soil moisture analysis of Melaeuca 1. Samples are presented with
an ID, depth range (0 m AHD is approximately equivalent to mean sea level), and percentage
moisture content.

Sample Start Depth End Depth Moisture Content
ID (m AHD) (m AHD) (%)
MEL1-1 1.19 1.18 81.38
MELI-2 1.18 1.17 83.50
MELI-3 1.17 1.16 84.20
MEL1-4 1.16 1.15 84.19
MELI-5 1.15 1.14 85.01
MELI1-6 1.14 1.13 86.40
MEL1-7 1.13 1.12 85.81
MEL1-8 1.12 1.11 85.83
MELI1-9 1.11 1.1 86.07
MELI1-10 1.1 1.09 86.36
MELI-11 1.09 1.08 85.94
MELI1-12 1.08 1.07 85.43
MELI1-13 1.07 1.06 83.01
MELI1-14 1.06 1.05 78.32
MEL1-15 1.05 1.04 78.16
MELI-16 1.04 1.03 79.54
MELI1-17 1.03 1.02 83.19
MEL1-18 1.02 1.01 85.63
MEL1-19 1.01 1 86.16
MEL1-20 1 0.99 85.68
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Table D.9: Results of the bulk density and loss-on-igition analysis of Melaleuca 2 core
(MEL2). Samples are presented with an ID, depth range (0 m AHD is approximately
equivalent to mean sea level), bulk density (given in g cm™?) and percentage organic matter.

Sample Start Depth End Depth Bulk Density Organic Matter
ID (m AHD) (m AHD) (g cm™) (%)
MEL2-1 1.43 1.41 0.13 55.68
MEL2-2 1.41 1.39 0.12 57.38
MEL2-3 1.39 1.37 0.13 58.78
MEL2-4 1.37 1.35 0.12 58.47
MEL2-5 1.35 1.33 0.10 59.26
MEL2-6 1.33 1.31 0.13 64.57
MEL2-7 1.31 1.29 0.15 47.54
MEL2-8 1.29 1.27 0.34 17.98
MEL2-9 1.27 1.25 0.56 12.40
MEL2-10 1.25 1.23 0.69 8.90
MEL2-11 1.23 1.21 0.57 7.45
MEL2-12 1.21 1.19 0.80 5.63
MEL2-13 1.19 1.17 0.91 5.13
MEL2-14 1.17 1.15 0.89 4.06
MEL2-15 1.15 1.13 0.86 3.69
MEL2-16 1.13 1.11 0.84 4.15
MEL2-17 1.08 1.06 1.02 4.78
MEL2-18 1.03 1.01 0.92 4.43
MEL2-19 0.98 0.96 1.13 1.71
MEL2-20 0.93 0.91 1.02 2.68
MEL2-21 0.88 0.86 1.06 2.04
MEL2-22 0.83 0.81 1.32 2.18
MEL2-23 0.78 0.76 1.04 3.04
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Sample Start Depth End Depth Bulk Density Organic Matter

ID (m AHD) (m AHD) (g cm™) (%)
MEL2-24 0.73 0.71 0.93 1.51
MEL2-25 0.68 0.66 1.10 1.91
MEL2-26 0.63 0.61 0.96 3.12
MEL2-27 0.58 0.56 1.06 2.90
MEL2-28 0.53 0.51 1.16 2.65
MEL2-29 0.48 0.46 0.99 2.71
MEL2-30 0.43 0.41 1.00 2.71
MEL2-31 0.38 0.36 0.98 2.82
MEL2-32 0.33 0.31 0.93 2.49
MEL2-33 0.28 0.26 1.00 2.75
MEL2-34 0.23 0.21 1.06 2.95
MEL2-35 0.18 0.16 1.11 2.09
MEL2-36 0.13 0.11 0.94 1.80
MEL2-37 0.08 0.06 1.14 1.81
MEL2-38 0.03 0.01 1.26 2.55
MEL2-39 -0.02 -0.04 1.04 2.06
MEL2-40 -0.07 -0.09 1.40 2.06
MEL2-41 -0.12 -0.14 1.26 2.15
MEL2-42 -0.17 -0.19 1.30 1.77
MEL2-43 -0.22 -0.24 1.13 2.54
MEL2-44 -0.27 -0.29 1.38 2.58
MEL2-45 -0.32 -0.34 1.23 2.19
MEL2-46 -0.37 -0.39 1.29 1.91
MEL2-47 -0.42 -0.44 1.06 1.36
MEL2-48 -0.47 -0.49 1.29 1.20
MEL2-49 -0.52 -0.54 1.27 1.09
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Sample Start Depth End Depth Bulk Density Organic Matter

ID (m AHD) (m AHD) (g cm™) (%)
MEL2-50 -0.57 -0.59 1.19 1.31
MEL2-51 -0.62 -0.64 1.11 1.10
MEL2-52 -0.67 -0.69 1.11 1.10
MEL2-53 -0.72 -0.74 1.09 1.14

End of Table
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Table D.11: Results of the soil moisture analysis of Melaeuca 2. Samples are presented
with an ID, depth range (0 m AHD is approximately equivalent to mean sea level), and
percentage moisture content.

Sample Start Depth End Depth Moisture Content
ID (m AHD) (m AHD) (%)
MEL2-1 1.43 1.42 80.25
MEL2-2 1.42 1.41 81.06
MEL2-3 1.41 1.4 79.16
MEL2-4 1.4 1.39 80.41
MEL2-5 1.39 1.38 80.61
MEL2-6 1.38 1.37 77.55
MEL2-7 1.37 1.36 76.17
MEL2-8 1.36 1.35 81.07
MEL?2-9 1.35 1.34 78.90
MEL2-10 1.34 1.33 74.33
MEL2-11 1.33 1.32 68.77
MEL2-12 1.32 1.31 57.72
MEL2-13 1.31 1.3 54.13
MEL2-14 1.3 1.29 47.75
MEL2-15 1.29 1.28 33.22
MEL2-16 1.28 1.27 27.17
MEL2-17 1.27 1.26 26.66
MEL2-18 1.26 1.25 27.63
MEL2-19 1.25 1.24 24.98
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E Grain Size Histograms

The following tables present the grain size histograms developed as part of the grain size
analysis.

Table E.1: Results of the grain size analysis of Melaleuca 1 core (MEL1). Sample
are presented with a grain size histogram and depth range (0 m AHD is approximately
equivalent to mean sea level).
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Depth (m AHD)
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Depth (m AHD)

Grain Size Histogram
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Depth (m AHD)

Grain Size Histogram
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Depth (m AHD)

Grain Size Histogram
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Grain Size Histogram
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Depth (m AHD)

Grain Size Histogram
GSh-1

sea level).

Table E.3: Results of the grain size analysis of mangrove core (MAN). Sample are presented
with a grain size histogram and depth range (0 m AHD is approximately equivalent to mean
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Table E.4: Results of the grain size analysis of saltmarsh core (SM). Sample are presented
with a grain size histogram and depth range (0 m AHD is approximately equivalent to mean

sea level).
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F Supplementary Maps

The following figures present the historic aerial photography used to perform the time series analysis and area change analysis.

Figure F.1: Aerial photograph of Corner Inlet in 1957
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Figure F.2: Aerial photograph of Corner Inlet in 1969
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Figure F.3: Aerial photograph of Corner Inlet in 1978
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Figure F.4: Aerial photograph of Corner Inlet in 1983
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Figure E.5: Aerial photograph of Corner Inlet in 1987
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Figure F.6: Aerial photograph of Corner Inlet in 2010.
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Figure F.7: Aerial photograph of Corner Inlet in 2020.
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