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Abstract

Coastal saltmarsh is an endangered ecological communitywrS§ath Wales and
sea-level rise has been listed as a key threateningssrd@eer the previous five
decades moderate rates of sea-level rise have coincittethe/invasion of saltmarsh
by mangrove. Surface elevation tables (SETs) were indtall#2 coastal wetlands in
Southeastern Australia to establish elevation and accteti@ctories for
comparisons with mangrove encroachment of saltmarsh and staidev SETs
confirmed that the elevational response of wetlands is noon@lex than accretion
alone and elevation changes may also be attributed to betaweyprocesses that
alter the soil volume such as subsidence/compaction, groundwaitarevol
fluctuations, and below-ground biomass changes. A simple modatiprgach was
employed to establish a relationship between the obseatedf mangrove
encroachment of saltmarsh and relative sea-level risehvincorporates the eustatic
component of sea-level rise and changes in the marsh elevaittreasing access to
high resolution digital elevation models will enhance our cap&eipredict the
response of coastal wetlands to sea-level rise. Longdatasets of elevation
dynamics and improved understanding of the feedback mechanisuesaiig

marsh elevations will further enhance our modelling capacity.



Introduction

Mangrove and saltmarsh communities in southeastern Australtgmacally located
within the intertidal zone of estuaries, including barrstuaries, drowned river
valleys and coastal embayments (Rbwl.2001). Due to their location within the
intertidal zone, they are particularly susceptible tdideén quality and extent due to
changing water levels and other changes to the tidal p@swer. the past five decades
a trend of mangrove encroachment of saltmarsh and correspondiing dec
saltmarsh extent has been identified (Saintilan andanif 1999; Saintilan and
Williams 2000). Proposed causes of mangrove encroachment includesedaese
(Saintilan and Hashimoto 1999), subsidence/compaction (Burton 1988|Bai

1998; Vanderzee 1988), elevated nutrient levels (McLoughlin 1988; McLoughli
2000), altered tidal regimes (Morton 1994) and increased preimpi®IcTainshet

al. 1986). The observed expansion of mangrove has coincided with a period of
moderate rates of sea-level rise, with average relata-level increasing estimated to
increase at 1.2 mni‘yaround Australian between 1920 and 2000 (CSIRO and BOM
2007). To protect coastal saltmarsh from further decline MWN®astal saltmarsh

has been listed as an endangered ecological community alevskdse has been
identified as a key threatening process under the NSW Threld&geeies Act

(1995).

Mangrove and saltmarsh communities in Southeastern Australdiwanally
inundated by turbid tidal waters. As tidal flow moves owervegetation, friction and
marsh elevation diminishes the flow velocity and enabldsrsnt and organic
material to settle on the marsh surface. In Southeastetrehaisvhere saltmarsh
communities are typically located at higher elevations withe tidal prism, vertical
accretion is typically lower than adjoining mangrove commus)itiespite vegetation
density generally being greater (Rogers 2004). This relatiobhgitnpeen vertical
accretion, tidal flow and marsh elevation has been recegis some time and
marshes have been found to accumulate sediment and organi@lnaatates
equivalent to historic rates of sea-level rise (Brickesd&t al. 1989; McCaffrey and
Thomson 1980; Oertelt al. 1989).

Due to this relationship, it has been predicted that thaaity of a wetland to keep

pace with sea-level depended on its ability to maintawagion though processes of



vertical accretion (Kearnest al. 1994; Reed 1990; Reed 1995). Wetland
vulnerability was determined on the basis of comparisonsdegtaccretion and sea-
level rise. . When sea-level rise exceeded ratescoétan, sites were identified as
having an accretion deficit and were therefore identifedeang vulnerable to
submergence. Global sea-level rise of about 17 cm in the&@ury (CSIRO and
BOM 2007) has been implicated in the submergence of coastahdetthroughout
the world (Reed 1988; Reed 1989; Reed and Cahoon 1993).

However, recent research has identified that the etmaltresponse of wetlands to
water level changes may be more complex over shorter tehggatas. Sub-surface
processes such as compaction, plant growth, plant and peat dettimmpasd
shrink-swell of sediments associated with water storageatsayinfluence the soil
volume of coastal wetlands (Cahoetmal. 1999). These processes may cause a
disparity between marsh elevation change and accretion/eragityenomenon first
identified in the marshes of Boston, Massachusetts, USA thane40 years ago
Kaye and Barghoorn (1964). Since this time, numerous studies hatéiedethat
shallow compaction/subsidence of marsh soils may cause dcagnieficit between
elevation gain and sea-level rise, which is known as lewdégon deficit”. Elevation
deficits have been implicated in the inundation and loss témgs in the USA
(Cahoonret al. 1999; Cahoorret al. 1995), Honduras (Cahoat al. 2003), Italy (Day
et al. 1999) and France (Hensalal. 1999).

Surface elevation tables and marker horizons (SET-MH) teetmique employed
both within Australia and globally to explore the relationship betwaccretion and
elevation gain within coastal wetlands. A SET-MH netwodswestablished in
Southeastern Australia in 2000 to provide information on the eteadtand
accretionary response of mangrove and saltmarsh communisiea-tevel rise. In
this paper we explore the elevational and accretionappnsg of mangrove and
saltmarsh in southeastern Australia with respectdmbserved changes in mangrove
and saltmarsh extent over the previous five decades. Witlalgtea-level projected
to increase by 18 to 59 cm relative to 1990 levels by 2100 (CEHRIBOM 2007),
understanding the mechanisms that contributed to the recent expaingiangrove
in Southeastern Australia may provide important insights intéutiiee stability of

these system.



METHODS

Study site

The study extends over 12 sites and includes 7 estuariegjimglUkerebagh Island,
Tweed River; Kooragang Island, Hunter River; Berowra CreekMarramarra
Creek, Hawkesbury River; Homebush Bay, Parramatta Rienamurra River;
Cararma Inlet and Currambene Creek, Jervis Bay; Rhyll,| Glend, French Island
and Kooweerup, Westernport Bay, Victoria (Figure 1). Mangroxksaltmarsh are
the typical intertidal vegetation at these study sites. Masmgspecies diversity
declines with increasing latitude, while saltmarsh spetiiessity increases with

increasing latitude. All sites are inundation diurnally andl@kh mesotidal regime.
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Figure 1: Location of study sites in Southeastern Australia

Surface elevation and accretion analyses
Surface Elevation Tables (SETs, version IV, Caheoal. 2002) were used to

investigate surface elevation dynamics (Figure 2). SETisledatection of changes

in surface elevation in intertidal and shallow sub-tidal emrnents and have a

confidence interval of 1.4 mm (Cahoenal.2002). SETs were installed according to



the techniques of Boumans and Day (1993). A total of 72 SET maonjtstations
were established within mangrove, saltmarsh and mixed nmesgaltmarsh
communities at study sites (Table 1). Measures were &tkaannual to annual

frequency, commencing in 2000.

Vertical accretion was determined in conjunction withheBET monitoring station.
Three feldspar marker horizons (MH) were established on #énsmsurface at the
perimeter of each SET monitoring station at the time oiriial SET measurements
(i.e. 29 January 2002). MHs serve as a marker against wiitbal accumulation of
sediment and organic matter can be determined. Accretisrdetermined by the
distance between the marsh surface and the horizon withmitihheore. Cores were

collected in conjunction with SET measures, at a biannwainiaal frequency.
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Figure 2: Overview of the Surface Elevation Table. SouCedtoon (2006).



Table 1: Surface Elevation Table monitoring stations and $sagngéates; and historic

and contemporary aerial photograph dates.

Site Zones SETs| Baseline Sampling Aerial

(3/zone)| measures dates Photograph
Dates
(time 1, time 2)

Ukerebagt Mangrove 6 30/11/0( 8/12/01, 4/11/02, 1/10/( 1948, 199°

Island, Saltmarsh

Tweed River

Kooragang Mangrove 9 29/1/02 4/3/03, 18/11/03

Island, Mixed

Hunter River | Saltmarsh

Berowra Mangrove 6 11/12/0: 14/3/03, 10/7/0

Creek, Saltmarsh

Hawkesbury

River

Marramarre Mangrove 6 20/12/0: 2/4/03, 17/7/0

Creek, Saltmarsh

Hawkesbury

River

Homebush Mangrove 9 11/2/00 15/8/00, 16/3/01, 26/9/01, 1930, 2000

Bay, Mixed 19/4/02, 14/2/03, 7/8/03,

Parramatta Saltmarsh 20/1/04

River

Minnamurra Mangrove 6 11/9/01 17/10/02, 5/8/03 1949, 1897

River Saltmarsh

Cararma Inlet, | Mangrove 6 2/8/01 26/10/02, 14/8/03 1948, 1999

Jervis Bay Saltmarsh

Currambene Mangrove 9 3/2/01 | 4/2/02, 4/2/03, 3/9/03, 4/2/ 1949, 199°

Creek, Mixed

Jervis Bay Saltmarsh

Rhyll, Mangrove 6 15/10/00| 18/11/01, 4/12/02, 12/11/03 1939, 199

Westernport Saltmarsh

Bay

Kooweerug Mangrove 6 18/10/0C | 13/11/01, 4/12/02, 13/11/ 1939, 199

Westernport | Saltmarsh

Bay

French Island, | Mangrove 6 16/10/00| 16/11/01, 3/12/02, 11/11/03 1967, 199

Westernport | Saltmarsh

Bay

Quiail Island Mangrove 6 17/10/0C | 17/11/01, 13/1/03, 101/03 1973, 199

Westernport | Saltmarsh

Bay

'Data sourced from Wilton (2002Data sourced from Chafer (1998).




Statistical analyses

SET values that were not within two standard deviationseofmean for a sample
were regarded as outliers and excluded from statisticdyses. These outliers may
occur when SET pins are located on an obstruction, such aumatophore or crab
hole. The corrected data set was then used to determiaeesetévation and

accretion dynamics.

Measures of the change in surface elevation and verticatixcwere standardised
by conversion to rates of surface elevation change and Vextiation (mm ).
Two-way Analysis of Variances (ANOVASs) was used to idgrgtatistical

differences between rates of vertical accretion ovez amd rates of surface elevation
change and over time within a site and within zones. Muitit@ANOVAs were

used to identify statistical differences between ratesurface elevation change and

vertical accretion within zones and over time.

Comparisons were made between rates of surface elevatiorechateg of vertical
accretion and rates of sea-level rise. Rates of sehrise were determined from
reliable long-term water level data sets from nearbigmlavel or ocean level gauges.
Comparisons were made with long-term rates of sea-leeeclh@sed on the entire
length of the reliable data set, and short-term rates désehbrise, based on water

level changes identified over the period of SET measures.

Tidal inundation models

Tidal inundation models (TIMs) were developed for the Ukegkbaland,
Minnamurra River, Cararma Inlet, French Island, Kooweerupjl@land and Rhyll
study sites to provide information on the underlying topographytddimique
employed was adapted from Engleshal. (1997) and applied by Saintilan and Wilton
(2001). Stakes, marked with water soluble dye, were placed tioauthe study sites
in a systematic, grid-like manner prior to inundation from higingpides. Following
inundation from the tide, stakes were geopositioned and the inundaitibih he
recorded. TIMs were developed within an ArcView GeograpHurimation System
(GIS) using the 3D analysis extension (ESRI Inc, version Brigngulated Irregular
Networks (TINs) were developed by transforming the two dinoerasistake location

(x and y values) and inundation (z value) into 3 dimensionairimdtion. TIMs that



could be used for further analysis were developed by convertimgehsional TINs
into raster format using the Spatial Analysis extension.&h#gls complement the
TIM developed by Wilton (2002) for Currambene Creek.

Aerial photograph interpretation and mangrove and saltmarsht exmping

Historic (time 1) and contemporary (time 2) aerial photographtiseo$tudy sites at
French Island, Kooweerup, Quail Island and Rhyll (Table 1) weerseed and
imported into an ArcView GIS (ESRI Inc. version 3.2) using Image Analysis
extension. Digital images were georectified, with a mmetin square error of less than

five pixels, considered appropriate.

Mangrove and saltmarsh community boundaries were delineatédtoric and
contemporary georectified digital images according to the potgtestablished by
Wilton and Saintilan (2000). Individual themes (shapefiles), wbantain spatial
information, were created from historic and contemporary imfgesach study site.
Individual themes were converted into raster format usingpatial Analysis
extension. These themes complemented similar themes pidpatékerebagh
Island, Cararma Inlet and Currambene Creek by Wilton (2002M@maamurra River
by Chafer (1998).

Rates of Vertical Upslope Mangrove Encroachment

The mean inundation elevation at which mangrove and saltmassired at each
study site for the historic mapping period (time 1) and the cqraearny mapping
period (time 2) was estimated by overlaying mangrove amthaeh extent themes
on TIMs using the Spatial Analysis extension. Rates of upslop&tioig were
estimated as the difference between the mean inundag¢ieatien at time 1 and time

2 and standardised for time.



RESULTS

Surface elevation, vertical accretion and sea-level rise

Both vertical accretion and surface elevation varied Bagmitly over time for most
study sites (Table 2) and relationships were not establisheddeimean rates of
surface elevation change and long-term sea-level chanigie wWie mangrove zone
(R?=0.0019, p=0.8940) and saltmarsh zofe@0381, p=0.5430) or mean rates of
surface elevation change and short-term sea-level chatiga thie mangrove zone
(R?=0.0845, p=0.3593) and saltmarsh zofie(r14448, p=0.2224). Long-term rates
of sea-level change exceeded rates of surface elevaamge at 58% of mangrove

sites and 33% of saltmarsh sites (Table 2).

Whilst vertical accretion contributes to marsh surface émvahanges, a

relationship was not established between surface elevéizomge and vertical
accretion for all study sites within southeastern Austrafiz0(0112, p=0.5998). At
most sites, rates of vertical accretion were high tages of surface elevation change,
indicating significant shallow compaction of the soil volume (T&)ldHomebush

Bay is regarded as relatively stable with rates dbserelevation change not
significantly different to rates of vertical accretid®=0.723). Some sites, namely the
saltmarsh at Cararma Inlet and Homebush Bay, exhibitesl shtirface elevation
increase in excess of rates of vertical accretion. Mewehe general trend for all
study sites was for marsh surface elevation changesdorbmated by vertical

accretion and compaction.



Table 2: Mean (standard error) rates of vertical amretnd surface elevation change within zones at studytsiteagghout Southeastern

Australia and p-values indicating differences in rates tines.

Site Zone | Sea-levelrise Rate of |Accretion over Rate of Elevation |[Compaction| Accretionv. | Accretion v. Elevation
(long-term, | Accretion Time Elevation Change over| (mmy™) Elevation Elevation Deficit
short-term) (mmy™) P-value Change Time (within sites) | (within zones)| (long-term,

(mmy™?) P-value P-value P-value Short-term)
Ukerebagt Mangrove -0.4,-0.47 2.21+0.3 P<0.00: 2.40+1.3! P=0.04: 0.1¢ P=0.(14 P=0.03( 2.80, 2.8
Island Saltmarsh 0.50+0.23 0.49+0.68 -0.01 P=0.100 0.89, 0.96
Kooragang |Mangrove 1.18,-0.55 4,72+0.05| P<0.001 1.98+0.54 P=0.064 -2.74 P<0.001 P<0.001 0.80, 2.53
Island Mixed 4.19+1.25 2.05+0.63 -2.14 P<0.001 0.87, 2.60
Saltmarsh 2.03+0.38 1.92+0.98 -0.11 P=0.281 0.74, 2.47
Berowra Cree Mangrove}L 0.69, 25.9 5.47+0.5: P=0.02- -1.51+2.6! P=0.30¢ -6.9¢ P=0.00: P=0.00: -2.20,-27.4:
Saltmars 5.05+0.72 1.29+1.48 -3.76 P=0.165 0.60, -24.62
Marramarre Mangrove}L 0.69, 25.9 0.49+0.4! P=0.57. -2.25+1.7! P=0.00: -2.74 P<0.00: P=0.03: -2.94,-28.1¢
Creek Saltmars 1.79+0.56 -2.53+1.27 -4.32 P<0.001 -3.22, -28.44
Homebush BayMangrove 0.91, -9.52 4,58+0.28/ P<0.001 5.64+2.15 P<0.001 1.06 P=0.723 P=0.840 4.73,15.16
Mixed 3.33+0.81 4.66+1.16 1.33 P=0.654 3.75,14.18
Saltmars 2.20+0.29 2.92+1.59 0.72 P=0.905 2.01,12.44
Minnamurra Mangrove}L -1.16,-6.17 6.64+0.5; P=0.55" 0.61+0.4- P=0.35:. -6.0Z P<0.00: P<0.00: 1.77, 6.7
River Saltmars 5.93+1.21 0.26+0.87 -5.67 P<0.001 1.42,6.43
Cararma Inle Mangrovj‘ 0.91,-34.9: | 3.03+0.4 P<0.00: -0.81+1.0( P=0.00t -3.84 P=0.07: P<0.00: -1.72, 34.1.
Saltmars 1.27+0.13 3.25+0.71 1.98 P=0.004 2.34,38.18
Currambene [Mangrove 0.91,-34.93| 0.65+0.34| P<0.001 0.29+2.02 P<0.001 -0.36 P=0.041 P=0.105 -0.62, 27.77
Creek Mixed 1.37+0.48 0.07£1.49 -1.30 P=0.287 -0.84, 27.56
Saltmars 0.33+0.11 0.14+1.48 -0.19 P=0.429 -0.77, 27.62
Rhyll Mangrove}L 0.26,-4.0% 5.10+0.7. P=0.16! 0.92+1.8 P<0.00: -4.1¢ P=0.00: P=0.00: 0.66, 4.9
Saltmars 1.59+0.19 0.64+0.75 -0.95 P=0.110 0.38, 4.69
Kooweeruy Mangrovj‘ 0.26,-4.0% 7.20+0.8! P=0.05: -0.03+2.2: P<0.00: -7.2% P=0.00: P=0.00: -0.29, 4.0
Saltmars 2.03+0.32 -0.16+0.94 -2.19 P=0.022 -0.42, 3.89
French Island Mangro;te 0.26, -4.05 9.49+2.69| P<0.001 -2.13+1.66 P<0.001 -11.62 P<0.001 P<0.001 -2.39,1.92
Saltmars 4.07+0.25 5.27+0.96 1.20 P=0.176 5.01, 9.32
Qualil Island | Mangrove 0.26, -4.05 6.77£0.79| P=0.095 -2.60+£2.07 P=0.009 -9.37 P<0.001 P<0.001 -2.86, 1.45
Saltmars 2.35+0.96 -0.68+1.18 -3.03 P<0.001 -0.94, 3.37




Mangrove encroachment and sea-level rise

The TIMs typically showed a gradual elevation increase Beagrass beds and
mudflat at the front of the mangrove zone, peaking withinaltenarsh zone. The
mean inundation elevation of mangrove, saltmarsh and mieedjrove-saltmarsh
vegetation at study sites according to historic and contempaeaigl photography is
detailed in Table 3. At all sites, except Quail Islaades of upslope mangrove
encroachment exceeded long-term estimates of sea-levejerserated from reliable
long-term water level data sets from water level androt®ael gauges located near
the study sites (Table 3). Mangrove encroachment at Quaildsias not used for
further analysis as mangroves had receded over time at #i®tosite for SETs and
inundation models. This recession was localised and Quail Istdingixhibited a

general trend of mangrove expansion into saltmarsh (Regeais2005b).

Table 3: Mean (standard deviation) inundation elevation for naagsaltmarsh and
mixed mangrove-saltmarsh, rate of vertical upslope mangrarearhment and

long-term sea-level rise at study sites throughout southeaststraia.

Sites Zone Mean Inundation Elevation (m) Upslope Long-term
— Mangrove Sea-level
Historic Contemporary Encroachment Rise
(mmy™) (mmy™)

Ukerebagh Island Mangrove 1.12 (0.52) 1.19 (0.43) 14 -04
Mixed 1.66 (0.04)
Saltmarsh| 1.63 (0.20) 1.68 (0.09)

Minnamurra River | Mangrove 1.18 (0.37) 1.19(0.38) 0.2 -1.16
Saltmarsh| 1.45 (0.26)

1.51 (0.29)

Cararma Inle Mangrove | 1.33 (0.16 1.54 (0.22 4.1 0.91
Mixed 1.72 (0.13)
Saltmarsh| 1.76 (0.18) 1.84 (0.10)

Currambene Creek  Mangrove 1.05 (0.49) 1.30 (0.51) 5.7 0.91
Mixed 1.39 (0.37) 1.59 (0.28)
Saltmarsh| 1.72 (0.26) 1.67 (0.32)

French Island Mangrove 1.91 (0.18) 2.06 (0.28) 4.7 0.26
Saltmarsh| 2.66 (0.19) 2.67 (0.15)

Kooweerup Mangrove 1.65 (0.31) 1.87 (0.45) 3.7 0.26
Saltmarsh| 2.47 (0.34) 2.57 (0.28)

Quail Island Mangrove 1.98 (0.21) 1.91 (0.18) -2.7 0.26
Saltmarsh| 2.83 (0.23) 2.80 (0.26)

Rhyll Mangrove | 2.18 (0.17 2.29(0.21 1.8 0.2¢
Saltmarsh| 2.53 (0.21) 2.71(0.15)




However, comparisons of TIMs with rates of vertical apsl mangrove
encroachment assumes that marsh surface elevationsterarstiethat the recent
marsh topography accurately represents historic marsh topographg spkcifically,
they rely on the assumption that sea level alone has risg¢ivedo the marsh surface.
Our analyses of surface elevation dynamics indicate thahrearface elevations are
not static and vary over time and that surface elevation dgsaran not be attributed
to vertical accretion alone. To account for the dynamic eaifithe marsh
topography, rates of mangrove encroachment should therefompared to relative
rates of sea-level rise, which incorporates the eustatigponent of sea-level rise and
changes in surface elevation. A significant correlation wabkshed between rates
of upslope mangrove encroachment (Table 3) and rates of redativievel rise
(Figure 3), which incorporates long-term rates of sea-leseland rates of surface
elevation change according to the equation:
y=m(a+b)+c

Where: y = change in mean inundation elevation of the maagmve (mm V)

m = constant, estimated at 0.88 mrh y

a = eustatic rates of sea-level rise (mth y

b = rates of saltmarsh surface elevation change ()m y

c = constant, estimated at 3.11 mi y
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DISCUSSION

Surface elevation dynamics

Our analyses of mangrove and saltmarsh surface elevation dgiadicates that
elevation changes within mangrove and saltmarsh are moggeothan vertical
accretion alone. Three possible accretion and elevatiaadtiten scenarios were
identified:

1. Vertical accretion = surface elevation change: This seemnas evident
within all zones at Homebush Bay and Currambene Creek and within
saltmarsh zone at Ukerebagh Island, Kooragang Island, BeGreek, Rhyll
and French Island. In these cases marsh elevation wga$ylaontrolled by
surface processes of mineral and organic matter accuaomulat

2. Vertical accretion > surface elevation change. Thisaeeccurred within
the majority of zones within sites. The disparity betwemmetion and
elevation change is largely attributed to below-ground peasethat act to
reduce the soil volume.

3. Vertical accretion < surface elevation change. Thisatemas evident
within the saltmarsh at Cararma Inlet and the mangroveebkgh Island and
to a small extent within the saltmarsh at French Islatidpadh this was not
significant. There was also significant uplift evident witthie saltmarsh zone
at Homebush Bay during the first sampling period.

These results support previous research indicating that marsdrability to
submergence from rising sea levels should account for below-grooogspes as

well as surface processes of vertical accretion.

Processes influencing marsh surface elevation dynamics

Processes that may influence marsh surface elevationberatjributed to

geological, hydrological or biological processes (Cahetaal. 1999) and all of these
processes were observed at sites within southeastern Aastifadi general trend to
be dominated by surface processes of vertical accretion andctompof the soil
volume. Vertical accretion exceeded surface elevation gaimost sites and this was
largely attributed to shallow compaction associated wotisolidation and
compaction of the soil volume, plant and peat decomposition and sigink#he soil

volume associated with reduced water storage.



Many of the observed elevation changes were attributed to hydralg@gocesses. An
El Nino related drought and associated reduced rainfall anchdwater availability
throughout Southeastern Australia over the study period causguifecant reduction
in soil water storage and has been identified as signifaramr of marsh surface
elevation decline at study sites (Rogetrsl.2008; Rogergt al.2005b; Rogerst al.
2006).

Hydrological processes were also identified as a s@amifiinfluence on marsh uplift
at Cararma Inlet, Ukerebagh Island and French Island.s&ibns within the
saltmarsh at Cararma Inlet are located immediately ssid#inge natural saltwater
ponds, SET stations within the mangrove at Ukerebagh Islaridcated near a small
drainage creek, while SET stations within the saltmar$heaich Island are located
immediately north of evaporation ponds that are an artefactdrsaft extraction
industry established within the saltmarsh in the 1850s. ttlithese sites is largely
attributed to ponding of water and an increase in soil poterwtorage within the
vicinity of SET monitoring stations. Increased pore wateagi@ihas been implicated
in the uplift of marshes in numerous studies (Cahetad. 1999; Cahoon and Lynch
1997; Cahooret al. 1995).

An observed increase in uplift event within the saltmarsh abhk®mebush Bay
within the first year of sampling was attributed to biologmalcesses (Rogeet al.
2005a). A measured increase in the above-ground biomass of mesgithin the
saltmarsh zone and associated expansion of the root volusedcan increase in the

saltmarsh surface elevation in excess of that attribotedrtical accretion.

Mangrove encroachment of saltmarsh

Previous comparisons between mangrove encroachment and deséedi not
establish a causal link between the two trends (Wilton 2008)ly&es of surface
elevation dynamics within mangrove and saltmarsh in Southeastistralia indicate
that marsh surface elevations are not static but vary aweriti response to both
surface and below-ground processes. Comparisons of mangrovadment and
sea-level rise should therefore incorporate marsh surfacateln changes that may

act to alter water levels with respect to the mausfase.



Rogerset al. (2006) established a relationship between contemporary rates of
saltmarsh surface elevation change and long-term ratesngfrove@ encroachment
into saltmarsh. In this paper a relationship was establisaeveen mangrove
encroachment of saltmarsh and relative sea-level risiehvincorporates the eustatic
component of sea-level rise and saltmarsh surface elevdtamges. We propose that
mangrove encroachment of saltmarsh can largely be attritutadstatic sea-level
rise and site specific factors that may act to altersimsurface elevations. Site
specific factors identified within this study include consdlmaand compaction of
the soil volume, plant and peat decomposition, plant productivitygharnak-swell of

the soil volume associated with fluctuations in soil poreewstiorage.

Implications for assessing the vulnerability of coastalamets to sea-level rise

Technological improvements have lead to an evolution in the agptaken to assess
the vulnerability of coastal wetlands to sea-level ris¢ialranalyses of vertical
accretion and sea-level lead to the concept that ofmakngelopment keeping pace
with sea-level rise (Mudge 1858). This concept was not challemyédnoderate
rates of sea-level rise in the latter half of th& 26ntury lead to the identification of
accretion and sea-level disequilibrium’s (Orstral. 1985). Marsh vulnerability
assessment relied on the determination of accretion ddfi@éed on comparisons of
vertical accretion to sea-level rise (Baumanml. 1984; Cahoon and Turner 1989;
DelLauneet al. 1983; Reed and Cahoon 1993). The development of SET-MH
technology has enabled the differentiation between surfacesdmd-ground
processes that may alter marsh surface elevations andabhilitg assessments now
rely on the determination of elevation deficits, definechaddifference between
surface elevation changes and sea-level rise (Cattoain1999; Cahooret al. 1995).
In this paper we used a simple modelling approach to attnbaitgjrove
encroachment of saltmarsh and loss of saltmarsh exteziative sea-level rise. The
development of LiDAR technology and associated high resolution Idadgteation
models will further enhance our ability to assess the vulnéyabilcoastal wetlands

to sea-level rise.

However, our analyses of surface elevation dynamics indicat@rojected sea-level
rise may not result in an equivalent upslope translation afjroae and saltmarsh

communities. Rather surface and below-ground processes al&dT el@vations over



time and modelling of the impacts of sea-level rise angnove and saltmarsh should
incorporate surface elevation dynamics into digital elevatiodels. More
specifically, models of the response of coastal wetlandsatéesel rise should be

based on high resolution dynamic elevation models.

Vulnerability assessment based on dynamic elevation modelsalvaaey begun to
emerge within scientific literature. For example the SexelL Affecting Marshes
Model (SLAMM) incorporates factors that may influence marsfese elevations
and applies these to digital elevation models to project thebdigon and loss of
wetlands communities (Glicgt al.2007). This model has been applied to wetlands
within Puget Sound, Chesapeake Bay and South Carolina, USA (BLAkv

2009). A 10 year surface elevation and vertical accreticnsitis now being
collated for study sites in Southeastern Australia. Colledidhis data set coincides
with wider coverage of coastal LIDAR surveys and greateess to high resolution
digital elevation surveys. By applying our 10-year elevatioa dat to high resolution
DEMs, we propose to develop dynamic elevation models for coastiaings to
establish the likely impact of projected sea-leved e mangrove and saltmarsh
communities of Southeastern Australia.

A negative feedback loop was first proposed by Pethick (1981), whereby
sedimentation causes marsh surface elevation increagefytidecreasing the depth
and period of tidal inundation and subsequently causing sedimertitatienrease.
This negative feedback loop was further developed by Saisetilan(2009) to
incorporate both surface and subsurface processes that magaaksérelevations
(Figure 4). More specifically, this adapted negative feekib@aap incorporates the
influence of compaction, sea-level variations and vegetdgosity on elevation gain.
As our understanding of the processes influencing marsh suléaedien increase
and the feedback mechanisms associated with changkstrproductivity, organic
matter accumulation and decomposition and water level chaegese evident,
vulnerability assessment will undergo further evolution to iporate these processes.
We propose that the next evolution of coastal wetland vulneraagggssment will
incorporate feedback mechanisms by the inclusion of dynamicaliggied changes

in the rates of surface elevation gain/loss within models.



Figure 4: Relationships between sedimentation and elevation oasgat saltmarsh.
Source: Saintilaet al. (2009).
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