
Westernport Bay
Coastal wetland 
geomorphology

Associate Professor Kerrylee Rogers1

Professor Neil Saintilan2

1 Kerrylee@uow.edu.au; University of Wollongong
2 Neil.Saintilan@mq.edu.au; Macquarie University



Salt
Flat

Tidal flat
(40% of area)

Seaward
Margin

Rhizophora
(33% of area)

Bare
Mudflats

Transition

Sonneratia albaRhizophora stylosa

Ceriops tagal
Bruguiera

exaristataCeriops tagal
Mixed
species

8

7

6

5

4

3

2

1

0

H
ei

gh
t (

m
)

Po
rt

 D
ar

w
in

 D
at

um

Inundated twice dailyMean 
high

water 
neaps

Inundated twice daily, 
every fortnight

Mean sea level

Mean spring tide

Mean neap tide

Samphire

Irregular 
Inundation

Hinterland
Margin

Background: Zonation & accommodation space

Adapted from: Brocklehurst and Edmeades (1996)

Highest Astronomical Tide



Sedimentation here 
increases elevation…

…..resulting in conversion to 
climax community over time.

Changes are primarily 
geomorphologically controlled

Background: Geomorphological evolution



Dependent upon:

• Mineral sedimentation ( )

• Organic matter additions ( )

• Sea-level rise ( )

• Compaction ( )

↑ substrate
volume

↑ accommod.
space

 

Adapted from: Allen (2000)

Background: Sea-level rise & accommodation space

•  

↑ accommod.
space

↑ substrate
volume



Aim
• To characterise the geomorphological wetland units 

around Westernport Bay

1. First pass assessment of vulnerability to sea-level rise
2. Shoreline analysis to determine prograding and 

retreating shorelines

Objectives
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Vulnerability is a function of the character, magnitude, and 
rate of climate change and variation to which a system is 

exposed, its sensitivity, and its adaptive capacity. 
(IPCC 2007)

Vulnerability =
Exposure + Sensitivity + Adaptive Capacity

Framework of vulnerability assessments



Estuary

Vulnerability
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Estuary 
zonation

Topography 
(elevation, 

slope)

Sensitivity

Maturity

Geology

Adaptive 
capacity

Bedrock valley 
shape

Maturity

Marine zones 
preferentially influenced 
by marine climate drivers

Alluvial zones 
preferentially influenced 

by terrestrial climate 
drivers

Estuarine zones exposed 
to both marine and 
terrestrial drivers

Integrating geomorphic and 
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Mature estuaries have 
history of higher 

sediment supply and 
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to sea-level rise

Un-lithified geology more 
sensitive to erosion than 

hard bedrock geology

Low lying land 
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inundation
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accommodation space is 
greater than sediment 
demand for narrow or 

shallow valleys
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Rogers, K., & Woodroffe, C. D. (2016). Geomorphology as an indicator of the biophysical vulnerability of estuaries to coastal and flood hazards 
in a changing climate. Journal of coastal conservation, 20(2), 127-144.







2. Shoreline Change: discussion
• Discussion item



Aim
• To characterise the decadal to century-scale 

geomorphological response of coastal wetlands to sea-
level change

1. Determine contemporary erosion and accretion rates 
using existing SET-MH network

2. Quantify century-scale accretion characteristics
3. Characterise sediment composition (grain size etc.)
4. Measure and assess erosion at Lang Lang

Objectives



Monitoring response to SLR

Position:
• RTK-GPS
• Water level 

loggers
• LiDAR DEM

Sediment:
• Grain size
• Bulk density
• LOI
• %C, %N
• δ13C, δ15N
• ITRAX

Dating:
• 210Pb
• 137Cs
• 14C



1. SET-MH technique

• 24 SET-MH established in October 2000.
• Part of SE Australian network of >100 SETs
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Kooweerup
SETs
• 3 x high marsh

Mean elevation ~1.8 m
Tecticornia incursion

• 3 x high mangrove
Mean elevation ~1.3 m
Avicennia ~ 2.2 m ht
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Technique Accretion/SE change Period

Mangrove SET 0.81 ± 0.24 mm/y
R2= 0.61

10/2000-2017

210Pb 11.75 mm/y*** 13 years

Saltmarsh SET 0.29 ± 0.09 mm/y
R2= 0.59

10/2000-2017

210Pb 1.68 mm/y*** 92 years

Sea level 
change

Tide gauge 
(Stony Point)

3.14 ± 1.11 mm/y
R2= 0.04

10/2000-2017

Tide gauge 
(Stony Point)

2.65 ± 0.62 mm/y
R2= 0.06

1993-2017

Tide gauge 
(Williamstown)

1.73 ± 0.14 mm/y ~1920 - 2015



2. Century scale sedimentation example
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Mangrove accretion 
over past ~85y

• Mean = 1.6 mm/y
• Max = 2.2 mm/y
• Min = 1.37 mm/y

Saltmarsh accretion 
over past ~105y

• Mean = 1.24 mm/y
• Max = 1.34 mm/y
• Min = 1.15 mm/y

Mass accumulation lower in the mangrove: More organic contribution??

1974 Sygna
storm??

Mangrove accretion accelerating

2. Century scale sedimentation example



High energy marine 
processes facilitating 

platform development

~1970

High energy marine 
processes facilitating 

platform development

~1930

~1700??

3. Sediment composition example



Comments on 
“Quantification of coastal 

bank erosion rates in 
Western Port”

Kerrie Tomkins, Gordon McLachlan, Rhys Coleman

4. Erosion at Lang Lang





Long history of erosion: earliest surveys



Erosion Pins: 2012-2013



“Smoothing” of the coastline



Key Findings
• Erosion ~ 0.3m per year = 6.2 kT sediment
• This represents approx. one third of sediment 

inputs into the bay
• (270 000 tonnes since 1947)
• Primarily the result of orientation in relation to 

prevailing winds and longer fetch
• Seasonal rates related to evaporative drying during 

the summer rather than storminess



Suggestions for further research
• Re-measure erosion pins (concreted in- most 

should still be there)
• TLS profiling possible but would require a stable 

platform
• Shoreline change detection over the 8.6km high 

erosion section (2013-2020)
• Inter-decadal and inter-centurial changes in wind 

orientation
• Exposed swamp dating and palynology as a clue to 

Bay evolution



Exposed Swamp deposits


