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1) Large scale controls on coastal systems
2) Coastal Ecosystems

3) Sediment Analysis
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The coastal zone

The interface between land and sea

Comprised of several zones - varying processes and energies

Low-tide

Storms
Deep water waves

and currents

Tides and waves

Subaerial and aeolian

(above the water) Breaking waves
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The beach profile

There is an energy gradient present across the active profile

Determined by the processes acting within each zone
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The beach profile

Expressed by a change in grain size

Coarsest grains are in the swash zone and on the beach berm
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The beach profile

Expressed by a change in grain size

Coarsest grains are in the swash zone and on the beach berm
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(1) Swa Zone

Swash zone: the land-ocean boundary where waves runup the beach.
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Runup

Uprush (run up) onshore flow fimit D

: Rundown
Breaker line limit

Backwash (return flow) offshore flow

—
——
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Groundwater
table

Generally uprush velocities are greater but
of shorter duration vs the backwash

—

Swash zone*—Subaerial beach—

https://www.youtube.com/watch?v=SDHwWvNHpSpw



http://www.coastalwiki.org/wiki/Swash_zone_dynamics
https://www.youtube.com/watch?v=SDHwvNHpSpw

(2) Beac

h berm

S e e

. Berm crest Bascom's (1953) explanation of berm formation:

- . : "After a wave breaks, the water rushes forward up the beach face, carrying sand with it,

- losing velocity as it goes because it is opposed by gravity and friction and because of water
losses through percolation. As the beach builds seaward, it leaves a nearly horizontal
berm that corresponds to the elevation to which sand had been carried by the swash
runup.”
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CHESIL BEACH AFTER THE STORM OF 6-7th JANUARY 2014, SHOWING A STEEP SEAWARD SLOPE IN THE UPPER PART, AND A STORM TRASH-LINE ON THE VERY CREST OF THE BANK.
This storm caused erosion of the beach. It was moderately bad storm but not at all on the scale of 1824-type of hurricane, which of course is expected again sooner or later. The beach does not
seem to have been seriously overtopped or suffered any major reduction in height of the crest. The main effect in this area was an appreciable steeping of the seaward-sloping surface and an
apparent landward retreat of the seaward face. Loss of pebbles has probably been into relatively shallow water on the seaward side. The landward side does not seem to have moved on
landward to any significant extent. That will happen when a major overtopping storm occurs and new washover fans are formed in the low landward area. Photo: 17th Jan. 2014, lan West © 2014.
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http://www.southampton.ac.uk/~imw/jpg-Chesil/?C=S;O=D
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Coastal boundary conditions

Coastlines are shaped by boundary conditions:

(1) Tectonics (plate boundary position)
(2) Sea level (rising or falling)
(3) Process dominance (waves vs tides). ) Smaller local scale

j Large geological scale




(1) Tectonic setting

Influence first and second order coastal features (i.e. 1000 - 1 km)
Tectonic setting controls morphology of drainage basins + sed supply
These factors and the age of the coast determine shelf width

Wave energy is greatly dissipated across a wide continental shelf

Active coast = close to plate boundary. Passive = away from it.

0 v

~ Tectonic setting = location with respect to plate boundaries.



3 coast types globally (Inman & Nordstrom, 1971)

Collision coast; trailing edge coast; marginal seas
Active margin = collision coast.

Passive margin = trailing edge coast.
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Collision coasts on
2 active margins

5 B Collision coast
B Trailing margin (African)
© Trailing margin (American)

B Marginal sea

Trailing edge on passive margin



https://serc.carleton.edu/integrate/teaching_materials/coastlines/student_materials/558

(Inman and Nordstrom, 1971)

Collision OCEAN BASIN CONTINENT OCEAN BASIN
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(a) Trailing edge coast (passive margin)

« Located far from the active plate boundary (i.e. passive areas)
 Wide coastal plain and continental shelf (also quite shallow)
 Depositional landforms: deltas, estuaries, barriers, and lagoons.
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(o), Collision coast (active margin)

Py

e B

Found on leading edge of the continent where it is crashing into an
oceanic plate (i.e. collision) - mountainous and tectonically active

 Narrow continental shelves and steep continental slopes

Large deltas and barrier islands systems are largely lacking
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(c) Marginal seas

Semi connected to the open ocean

Can be sheltered by islands, barriers or continents - lower waves
Generally shallow in comparison to the open ocean

Tend to have irreqular shaped shorelines.
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Brooke et al,, (2010)

(2) Sea level

Sea level can either be stable or rising or falling:
» Transgression - rising and forms submergent coasts
* Regression - falling and forms emergent coasts.

Last Glacial Last Interglacial

Maximum 5,
Sea Level

Oxygen

/Isutu pe

Stage

T
2a0 (O

Sea Level (m)

OIS (or MIS) (the numbers on the bottom of the graph) represent
alternating warm and cool periods (which drive sea level change).



SEA LEVEL

Emergent coast: regressive sea level

Exposed
wave-cut
bench

Land
surface
rises

Wave-cut Sea level | (- g\cti::
i ; i ea

in the past | e i
wave-cut

bench

Joints

(a) Emergent coasts: Wave erosion produces a wave-cut bench along an emergent oocast. As the land rises, the bench becomes a

terrace, and a new wave-cut bench forms.
Submergent: transgressive

Coastal plain Drowned
Beach valley

Headland

Low sea level High sea level

(b) Submergent coasts: A coast before sea level rises. Rivers drain valleys and deposit sediment on a coastal plain. As a submergent
coast forms, sea level rises and floods the valleys, and waves erode the headlands. http//geologylearn blogspot com/2015/12/causes-of-coastalariabiliy html



Sea level (SL) curves

SL curves show the change in SL over time - e.g. the Holocene PGMT.
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Classification of coasts by tidal range
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(3) Waves vs tides

Wave energy vs tidal energy determines coastal morphology

6 {mm———— (3) Tide dominated

Low wave energy
TR>4 m macrotidal

| (2) Mixed energy
Mod. wave energy
TR 2-4 m mesotidal

| (1) Wave dominated
High wave energy

TR<2m
: microtidal

200

¢ MEAL WAVE HEIGHY o) Tidal range (TR) (in m) = high - Low tide

aaaaaaaaaaaaa



Spring to Neap tide cycle

Relative tidal range (RTR) »

RTR = STR/ Hb I (e

STR = Spring tidal range (m)
Hb = Breaking wave height (m)

——
e

RTR is dimensionless (no unit)
RTR > 3 = tide dominated and RTR < 3 = wave dominated.

RTR 05 = wave dominated ' OB RTR 6 = tide dominated



RTR in Australia:

RTR values

RTR = 750 0
2
Tide-dominated (> 3) Fraser
Exmouth . X
Wave dominated (< 3)
RTR = 0.50 b

RTR > 3 (tides dominant) ;

- T



What drives this split?

Southern coast is exposed to persistent high wave energy from the S - SW.
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What drives this split?

In the northern coast of Australia, there are islands and topography that can:
(1) Distort the tidal wave to amplify tides and (2) block ocean waves.

The coast is “less open” vs the south. M2 Tidal Energy Dissipation

From balance of working and flux divergence

5 ] = : g
6 - r = —
» - - \.
-
;:: i A 3
: 132 : ”~ ’
o~
ha < $

% o
m\‘é‘*ﬂ ‘ |
o -\-* : :

1
L]
-30 -20 -10 0 10 20 30 mW/m =
https://eoimages.qsfc.nasa.gov/images/imagerecords/0/654/dissipation large.jpg

R Ray, GSFC



https://eoimages.gsfc.nasa.gov/images/imagerecords/0/654/dissipation_large.jpg
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RTR in Wales: | ets dg an example: Here we can see a Mean Spring Tidal Range Map from
Horrillo-Caraballo et al (2021)
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RTRin Wales: | ets dg an example: Here we can see a Mean Spring Tidal Range Map from
Horrillo-Caraballo et al (2021)
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RTRin Wales: | ets dg an example: Here we can see a Mean Spring Tidal Range Map from
Horrillo-Caraballo et al (2021)
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RTR in Wales: | ets dg an example: Here we can see a Mean Spring Tidal Range Map from
Horrillo-Caraballo et al (2021)

RTR = STR / Hb

STR = Spring tidal range (m)
Hb = Breaking wave height (m)
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RTRin Wales: | ets dg an example: Here we can see a Mean Spring Tidal Range Map from
Horrillo-Caraballo et al (2021)

RTR = 8 / Hb

STR = Spring tidal range (m)
Hb = Breaking wave height (m)
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RTR in Wales: | ets dg an example: Here we can see a Mean Spring Tidal Range Map from
Horrillo-Caraballo et al (2021)

Oxwich Bay Swell Statistics

August: All Swell - Any Wind RTR — 8 / H b
Too Small 99% (Swell 1.0% -

STR = Spring tidal range (m)
Hb = Breaking wave height (m)

s g \__/
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SW
ﬂ' 3% 0.2%
1.3-2m 2-3m =3m

. 4-5.5ft 6.5-10ft =10ft )
3IgIt as a proportion of time Oxwich Bay Surf Stats (surf-forecast.com)



https://www.surf-forecast.com/breaks/Oxwich-Bay/surf-stats

RTRin Wales: | ets dg an example: Here we can see a Mean Spring Tidal Range Map from
Horrillo-Caraballo et al (2021)

Oxwich Bay Swell Statistics
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STR = Spring tidal range (m)
Hb = Breaking wave height (m)
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3IgIt as a proportion of time Oxwich Bay Surf Stats (surf-forecast.com)



https://www.surf-forecast.com/breaks/Oxwich-Bay/surf-stats

RTR in Wales: | ets dg an example: Here we can see a Mean Spring Tidal Range Map from
Horrillo-Caraballo et al (2021)

Oxwich Bay Swell Statistics

August: All Swell - Any Wind RTR — 8 / 1 3
Too Small 99% (Swel 1.0%) - 0

STR = Spring tidal range (m)
Hb = Breaking wave height (m)

RTR=8/13=6.15
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https://www.surf-forecast.com/breaks/Oxwich-Bay/surf-stats

RTR in Wales: | ets dg an example: Here we can see a Mean Spring Tidal Range Map from
Horrillo-Caraballo et al (2021)

Oxwich Bay Swell Statistics
August: All Swell - Any Wind
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https://www.surf-forecast.com/breaks/Oxwich-Bay/surf-stats

RTRin Wales: | ets dg an example: Here we can see a Mean Spring Tidal Range Map from
Horrillo-Caraballo et al (2021)

Oxwich Bay Swell Statistics
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https://www.surf-forecast.com/breaks/Oxwich-Bay/surf-stats

RTR in Wales: | ets dg an example: Here we can see a Mean Spring Tidal Range Map from
Horrillo-Caraballo et al (2021)
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https://www.surf-forecast.com/breaks/Oxwich-Bay/surf-stats

RTR in Wales:

RTR > 3 =tide
dominated.

Extreme tidal dominance
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RTR in Wales:

RTR > 3 =tide
dominated.

Extreme tidal dominance
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Windy: Oxwich weather forecast



https://www.windy.com/51.555/-4.145/waves?swell1,51.575,-4.079,13

Summary: What shapes coastlines?

(1) Sea level; (2) tectonic setting: and (3) relative wave vs tide energy

(3) Tide dominated
Low wave energy
TR>4 m macrotidal

| (2) Mixed energy
Mod. wave energy
TR 2-4 m mesotidal

| (1) Wave dominated
High wave energy

TR<2m
fete microtidal

MEAL WAVE HEIGHT o) Tidal range (TR) (in m) = high - low tide

aaaaaaaaaaaaa



T TR<2m
N (1) Wave dominated coasts @ Microtida
| C—— TS - RTR <3

Wave-driven sediment transport (e.g. coarser sands)
~ Spits, bars, berms, and barriers
l Wide surf zone |

e.g. West Victoria (RTR:= 0.9; STF& =09-16m)

s

Estuaries close by high wave-energy/transport.
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Longshore drift: Common on
wave-dominated coasts. Drift
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TR2-4m

Mesotidal
RTR: 3.30

Mixed-energy

Barrier Island

Barrier islands with multiple inlets
A smaller surf zone
Mix of sands and muds

Tidal deltas. Ebb tide delta

back-barrier lagoo

tidal flat

/ f ravinement
YA/ // urface




EBB TIDAL DELTAS

Lagoon

Flood-tidal delta: Shoals deposited by the flood tide (landward sde);
Ebb-tidal delta: Deposited by ebb-tidal currents (on the seaward side).




Tidal deltas and barriers can be a visual indicator of coast type:
Wave dominated coasts: More pronounced flood tidal deltas;
Mixed energy: More pronounced ebb tidal deltas (seaward).

Lagoon /
Flood-tidal l

Delta - +—— Platform

Barrier




Microtidal: Barriers are long and thin with little variation in shape;
Mesotidal: Short and narrow in the centre; wider inlet (ebb flows).
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North Beach

Atlantic Ocean

Nantucket Sound _ 2 North Monomoy Island

e.g. Gulf Coast of the US.A.




Tide dominated coasts

Tides are the dominant process shaping landforms (TR: > 4 m)

« Finer sediments (muds)
« Tidal flats and creeks

» Funnelshaped estuaries
with wide mouths

« Flat and low-gradient
beaches.

CTR>4m

Macrotidal e.g. NT (Australia)
RTR=6




Extreme tide-dominance

Bay of Fundy in Canada = the tidal range is 16 m (come in at 5.1 m/s)

Highest tides in the world
RTR: 32 (STR/Hb = 16/0.5).

—

ol ;;‘- 0
§ Lowtide B

Watch someone barely out walk the tide:
https://wwwyoutube.com/watch?v=|0TgFXiPfuk

High tide [



Incoming tide

The shape of the bay amplifies the tide by a Time Lapse vigeo

process called resonance. SR T i, R
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W et

BRUNSWICK

— Shubenacadie River

Bay of Fundy

NOVA SCOTIA



https://earthobservatory.nasa.gov/images/145784/massive-muddy-tides-in-the-bay-of-fundy
https://www.youtube.com/watch?v=l0TqFXiPfuk&ab_channel=ThomasYoung
https://www.youtube.com/watch?v=EnDJ6_XpGfo
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4 Introduction o wind Wave Processes
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Waves transfer energy from the ocean to nearshore
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Marn force controllrng erosron/deposrtron of global coastlrnes
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Photo: N. Rosengren
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Wave generation in the ocean

Generated by vertical displacement of water:
1. Winds acting on the ocean surface;

2. Extreme (sudden) events (e.qg. tsunami);

3. Ultra low-frequency processes (e.g. tldes)
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The height of wind waves is dependent on:

(1) Wind speed.
(2) Wind duration

hanging to
Ripples to chop Fully developed Changing

swell
to wind waves seas S
(_____/\————ﬁ (——N_‘

(3) Fetch distance.

Dire ction of
\  wave advance

=
-

Length of fetch —’/

Fetch: The distance of water wind can move over in a constant direction to generate waves.



Fetch A > Fetch B... so ocean waves would be higher.

(B) Local wind waves in Port Phillip Bay.
(A) Classic Southern Ocean low hitting SW VIC.




Waves organise themselves by period and length and travel in groups called swells

GENERATION PROPAGATION SHOALING - AND

- . _ - BREAKING
(Sea) (Swell) S | (Surf)

s |

g J’("""’\ D=storm duration

{ ' ES_) | P=ECn

U\_,_)%md speed

e Y

Lo T M l

\-A-/\_AA _—-J\_/\,.J\._A_- [} ' )

B tvaptr o ol | -
'enefgy transfer from . energy carried with |
wind to waves = f(U,D,F}

energy delivered fto
the waves the nearshore zaone

Closer to Source

—} Closer to Shore



https://www.surfline.com/surf-news/the-importance-of-swell-period/1555

Coasts are shaped by large scale (sea level and tectonic setting)
| processes and regional scale processes (waves vs tides)

- Wave dominated, mixed energy, and tide dominated coasts all
have different morphologies — ,;,2"‘

Wmd waves transfer energy to coastline = ?

: Wave height/energy a function of: wind speed, duration and fé;tch.
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COASTAL ECOSYSTEMS ESTUARIES


https://www.fisheries.noaa.gov/national/habitat-conservation/estuary-habitat

a-—""" =

Estuarles

g

Dalrymple et al., 1992

7/7@ seaward ,00/’1‘/0/7 0f d dmwned valley which receives seaiment from fluvial and marine
sources and contains facies influencead by wave, tige and fluvial processes.
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. Rosengren



Zones of an estuary

Head (river input); central basin; mouth (enters ocean)




Puget Sound

Comparative bathymetry for Puget Sound and Chesapeake Bay, USA
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Estuary Ecosystem

One of the most productive ecosystems in the world

LUGACRM
[ Ararizaka)

EDELE BLUE
MUSSEL

‘ l [Mytius)

MLID SHRRIF __-:'- "
(Uposbis) R

THREESPINE YWESTERN SANDPIPER
STICHLEBACK

https://oceanservice.noaa.gov/facts/estuarylife.html https://www.hww.ca/en/wild-spaces/estuarieshtml



Zones of an estuary

<+—MOUTH > ——BASIN—>
32 %o SALINITY HEAD

A FACIES BOUNDARY BETWEEN
/ ESTUARINE SAND BODY AND LIMIT OF

NORMAL MARINE SEDIMENTS TIDAL INFLUENCE

i
. 0.1 %e
¥
/ PROCESSES =
' “
RIVER
§ : s’ggfm . "'—'"""""-TIDAL PROCESSES —__——~f—
O " MEN PROCESSES
Q l M : NN
S S s B o T
\ FAUES HOUNDHHT BETWEEN SEDIMENT
\ : . ; MARINE (TIDALLY- ) INFLUENCED
] AND FLUVIAL SEDIMENTS
\ b
\

MARINE )L ESTUARY (this paper) Pd—RIVER—

<— Saline » Mixed (brackish) » Fresh




Geomorphic classification

e.g. Roy (1984): Cooper (2001); Dalrymple et al., (1992)

Estuary

RTR <3

River-dominated

Wave-dominated

| RTR > 3

Tide-dominated

IOCE = Intermittently open/closed estuary = one that closes to the ocean
[sometimes called a saline coastal lake or lagoon] e.g. Painkalac Creek




Zones of an estuary

Ocean Energy Input Low energy High fluvial energy

ESTUARY
CENTRAL

B

2
& o o
Ocean Mouth Central basin Head
River
<«— (oarse sand = Muds + fines ——  Fluvial

FiG. l.—‘(}cgh%r[étg Qpresentatiun of the definitions of estuary according to Pritchard (1967) and this paper, and the generalized pattern of
net, bed-matenal transport. The facies boundary marking the landward end of the estuary as defined here almost always lies landward of the
0. 1%o salinity value, but the facies boundary at the outer end may lie either landward (as shown here) or seaward of the limit of normal-marine
salinities {~ 32%c). B) Schematic distnbution of the physical processes operating within estuaries, and the resulting tnpartite facies zonation,

“Tripartite” energy and facies division



Estuary Management
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Chilton et al. (20

https://www.frontiersin.org/
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What is a mangrove?

‘Wetlands formed in the intertidal zone of sheltered coasts, notably in bays, lagoons and
estuaries.

The vegetation of the two environments is quite different: mangroves
are composed of a number of tree species,




MANGROVES

THE AIR wWE BREATH

“EN Trees enable us to breathe by absorbing

MANCROVES SUPPORT carbon d",ox»d'el Iffom th:_a:fand fdeleaslng
BIODIVERSITY AND oxygen that all living things need to survive,
FISHERIES, REDUCE

COASTAL EROSION AND

HELP PROTECT THE iz

PLANET FROM 45 MR W LY VA Y ; N : /f (—’ CLIMATE
CLIMATE CHANGE | 4 . 9 | - ‘ W SEEiioN

Trees are essential for

local and global climate
requiation, They stabilise @
temperature by creating

shade and increase rainfall

by storing and releasing

PIODIUER STEY water vapour. Mangeoves & "

HABITAT are extremely effective
Numerous species above snd below the p at storing carbon in their
water rely on mangroves for foed and shelter. *  leaves, wood and roets 3s &
Mangroves are important nurseries for fish wefl 35 in the sediments
and crustaceans and support a huge varlety of they hold in place. This
bérds, molluscs and insects, They also provide ' helps protect the planet é
habitat for many mammals. In Tanzants this from climate change. é
includes the Zanzibar Red Colobus monkey | &
which is endangered and only found in the . ‘
b 4 | S COASTAL PROTECTION #
‘ R E S 0 U R C E STORE Mangroves protect the coast from erosion by reducing the é
- Mangroves can provide wood for flow of 50il and sediment from the kand into the sea. This
building and fuel for cooking. Some { water filtration belps protect offshere ecosystems such as b

coral reefs. Mangroves also reduce the impact of waves on the
shore. This is increasingly important with the threat of rising
sea levels and extreme weather due to climate change.

mangreve roots and fruits are also used
in traditional medicine. It is crucial
they are hatvested sustainably.

Mangroves protect coastal hnd and w
mam the survival of ma
those that provide food a
:4»». 0 ‘ b Mangroves sustain fisheri
a5 pmtdlng opportunities fo

'A\

nttps://blog wes. or'g/p:hoto/2021/09/27/the value-0f-mangroves-

¥ Conservation

education-tanzania/ Socety



Mangrove management?

https://theconversation.com/mangrove-forests-can-rebound-thanks-to-climate-change-its-an-opportunity-we-must-take-
102823



Mangrove management?

https://www.wetlands.org/publicatio
ns/mangrove-restoration-to-plant-or-
not-to-plant/

https://theconversation.com/mangrove-forests-can-rebound-thanks-to-climate-change-its-an-opportunity-we-must-take-
102823



Mangrove management?

https://www.wetlands.org/publicatio
ns/mangrove-restoration-to-plant-or-
not-to-plant/

“Even if seedlings are surviving, the
ecological value of a monoculture
and benefits of the planting efforts
for increased community resilience
are questionable”

https://theconversation.com/mangrove-forests-can-rebound-thanks-to-climate-change-its-an-opportunity-we-must-take-
102823



What Is a salt marsh?
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https://www.ecoshape.org/en/concepts/growing-salt-marshes/hydrosphere-salt-marshes/




What Is a salt marsh?

Saltmarshes are dominated by

g! | grasses and herbs.
Aslo Flammeus = | |
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What Is a salt marsh?

LOW MARSH | HIGH MARSH | UPLAND BORDER
— | — | —
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https://watershedcounts.org/documents/Watershed-Counts-2017--Rising_Seas_and_Salt_Marshes.pdf
http://www.crmc.ri.gov/news/images/2017_1016_wc_rssm2.jpg



What Is a salt marsh?
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https://watershedcounts.org/documents/Watershed-Counts-2017--Rising_Seas_and_Salt_Marshes.pdf
http://www.crmc.ri.gov/news/images/2017_1016_wc_rssm2.jpg



https://www.iisd.org/articles/deep-dive/coral-reefs-strategies-ecosystems-edge

CORAL REEFS ¥




What is a coral reef?

An ecological association of corals and other tropical organisms
living atop a substrate

Living organisms (Cnidaria) that produce CaCO?3 for exoskeletons.

Constructional.

Hard coral polyp:
Lateral + vertical growth




&— Tydeman Reef

Formation
Reefs form atop a substrate Yongs Ree!
Needs to be subaqueus

. 0 W
AN

Need an optimum
depth-light ratio to
persist - sea level.

Coral reefs begin to form when coral larvae attach to
submerged rocks or hard surfaces along the edges of
islands or continents.

2o PUS. Williams et al, 2018



Great Barrier Reef (GBR)

 During PGMT - Great Dividing Range and coastal plain were inundated

« (oral deposits began to grow on a substrate - ancient reefs and drowned land

By 0 kya, sea level stopped rising - reef accretion continues.

Relative to present mean sea level (m)
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CaCO3 production

Coral polyps attach to a substrate and secrete CaCO? (exoskeletons)

Process builds reef vertically and laterally (as well as cementation).

Nematocyst

§ % ’@ Tentacle —__ §\ \ /P Outer epidermis

Mouth

| Digestive
flament

Stomach -

Gastrodermis - _ Septum

Coenosarc

Theca

— Basal plate



http://museum.wa.gov.au/kimberley/station-diaries

Symbiosis of coral and a photosynthetic algae
(Zooxanthellae) important for growth

Algae gives the coral oxygen and energy
from photosynthesis

Algae also gives the coral colour.

Waste « Carbon dioxide
Nitrate
phosphate

Photosynthesis

« Amino Acids
» Lipids

Teague et al, (2019)




oo VNN AW FNAGIIN[eR i Bleaching due to the loss of

- /ooxanthellae under stress.

hengsin occan

teynperatun
HEALTHY CORAL STRESSED CORAL BLEACHED CORAL 72’,‘}'.2'_’..,':.’,‘,“;.’}', e
‘I Caraland algae depsnhe an 2 If: 'eSfed #o3e lsaves 3 Coral ls left bleached 308 kg v

oach other to airviw. the conal, vu nemble Aeedecu

Kunott and pollution
T -W'an:mm
z R A R
I pind (- feit

ul;lkb lhoal
Asedins vaeand.

R I )
runhant
Acpnianssgcanh sh

Wt vibo
Wk v Nevh g n
Asdirn o v

Lot faw e
s izthe e d "
\pmwl* AT R

A P ah g ok e v Al

Lok A3 5 C s p whh \ehza e s bkdccktionsly Althutthe v gre bme sl Kszz s ' V ;

m e s Al AT e i Frormec sipmead s - ormoet Tanren- e al inte:, hims siebead WKW !

g <LEsune :;. 1 lau. ;T okl l.u= e Grae ’é.m?:y.uuu‘;ullu.i.n. (N ; 7 ek and oo iy o B Nt
2D S EAmD yixd soorce ind g wgraknethl Xaiine LTS Soed 5 3 ' )

o F F M.@ﬁg«l%‘w&& ey v

wmm R

1' S ﬁ‘i‘ EJNJ"
Ny AN

»



https://www.britannica.com/science/coral-bleaching

Reproduction occurs sexually (by spawning) or
asexually (by budding and fragmentation)

Fragmentation

Asexual reproduction — budding of polvps
within colonv fortifies existing community

Lc‘ Fragmentation — section of coral falls away
and establishes a new colonv

Sexual reproduction — gametes mix to form
planulae which disperse via currents and
establish new colonies
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https://oceanservice.noaa.gov/facts/coral-spawning.html

ESA Skin SST (one deq) Mareh 2005
| ||

Distribution e

Need: warm water, low turbidity,
moving water, salty water, shelter

Two key regions. Rare in tropical
Atlantic of South America and Africa
due to the influx of fresh water and
silt from large rivers.

Indo-Pacific . 2 J W, Atlantic
png = %- o ;




The exception... Deep water corals

Can form at extreme depths (challenges = low light and cold)

Found at depths of 40 - 2000 m and in temperatures 4°C

Deep water corals form patches not true reefs - slow growing

Do not typically support a community or have symbiotic algae but
feed by capturmg food partml S from ocean currents

|‘$‘0

it “”_’

arthrangers.com/wildwire/risk/coral-reefs-of-
Y,



Reef types

a. Fringing - form borders along shorelines (continent or island);
b. Barrier - separated from the shoreline by a lagoon or ocean;
C. Atoll - ring shaped reefs, islands protrude above sea surface.




a. Fringing reefs

e.g. Ningaloo Reef, WA

Frequency (Hz)

{ SN L2 : @
1106 16406 21/06 26/06 moT =

230 km long: Australia’s largest
fringing reef. Reef is separated by
a 200 m - 5 km wide lagoon.

1915 792 7925 795 7935 T4
Easting (o) <10
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. b. Barrier reefs
e.g. Great Barrie eef, QLD




Found in mid-ocean far continental shelves and large islands
A low, narrow crest enclosing a central lagoon

Most atolls are found in the Indo-Pacific zone on the Pacific Plate and
are associated with volcanoes that form at hot spots.

e.g. Bikini Atoll (with bomb crater)



Atoll freshwater lens

coral-rich sediment

transition zone

Holocene deposits (low permeability)

s salt water
slope tidal signal tidal signal
i Pleistocene limestone N —
{thigh permeability)
0 500 1000 1500m
L 1 1 |

8000 5 1015 202530 72 74 76 78 80

BB Freshwater [l Saltwater

Oberle et al, 2017

Figure 1. Satellite image and conceptual drawing of the shallow aquifer system of Roi-Namur,

Kwajalein Atoll, Marshall Islands. Location of shallow groundwater monitoring wells (magenta
dots) and time-series electrical resistivity transects (yellow lines) are indicated.

Here a buoyant lens of fresh water (rainfall) sits atop of a more salt water layer.



F'iﬁurr, 7. Photows of wave-criven F|1,1|_h:]ing ar] overwash om Toa-Marmoar Akl Rupuh]'iq‘ of e Blarsthall
lzlands mear the north end of the runway Photo on the left is looking west and photo on the right is
louking east, Bed dot an subplat {left phota) indicates the photos location on Boi-Namur,

Small overwash events cause an
increase in salinity of the fresh
water lens that returns to pre
overwash conditions usually
within one month.

Sea level rise: more frequent
overwash and a higher base
level may lead to full loss of the
freshwater lens.

Oberle et al, 2017
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Figure 8. Observed variations in conductivity and ground water level in well Al following an island
overwash event driven by increased significant wave height during 2-3 March 2014,



RESEARCH ARTICLE OCEANOGRAPHY

Most atolls will be uninhabitable by the mid-21st
century because of sea-level rise exacerbating wave-
driven flooding

Curt D. Storlazzi'*, Stephen B. Gingerich?, Ap van Dongeren?, Olivia M. Cheriton', Peter W. Swarzenski®, Ellen Quataert?, Cl...
+ See all authors and affiliations

Science Advances 25 Apr2018:

Vol 4, no. 4, eaap9741
DO 10.1126/sciadv.aapd741

(A) Current sea level
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Bt regular inundstion from coastal flooding could push islands bevond & “tipping
point” where groundwater resources cannot recover from infiltration by salty seawater,
leoving residents with no drinkabde wiler.

BELOW: Forecasted impact of annual wave-driven flooding events

on ground water potability over 3 years for +0.4 m of SLR. Within (B) Future higher sea level

2 years of flooding, the island’s groundwater is no longer potable

because of seawater contamination. [ = Atoll [l = Present groundwater
[l = Present sea level [ = Future groundwater
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[ = Future elevated sea level [_] = Salinized groundwater due to overwash
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Fig. 1. Conceptual diagram of the influence of SLR on wave helghts, wave-driven runup, and flooding and the resulting impact on atoll island groundwates,
(A Current sea level, (B) Future elevated sea lewval, SLA will allow for greater wave heights, H, and wave-driven runup, /, than at present, resulting in frequent owerwash
that will contaminate the atoll island's freshwater lens. High vertical exaggeration in schernatic.



LAGOON

Reef geomorphic zonation

Reefs show zonation due to an energy gradient

LAGOON

Reef Zones:

Back-reef/Lagoon

Lagoonward <€ P Seaward W, Deeper




Coral morphology changes across a reef profile

Response to different stresses. |
: . ‘,.
LAGOON
Deep water, low energy Wave bores Wave breaking No wave breaking
Turbidity - stirring Light + heat High wave energy Decreasing light
and warmth
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| Shallower
| :](:..4":
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| R
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CORAL REEFS

Figure 11.3 (orals exhibit a large variety of growth forms.
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Result of marine erosion and subaerial weathering [purely erosional]

Landward retreat of bedrock at the shore

Rock strength vs weathering and erosion.
= 80 % of global coastlines (Emery, 1982)

D




5. CIiff retreats 3. Cliff collapses

Cliffs and platforms

1. Sea attacks
base

2. Wave-cut notch
4. Wave-cut platform

Cliff and wave-cut platform along the coast of Southerndown, Wales.


https://www.internetgeography.net/topics/cliffs-wave-cut-platforms/

Controls on cliff erosion rates

Rock strength vs weathering and erosion processes

Woodroffe (2002) This study
Granite -
Strength due to crystallisation
Limestone 4 | [
Chemical bonding
Basalt 4
L }
Shale 4
| [ |
Tertiary sedimentary - I:I:l
Eolianite - [:I:}
ohel ] -
Quaternary glacial 4 :I:l
Till
Recent volcanic lava - |:|:|
1 mmyr-’ 1 em yr! 10 em yr-! 1myr? 10 m yr-?

Erosion rate

Figure 10. Ranges of erosion rates within different lithology. Comparison between the study by Woodroffe 2002 and this study.
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Granite cliffs (Wilson's Promontory VIC) - more resistant if less fractures or cracks (i.e. weak spots).



Toe armouring

Debris can temporarily reduce toe undercutting

J

Mass movement|—=| CIliff recession

aves Toe erosion T

l Wave-induced currents - +{ Debris at F’I'H base

e * Transported alongshore and/or offshore

Sunamura (1983)
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Cliff recession

Shore platforms

An erosional rocky bench in the
intertidal zone [wave-cut]

Can be sloping or horizontal.

Extends from the cliff toe offshore to the limit of wave erosion.







Rocky Coast Ecosystem

https://ncgsk.weebly.com/21-investigation.html
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Rocky Coast Ecosystem
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Rocky Coast Ecosystem

“Drilling holes in boulders can make a difference
for marine life”

https://www.bbc.com/news/science-environment-41665459



Rocky Coast Ecosystem

“There is a real global issue of
governments creating sea defences, sea
walls and other coastal infrastructure
that are less good for wildlife than the
nature they are replacing” - Dr Pippa
Moore

https://www.bbc.com/news/science-environment-41665459

“Drilling holes in boulders can make a difference
for marine life”



50 % of global population lives in the coastal zone (Small & Nicholls, 2003)
Coastal population density is 3 x higher than the global average

85 % of Australians live within 50 km of the coast (Harvey & Caton, 2010)
% of the global population will reside in the coastal zone by 2025.
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Rates of change are increasing - makes this a very relevant topic and job

Under RCP8.5, the rate of SLR willbe 15 mmyr-' (10-20 mmyr',
likely range) in 2100, and could exceed several cm yr' in the
22nd century. These high rates challenge the implementation of
adaptation measures that involve a long lead time, but this has not
yet been studied in detail. {4.2.3.2, 4.4.2.2 3}

Global mean Relative Scenarios
level ri level ri Risk to coastal geographies at end of centu
ol relative to present day seaeese geograp v No-to-moderate response
—  — v Maximum potential response
Observations RCP26 RCP8.5
Level of additional risk
3 due to sea level rise
+ ~110 cm / RCP8.5 (Upper likely range)
-84 cm/RCP8S (Median) VoY
High
~43 cm / RCP2.6 (Median) 11 -
""""" t Moderate
Undetectable
0 cm / present day
1900 1950 2000 2050 2100  Resource-fich Urban atoll Large tropical Arctic IRange of sea level
coastal cities islands agricultural deltas communities across case studies

Present day = 1986-2005; End of century = 2081-2100

https.//www.ipcc.ch/site/assets/uploads/sites/3/2019/11/08 SROCC Ch04 FINAL.pdf



https://www.ipcc.ch/site/assets/uploads/sites/3/2019/11/08_SROCC_Ch04_FINAL.pdf

People can also affect beach stability over multiple scales

Millennia =

Centuries -

Decades =

Years =

Months =~

Dominant Temporal Scale

Weeks =

depletion of glacially-
liberated sediment (N)

transgressive / regressive
cycles (sea-level) (N)

barrier formation, building,

river migration (N
mouth 9 (N)
dredging,
jetties (A)
dumping
dreggeghm“’ climate
ea
nourishment change (A/N)
(A) deforestation
(A) )
Explanation
river .
] damming, . Fluvial
groins, millworks )
seawalls, (A) . Littoral Zone
. Nearshore /
Offshore
longshore
transport, N Natural
currents (N)
A Anthropogenic
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Summary

Need a good understanding of large-scale controls
and regional scale processes (waves vs tides

B

Briefly explored estuaries, n, alt marshes, coral reefs and
rocky coasts

.

=== [ntroduced some common management iSSUes
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Sedimentary Depositional Environments

Depositional
Environment

Environmental
Characteristics

Organisms

Sediment

Sedimentary
Structures

Sedimentary Rocks

river channel

vatiable stream current (high- to
low-E), water may dry-up,
oxidation

land-freshwater plants
& critters

gravel, sand, mud;
variable sorting &
rounding

crossheds, ripple marks,
graded beds, mudcracks,

conglomerate
sandstone

plant & animal fossil fragments

mudstone

flood plain

floods (low-E), drying,
oxidation, soil formation

land-freshwater plants
& critters

mud, sand,
well-sorted

bedding, ripple marks,
graded beds, mudcracks,
abundant fossils

mudstone (red beds)
sandstone

river delta

stream current, tides
low-E

land-freshwater plants
& critters

sand, mud;
well-sorted

bedding, cross beds,
ripple marks, graded beds,
abundant fossils

sandstone
mudstone

alluvial fan

periodic flash floods, mudflows
high-E

land plants & critters

gravel » sand,
pootly-sorted &
angular

plant & animal fossil fragments

sedimentary breccia
arkose

desert dune

non-marine

variable wind current (high- to
lowv-E), dry, oxidizing

small insects & reptiles,;
sparse plants

sand,
well-sorted &
well-rounded

cross beds, ripple marks,
rrace fossils

sandstone

playa

low-E, high evaporation, floods
periodically, dry

small insects, reptiles; few
plants

evaporites, mud

mud cracks, ripple marks,
ace fossils

evaporite
mudstone

lake

|Iow-E , shallow-deep standing Ilmd-freshwater plants

water

& critters

mud, sand,
carbonate sediment

bedding, ripple marks,
graded beds, abundant fossils

mudstone
sandstone
limestone

glacier

ice, bare rock, cold

sparse plants & critters

gravel,
angular & poorly
sorted

few

[tin

beach

waves (high- to low-E), tides,
currents, wind

marine & non-marine
critters

gravel, sand, mud,
carbonate sediment;
well-sorted &
well-rounded

ripple marks, crossheds,
abundant fossils & fossil
fragmenrts

conglomerate
samdstone
mudstone
limestone & coquina

transitional

low-E, tides, not very oxidized

marine & non-marine
plants & critters

mud

bedding, ripple marks, abundant
fossils

mudstone (green-black, not red)|

‘|shallow marine

waves (high- to low-E), tides,
strong ocean currents, wind

marine plants & critters

sand, mud,
carbonate sedimert;
well-sorted &
well-rounded

bedding, crossbeds, ripple
marks, abundant marine fossils

sandstone
mudstone
limestone

’ reef

waves (high- to low-E), tides,
strong ocean currents, wind

marine plants & critters

gravel, sand, mud;
carbonate sediment,
variable sorting

abundant marine fossils

limestone breccia
sandstone
mudstone

deep marine

low-E, variable currents

weird marine plants &
critters

mud, carbonate &
siliceous ocoze

abundant marine fossils

mudstone
limestone
chert

Table 3. Common depositional environments and sedimentary characteristics.

/.

Where were the sediments from?
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Sedimentary Depositional Environments

Depositional
Environment

Environmental
Characteristics

Organisms

Sediment

Sedimentary
Structures

Sedimentary Rocks

river channel

vatiable stream current (high- to
low-E), water may dry-up,
oxidation

land-freshwater plants
& critters

gravel, sand, mud;
variable sorting &
rounding

crossheds, ripple marks,
graded beds, mudcracks,

conglomerate
sandstone

I;!ant & animal fossil fragments

mudstone

flood plain

floods (low-E), drying,
oxidation, soil formation

land-freshwater plants
& critters

mud, sand,
well-sorted

bedding, ripple marks,
graded beds, mudcracks,
abundant fossils

mudstone (red beds)
sandstone

river delta

stream current, tides
low-E

land-freshwater plants
& critters

sand, mud;
well-sorted

bedding, cross beds,
ripple marks, graded beds,
abundant fossils

sandstone
mudstone

alluvial fan

periodic flash floods, mudflows
high-E

land plants & critters

gravel » sand,
pootly-sorted &
angular

plant & animal fossil fragments

sedimentary breccia
arkose

desert dune

variable wind current (high- to
lowv-E), dry, oxidizing

small insects & reptiles,;
sparse plants

sand,
well-sorted &
well-rounded

cross beds, ripple marks,
rrace fossils

sandstone

playa

low-E, high evaporation, floods
periodically, dry

small insects, reptiles; few
plants

evaporites, mud

mud cracks, ripple marks,
ace fossils

evaporite
mudstone

lake

|Iow-E , shallow-deep standing Ilmd-freshwater plants

water

& critters

mud, sand,
carbonate sediment

bedding, ripple marks,
graded beds, abundant fossils

mudstone
sandstone

limestone

glacier

ice, bare rock, cold

sparse plants & critters

gravel,
angular & poorly
sorted

few

[tin

transitional

beach

waves (high- to low-E), tides,
currents, wind

marine & non-marine
critters

gravel, sand, mud,
carbonate sediment;
well-sorted &
well-rounded

ripple marks, crossheds,
abundant fossils & fossil
fragmenrts

conglomerate
samdstone
mudstone
limestone & coquina

low-E, tides, not very oxidized

marine & non-marine
plants & critters

mud

bedding, ripple marks, abundant
fossils

mudstone (green-black, not red)|

|shallow marine

waves (high- to low-E), tides,
strong ocean currents, wind

marine plants & critters

sand, mud,
carbonate sedimert;
well-sorted &
well-rounded

bedding, crossbeds, ripple
marks, abundant marine fossils

sandstone
mudstone
llimedone

’ reef

waves (high- to low-E), tides,
strong ocean currents, wind

marine plants & critters

gravel, sand, mud;
carbonate sediment,
variable sorting

abundant marine fossils

limestone breccia
sandstone
mudstone

deep marine

low-E, variable currents

weird marine plants &
critters

mud, carbonate &
siliceous ocoze

abundant marine fossils

mudstone
limestone
chert

Table 3. Common depositional environments and sedimentary characteristics.

Where were the sediments from?

1) Dune sand

2) Beach sand (Swansea Bay)

3) Beach sand (Swansea Bay - seaward)
4) Three Cliffs bay (10m from dune)

5) Top layer from soil profile of gully

- silty organic floodplain

6) Ilston DS«XS channel sediments

7) Ilston DS XS channel sediments

8) River meander sediments

9) River meander sediments

10) River Ilston XS 1 bed Sample by bridge
11) River Ilston XS 2 bank sediments
12) Blackpill Beach sand
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