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72N R EAIE 3.5 M IIHK, FEMLZRT, SIREFHE BRI [REAT
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FE, UURRAVE FRESH) MIRME O AL AL 3 T I 9.

AR HEIR BT B 5 I
ASHR O R AL A B AAE — A MR, DR IR OB E S AN AR . RSO
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R > Mound (Y. Za?) | B —> ESRUER I p| T LT @
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General lacustrine, dry season FLZRIT 1 — R
Largely natural wetland with minimal impact /NP R THTFR E SR 1T HE

KR T R

BRI,

@ Sediment ~~y and nutrient ~~yinputs are less w Water quality parameters
IKRSH
@ More water is lost through transpiration f and evaporation t than enters the lake (DEILE % %‘ $ /EJE
3 5 —_
@ Light reaches further into the water column s due to the lower turbidity 1:?5@2;’;%\ ﬁﬁﬁfg

@ Wind =+ causes mixing O of lake waters ’

@ Increased evaporation increases conductivity @ and sensitive species can be lost
@ Water temperature increases l and DO decreases & as the lake becomes shallower
@ Benthic algae W and macrophyte productivity .'- is altered, direction of change is dependent on lake bathymetry
Algae grows - on the banks of the lake (bath ring effect)

(© Terrestrial wildtife_@ o comes to drink from the lake, it being the main water source in the area
@© VIBIAIE FRE A Ik

@ k. BBERTANHKE

@ VM EE L T

@ NIREHHKAE

© ZARIsEig g 33, BUEDIHHE &

© KGRI, AR, AR

@ B IANR I A7 3, 7 R T KR

Kl 6. FZE—slnie AL S AR A 2545 CRIE: Maher et al. (2007)

4.5 TR KRB ATHR. ABTE. AEM MRS T AE3R 08 FR

B SRR A S RGN R BRI L BB TR AR
BRA . BT ROREE . T 9s A AT, 2208 PR 1 Y 15 B A SRR A4
% 2 228 50 B A I T e e 2 AR PR E BE R 5 o

O T A R E ARAR AR AR R R Y9 b G B . iR A 3 R G G
SR IR E G, SRR A SR (B A Y, 1996, DRI
SKNH 1 5)

35



AT E R EERMAE SHHERIRER 515

5 S LA B R v BRI THR S B, S, IR
AT 30 A5 2 AT

SERIT (Phillips, 2006 45) 4515 b 2 A5 G P HE 58 725 14, R W FE o
H:

o SRR R I A A AL AR R B . UL A TR
BRI TR, SRR SR (L TE . s R S
BT CRUIREE , RUNEHE SR, Bk S T
EBRE IR (B 7). LB T, BOER AR AN S
SR, T T FiA4 S i A

H R4 5 \\\\ AT AZRR

//// i ] >
SECE (s ARy | LT B\ 4 3 Il

K 7. BRA AR AL IR 2541 (Phillips, 2006)

55 i 5 R AEH B RS RGA N SRR ARG
JR 55 D RESE S VFARAL I BR A1 L o

ERH B E S AR AR ARG AR DR A IR, LA
H AR . BB AE S R AR AR R A AR 55 Thae L 1 PR
2, ¥ SBORH MR

UATTRE, IR T A B ) R T e X e A A A 2 R G A
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FHESZ AR IE T R 5 B AR AT, BUORTAR S H e i B B AR IR PR S, JF
2 HH AL P T PR M P B e

36



BAF T EFREE R4 S R 5 16

XF LR,  H RG] REAAAE BB (A1 AL A AR EARARAL R, A,
PRI 2 AR G R I 1) 22 A0 F s AN . T 2, X m] DABA ORI AU AT AR S Bk R S )
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i35
"1 7 b
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EEYHIBELAR SR
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AT AR (BT ERA B AN
FH(1-2 &) K H#(5-20 4F)
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B 1% | PR IE A
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AR | BEEE ASMME AR
AT AR (BT ERA B AN
FHI(1-2 %) K H#(5-20 4F)
pH pH 2Bk 2 B A B0 A | 5 e i
AWiE (pH FEmaA FHY R
(i), pH HA N & A
A, 2RI CO,
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F¥ PR 1) 8 1
L] MET AR B ARG | e i
) 5 AR UTRR
M hEEREIR KN . RANY | ANZECC(2000) filt & 16 A | SEF 3L, THRERE R
(4 F T AN - 2-200NTU, —HIET & | EH31L
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Pk JE< 200 NTU 0 H IR S ) fi
RAB AT T ERIR 4
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38.4-49.5 ppt

I B L R, EREE AT
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a FH UG IS B2 58 ROt /51X — A S B I E B E
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O S REASHMN, SR, AEUEEAIRS DR #2 B HIRE
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4. 6 A BFHEB B T HHER
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A ASRFE B 25 T R I B AT (R 8) o KRS BRI e 1E
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HUAFALE (18 XSS AN U o
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R iFfG
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AR R BB GRHIAZY, 1999¢, i VI1.10; Van Dam %%, 1999) [HE
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P S B A SR e T T B0 AR SRR E AR AR FOR S L G 2
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wetland | salt | salt | mangrove {ointertidal ! subtidal

pool i flat i marsh zone i mudflat zone

Stylised Estuarine Vegetation Types

== .  Benthic microalgae & Macroalgae
Groundwater table a
” Mangroves %) Phytoplankton
% Salt marsh '
w Seagrass meadows ﬁ Terrestrial vegetation

Nutrient (Nitrogen and Phosphorus) Cycling

wetland ; salt i salt mangrove i intertidal subtidal
pool i flat i marsh zone i mudflat zone

Nitrogen and phosph (nutrients) enter d tlands from the Wetland pools exchange nutrients with other estuarine ecosystems
& ‘ phere and nearby | areas attached to sediments, dissolved in run-off H (Including wetland pools, upstream areas and downstream areas)
and as particles of demm;.They typically enter as nitrates, ammonia, phosphates when connected by water flow and animal movement. (Sheaves et al,
and organic forms.
Estuarine wetlands can act as sinks for nutrients by filtering run-off, thereby icrobes convert
‘%% reducing the of ing sub-tidal zones. This process improves s M : TRBheSIom dne o W inosiiex

wmquaﬁtyandreduoesmeﬂskofeuuophlcmnand algal blooms
downstream. Flushi may provide a source of nutrients to Cc 2 ient cycling (c sion of to different forms) occurs

i coastal waters.mwmum\mm.m 2006) within as well as between zones. Microbes, plants and animals all

- i Nutrients are exchanged with I areas (including nearby coastal Play Jmportant roles.

< ecosystems and other continents) through animals moving

detritus) into and out of the sediment. (Pennold and Davis, 2001; Thrush

andtrmskrvlng nutrients abserbed in tissueundh stofmchcomem. Mau %g\ Crabs 2nd other animals can move nutrients (often in the form of
@mmm

Gfoundwaer and riparian vegetation can play a significant role in reducing

‘ nitrogen entering streams, protecting downstream water quality,
- {Rassam at al, 2006)

70



wetland
pool

Physical Habitat

salt i mangrove i intertidal subtidal
marsh zone i mudflat i zone

flat

Estuarine wetlands provide a variety of habitats for . Mangroves shade water and sediment, % Drawns
“——— fish.Small fish move with the tides to access - buffering temperatureand .

mangrove areas, where they find protection,and to blocking UV radiation, providing a habitat

the saltmarsh, where some feed. (Connolly et al, 2006). . forother organisms. (Hsien, 1995) @ > 6 Shellfish
Some fish move upstream and downstream to - ’\‘;Q Mangroves are important nursery areas

freshwater and marine habitats at different stages .2 for some juvenile fish and crustacean larvae, 34 to¥™> Fish

of their life cycles to breed and spawn. (Robins et al, 2006). (Blaber, 2000, Beck et al, 2001)

f4\ Migratory and resident

Water flow between wetland pools and estuaries -, #) Many organisms in estuarine wetalnds live birds
during very high tides, floods or run-off events % %, inoron the sediment, including worms and
allows fish to move between these habitats. (sheaves,2006. ~ & microbes. @ g, Crabs

wetland
pool

23

-
“‘

~
O
s

Food Webs

salt
marsh

salt
flat

mangrove
zone

intertidal
mudflat

subtidal
zone

waserranriannnaranen

eesssssssssenssnsansnennnn

Plants convert carbon from the atmosphere into plant —y, Trophic relay’ - carbon tends to move from high intertidal zones
matter that can then be consumed by animals.Thus out into the estuary through a series of predator-prey interactions

forming the basis of many estuarine food webs. (Connolly et al, 2006)
carb Carbon is exchanged between freshwater and marine sources
oWt within an estuary and some is exported off shore
Carbon cycling occurs in food webs within and between zones Birds connect estuaries, wetland pools and terrestrial coastal
", ecos! movi bon between the different locati
Microbes decompose detritus and recycle carbon (Dennison A [sy...x:t :':% ngcar ren ons
and Abal, 1999)

Fish obtain their carbon from different sources depending on the
availability of vegetation types in each system. For example, fish in
Port Curtis tend to derive carbon from theabundant seagrass in this
region (Connolly et al, 2006; Sheaves et al, 2006}

Food web linkages between wetland pools and the estuary
occur when water connections allow the transfer of debris
and organisms between these areas (sheaves et al, 2006)
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Sediment Trapping and Stabilisation

wetland salt salt mangrove intertidal subtidal
pool i flat marsh zone mudflat zone

jeh  Suspanded sediment Roots, rhizomes and algal mats bind Tidal currents, waves and biological

Surface water flow from land brings . and hold sediment (wolansic, 1995; Miller é activity can cause sediment resuspension
l-, sediment into esturaine etal 1996; Butler and Jernakoff, 1999) (Noble et al, 2005)
S (Wolanski, 1995; Furicws et l, 1997)

Intertidal vegetation creates eddies Due to their filtering ability, water often Incoming tides bring suspended sediment
_K_g and slows down water flow. (Funukawa et & tends to leave estuarine wetlands clearer, « into intertidal areas (Furukawa and Wolanski, 1996;
al,1997) \:\ with less suspended sediment. However, Noble et al, 2005)
large floods may temporarily reverse this
Slower flowing water deposits sediment.

g Funlmsa e 1997 poss Sitution (olenik 1ous Pundase ¢t 8, 1997) Outflowing tides with lower tidal energy
Surface water flow leaves the intertidal carry a reduced amount of sediment to
salt flat, salt marsh and mangrove zone '\ Sediment from rivers and the sea is sub-tidal areas, partly due to sediment

"\_§ after depositing some of its remaining mixed in estuaries (Noble et al, 2005) trapping by mtemdal vegetation {Mazda, 1995;
sediment load (Wolanski, 1995; Furukawa, et al, ble ot al, 2005)
1997)

Some Impacts of Draining and Infilling

mangrove i intertidal
zone i mudflat

subtidal
zone

wetland
pool i flat

salt @ salt
marsh

ST TP PP PPEPRERPI
PO LT L L L LTI T T

Potential reduction of fish production Contaminants 4z Increased suspended Potential reduction
' g s % sediment (turbidity) of benthic food webs
Loss of connectivity mtng)  Flowof contaminants ’ Increase in nutrient
levels 1 Increase in phytoplankton
Potential reduction of habitat provision “ Nuisance algal growth production
P 2 jucti Change in tidal P
F ial reduction of nutrient cycling food v‘v:'b proﬁesses‘,f dynamics \,E,‘) Phytoplankton

1.Removal of wetlands and vegetation will lead to the loss of associated habitat, food webs and nutrient cycling processes, Hydrological connectivity and therefore fish migration
between the estuary and floodplain wetland pools will be reduced. This may impact on fish production. (Adam, 2002; Kennish, 2002; Sheaves, 2006)

2,Reclamation can disturb acid sulphate and contaminated soils, allowmg toxic levels of leachate to enter waterway; (Birch and Taylor, 1999; Russel and Helmke, 2002; Clark and McConchie, 2004)
3.The construction of hard surfaces over estuarine banks can cause changes in tidal dy ics. Clearing of ripari ion can result in a decline in water quality through
increased turbidity, nutrient inputs and water flow. This modified hydrology and water and habitat quality can disvupt ini ion resulting in a decline of some
species and the growth of other species that are suited to hard substrates (for example algae). (Munro et al, 1967; Edyvane, 1mnm and Froend, 1999x¢nn|mzooz;mnnauy,zon3 Lee, 2006)
4.Turbidity can negatively impact on benthic vegetation and the food webs they support (Davis and Froend, 1999; Dennison and Abal, and Duarte,

5.With more nutrients entering the system and less riparian and benthic vegetation to sequester them eutrophication may result, inc g the risk of h alga (Prastka
et al 1998; Edyvane, 1999; Davis and Froend, 1999; Dennison and Abal; 1999; Rassam, 2006}
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Some Impacts of Dredging

salt
marsh

subtidal
zone

wetland : salt
pool

mangrove

flat zone

P g
Changes in tidal area @ Potential loss of nutrient cycling Bateniial los of benthic food “  DrdiiEont

and height
webs
¥ Mangrove seedling ", Erosive wave action 3“ e BRI 0 Contaminants
1. Dredging results in the short term degradation of animal and microbial munities that live in the dredged sediment. This reduces the estuary's capacity

for nutrient cycling, primary production and habitat provision and can have flow on effects up the food web. Though these effects tend to be short lived, in some cases
they may trigger long-term changes. (Larkum and West, 1990; Lewis et al, 2001; Thrush and Dayton, 2002; Lohrer and Wertz, 2003; da Silva et al, 2004; Waycott et al, 2004; Ohimain et al; 2005)
Z.Chanqes in channel profile caused by dredging can altet tldal area, wave height and water velocity. Bank erosion can result, threatening mangroves and other

ities and inc g turbidity. Susp di in the water column blocks light, reducing benthic primary productivity. (Pringle, 1989; Larkum and West,
Iml.ewlseul.zool Rasheed and s-ld\-mtzom Lohrer and Wertz, 2003; Sampson et al, 2005)
3.Dredging can expose and disturbs toxic sediments, releasing contaminants. This has implications for water quality. (Linkov et al, 2001; Thibodeaux and Duckworth, 2001;Van Den
Berg, 2001; Nayar et al, 2004)
4, Dredge spoil is often deposited in deeper waters and can smother existing habitats. Spoil can also introduce marine pests, nutrients and contaminants to the area it is
dumped.The impacts of dredge spoil disposal can range from short term to long term. (Linkov et al, 2001; Smith and Rule, 2001; National Ocean Disposal Guidelines for Dredged Material,
2002; Fredette and French, 2004)
5. Dredging may increase tidal flow, allowing increased up and lateral by tides which in turn may assist inland encroachment by mangroves and other

wetland vegetation. (Saintiin and Williams, 1999; Harty, 2004)

Hydrological Processes

salt i salt  : mangrove intertidal subtidal
flat i marsh zone i mudflat zone

wetland
pool

sesseasessasasantasranan

Surface water flow runs off Ie ;

%) g rab burrows and vegetation === Wind can play an important role
the catchment into wethind ﬁw alter water flows. (ridd, 1996) in estuarine water circulation.
pools and the estuary.

Groundwater - surface water ‘ Evapotranspiration from Tides, including spring and

.. exchange often occurs in > vegetation. (Hughes et al, 1998} neap tidal ranges.

wetlands. (winter, 1999)
N Evaporation from water bodies.

o, Freshwater and marine
A \ water are mixed and
£ Precipitation exchanged in estuaries.

H High tides, storm surges, floods
and run-off events connect wetland
POOls to estuaries. (sheaves et al,2006)

Source: Reproduced with permission from the Coastal CRC
http://www.coastal.crc.org.au/wetlands/conceptual.html. Symbols for diagrams courtesy of the
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Integration and Application Network (ian.umces.edu/symbols), University of Maryland Centre
for Environmental Science.
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