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Rivers and floodplains - threatened ecosystems




Transformation of river corridors
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7 riparian zones (2 km wide) along all major river corridors
that have been transformed into urban or agricultural areas.
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Catchment Rank

Tockner et al.
(in press)

Increasing urbanization is a major threat - most (90%) expected
population increase in less-developed regions (>2 billion by 2025)




Floodplains - functionally extinct




Flow diversion - major threat

-
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Evidence of unsustainable water use in the late 1990s:

» The Hwang He & Colorado rivers no longer
flowed to the sea in the dry season.

+ The surface area of the Aral Sea had
shrunk by 25,000 km?.

* Groundwater tables fell in important food-
producing regions of the world

* More than 20% of all freshwater fish
species are now threatened or endangered

Currently use about 50% world's average

annual renewable freshwater resource
(4,000 km3 yr1)

(Postel et al, 1996, Postel 1998, and World Water Council 1999)



Channel fragmentation and flow regulation by dams
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292 of the world's large river systems

unimpacted ‘ moderately strongly
impacted impacted

Nilsson et al. (2005) Science 308, 405-08.
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Impact on migratory species and coastal fisheries

-

Loss of
migratory
species

A

Implications for
coastal fisheries
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Flow-fisheries relationships

Loneragan & Bunn (1999) Aust. J. Ecol. 24, 431-440



Impacts on sediment transport to oceans
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Sediment transport by global rivers increased by 2.3 billion tonnes pa through

erosion, yet flux of sediment to the world's coasts decreased by 1.4 billion
tonnes pa because of retention within reservoirs.

Without Trapping (Pre-Reservoirs)

. . Without Yellow R & Without Trapping
Tralf",fr'gg_'" - Yellow R 1:1 line
Reservoirs
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Syvitski et al (2005) Science 308, 376-380
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Case study:

Moreton Bay catchment in eastern Australia -
rapidly expanding population

Development of partnership (science, managers,
policy makers) to deal with issues affecting
coastal waterways

Development of science and monitoring program
Communication with stakeholders

Implementation of actions



Background to the study region
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¢+ 15 major catchments
22,672 km? _
¢+ 19 local government areas e
¢+ Population 2.5 m it *
* Fastest growing region in A, T
Australia b i Vs e

L 2

d il
" PUMICESTAONE

RISBANE RIVER
CATCHMENT o

MORETON BAY
CATCHMENT

Toowoomba

BREMER RIVER
[CATCHMENT ¢



Importance of the region's waterways:
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* High conservation significance (Ramsar)

* Major commercial and recreational fisheries
* Water supply (urban and rural)
* Recreation & ftransport & ¢ %
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‘ Since European settlement:

+ 20% of original vegetation remains - less
adjacent to streams

| - Altered hydrology - dams & weirs
=t — Sl - Declining water quality (nutrients &
FSETE sediment)
- Declines in aquatic diversity

1947 1991

TR = <30
fo = = 30-250
== S 250-5,000 Persons km-2




Catchments drain into Moreton Bay

Catchment to

. Residence Time
Bay Ratlo: Residenc_:atime

[l
14:1 s

-

u

|

@ Lowest in

@ eastern Bay

. (days)

Brisbane 4
River

K
K/
SRS

western embayments
(months)

Abal et al (2005)



Key drivers for' change
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+ Fast in ulation
ast growing populatio l Sewage sot =3

+ Security of water supply [ E PN TP Te R Bl -

(quantity and quality) waterwa s f!:ydq!hfeveals

- Concerns about industry [ f :
viability - tourism, fishing | .; Po||ut|on hot spot b=

and agriculture. &
: : kﬁ_ﬂ Rancld rivers stranglmg :
Increasing community --J@ Bay with deadly pollution

expectations about
improving water quality

Bay health slnkmg
and ecosystem health ' :

Our fllthy river :

Recognition - cheaper to
protect than to restore ...



Formation of the Partnership
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3 levels of government

» Local councils (6; 19) EAITHY Community &

+ State Government industry advisory

agencies (6) WATERWAYS
- plus Federal funding O / groups (>40)

- indigenous
 conservation

- catchment & landcare
- commercial industry

Strong research support
» 3 Universities

+ CSIRO Because we're all * rural industry
» 3 Cooperative Research in the same boat
Centres

- ‘. . = ,..-.r-:..... @;‘ﬂﬂhff'th --..O a tﬂ _LAIT Iy —rl

D :-'



Developing a common vision:
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healthy
living ecosystems
livelihoods and lifestyles

managed in collaboration



Achieving the vision:
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Set values that reflect the vision
* numerous workshops with stakeholders

Measurable water quality or ecosystem health

objectives that protect the values
* underpinned by sound science

Management actions to achieve these objectives
» working with policy makers



A staged approach: Stage 2- Moreton Bay
e w1 O 2 - R N

1994 - 1997

Stage 1
Scoping

B Background
Studies

B & Local Councils
B Sigte & Federal
Governments

Stage 2

Bay and Estuaries
Facus

B Pilot gtudies

B Design of Estuarine &
Marne Monitoring
Frogram

B & Local Councils
B Sigte & Federal
Governments

1999 - 2002

2002 onwards

Stage 3

Rivers and Catchment
Focus

B Cngoing studias

B Estuarine & Marine
M onitoring

B Design of Freshwsatar
Monitoring Program

B Regional Decigion
Support Tools

B Regional Process
Studies

B 1% Local Councils
B State & Fadaral
Govarnmeants

Integrated Partnership

Waterways Managarnent
Land to Ses;
Sustainable Catchment

M Int=grated Freshwater, Extuarins
& Marina Manitori ng

B Design of Load-Based & Human
Health Monitaring Program

B Decizion Support tools for
Implemantation

B Process Studies

B Socio-Economic Stucliss

B Sustainable Loads

B 1% Local Councils
B State & Federal Gowearnmeants
B MAP & MAK Iniatives

A staged approach was edopted by the Study, with each stags having a diffarent focus, targated objectives and claar cutcomas.




Sewage Plume Mapping (using 8°N)

Delta 15 Nitrogen

(ppY)
October 1997

Del 15N (ppt)
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Sediments in Moreton Bay and seagrass loss
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Sediments in "
the Bay Turbidity Seagrass

distribution
7




A staged approach: Stage 3- catchments
e w1 O 2 - R N

1994 - 1997

Stage 1
Scoping

B Background
Studies

B & Local Councils
B Sigte & Federal
Governments

Stage 2

Bay and Estuaries
Facus

B Pilot gtudies

B Design of Estuarine &
Marne Monitoring
Frogram

B & Local Councils
B Sigte & Federal
Governments

1999 - 2002

Stage 3

Rivers and Catchment
Focus

B Cngoing studias

B Estuarine & Marine
M onitoring

B Design of Freshwsatar
Monitoring Program

B Regional Decigion
Support Tools

B Regional Process
Studies

B 1% Local Councils
B State & Fadaral
Govarnmeants

2002 onwards

Integrated Partnership

Waterways Managarnent
Land to Ses;
Sustainable Catchment

M Int=grated Freshwater, Extuarins
& Marina Manitori ng

B Design of Load-Based & Human
Health Monitaring Program

B Decizion Support tools for
Implemantation

B Process Studies

B Socio-Economic Stucliss

B Sustainable Loads

B 1% Local Councils
B State & Federal Gowearnmeants
B MAP & MAK Iniatives

A staged approach was edopted by the Study, with each stags having a diffarent focus, targated objectives and claar cutcomas.




Stage 3 Scientific Tasks
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il Water Quality Strategy (SEQRWQMS)

Social Harmany Public Involvement Cuttural Heritage

Process Studies

— RN Management
Benthic Eﬁ:mﬁlgu; in Support Tools &

Estuarias Integration

Rivarine Turbidity D=ta Managemant
Badimant & Mutriant Sourcing Bay & estuarine monitoring

Stormwatar Riparian Rehabilitation Catchment modalling
Btudies

| On-the-ground works | | Planning
On-the-ground works Dacizion Support
Lot s ' Systoms”

Evaluation of
Downstream Effects

BawEstuanas

Frashwatar/Catchmenits

Extunr Evaluation of State of Waterways
uafng

abitarts Loads and Impacts: ; c ]
MarooohyMooleoclah EEI;EL:;::I,:'HI DHHEESEIE.::.:PWD

Diffuca I Loads and Impasts: et . Frashwatar

Loads P — Bay & Estuarias & Catohmants

Funding Saurces

I v 0 srirr arc [ cos one [ ace: [ eFs I stagez roEc, [ Eoutem [ votham

Councllsf CAC Caunclis/EPAY EPA&} Zub-raghon Bub-region
Coasta CRC Coastal CRC
Coastsl

rwing the intagration and linkages of tasks aimed &t prowiding inputinto the davaloprment
dity Manzgarmant Sirategy.




Sources of sediment in Moreton Bay

-

- Where does it come from?

-

NGRS *m,, .--r-'-:?'-l |+ What are the processes
' ' Tl that generate i1?




Source of sediment in Moreton Bay
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Modelling suggests 70%
sediment in Bay comes from
<30% catchment area

Tracer study confirms that
most sediment comes from
soils on Marburg formation
rocks

Caitcheon & Howes (2005)



Dominant processes generating sediment?
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Hillslope erosion

Key issue in steeper pasture and
intensively cropped floodplain

Solutions:
- promote ground cover
* maintain soil structure
- trap eroded sediments

Channeal Ercsion Hi"SIOpe er‘OSiOl‘I

llusration of channal and hillslops srosion processes. Channel srosion includes gully and strearmbank srosion and hillzlops
erosion incldss shestwaszh and ril [shallow [<20 cm| channell erosion.




Dominant processes generating sediment?
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Channel erosion

Promoted by high stream energy,
riparian vegetation clearing, and
floodplain degradation

Solutions:
* protect riparian vegetation
* re-establish riparian vegetation
- control stock access

Channel erosion Hillalope Erceion

llusration of channal and hillslops srosion processes. Channel srosion includes gully and strearmbank srosion and hillzlops
erosion incldss shestwaszh and ril [shallow [<20 cm| channell erosion.




Channel erosion dominates in the region
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Hillslope:channel erosion ratio

B 0-1 (channel erosion dominates)
1-10 (hillslope erosion dominates)

Tracer study

subsoil

Logan R sediments
* Channel erosion is source Brisbane R *

of most sediments (S L meuitivated
delivered to the lower
Brisbane & Logan Rivers
6 8
+ Other source is cultivated 137¢s (Bq/kg)

surface soils

Caitcheon & Howes (2005)



Degraded riparian lands
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About 50% of the 48,000 km
of streams in SEQ has poor
riparian condition

Riparian condition also has a
large influence on stream
ecosystem healTh

B
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Tompanature change FRlaopy Lo
Dissohwed oxygan changa |

Im#‘ _ " -a - l ﬂ d‘pﬁNu

(| Gross primary production S =
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Recommendations for riparian management

Riparian rehab. for:
< - filtering sediments & nutrients
TR - stabilisation
J - altering water flows
Streams are dry most
J ' _ times of the year

High flow events

Riparian rehab. for:
Permanent flowi - stream health

streams - stabilisation

- wildlife corridor
R s 7 aflmal ‘ : N | - hebpigdiaretectionfor:

N Y

\ s O} "\' % __ / ,.' :v' - stabilisation
h 0t VL'~ - wildlife corridor
| , Y ﬁ - habitat protection
—— v
TR %‘i SQIDS/Wetland

Canopy cover > 70%



Using Decusuon Suppor’r Sof’rwar'e
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EMSS

+ Synthesise process
understanding of the system
(links catchment to water)

* Facilitates decision making
process to select actions to
best protect waterways

Wastewater
Treatment (city)

Stream bank
re-vegetation

Wastewater
treatment
(industrial)

Environmental Management Support System



EMSS
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breoys: Bay Dyamin

Modibad
P 5

]
2
2
e
=
=
=
=
=]
=
8
o
]

Receiving
Water

Quality
Model

W Modalled nitrogan cancarration
B Mezsured ni n conesnination

726 767 820 BEE

Diisiance from River

Example of Receiving Watsr Quality Model Calibration - Brishana Rivar.

Vertessey & McAlister (2005)



Scenario testing

_—
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T Load from oatohment itonnesiveart

Predicted total N load to Moreton Bay

(1 H BE W O

Past Present Future

Current TN loads
2020 “do nothing” scenario

2020 achieve objectives for future urban land

2020 achieve objectives for future urban land
+ SQID retrofit

2020 achieve objectives for future urban land
+ SQID retrofit + riparian management

Vertessey & McAlister (2005)



Ecosystem Health Monitoring Program
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Assess effectiveness of environmental protection measures (e.g.
stormwater controls, STP upgrades, riparian vegetation)
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Integrated monitoring for

\\..Hfrllk (_\.?_llt.'t.'|-].‘i]i.r|-|(_'] \ | _I ESTUGr'lne Gnd marlne EHMP
' ' - Designed stage 2
- Implemented Stage 3

260 sites (sampled monthly)
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Freshwater EHMP
- Designed stage 3 ; Implemented 2002

Integrated monitoring for
st ( \.?_lIL_'L_' S :_'ll'lt'.']

&a:u:m

UPDER
BRISEANE
CATCHME NT

LOCKYER
GATCHMENT oum'

Eco Processes

BREMER
GATGHMENT

120 freshwater sites
(sampled 2x/yr)

LOCAN - ALEERT
CATCHMENTS




Adaptive management framework
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Wider Applications - B Similar situations
Value Added from e.g. other catchments
Adaptive Management W \Wider public

B Decision-rakers

Improved
Understanding

B Report card

B Science
roadshow

B Audit repors

B Annual report

B Market research
repaort

B Science
Expeart Panals

B Review
workshops

Evaluation

W *
¥

fIRRIMEN R

W Ecosystern Health Monitoning
B Implementation audits

B Financial tracking

B Market rasearch

Adaptive
Management

Cycle

Monitoring

B Update of strategy
B Input to other plans
B Project plans
B Forasighting

Policy

Planning

Implementation

B On-ground actions
le.g. STP upgrades,
fiparian managameant)

W Healthy Waterways
ca mpalgn

W Science & research
FJ‘.’Ogl' am

ongoing knowledge
acquisition

critical role of
monitoring

continuous
improvement in the
identification and
implementation of
management.

effective
communication of
knowledge for
policy/planning
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E=EcosystemHealth Freshwater Report Card 2004

A comprehensive monitoring program
Tha Ecosystem Haalth Manitaring Program [EHMP) defvers
= regional azzazzmant of scosystam hasith for the water
wayz of Scuth East Quasnsiand. With itz “catchmant to
const” pmluwpm the program targstz both frechwester and
g from

Toaroombe. The EHMP uses rigorous scisnce to identify.
\eatarwmy hasith incorporating a range of biclagical, shysi-
cal and chemicsl indicatars. The mentaring of sperssriate
indicstars for the estusrine/merine companent of the EHMF
Staried in Moreton Bay in 1392, sxpanded north 12 the.
Sunzhine Cosst in 2001 and zouth to the Goid Comst in
2002, and now inchudes 250 monitaring sites. The EFMP
expandad ims the frezhwester catchments in 2002, with =
1018l of 120 frashwater sites nowr being red in South

East Quasnziand’s fivars and stresms.

A parmership approach
Tha EHMP wes estebizhed in responze to requasts by the
15 Local Governments and other staksholders in South
East Quesnsiand for provisien of an independent sudit of
the sffectivensss of environments! protection and man-
egement massures undertakan by their egencies. The

Frogram iz mansgad by the Morston Sy Wateruays and
Catchmants Partnacshiz on bahalf of the various stake-
halders and iz implemented by a largs team of experts.

from the Qusenzland Gevermment [Natural Rezources and
Mines, Enviranmental Protection Agency, Quesnsiand Health
Scientific Services), universities (University of Cusencland,
Griffith University) and CSIRO.

Integeated ints an adaptive management framework
The EHMS raporss on ragional scesystem heslth candi-
tion, which can be uzed to provids lang-term fesdsack an
the sffostivensss of mansgemant actions underteken to
protect South East Dusansland estchments, waterweys
i Morston Sey, and 1o identify smerging izuss that
may recuie management interventica To achisvs this, the
Program iz smbeddad into ths Partnership's adsptive man-
gament framewark that inks manitaring 1o menegamant
ebjectives and regular raview and evelustion of the sffec-
tivmnesz of our actians

Tha EHME has racsived nationsl and intamationel racag-
nition, and iz censidarsd ane of the best comprehanzive
rrarine, sstusrine snd frachuster acozystem hesith mondtor:
ing programs in Australis.

Detsilad information on the indicators snd meth-

- 2003 Annusl Technical Report published By the
MBWEE. or by visiting the Healthy Waterways
wiebsite at www heaitivywatsrways. o

-
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Catchment border
Town
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Good

Fair
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F560B83e0

Vistruay
2003 2004
W28 e
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ian and weuld schieve & higher
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B Grode besed on azzessment of
arly ane site, but resuits cea-
sistently indicative of moder-
ate 1o gacd scazvitem hesith

Lockyer Catchment

B Ecozystem hesith naticeably
imaraued from last
tacal fizh communter 2
remain in moderate to pace

Bremer Catshment

B Very poor results for Autrients
in Spring 2003, but these were
baianced by very gosd results
for that indicetar during Auturn
2004 Fallowing lete-

Logan-Albert Catchments

with na indication of improvement
in csndition fallowing sgirficant
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Report cards on progress
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Wider Applications - W Similar situations
Value Added from ©.g. other catchments
Adaptive Management W \Wider public

M Decision-makers

Improved
Understanding

W Report card

M Science
roadshow

B Audit reports

B Annual report

W Market research
report

M Science

W Ecosystem Health Manitaring
B Implementation audits

W Financial tracking

W Market research

Miooza River
® Comtimued High nergaic
etz o upger resches

o nutient lasding ard low dis
zshed axvgen in upper reaches
Masleolsh River

W Goed wets
eagrazed v

Pumicestons Fassage
B Gareraly gosd water auslay with
pearer values n the zouthern pes

Cabookure River

B Low dizzalved sxvgen anc
high rtrients 1 upper resches

et evelz
sionel phyicalankian Eooms

Tingslpa Cresk

sherus rd low dzsgved oxrgen
Brisbane River

B High autrients eac aubidity,
[ RE—

Oxley Cresk

B Elevaned nurients st tunginy

Lagan Siver

B Focr water quaity
tursicity i upper

Brevius years
Albect River

B Poer fuzhing snd paint source
rutrent loading

Fimpama Sover

W Update of strategy
M Input to other plans
B Project plans
M Foresighting

Policy
Planning

\
Adaptive
anagement

Cycle

Implementation

M On-ground actions
(e.g. STP upgrades,
riparian management)

W Healthy Waterways
campaign

W Science & research
program

Monitoring

Bay

B Ecosyztem health of Morstar
Bay iz reazenskis conziering
the farge of prazure

faces. Mozt regionsl grades were
simier to laxt year

B Water quaity poor but
mprving, eanziztent
with fazt yes

B Gacd water qusity
thraughout regian, sim-
siues 1o lazi year

ence of Lmgtya

Eastem Banks
Inciesze in Lingbys
blooms compared o
lest year

@ oo ey

Geod water quality
with stabie zeagrazz
mesdaws traughaut

Southem By

B bigh nutrients end low gizzched
cvgan levels

Coamera River
B Good water quaity out
Gagreded rparisn nabitst
MNereng River
B Good weter quelity but highly
wrbarized lower reaches

Tkt oot G

B Gosd wate: quaity ead
atact matursl habitats

Gurrumbin Greex

B Goed weter quet

intact natural nesitats

W Modeceie water quality
R—

== é)



Improvement of understanding =

Value Adcded from
Adaptive Management m

MW Update of strategy
M De: 2 W Input to other plans
Project plans

Improved
Understanding

Stage 2 Task Revised Stage 2
Architectu Concepiual Mods {1335}
vy

workshops
3
. 2

i Management
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Links to policy
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Targeted management actions
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Wider Applications -
Value Added from

Effectiveness of management actions

~$500M commitment by local T 4 e\
e aptive )
government to reduce wastewater Mansgoment ~ +

Evaluation Cycle =
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i5 & focal catchment in the riparian rehabilitation
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The future

1994 - 1997 1997 - 1999 1999 - 2002 2002 onwards

Stage 1 Stage 2 Stage 3 Integrated Partnership

Scoping By and Estuariss Rivers and Catchmeant Waterways Managarnent
Focus Focus Land to Sea;
Sustasinable Catchment

B Background M Filot studias B Cngoing studias — W ITiegrated Freshwater, Catuaring
Studiss B Design of Estuarine & B Estuarine & Marine & Marina Manitori ng
Marne Monitoring M onitoring B Design of Load-Based & Human
Frogram B Design of Freshwsatar Health Monitaring Program
Monitoring Program B Decizion Support tools for
B Regional Decigion Implemantation
Support Tools B Process Studies
B Regional Process B Socio-Ezonomic Stuclies
Studies B Sustainable Loads

B & Local Councils M 6 Local Councils B 1% Local Councils B 1% Local Councils
B Sigte & Federal B Sigte & Federal B State & Fadaral B State & Federal Gowearnmeants
Governments Governments Govarnmeants B MAP & MAK Iniatives

A staged approach was edopted by the Study, with each stags having a diffarent focus, targated objectives and claar cutcomas.




Summar'y Key Iessons
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Science involvement in cultural celebration

A 3 F

Annual Riverfestival and
International Riversymposium
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Water and Food Security - rivers in a
global context

6th - 9th September 2005 www.riversymposium.com



Science book publlshed soon
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