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INVESTIGATING SOURCES OF NUTRIENTS IN THE CURDIES RIVER
EXECUTIVE SUMMARY

A major bloom of toxic cyanobacteria (commonly referred to as ‘blue-green algae’) in the Curdies
River Estuary in early 2022 raised considerable concern in the local community about the health of
the Curdies River system. However, concerns that elevated levels of nutrients in the Curdies River
might lead to such blooms have been expressed in various reports over the last 20 years, including in
an ecological risk assessment prepared for the former Department of Sustainability and Environment
(DSE) and Corangamite Catchment Management Authority (CCMA) by the Department of Primary
Industries (DPI) in 2005. Cyanobacterial blooms occur when environmental conditions occur that
favour cyanobacteria over other photosynthetic organisms, such as algae. Cyanobacterial blooms are
increasing in frequency, severity and extent worldwide. A major cause of this increase is an increase
in important nutrients in waterbodies, especially of phosphorus and nitrogen, in combination with
changes in climatic factors.

Monitoring data collected for the Curdies River system since the 2005 Ecological Risk Assessment
indicate that eutrophication continues to be of major concern. Concentrations of the key nutrients
phosphorus and nitrogen regularly exceed Environment Reference Standard objectives in the upper
reaches of the Curdies River. It is likely that they are, likewise, exceeded in the lower catchment and
estuary, although direct monitoring of nutrient levels in these segments of the system is unavailable.
Whilst mitigation measures instituted since 2005 appear to have reduced concentrations of
phosphorus under low-flow conditions, concentrations of phosphorus under high-flow conditions
have not decreased and concentrations of nitrogen have increased.

In the upper reaches of the Curdies River catchment (the upper Curdies and Scotts Creek
subcatchments), high concentrations of phosphorus and nitrogen are strongly associated with high
turbidity. This association suggests that high nutrient inputs are the likely to be a result of erosion or
other processes, or factors associated with current or past farming practices that contribute
sediment and nutrients simultaneously. An example of such a source is sheet runoff from pastures.
Monitoring data also indicate that the majority of nutrients enter the system and migrate down it
during the high-rainfall period between June and October. The Scotts Creek sub-catchment
contributes more nutrients to the system than the upper Curdies subcatchment, likely because of its
steeper topography. Dairy farming is likely to be a major source of these nutrients to the catchment,
due to its predominance over other land uses in the Curdies River Catchment and because data
suggest diffuse, rather than point, sources of nutrients.

To address high nutrient levels in the Curdies River catchment, strategies should be put in place to
reduce nutrient loads entering the system. Surveys should identify major sources of nutrients inputs
(especially in the Scotts Creek sub-catchment). In particular, key locations should be identified where
nutrient reduction strategies, such as constructed wetlands and riparian revegetation, are likely to
have the largest effect. Long-term monitoring of nutrients in the lower Curdies sub-catchment and in
the Curdies Estuary should be undertaken to assess the nutrient contributions and loads present in
those areas, and so that the success or failure of management strategies can be accurately assessed.

Whilst there are many opportunities for improvements that could, over the long-term, reduce
nutrient concentrations throughout the Curdies River catchment and estuary, high levels of nutrients
in the sediments of the estuary, river and in the soils of the catchment as the result of historic and
current practices mean that ecological benefits, including a reduction in the incidence of
cyanobacterial blooms, may take decades to become apparent.
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SUMMARY OF KEY RECOMMENDATIONS

Key Recommendation 1:

Management strategies put in place to address nutrient enrichment in the Curdies River catchment
and estuary should incorporate clear goals and targets so that their effectiveness can be assessed.
These goals need to consider that there are high levels of nutrients in the sediments of the estuary
and river and in the soils of the catchment that are likely to continue to fuel cyanobacterial blooms
for years to come. Targets should be clearly articulated, be achievable and should have clear criteria
for success or failure. Management strategies should focus on reducing the amounts of nutrients
entering the system over the long-term.

Key Recommendation 2:

Baseline monitoring be conducted to gather more information and provide a more holistic picture of
the current health of the river system. Monitoring should include assessments of the nutrient loads
of the estuary and the lower Curdies catchment. Ongoing monitoring to assess whether targets are
being achieved should be viewed as an essential element of the management program.

Key Recommendation 3:

A nutrient reduction program should be implemented for this catchment to lower the levels of
nutrients entering the Curdies River system. Monitoring and surveys should be conducted to identify
the most important nutrient transport pathways that should be targeted for management. The
major focus of the management effort should be invested in addressing diffuse source nutrients
from grazing land.

Key Recommendation 4:

As a first step in launching the management program, the community and the various land and
water management agencies in this catchment need to review these targets and clearly state
whether they support them. A coordinating body should be established to ensure that any planned
actions can be organised among responsible management organisations as a unified strategy.

Key Recommendation 5:

To the extent that it is practicable, monitoring and/or estimation of land-use changes and other key
factors in the Curdies catchment should be incorporated as part of an adaptive management
program, so that information provided to landholders, management strategies and assessments of
strategies’ success or failure can take these factors into account and can be adapted as they change.

Key Recommendation 6:

Extension programs should be specifically designed and implemented to continue improving nutrient
management practices and should highlight both economic and environmental benefits. These
should be frequently updated in the light of new research.
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THE CURDIES RIVER CONSULTATIVE COMMITTEE

The Curdies River Consultative Committee was established to provide a transparent and effective
platform for knowledge sharing, consultation, and collaboration in relation to improving the health of
the Curdies River and its tributaries. It includes representatives of management agencies and the local
community including representatives from the Corangamite Catchment Management Authority
(CCMA), Agriculture Victoria, West Vic Dairy, Parks Victoria, Corangamite Shire Council, Moyne Shire
Council, Environment Protection Authority Victoria (EPA), Heytesbury District Landcare Network,
Wannon Water, Department of Land, Water and Planning (DELWP) and six community
representatives.

ACRONYMS/ABBREVIATIONS

BoM Bureau of Meteorology

CCMA Corangamite Catchment Management Authority
CRHS Corangamite River Health Strategy

CWS Corangamite Waterway Strategy, 2014-2022
DSE Department of Sustainability and Environment
DPI Department of Primary Industries

DELWP Department of Environment, Land, Water and Planning
EPA Environment Protection Authority Victoria

ERS Environment Reference Standard

TN Total Nitrogen

TP Total Phosphorus

WWTP Wastewater Treatment Plant
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PREFACE

The Curdies Estuary is located on Victoria’s South-West coast between Geelong and Warrnambool,
in the south-west of the Corangamite CMA region. The estuary is wide and shallow and is situated on
a high-energy coastline. Consequently, the estuary mouth naturally closes from summer to autumn
each year, due to reduced river flow and strong wave action causing sand deposition. The estuary is
prone to accumulation of sediments and eutrophication (elevated levels of nutrients). Moreover,
land-use changes since European settlement have replaced native forests with farmland. Land is
primarily given over to dairy, though beef cattle and sheep are also farmed, and some areas have
been given over to hardwood plantations, primarily blue gum (Eucalyptus globulus).

In 2005, a report assessing the ecological risks in the Curdies River Catchment, found that nutrient
levels in waterways within the Curdies catchment regularly exceeded State Environment Protection
Policy (SEPP) triggers and identified that, if mitigation measures were not undertaken,
cyanobacterial (commonly termed ‘blue-green algae’) blooms were a significant risk in the Curdies
estuary. Since that report was submitted, a number of cyanobacterial blooms have been reported
culminating in three significant blooms occurring in the four years prior to this report (2019, 2021,
2022) the last of which extended for several weeks and resulted in fish kills. Whilst stock deaths also
occurred at this time, the autopsy conducted was inconclusive and experts were not able to
ascertain whether the deaths were caused by cyanotoxin poisoning.

Cyanobacterial blooms are generally considered to occur when climatic and other environmental
conditions (water temperature, rainfall, turbidity, stratification, pH, nutrient loads etc.) combine to
create conditions whereby cyanobacteria outcompete green and other algae. Whilst cyanobacterial
blooms occur naturally in many water bodies, it is generally agreed that eutrophication (high
nutrient levels) substantially increase the probability of blooms occurring when other environmental
conditions are favourable to cyanobacterial growth and reproduction.

Whilst various techniques have been trialled to address cyanobacterial blooms when they occur,
these are generally short-term and often have negative environmental side-effects. Consequently,
whilst we present some options for addressing cyanobacterial blooms in the short-term as case-
studies, the focus of this report is to investigate four focal questions:

1) What is the current state of the Curdies River Catchment?
2) What factors influencing nutrient loads have changed since 2005?

3) What progress has been made to meeting recommendations from the 2005 Ecological Risk
Assessment?

4) Which recommendations from the 2005 Ecological Risk Assessment remain relevant and should
others now be added?

_ CeRRF, Deakin University — Final Report



INVESTIGATING SOURCES OF NUTRIENTS IN THE CURDIES RIVER

CONTENTS
Acknowledgement Of COUNTIY ......oii it e e e e sata e e e e bt e e e e abaeeeeeansaeeean 2
EXECULIVE SUMMIAIY ittt e ettt et e e e s et bt e e e e e s s aabeeeeeeessssnssbeeeeeeesssansnnes 3
Summary of Key RECOMMENAALIONS . ...ciicuiiiiiiiiiie ettt e e e e e s s e e s sbee e e s sreeeessanes 4
The Curdies River Consultative COMMITIEE ......cccueiiieiieiiieiieieee et 5
ACrONYMS/ADDIEVIATIONS .....viiiiiee ettt ettt e e e e et e e s beeebeeesabeeebeeeesseesabeeesaeesabeeenns 5
= - [ol T TSP O PUUPTO PO PROPRRT 6

o) =Totdle [T g1 1 4 o] o FS USRS 10
[ 1y o] oY PP PP UPPTUPPPTTN 10
CatchmENt CharaCteriStICS ...eiiviieiiee ittt et e e st e e sbe e e sabeesabeesnneeesbeeanns 11
LaN0 USE 1ttt ettt ettt sttt e sa e st e e bt e e st et e hb e e s a b e e e b et e e a bt e e bteeaabee s beeesabeesbeeeanteesabeeenares 13
T LS ettt b e st a ettt b e e bt e h e e ea et et e et e e b e e bt e eheeeat e e b e e bt e nheenanenas 16
What are cyanobacteria, aka ‘blue-green algae’? ... eciie e e 16
What kind of cyanobacteria are in the estuary?..........ooiiii e 16
What triggers a cyanobacterial BloOmM?.......cociiiiiiiiie e 17
NULTIENT MBASUIES .ttt ettt et e e s e e st e e s eab e e e s snre e e e snbeeesesnreeesenreeessnreeas 17
Environment Reference Standard (ERS) 0bjeCtiVES .......ccoecuiiiiieiiie i 18

PART 1: WHAT IS THE CURRENT STATE OF THE CURDIES RIVER CATCHMENT?

Data SOUICES.....ci ittt e 19
How have nutrient concentrations changed over time? .......cccccveviiiciie e 20

Lol =10 2 g Yo Ty o] oo T U T (1 20 IR 20

TOtal NIEFOZEN (TN coeiiiiee ettt e et e e e ettt e e e et e e e e s abae e e e ataeeeeasaeeeeassaeeeensaeeesnnsaneanns 22
When are nutrients being added, released and transported? .........ccccceeeeciieeecciiee e, 23
Where do NUEFHENTS COME frOM? ..couiiiiiiiiiee e s s e 24
SUIMIMIAIY e e e e e e e e e e e e s e e e s e e e s s e e s e s e e e sasasssasassssssssssssssssssssssssssssssssssassssssssssssssansesesasnsenns 28

PART 2: REVIEW OF 2005 RISK ASSESSMENT — CONCEPTUAL MODELS

Component 1: Factors affecting whether a bloom OCCUIS ........oevieiiiiiiciiieeecee e 30
Component 2: Effects of algal growth and excessive plant growth on values ..........ccccoccvvveeeiineenn. 31
Component 3: Sources of nutrients to the estuarine reaches of the Curdies River...........ccccuueen.. 33

PART 3: REVIEW OF 2005 RISK ASSESSMENT — TARGETS, MONITORING AND MANAGEMENT FOCI....

Targets and MoNItOriNG FEQUITEMENTS.....cciii e e e e e e e e snbee e e e e e e s e e nnbreaeeeeeeennas 37

Y Lo Ted=T 0 g L= o = == N 39

CeRRF, Deakin University — Final Report




INVESTIGATING SOURCES OF NUTRIENTS IN THE CURDIES RIVER

Case study 1: Clay FIOCCUIRTION ...ccceeiiie ettt et et e e e rarr e e et e e e sabaeeesnaaeeeean 47
(O T AU e LV A U1 14 [ o U Ty o U 48
Case study 3: BiofloCCUIRLION ....uviiiiiee e e e s ae e e s areeeeas 48
Case study 4: COPPEr SUIPNALE....cciieiiie et e e e bae e e s sabae e e esnaaeeeeas 48
Case study 5: Artificial OXYZENAtION ..eeiiiiiiiiicciiie e e e st ae e e snaaeeeeas 49
(O TS AU o LV R DT Yo P 1o V- S 50
Case study 7: Fertiliser regUIAtioN ........occuiii it e e b ae e e eaaaeeeean 50
Case study 8: Artificial @StUary OPENING.....ccii i e e e srae e e s sneaeeeeas 50

PART 6: COMMUNITY QUESTIONS AND ANSWERS

Why has the Curdies River gotten worse over the past 5t0 10 Years?.......ccccecveeeeecieeeeecvveeeeennenn. 52
What is the role of riparian vegetation as a filtration method?........cccccoeeiiiiiccei e, 52
What vegetation species should be Selected?.........ccuviiiiciiii e e 52
What buffer width should the revegetated riparian zone be?........cccvevveiiiiiiciee e, 53
Do blue-green algae consume more oxygen than they produce?.........cccovveeiecceieecciiee e, 53
What does high nitrogen and phosphorus really mean?..........ccoeeeeeieiiciiiee e 53
What are the natural nitrogen and phosphorus levels in the system? ..........ccccooeeiiieiecciee e, 53
How much nutrient is in the water vs. the sediment? ..........ccoeiiiriiiiiiieeeeeeeee 54
Are there short-term strategies for algal blooms? ..., 54
What are the density levels of cattle along the catchment over time? .......cccccvveeiiiei e, 54
Is the number of dams contributing to algal bloomSs?...........ooiiiii i, 54

_ CeRRF, Deakin University — Final Report



INVESTIGATING SOURCES OF NUTRIENTS IN THE CURDIES RIVER

FIGURES

Figure 1: The Curdies River catchment showing waterways and slopes within sub-catchments......... 12
Figure 2: Land cover change 1985/1990 t0 2015/2020........cccuteeiueeeeeeeeireeeeteeeereeeeteeeereeeereseeseeeenseeenns 15
Figure 3: The Curdies River catchment showing sub-catchments and waterways and locations of
DELWP SUIfaCe Water GAUEZES. ..cccuvieeieiiiiieeeiiieeeeeiite e e ettt e e e etteeeesateeesestaeeeessaeessansseeessssseesasssseesasseeannn 19
Figure 4: Change in phosphorus (TP) concentrations over time in the Curdies River..........cccceeeveenne 21
Figure 5: Change in phosphorus (TP) concentrations over time in Scotts Creek. ........ccceecvvvevieercrennns 21
Figure 6: Change in total nitrogen (TN) concentrations over time in the Curdies River...................... 22
Figure 7: Change in total nitrogen (TN) concentrations over time in Scotts CreekK.........ccccvevveerrenns 22
Figure 8: Relationship between discharge and total phosphorus (TP) concentrations in the Curdies
RIVEr @Nd iN SCOTES CrEEK ..eiiuveiiiiieiiiieiie ettt sttt ettt e site e st e e st e e sbe e s sbeeesabeeesabeessteesnsneesaseesnns 23
Figure 9: Relationship between discharge and total nitrogen (TN) concentrations in the Curdies River
gL I Yol i £ O T= PSPPI 24
Figure 10: Relationship between turbidity and total phosphorus (TP) concentrations in the Curdies
TN =Y PP PP PP PPPUUPPPPPOPPRE 25
Figure 11: Relationship between turbidity and total phosphorus (TP) concentrations in the Curdies
YA PO PP TS PPPUUUPPPPOPPRE 26
Figure 12: Relationship between turbidity and total nitrogen (TN) concentrations in the Curdies River
gL I Yol i £ O T= PSPPSR 26
Figure 13: Estimated mean mass of total phosphorus (TP) delivered from the Scotts Creek and Upper
Curdies subcatchments per day in each month 2001-2022. .......ccccoeiiiiiiie i 27
Figure 14: Estimated mean mass of total nitrogen (TN) delivered from the Scotts Creek and Upper
Curdies subcatchments per day in each month 2001-2022. ........cccviiiiiiiie e e 27
Figure 15: Relationship between discharge and recorded nitrogen oxide (NOx) concentrations in the
Curdies RiVEr and in SCOES CrEEK ....covuuiiiiiiiiiccie ettt stee e et esae e e st e e sneeesnree s 28
Figure 16: Conceptual model of factors affecting the probability of cyanobacterial blooms.............. 31
Figure 17: Conceptual model of cyanobacterial blooms on the environmental values of the estuary.
.............................................................................................................................................................. 32
Figure 18: Conceptual model of sources of phosphorus to the estuarine reaches of the Curdies River
.............................................................................................................................................................. 34
Figure 19: Major nutrient sources by sub-catchment ..........cccooiiiiiii e 35
Figure 20: Seasonal SOUrCES Of NUELMENTS......c.uuiii i e e e e e e e e e eare e e e e nreeas 35
Figure 21: Internal NULFENt rECYCIING c...vvvii it e e e e s ae e e e atae e e e areeas 36

_ CeRRF, Deakin University — Final Report


https://deakin365.sharepoint.com/sites/QAEL664-CCMA/Shared%20Documents/CCMA/Curdies%20River%20Risk%20Assessment/Report/Deakin%20Report%20draft%20V2.docx#_Toc125119797
https://deakin365.sharepoint.com/sites/QAEL664-CCMA/Shared%20Documents/CCMA/Curdies%20River%20Risk%20Assessment/Report/Deakin%20Report%20draft%20V2.docx#_Toc125119797
https://deakin365.sharepoint.com/sites/QAEL664-CCMA/Shared%20Documents/CCMA/Curdies%20River%20Risk%20Assessment/Report/Deakin%20Report%20draft%20V2.docx#_Toc125119810
https://deakin365.sharepoint.com/sites/QAEL664-CCMA/Shared%20Documents/CCMA/Curdies%20River%20Risk%20Assessment/Report/Deakin%20Report%20draft%20V2.docx#_Toc125119811
https://deakin365.sharepoint.com/sites/QAEL664-CCMA/Shared%20Documents/CCMA/Curdies%20River%20Risk%20Assessment/Report/Deakin%20Report%20draft%20V2.docx#_Toc125119811

INVESTIGATING SOURCES OF NUTRIENTS IN THE CURDIES RIVER

INTRODUCTION

PROJECT DESCRIPTION

Analysis of water quality data from 1990 to 2005 was presented in a 2005 report (Applying an
Ecological Risk Assessment process to investigate nutrient enrichment in the Curdies River
Catchment, 2005) prepared for the Corangamite Catchment Management Authority (CCMA), the
Victorian Department of Sustainability and Environment (DSE) and the Victorian Department of
Primary Industries (DPI). The 2005 report found that phosphorus concentrations in the Curdies River
regularly exceeded State Environment Protection Policy (SEPP) triggers and that phosphorus and
nitrogen concentrations, and turbidity increased at high-flow periods, especially during winter and
spring. The 2005 report gathered substantial data, with the aim of identifying the risk of elevated
nutrient levels on ecological and other values of the Curdies estuary over the following decade. The
report also provided several recommendations for management and monitoring and advised that,
without substantial action, in addition to other factors, ongoing eutrophication meant that the risk
of cyanobacterial blooms occurring in the future was high and posed a substantial risk to ecological
values of the estuary.

Since the 2005 report was completed, this risk has been realised. Cyanobacterial blooms have now
occurred a number of times in the Curdies estuary, culminating in a major bloom in early 2022,
which resulted in fish deaths. Understandably, these events have resulted in increasing community
concern and highlighted the need for action to address the underlying factors that have led to the
Curdies’ current condition.

In this report, we review data from the 2005 report, in addition to data collected since that time, to
investigate whether and how patterns of nutrient concentrations have been affected by
management strategies implemented for the Curdies River catchment, including those implemented
in response to the 2005 report. We also review and update the conceptual models presented in that
report and the recommendations it presented relating to cyanobacterial blooms and eutrophication.
Our aim is to provide management authorities with information to inform decisions and strategies
into the future and to provide the community with information about the health of the Curdies River
and estuary.

HISTORY

“The junction of Scotts Creek and the Curdies used to be much bigger — the size of a swimming pool,
now it’s just a puddle. Used to be a good fishing spot too.” — Local farmer

The Eastern Maar people are the traditional owners of country in western Victoria between Port
Fairy and Anglesea, including the land of the Curdies River Catchment. The Girai Wurrung people,
consisting of 21 clans, are the Traditional Owners of the areas encompassing Timboon,
Peterborough, Warrnambool and the Curdies River and Hopkins River. For thousands of years, these
clans cared for and respected the land and water, as well as holding a deep connection to land and
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country. During European colonisation, this land was forcibly taken, and the land highly altered to
accommodate sheep, cattle and other livestock.

In 1840, Dr Daniel Curdie settled the land around Cobden and established his homestead in
Tandarook, where Scotts Creek was part of his pastoral run. This area attracted many settlers who
were agriculturists and trades people, thus establishing the area and the town of Cobden. In 1845,
Dr Daniel Curdie journeyed by river from his home in Tandarook towards the river's mouth. Once
there he named the area Peterborough after his friend Dr Peter Reid. The land around Cobden and
Peterborough was ideal for agriculture, especially dairy farming, whilst the Heytesbury forest
provided further opportunities for new settlers.

Much of the native forest cover was removed to provide land for farming over the next century,
accelerating after the 1960s. Between 1940 and 1976, land was cleared for the Heytesbury Soldier
Settlement scheme, especially in the Scotts Creek sub-catchment. By 2003, less than 6 % of the
native vegetation cover of the region remained.

Land clearing for development, Heytesbury, 1958. — Photo sourced from The Australian Publicity Council

CATCHMENT CHARACTERISTICS

The Curdies River catchment covers approximately 1035 km? and consists of three major sub-
catchments. The two upper catchments are the Upper Curdies catchment, which drains an area of
approximately 380 km? and the steeper Scotts Creek sub-catchment, which drains approximately
345 km? (Figure 1). The lower Curdies sub-catchment, extending from the confluence of Scotts Creek
and the Curdies River covers an area of approximately 310 km?2. The Curdies Estuary, which sits on
the high-energy southern coastline of Victoria near the Twelve Apostles, is a large, shallow estuary
which closes regularly over the summer—autumn period when rainfall in the catchment is low and
discharge from the rivers and streams that feed it becomes insufficient to maintain its opening to
the sea.
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Figure 1: The Curdies River catchment showing waterways and slopes within sub-catchments.
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LAND USE

“One thing we failed to do was estimate the intensity of dairy farms into the future. We need to think
about what the dairy industry will look like down the track and plan for that.” — Local farmer

The Curdies River estuary. — George Cunningham, 2022

Between the 1985-90 and the 2015-20 time periods, there have only been minor changes to land
use in the Curdies River catchment (Table 1 & Figure 2). While there has been a minor reduction in
the amount of land given over to exotic pasture, this remains, by far, the predominant land use type
(83 % of the total area). Importantly, however, this reduction does not necessarily mean that there
has been a reduction in stocking rates in the catchment. Anecdotal evidence suggests that farms
have been consolidated and stocking densities have increased over this time although there is
disagreement about whether larger farms are responsible for this perceived increase, or whether it
has also occurred on smaller farms. Concurrently with the reduction in exotic pasture, there has
been a decrease in native vegetation and native pasture. These land uses have been replaced by an
increase in horticulture (predominantly irrigated), urban and industrial land and plantations
(predominantly native hardwood but also exotic). Despite these increases, however, each of these
land uses makes up only a comparatively minor proportion of the total land use within the
catchment.
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Table 1: Land use and land use change in the Curdies River catchment 1985-90 to 2015-20 (data from DELWP
Victorian Land Cover Time Series, 2021)

Land use category 1985 - 1990 2015 - 2020 Change

Area (km?) % Area (km?) % Area (km?) %
Exotic pasture 894 86 858 83 -35 -3
Native pasture 3 <1 1 <1 -2 <-1
Native vegetation 111 11 101 10 -10 -1
Exotic trees 9 <1 23 2 14 1
Horticulture 7 <1 23 2 14 1
Urban, built & disturbed 3 <0.5 8 1 5 <1
Native plantations 1 <0.5 14 1 13 1
Water 8 <1 8 <1 1 0
Total 1,036 1,036

Across the catchment, land use is fairly consistent among sub-catchments (the upper Curdies, Scotts
Creek and lower Curdies catchments; Table 2). The proportion of the land with native vegetation is
greatest in the upper Curdies catchment (12 %), which also has the lowest proportion of land given
over to exotic pasture (80 %). Native vegetation makes up the smallest proportion of land in the
lower Curdies catchment (8 %) which has the same proportion of land dedicated to exotic pasture as
the Scotts Creek catchment (84 %). Native plantations account for the smallest proportion of land in
the lower Curdies catchment (less than 1 % of the total land) and greatest amount in the Scotts
Creek catchment (~2 %). Urban, built and disturbed areas account for approximately 1 % of the
total land in all sub-catchments.

Table 2: Land use in the Curdies River sub-catchments (2015-20) (from DELWP Victorian Land Cover Time
Series, 2021)

Land use category Upper Curdies Scotts Creek Lower Curdies

Area (km?) %  Area (km?) %  Area (km?) %
Exotic pasture 308 80 290 84 260 84
Native pasture 1 <1 0 <1 0 <1
Native vegetation 44 12 33 10 24 8
Exotic trees 10 3 6 2 7 2
Horticulture 5 1 5 2 11 4
Urban, built & disturbed 3 1 2 1 2 1
Native plantations 5 1 8 2 1 <1
Water 5 1 0 <1 3 1
Total 381 344 308
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Curdies Basin A
Landcover change
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Figure 2: Land cover change 1985/1990 to 2015/2020. White areas indicate locations where
land use has not changed between periods. Coloured areas represent the land use in 2015-2020
in locations where land use changed between periods. (Data from DELWP Victorian Land Cover
Time Series, 2021)
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THREATS

“Old-timers used to talk about platypus in Scotts Creek but there are none there now. Used to be
blackfish too, but they went away with the Heytesbury clearances.” — Local farmer

A range of factors, most importantly, deforestation and the historic and continuing effects of
farming have resulted in the Curdies River and Estuary becoming elevated in nutrients and with
increased sedimentation. There have been substantial changes to the river’s ecology and
morphology since European settlement and increasing incidences and severity of cyanobacterial
blooms in recent years. In addition to the influence of eutrophication in the system, climate change
is very likely to increase the risk of these blooms increasing in frequency over the next decades
because temperature increases, reduced flow, more intense rainfall events, and rising sea levels can
all be expected to lead to increases in nutrient loads in the estuary and/or conditions favouring
cyanobacterial growth.

WHAT ARE CYANOBACTERIA, AKA ‘BLUE-GREEN ALGAE’?

Although they are often referred to as ‘blue-green algae’, cyanobacteria are not algae. Rather, they
are photosynthetic bacteria which occur naturally in almost every terrestrial and aquatic habitat
worldwide, including in marine, fresh and brackish waters. Over 3000 species of cyanobacteria have
been described but it has been estimated that between 6000 and 8000 species exist. Cyanobacteria
are photosynthetic (storing energy by using light to fix carbon dioxide into sugars and releasing
oxygen as a by-product) but, as with other photosynthetic organisms, they also respire (using oxygen
to liberate energy from sugars for growth and reproduction). Cyanobacterial blooms can cause
adverse consequences. First, some species have toxins (‘cyanotoxins’) that may cause harm to
animals, including humans, pets and livestock. Second, decomposition of dead cyanobacteria can
cause water bodies to become anoxic (lack oxygen). This can lead to mass deaths of fish and/or
other marine animals and can often produce very unpleasant odours as ammonia and hydrogen
sulphide are released.

WHAT KIND OF CYANOBACTERIA ARE IN THE ESTUARY?

Cyanobacterial sampling only occurs during blooms, so we can only comment on the types of
cyanobacteria common then. Cyanobacterial samples collected in 2020, 2021 and 2022 consisted of
several species. In all three years, however, the same species, Nodularia spumigena, dominated. In
2020 and 2021, two additional species (Dolichospermum circinale and Anabaenopsis sp.) were
detected at low levels (biovolumes of less than 4 mm3/L). In 2022, an additional six species
(Oscillatoriales sp., Synechococcales sp., Planktolyngbya sp., Pseudanabaena sp., and two additional
Dolichospermum species) were also found at low levels (biovolumes of less than 4 mm3/L). In all
three years, Nodularia spumigena was detected at much higher levels. In 2020, N. spumigena was
found at 48 mm?/L, based on a single sample. In 2021 and 2022, the biovolume of the species
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peaked at 512 mm?3/L and 19,594 mm?3/L, respectively. N. spumigena was also the dominant species
in a cyanobacterial bloom that occurred in the estuary in 2001.

N. spumigena is a nitrogen-fixing species of cyanobacteria, common in brackish waters worldwide
and which frequently blooms in Australian estuarine systems. The species produces chains of cells to
produce long filaments which, during blooms, form a paint-like surface scum. N. spumigena is
tolerant of a range of salinities, though it shows strongest growth peaks between 7 and 30 ppm
(Silveira & Odebrecht, 2019). The species produces nodularin, a hepatotoxin (liver-affecting toxin)
which can contaminate water and can accumulate within animals. These toxins can remain for some
time after a bloom is no longer visible and cannot be easily removed to make water safe for
consumption. For example, boiling does not make affected water safe for consumption. Importantly,
there is some evidence that more toxin is produced as salinity increases in some strains of N.
spumigena.

WHAT TRIGGERS A CYANOBACTERIAL BLOOM?

Cyanobacterial blooms occur naturally in many wetlands, however, they appear to be becoming
more common globally. The precise triggers for a bloom vary but occur when several environmental
conditions coincide and interact to produce conditions allowing cyanobacteria to outcompete algae.
Once a bloom is triggered, positive feedback loops can maintain an environment in a state
favourable to cyanobacteria even after the conditions that initially triggered the bloom have
changed (see Figure 21). Whilst the specific conditions that trigger a bloom will differ among years
and locations, several interacting factors are generally important:

1) High nutrient levels (eutrophic conditions), especially high levels of nitrogen and
phosphorus, and the ratio of nitrogen to phosphorus

2) Still or slow-flowing water

3) High levels of light

4) High water temperatures

5) Stratification (distinct layers with little mixing).

Although these factors are almost always important, other interacting factors, such as acidity (pH),
dissolved oxygen, rainfall, gecomorphology, turbidity, other species present, salinity, wind direction
and others may contribute as well. Importantly, the environmental conditions responsible for
triggering cyanobacterial blooms are likely to increase in frequency over the next decades, due to
the ongoing effects of climate change. Blooms are, therefore, likely to become more common in the
future than has historically been the case.

NUTRIENT MEASURES

We focus on the long-term (~ 30-year) patterns of concentration for two key limiting nutrients —
phosphorus and nitrogen, both of which are critical for living organisms, including cyanobacteria. We
concentrated on these nutrients because of their importance in causing cyanobacterial blooms, the
availability of long-term data, and their potential to be reduced via management actions, unlike
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many other environmental factors (e.g., water temperature, stratification, rainfall, air temperature
etc.).

Phosphorus can be present in waterbodies in a variety of forms and can enter the environment via
several pathways especially from soil, plant and animal materials including from agricultural sources
(e.g., fertilisers, manure and pesticides) and from urban run-off (e.g., detergents). Throughout this
report, we use records of Total Phosphorus (TP) as a measure of phosphorus concentrations. TP is a
measure of compounds that give rise to phosphate ions, either because they contain phosphate or
break down into phosphate which is then available for organisms to use.

Nitrogen, like phosphorus, can be present in a variety of forms, most importantly ammonia (NHs),
Nitrate (NOs’), Nitrite (NOz’) and organic nitrogen. Various pathways exist that convert nitrogen
among these various forms and nitrogen gas (N>). Total Nitrogen (TN) is calculated as the addition of
two measures: Nitrogen oxides (NOy; a combination of NO;  and NOs’) and Total Kjeldahl Nitrogen
(TKN or KN) which combines NH4*, ammonium (NHs) and organic nitrogen. Most nitrogen enters
waterbodies or groundwater from food processing industries, sewage treatment, leakage from tips,
livestock, fertilisers (e.g., ammonium nitrate) and urban runoff. Some cyanobacteria are also able to
‘fix’ (convert) atmospheric nitrogen gas (Ny) into ammonia.

In general, we report the concentrations of these nutrients measured at water monitoring sites (i.e.,
the mass [mg] of TP or TN per litre [L] of water), rather than the load (i.e., mass of TP or TN over a
period of time [e.g., per day, month or year]). This is because concentrations are directly measured
at monitoring sites, whereas load must be estimated from measured concentrations and estimated
discharge.

ENVIRONMENT REFERENCE STANDARD (ERS) OBJECTIVES

Environment Reference Standard (ERS) objectives for TP, TN and Turbidity (indicated by red dashed
lines in Figures 4-12) are standards identified in the ERS for Victoria under the Environmental
Protection Act 2017 (ERS 2021). The ERS sets out the environmental values of factors as objectives,
or to be maintained, to support environmental values (e.g., recreation, food production and
ecosystems). The objectives identified in the ERS are dependent on the degree to which ecosystems
have been modified. Objective levels of nitrogen and phosphorus are set explicitly with the aim that
they do not cause an increase in the frequency, duration, or spatial extent of harmful algal blooms in
estuarine or marine waters (ERS 2021). The environmental objectives identified for the Central
Foothills and Coastal Plains (which includes the Curdies River catchment), which are classified as
slightly to moderately modified in the ERS, are <60 pg/L for TP, <1,100 pg/L for TN and <25 NTU for
turbidity, measured at the 75" percentile of collected data. ERS objectives for estuarine waters differ
from those for rivers and are <90 pg/L for TP and <1,000 pg/L for TN measured at the 75 percentile
of collected data. Due to the unavailability of water quality data for the Curdies Estuary (a minimum
of 11 data points over 1 monitoring year), we do not directly assess the water quality of the estuary
itself in this report.
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PART 1: WHAT IS THE CURRENT STATE OF THE CURDIES RIVER

CATCHMENT?

DATA SOURCES

Two DELWP surface water sites were used as the primary sources of data for assessing nutrient
concentrations in the Curdies River catchment (Figure 3). The first of these is located on the Curdies
River, below the confluence of the Curdies River and Scotts Creek (Gauge #235203), whilst the
second is located on Scotts Creek, at Digneys Bridge, just above the confluence (Gauge #235237).
Nutrient (TP, NOx and TKN) concentrations have been regularly measured at both of these sites
since 1990. TN is calculated as the sum of recorded NOx and TKN concentrations. A third site is
located at the top of the Curdies Estuary (Gauge #235268), having been installed in 2008. However,
nutrient levels are not measured at this site.

Contributions of nutrients from the Scotts Creek
sub-catchment were able to be directly assessed

from measurements taken at the Digneys Bridge A
gauge whilst the relative contributions of the
upper Curdies catchment were estimated by
comparing recorded measures from the Curdies
River and Scotts Creek gauges. Due to the lack of
available data below the Curdies River gauge, the
contribution of the lower Curdies catchment and
nutrient levels in the estuary itself could not be
assessed.

Curdies Basin
Subcatchments

#235203
Curdies River

Some additional data were available via
WaterWatch and EstuaryWatch monitoring
programs. However, given the high variability of
recorded nutrient concentrations in the
catchment’s rivers (see Figures 4-7), these data
were not collected frequently enough or over a
long enough period to provide reliable estimates

of long-term trends. Rainfall monitoring sites in S:arg-:n]:
the region do not provide continuous records for Subcatchments
the study period (accessed via BoM website). "
Consequently, we did not directly assess how [

#235237
Scotts Creek

#235268
Curdies Estuary
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. e
rainfall affects nutrient and turbidity levels but
instead used estimated discharge at the
monitoring stations as an indicator of rainfall
patterns at the time that nutrient levels were
assessed.

Figure 3: The Curdies River catchment showing sub-
catchments and waterways and locations of DELWP
surface water gauges.

In addition, we held conversations with local residents, including landholders, anglers, dairy industry
representatives and agricultural specialists, presenting our initial findings to them and seeking
feedback, to determine whether the patterns identified through analysis of the available data was in
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alignment with lived, on-the-ground experience of the catchment and its history, and to identify
additional questions for further research and areas of special concern.

Using the available data, we were able to address three key questions:

1) How are nutrient concentrations changing over time?
2) When are nutrients concentrations highest?
3) Where in the catchment do nutrients come from?

Gauge at Digneys Bridge on the Scotts Creek — George Cunningham, 2022

HOW HAVE NUTRIENT CONCENTRATIONS CHANGED OVER TIME?

Total Phosphorus (TP)

Low and median concentrations of phosphorus (TP) have decreased in the Curdies River below the
confluence with Scotts Creek since 1990 to 2022 (indicated by the lowest 25" percentile and middle
50t percentile black lines in Figure 4). As a result of this decline, ERS objectives established for the
Curdies River are being exceeded less often since 2001 than in the prior period from 1990-2001 (as
shown by the proportion of records below the dashed line in Figure 4). Prior to 2001, even the
lowest phosphorus concentrations recorded at the Curdies River gauge exceeded environmental
objectives. Since 2001 however, low concentrations of TP have consistently been below the
environmental objective level. This decrease in minimum recorded concentrations of phosphorus
coincides with the significant reduction in annual phosphorus load from the Cobden Wastewater
Treatment Plant (WWTP) identified in the 2005 risk assessment. That report identified that, in 2001,
Bonlac milk processing plant was no longer discharging to Cobden WWTP and that the Cobden
WWTP ceased to discharge into the Curdies River, except under rare and exceptional circumstances
(e.g., when the treatment plant is at capacity and irrigation is not available). The decrease in
phosphorus concentrations also coincides in timing with significant riparian fencing and revegetation
works in the catchment since 2005. These riparian works and the change in operation of the Cobden
WWTP are likely to have contributed to the observed decline in low phosphorus concentrations at
low flow periods, although it is not possible to identify the relative contribution of each.

While the low recorded concentrations of total phosphorus have declined since 1990, high recorded
concentrations did not show a similar decline over the same period and environmental objectives
are still exceeded frequently (see the upper-most black line for the 75 percentile in Figure 4).

CeRRF, Deakin University — Final Report



INVESTIGATING SOURCES OF NUTRIENTS IN THE CURDIES RIVER

Concentration of Total Phosphorus over time in the Curdies River (below confluence)
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Figure 4: Change in measured phosphorus (TP) concentrations (mg/L) from 1990 to 2022 in the Curdies River,
below the confluence with Scotts Creek (gauge #235203). The red dashed line shows the ERS objective
concentration of TP for this region. Black lines are quantile regressions fit to the Low (25%), Median (50%"), and
High (75™) percentile concentrations. Red circles represent data from 1990-2001, when the Cobden WWTP
discharged into the river. Blue circles represent data collected after the change in practice.

Measurements of phosphorus concentration in Scotts Creek, in contrast to those recorded in the
Curdies River, indicate that low and median measured concentrations of TP are stable (as shown by
the lowest 25 percentile and middle 50™ percentile black lines in Figure 5), but that high
concentrations are increasing (the uppermost 75" percentile black line in Figure 5). Whilst
environmental objectives are being exceeded a similar proportion of the time since 2001 as they
were prior to that time, they are being exceeded by a greater amount than was previously the case.
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Figure 5: Change in measured phosphorus (TP) concentrations (mg/L) from 1990 to 2022 in Scotts Creek (gauge
#235237). The red dashed line shows the ERS objective concentration of TP for this region. Black lines are
quantile regressions fit to the Low (25%), Median (50"), and High (75%") percentile concentrations. Red circles
represent data from 1990-2001, when the Cobden WWTP discharged into the river. Blue circles represent data
collected after the change in practice.
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Total Nitrogen (TN)

In both Scotts Creek, and in the Curdies River below the confluence with Scotts Creek, low and
median concentrations of Nitrogen (TN) have been stable or have slightly reduced since 1990 (lower
25" percentile and median 50" percentile black lines in Figures 6 & 7), but high concentrations have
been increasing (upper-most 75" percentile black lines in Figures 6 & 7).

Concentration of Total Nitrogen over time in the Curdies River (below confluence)
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Figure 6: Change in measured total nitrogen (TN) concentrations (mg/L) from 1990 to 2022 in the Curdies River,
below the confluence with Scotts Creek (gauge #235203). The red dashed line shows the ERS objective
concentration of TN for this region. Black lines are quantile regressions fit to the Low (25%), Median (50%"), and
High (75%) percentiles. Red circles represent data from 1990-2001, when the Cobden WWTP discharged into the
river. Blue circles represent data collected after the change in practice.
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Figure 7: Change in measured total nitrogen (TN) concentrations (mg/L) from 1990 to 2022 in Scotts Creek
(gauge #235237). The red dashed line shows the ERS objective concentration of TN for this region. Black lines
are quantile regressions fit to the Low (25%), Median (50%"), and High (75%) percentiles. Red circles represent
data from 1990-2001, when the Cobden WWTP discharged into the river. Blue circles represent data collected
after the change in practice.
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WHEN ARE NUTRIENTS BEING ADDED, RELEASED AND TRANSPORTED?

In both the Curdies River below the confluence with Scotts Creek, and in Scotts Creek itself, high
concentrations of nutrients (both TP and TN) increase with flow (Figures 8 & 9), suggesting diffuse,
rather than point sources of nutrients. Note that extreme high and low discharges are less accurately
estimated than median discharges, meaning that the relationship between these variables is less
reliable in very high and very low flow conditions. In the Curdies River, relatively high concentrations
of phosphorus above environmental objectives were found under comparatively low flows
(discharge) between 1990 and 2001 (Figure 8). The subsequent reduction coincides with changed
practices at the Cobden WWTP. Specifically, in March 2001, Bonlac ceased discharging to the
Cobden WWTP and the Cobden WWTP stopped discharging into the Curdies River, except under
exceptional circumstances. Since 2001, high concentrations (above ERS objectives) have been
recorded at low flow periods (discharge below approximately 10,000 L/day) only occasionally. In
contrast, phosphorus concentrations in Scotts Creek regularly exceed environmental objectives
under low flow conditions in both time periods, though there is a clear increase in phosphorus
concentrations as flow increases.
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Figure 8: Relationship between discharge and recorded total phosphorus (TP) concentrations (mg/L) from
1990 to 2022 in the Curdies River, below the confluence with Scotts Creek (gauge #235203; left) and in Scotts
Creek, above the confluence (gauge #235237; right). Red lines indicate the ERS objective for TP for this region.
Red circles represent data from 1990-2001, when the Cobden WWTP discharged into the river. Blue circles
represent data collected after the change in practice. Note: Discharge is shown on a logarithmic scale.
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Curdies (below confluence) Scotts Creek
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Figure 9: Relationship between discharge and recorded total nitrogen (TN) concentrations (mg/L) from 1990
to 2022 in the Curdies River, below the confluence with Scotts Creek (gauge #235203; left) and in Scotts Creek,
above the confluence (gauge #235237; right). Red dashed lines show the ERS objective concentration. Red
circles represent data from 1990-2001, when the Cobden WWTP discharged into the river. Blue circles
represent data collected after the change in practice. Note: Discharge is shown on a logarithmic scale.

WHERE DO NUTRIENTS COME FROM?

Nutrient concentrations increase with turbidity at both gauges for both phosphorus and nitrogen
(see Figures 10 & 12). Turbidity is a measure of the cloudiness of the water and can be associated
with high levels of suspended solids including soil particles. Therefore, the observed pattern suggests
that erosion may be a major source of nutrients within the catchment. This erosion can be from a
range of sources including steep slopes and gullies, sheet runoff, waterlogged soils and/or stock
crossings. This contrasts with findings from the 2005 report, where there was no evidence that
concentrations of phosphorus rose with turbidity at the Curdies River gauge. A similar pattern is not
apparent at the Scotts Creek gauge, where an association of high concentrations with high turbidity
was detectable in the prior report period (1990-2004). Since 2005 high levels (above ERS objectives)
of total phosphorus are more variable and are generally recorded at comparatively low levels of
turbidity after 2001. This suggests that a substantial reduction in phosphorus inputs has been
achieved in the upper Curdies during low-flow periods, coinciding with the Cobden WWTP no longer
discharging into the river (Figure 11) and reflects the strong bonding of some forms of phosphorus to
soil particles. The absence of a clear trend prior to 2001 likely reflects the association being masked
by discharge from the Cobden WWTP. This change in practice at the Cobden WWTP, in addition to
revegetation and fencing and concomitant reductions in stock access, may explain the reduction of
high phosphorus levels during low flow periods at this gauge.

During low-flow periods (i.e., summer—autumn), groundwater provides baseflow, which is a
potential diffuse source of nutrients, especially of nitrogen oxides (NO2 and NOs™: two components
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of TN) which, unlike phosphorous do not bind strongly to soil and which are water soluble.

However, the low concentrations of nitrogen oxides (NOy) at low flows (Figure 15) suggest that
groundwater is unlikely to be a major source of nutrients in this system. Relatively high phosphorus
levels at comparatively low levels of turbidity in Scotts Creek may indicate that stock access and high
runoff during less intense rainfall events remain an issue in the sub-catchment. However, these
differences could result from geomorphological differences (for example, steeper slopes) rather than
from differences in farming practices such as degrees of stock access to waterways or other nutrient
control measures.

Increasing concentrations of nitrogen observed at both gauges suggests that nutrients are
increasingly leaching from the catchment. Whilst the cause of the increase is impossible to
determine from the available data, a possible explanation is that changed modes or timing of
fertiliser application mean that a higher proportion is being washed into waterways. For example,
anecdotal evidence suggests that fertiliser is now applied more often from the air, in wetter
conditions, than has previously been the case. Alternatively, an increase in stocking rates and/or an
increase in the amount of feed being imported from off-farm could also increase nutrient levels.
Further research and monitoring are required to determine the cause of these observed increases.

Curdies (below confluence) Scotts Creek

Total Phosphorus (mg/L)

Turbdity (NTU) Turbdity (NTU)

Period ¢ 1990-2001 @ 2001-2022

Figure 10: Relationship between turbidity (NTU) and recorded total phosphorus (TP) concentrations (mg/L)
from 1990 to 2022 in the Curdies River, below the confluence with Scotts Creek (gauge #235203; left) and in
Scotts Creek, above the confluence (gauge #235237; right). Red lines indicate ERS objective of TP (horizontal)
and turbidity (vertical) for this region. Red circles represent data from 1990-2001, when the Cobden WWTP
discharged into the river. Blue circles represent data collected after the change in practice. Note: Turbidity is
shown on a logarithmic scale.
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Figure 11: Relationship between turbidity (NTU) and recorded total phosphorus (TP) concentrations (mg/L)
from 1990 to 2001 (left) and from 2001 to 2022 (right) in the Curdies River, below the confluence with Scotts
Creek (gauge #235203). Red lines indicate ERS objectives of Total P (horizontal) and turbidity (vertical) for this
region. Red circles represent data from 1990-2001, when the Cobden WWTP discharged into the river. Blue
circles represent data collected after the change in practice. Note: Turbidity is shown on a logarithmic scale.
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Figure 12: Relationship between turbidity (NTU) and recorded total nitrogen (TN) concentrations (mg/L) from
1990 to 2022 in the Curdies River, below the confluence with Scotts Creek (gauge #235203; left) and in Scotts
Creek, above the confluence (gauge #235237; right). Red lines indicate ERS objectives of TN (horizontal) and
turbidity (vertical) for this region. Red circles represent data from 1990-2001, when the Cobden WWTP
discharged into the river. Blue circles represent data collected after the change in practice. Note: Turbidity is
shown on a logarithmic scale.
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Rainfall in the Curdies River catchment peaks from July to October. Consequently, discharge from
rivers and concentration of nutrients are highest during this time of year. Because concentrations of
nutrients rise with flow, across the period 2001 -2022, most (>95 %) nutrients (both TP and TN) are
transported in these months (Figure 13 and 14). During low-flow periods, Scotts Creek contributes
substantially less water to the lower Curdies River than the Upper Curdies. At high-flow periods,
however, Scotts Creek contributes as much or more water than the Upper Curdies River. High flow,
combined with high nutrient concentrations (which occur during high flows, see above) result in a
pattern whereby the Scotts Creek sub-catchment contributes a substantially higher nutrient load
into the river than the Upper Curdies sub-catchment.
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Figure 13: Estimated mean mass (kg) of total phosphorus (TP) delivered from the Scotts Creek (Red) and Upper
Curdies (Blue) subcatchments per day in each month 2001-2022.

200000 1 .

Branch

150000 1 Scotts Creek . =
B3 Upper Curdies

100000 1

50000 1 : I °
. -
: .,. = R LJ?J— —_—

L]
0] —e—mte e e A i é7

Estimated mean Total Nitrogen (kg / day)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 14: Estimated mean mass (kg) of total nitrogen (TN) delivered from the Scotts Creek (Red) and Upper
Curdies (Blue) subcatchments per day in each month 2001-2022.
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Figure 15: Relationship between discharge and recorded nitrogen oxide (NOx) concentrations (mg/L) from 1990
to 2022 in the Curdies River, below the confluence with Scotts Creek (gauge #235203; left) and in Scotts Creek,
above the confluence (gauge #235237; right). Red circles represent data from 1990-2001, when the Cobden
WWTP discharged into the river. Blue circles represent data collected after the change in practice. Note:
Discharge is shown on a logarithmic scale.

SUMMARY

Water quality data from 1990 to 2022 indicate that, while concentrations of phosphorus have
declined in the Upper Curdies River during low-flow periods, they have not declined during high-flow
periods and have increased during high-flow periods in Scotts Creek. In both Scotts Creek and below
its confluence with the Curdies River, nitrogen concentrations have increased during high-flow
periods. Because river discharge peaks between July and October, and because Scotts Creek
contributes an equal or greater amount of water to the system at high-flow periods, the Scotts Creek
sub-catchment contributes significantly more nutrients to the Lower Curdies River and estuary than
does the upper Curdies sub-catchment. The contribution from the Lower Curdies sub-catchment is
impossible to estimate because of a lack of available data.

At both upstream gauges, high concentrations of both phosphorus and nitrogen are associated with
high turbidity. The association of elevated nutrient concentrations with high flow and high turbidity
provides correlative evidence that nutrient sources in the upper Curdies and Scotts Creek sub-
catchments are diffuse (i.e., from across the land of the watershed) and it can be inferred that these
may be associated with erosion —including gully and steep slope erosion, although other sources
should not be discounted. There is evidence that the Cobden WWTP may have constituted a
significant source of phosphorus prior to 2001 but, since the plant ceased discharging into the river
(except under exceptional circumstances), there is no evidence that this remains the case. If erosion
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is @ major source, that suggests that many of the nutrients entering the system are likely derived
from the cumulative nutrients from current and historical farming practices, as well as from
nutrients already in the sediments of the rivers. Because of the association of high nutrient levels
with turbidity, focusing management efforts on identifying areas of the watershed and riparian
zones with high levels of erosion, especially gully erosion and steep slopes may provide an effective
strategy to reduce nutrient inputs in the system. These efforts should focus especially on the riparian
zones of Scotts Creek and its tributaries which are the major source of nutrients due, at least in part,
to a combination of geological, topographic and historical factors. Importantly, however, potential
nutrient sources from other areas of the catchment should not be considered unimportant and
management actions and monitoring should be undertaken in both the Upper and Lower Curdies
sub-catchments.

Erosion on farmland in the Curdies River catchment — George Cunningham, 2022
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PART 2: REVIEW OF 2005 RISK ASSESSMENT — CONCEPTUAL

MODELS

COMPONENT 1: FACTORS AFFECTING WHETHER A BLOOM OCCURS

As highlighted by substantial cyanobacterial blooms over recent years, the risk of blooms occurring
into the future remains very high. As noted in the 2005 risk assessment, blooms are most likely
under low-flow conditions (summer to autumn) when the estuary mouth closes. Reduced rainfall
over the summer to autumn period, as predicted under climate change will, therefore, lead to an
extension of the time each year that the estuary mouth is likely to remain closed, meaning that
conditions in the estuary (stratification, nutrient build-up, temperature, etc.) will remain conducive
to cyanobacteria for longer, likely exacerbating the risk of blooms occurring. Therefore, the
frequency and severity of cyanobacterial blooms is likely to increase over the next decades unless
measures are put in place to address the underlying factors that cause blooms to occur (see Figure
16). Specifically, it is critical that nutrient levels, especially phosphorus and nitrogen entering the
Curdies River system be reduced. In this study, we were unable to directly assess current
concentrations in the sediments of the Curdies estuary itself. However, the main drivers noted in the
2005 risk assessment remain present. While there is some evidence that phosphorus concentrations
in the Curdies River have reduced at low-flow periods, phosphorus concentrations continue to
regularly exceed targets at high flow periods and nitrogen concentrations show evidence of
increasing. It is likely, therefore, that nutrient concentrations in the sediments of the estuary are
continuing to increase as historical and newly added nutrients migrate down the system. If nutrient
inputs are sufficiently reduced, however, flooding during wetter periods has the potential to remove
historical sediments and nutrients from the estuary over time. Factors affecting the limited flushing
of the estuary remain unchanged. Therefore, it remains the case that a reduction of nutrient
concentrations in the estuary of the water column will likely take decades to be reduced even if
upstream nutrient loads are reduced.
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Figure 16: Conceptual model of factors affecting the probability of cyanobacterial blooms occurring (Component 1)

COMPONENT 2: EFFECTS OF ALGAL GROWTH AND EXCESSIVE PLANT GROWTH ON
VALUES

The impacts of cyanobacterial blooms and excessive plant growth on the values (social, cultural
economic and environmental; see Figure 17) was not a focal question of this study. We do not,
therefore, address the conclusions of the 2005 report as they relate to these effects, except to note
that cyanobacterial blooms have now resulted in fish kills. In some aspects, the lack of information
identified in that report remain unaddressed although additional information has been presented in
Estuary Management Plans (2008 and 2017) for the Curdies Estuary. Consequently, the full costs of
not acting to address nutrient enrichment in the Curdies River and Estuary are impossible to
determine. This being the case, monitoring to establish a baseline against which future changes can
be measured remains a desirable goal.
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Figure 17: Conceptual diagram of cyanobacterial blooms on the environmental values of the estuary.
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COMPONENT 3: SOURCES OF NUTRIENTS TO THE ESTUARINE REACHES OF THE
CURDIES RIVER

Data since 2005 confirm that concentrations of nutrients (N and P) are substantially higher during
high-flow periods, as identified in the 2005 risk assessment report. Consequently, nutrient
concentrations are highest from July to October, and it is over these periods that the majority of
these nutrients are introduced to the system and transported downstream (see Figures 13 & 14).
The association of high nutrient concentration with high flows suggest that point sources are unlikely
to be a major source of nutrients in the Upper Curdies catchment after 2001, when the Cobden
WWTP ceased discharging into the river, except under exceptional circumstances (see Figure 11).
Whilst the present contribution from the Timboon WWTP was not able to be directly assessed in this
study, it is unlikely that this is a major point source of nutrients in the catchment, given the town’s
relatively small population, the lack of direct discharge to the river and that the data suggest
primarily diffuse sources.

High-flow periods and high turbidity are strongly associated with high nutrient concentrations (see
Figures 9 & 11), suggesting that a major source of nutrients entering the system may be as a result of
erosion. Identification of areas of high erosion and the implementation of strategies to reduce
erosion are, therefore, a priority if nutrient levels entering the Curdies River system are to be
reduced. Such efforts should focus especially on the Scotts Creek sub-catchment because this is the
major contributor of phosphorus and nitrogen to the system although the upper Curdies catchment
also contributes a substantial proportion of nutrients and should not be ignored.

Whilst erosion is likely a major contributor of nutrients, other likely sources should also be identified
(Figures 18 & 19) and, if they are found to be of concern, steps should be taken to reduce their
effect. For example, possible groundwater contributions of nutrients were not directly assessed as a
component of this study but are unlikely to be a major source given that, under low-flow conditions,
concentrations of nitrogen oxides are low (see Figure 15 and related discussion). Similarly, lack of
data from the lower catchment and the estuary mean that firm conclusions can only be made about
nutrient contributions from the Scotts Creek and Upper Curdies sub-catchments. Additional
contributions from the lower Curdies sub-catchment (below the confluence of the Curdies River and
Scotts Creek) cannot be assessed. but are likely to be lower than those higher in the catchment
because slopes are less steep (see Figure 1).

Neither direct run-off from Peterborough, nor the contribution of nutrients from the water
treatment plant located adjacent to the Curdies estuary were directly assessed in this report,
although these may be minor. Additional monitoring of nutrient loads at the top of the estuary
would enable an assessment of contributions from the lower catchment. A long-term program of
nutrient surveys along the estuary would show whether there were any localised inputs and
whether there is a net increase or decrease over time. Whilst this information would provide
valuable additional information about nutrient enrichment patterns within the catchment, it is
unlikely that this would alter the core recommendations of this report, given that land-use patterns
are similar throughout the Curdies River catchment (see Tables 1 & 2 and Figure 2), and the same
suite of management actions is likely to be relevant to all the sub-catchments.
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CONCEPTUAL DIAGRAM: Sources of phosphorus and nitrogen oxides to the estuarine reaches of
the Curdies River

Figure 18: Conceptual model of sources of phosphorus to the estuarine reaches of the Curdies River
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Figure 19: Major nutrient sources by sub-catchment

Figure 20: Seasonal sources of nutrients
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PART 3: REVIEW OF 2005 RISK ASSESSMENT — TARGETS,

MONITORING AND MANAGEMENT FOCI

TARGETS AND MONITORING REQUIREMENTS

The 2005 Ecological Risk Assessment made several recommendations and proposed targets aimed at
addressing the risks that it identified to the ecological, economic and social values of the Curdies
River catchment. These consisted of a number of targets identified in the earlier draft Corangamite
River Health Strategy (CRHS; Table 3) as well as a number of additional targets and minimum
monitoring requirements which it identified (Table 4). Here, we briefly review these targets and,
where possible, address whether they have been met. We do not make specific recommendations
for updated targets and timeframes per se. It is important to note that the targets presented in the
2005 Ecological Risk Assessment from the draft CRHS have since been superseded by the
Corangamite Waterway Strategy (CWS).

Ten-year targets from the draft CRHS, 2004 report (see Table 3) are unlikely to have been met.
Water quality (SEPP) objectives (now replaced by ERS objectives) continue to be exceeded for
phosphorus, nitrogen and turbidity in the Curdies River (see above). Substantial work has been
completed in improving instream habitat, restricting stock access and riparian revegetation. For
example, whilst we did not specifically assess these against the 10-year (2015) targets from the draft
CRHS, CCMA supported projects between 2002 and 2021 had protected approximately 30 % of
named waterways within the catchment, though the CCMA estimate that this accounts for only 6 %
of all waterways. When considering this estimate, it is likely that some additional revegetation and
stock exclusion measures have been completed outside of CCMA supported projects. Similarly, SEPP
(now CRS) objectives continue to be exceeded for phosphorus, nitrogen and turbidity in the upper
Curdies and Scotts Creek sub-catchments. It is, therefore, likely that they are being exceed in the
lower catchment, and in the Curdies estuary, though data to confirm whether this is the case are
unavailable.

Table 3: Ten-year resource condition targets identified in the 2005 Ecological Risk Assessment from the draft
CRHS, 2004. Note, these targets have since been superseded by the) Curdies River 2017 Estuary Management
Plan (EMP) and the Corangamite Waterway Strategy 2014 — 2022 (CWS).

Attribute 2005 condition 10-year (2015) target
Estuary

Degraded riparian vegetation Streamside Zone ISE score 3-4 Streamside Zone ISE score 5-6
Loss of instream habitat 0: Very poor 2: Marginal

Stock access 0: Uncontrolled stock access 2: 50 % of frontage protected
Vegetation width 1:5-9m 2:10-29m

Longitudinal continuity 0: Very poor 2: Moderate

Lower Curdies Catchment (from Scotts Creek confluence to estuary)
Stock access 0: Uncontrolled stock access 2: 50 % of frontage protected
Water quality attainment 1: Fails to meet SEPP objective 4: Meets all SEPP objectives
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The additional targets beyond those from the draft CRHS identified in the 2005 Ecological Risk
Assessment relating directly to water eutrophication and cyanobacterial blooms (Targets 1-4 in Table
4) have either not been met (Target 1), were not able to be assessed due to identified minimum
monitoring requirements not being undertaken (Targets 2 & 3) or can be shown to have not been
met, despite minimum monitoring requirements not being undertaken (Target 4).

Target 1: The total phosphorus concentrations (75th percentile calculated annually) in the Curdies
River at Curdies (VWQMN station 235203) will have shown a trend of sustained and significant
decrease over the 10-year time frame.

Whilst the minimum monitoring requirements for Target 1 have been undertaken, they show that
total phosphorus concentrations, calculated at the 75" percentile, do not show a decrease since
2005. This target has not, therefore, been met (see Figure 4). However, those calculated at the
median (50 percentile) and low (25" percentile) do show a decline since 1990 in the Curdies River,
below the confluence with Scotts Creek, though not in Scotts Creek itself. As noted above, the
decline at the Curdies River gauge at low concentrations is most likely the result of changed
practices in 2001 at the Cobden WWTP in combination with riparian fencing and revegetation works
since that time.

Target 2: Water quality monitoring results from Estuary (monthly monitoring nutrients and flow);
Total P and Total N in the water column of the estuary will have shown a trend of sustained and
significant decrease over the 10-year time frame.

Whilst a monitoring site (gauge #235268) was installed at the top of the Curdies Estuary in October
2008, this gauge is limited to monitoring of water level, dissolved oxygen, water temperature and
conductivity and does not include monitoring or phosphorus or nitrogen concentrations. The
minimum monitoring requirements for Target 2 have not, therefore, been undertaken.
Consequently, it is impossible to assess whether nutrient (TP and TN) levels in the water column
have remained stable, increased or decreased in the Curdies Estuary since the Ecological Risk
Assessment was delivered. However, given that neither phosphorous nor nitrogen concentrations
have decreased in the Curdies river at gauge 235203, it is likely that Target 2 has not been met.

Target 3. Sediment monitoring from the estuary; Total N and P monitored in the sediments will show
no increase from 2006 baseline measurements.

The minimum monitoring requirements for Target 3 have not been undertaken. It is, therefore,
impossible to assess whether nutrient (TP and TN) levels in the sediments of the Curdies estuary
have changed since the Ecological Risk Assessment was delivered in 2005. However, given that
neither phosphorous or nitrogen concentrations have decreased in the Curdies river at gauge
235203, it is likely that Target 3 has not been met.

Target 4. A decrease in the frequency of algal blooms from three in 13 years to less than one in 10
years

Whilst frequent cyanobacterial and algal monitoring has not been performed in the Curdies Estuary,
blooms recorded in recent years, culminating in a major bloom in autumn 2022, demonstrate that
Target 4, has not been met.
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Table 4: Additional targets and monitoring requirements proposed in the 2005 Ecological Risk Assessment

Target (from 2005 risk assessment)

Minimum monitoring requirements

1. The total phosphorus concentrations (75th
percentile calculated annually) in the Curdies
River at Curdies (VWQMN station 235203) will
have shown a trend of sustained and significant
decrease over the 10-year time frame.

2. Water quality monitoring results from
Estuary (monthly monitoring nutrients and
flow); Total P and Total N in the water column
of the estuary will have shown a trend of
sustained and significant decrease over the 10-
year time frame.

3. Sediment monitoring from the estuary; Total
N and P monitored in the sediments will show
no increase from 2006 baseline measurements

4. A decrease in the frequency of algal blooms
from three in 13 years to less than one in 10
years

5. No significant negative changes to the
extent/distribution or condition of key habitat
types determined for the Curdies Estuary, over
a 10-year period

6. No significant changes in species abundance
or diversity of bird communities found in the
estuary over the 10 years.

Continue monthly water quality monitoring at VQWMN
station 235203 (Curdies) (2005-2015 -ongoing) -VWQMN
standard set of surface water monitoring parameters

Establish a new continuous monitoring site at the top of
the estuary inlet before the main tributary widens out.
Ideally monitoring would include the VWQMN standard
set of Surface water monitoring parameters. Data
required 2006-2015 - ongoing.

Indicator: Total nutrients in the sediments and total
dissolved nutrients in the sediments. 2006 baseline
measurements required plus repeat measurement every
3-5 years.

Indicator: Frequency of algal bloom monitoring required.
Monitoring of algal blooms is opportunistic; the estuary
should be monitored on a frequent basis particularly in
summer months or when blooms are more likely.

Indicator; Extent/distribution of key habitat types.
Baseline mapping is required to identify critical habitat
types, particularly to the bird and fish communities found
in the estuary.

Indicator; Number and abundance of bird communities-
using the Atlas of Victorian Wildlife survey procedures
and guidelines set by the Victorian Bird Observers Club
[now BirdLife Australia]. Frequency — at least twice a year
to incorporate breeding season and arrival of migrants.

MANAGEMENT TARGETS

In addition to recommending specific targets and minimum monitoring requirements, the 2005
Ecological Risk Assessment identified a specific program of management actions to meet those
targets. These actions targeted the likely major sources of nutrient enrichment in the Curdies River
Catchment. Specifically, the report identified key management strategies addressing diffuse source

nutrients on grazing land for dairying, beef cattle and sheep (Table 5). Because grazing land,
especially for dairy (due to its predominance over other types of grazing land; see Figure 2 and
Tables 1 & 2) continues to be a major source of nutrients to the Curdies River catchment (see Figures
18 & 19 and Tables 5 & 6), management of grazed land remains the highest priority for addressing
excess nutrients in the Curdies River catchment. Each of the management practices suggested (Table

5) as a focus for action and ongoing assessment should be pursued across the whole catchment.
However, erosion control and the identification of eroding hot spots should be a particular priority,
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especially in the Scotts Creek sub-catchment, because of the demonstrated association of high

nutrient concentrations with turbidity (see Figures 10 & 12) and because Scotts Creek is the primary

source of nutrients in this system (see Figures 13 & 14).

Other land uses that make up only a small proportion of total land use, including urban areas, new
developments and plantation forestry are unlikely to be major sources of nutrients to the Curdies
River catchment. However, the high-risk practices identified in the Risk Assessment report (Tables 6

& 7) should also continue to be addressed and their contribution mitigated as far as possible.

Table 5: Management activities associated with very likely or likely sources of nutrients from grazing land,

identified in the Ecological Risk Assessment, 2005.

Source

Management practices to target

Dairy Effluent (poorly designed
systems, lack of maintenance,
difficulties in managing in a wet
climate)

Excess phosphorus levels in the
soil (overuse of fertilisers, build-
up of nutrients)

Winter pugging of soails, stock
access to wet areas (damage to
soil infiltration rates, direct
manure input to watercourses,
bank erosion, all exacerbated by
high stocking rates)

Gully erosion and bank erosion in
the Scotts Creek/ Cooriemungle
sub-catchments.

Run-off from hot spots (feedpads,
farm tracks, stock crossings)

Fertiliser application practices
(lack of calibration of equipment,
application prior to rain)

» Assessing current performance of effluent system to identify
problems

* Upgrading the system to better manage the required volume
of effluent (e.g. re-sizing ponds)

¢ Improving annual maintenance

o Effective use of effluent as a fertiliser (to minimise movement
of P off farm)

* Soil testing

e Nutrient budgeting

e Farm nutrient mapping

e Effluent spreading practices

¢ On-off grazing

¢ Monitoring soil water tables-to assess pugging risk

¢ Land-class fencing-managing wet areas differently
(revegetation)

¢ Stand-off areas

¢ |dentification and prioritisation of gully and bank erosion (early
detection and treatment)

¢ Controlling stock access

* Fencing and revegetation of erosion prone areas

e Appropriate rehabilitation works, e.g. drainage diversion.

¢ Quantify contribution from hot spots
¢ Define specific targets based on new research

¢ Quantify contribution from fertiliser application practices
 Define specific targets based on new research
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Table 6: Factors or practices, identified in the Ecological Risk Assessment, 2005 as being associated with minor
land-uses that have a high risk of contributing additional nutrients

Land-use

High risk practices

Urban (towns of Cobden,
Timboon, Peterborough)

Plantation forestry
(hardwood- blue gums)

Stormwater run-off- increasing risk with future developments could result
in increase volumes of stormwater run-off due to increase in impervious
surfaces. Stormwater management needs to be a high priority for these
towns.

Sewage Treatment Plants- On-going works will be required to continue
upgrades to Cobden and Timboon treatment plants.

Rural septics-risk of lack of maintenance, leakage- in high rainfall areas
(existing systems).

New dwellings- need to meet standards for sewage treatment, systems
designed for high rainfall, local soil types.

Fertiliser application at sowing

Soil preparation practices; ripping and mounding- may have erosion risk if
steep slopes

Harvest operations, soil compaction due to traffic, run-off from tracks,
erosion risk after clearing (period of time soil is bare).
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PART 4: KEY RECOMMENDATIONS

KEY RECOMMENDATION 1:

Review of 2005 Risk Assessment Key Recommendation 1 (retain)

Any condition targets or management goals that are set for the estuary, take into consideration the
fact that there are high concentrations of nutrients in the sediments, that may continue to ‘fuel’ algal
blooms for years to come. The targets should focus on reducing delivery of nutrients to the estuary,
to reduce the net accumulation, over the long-term.

This recommendation remains highly relevant. Achievable, explicit, and quantifiable goals that, if
met, will improve or stop the further decline of the environmental health of the Curdies River
catchment and estuary must account for nutrients already present. This is important, not only
because the effectiveness of implemented management strategies and other measures need to be
assessed, but also to manage expectations within the local community with respect to what
improvements might be realistically delivered and the timeframe required before the results of
management (such as riparian revegetation, fencing, etc.) are likely to result in substantial effects,
and when those effects will be visible and/or measurable. For example, historic nutrient enrichment
of soils in the catchment, as well as sediments of the river and the estuary, mean that
concentrations of nutrients in the estuary will not be reduced over the course of just a few years, but
will likely take decades. The effects of eutrophication, including the incidence of cyanobacterial
blooms are likely, therefore, to continue to be experienced for many years.

Key Recommendation 1:

Management strategies put in place to address nutrient enrichment in the Curdies River catchment
and estuary should incorporate clear goals and targets so that their effectiveness can be assessed.
These goals need to consider that there are high levels of nutrients in the sediments of the estuary
and river and in the soils of the catchment that are likely to continue to fuel cyanobacterial blooms
for years to come. Targets should be clearly articulated, be achievable and should have clear criteria
for success or failure. Management strategies should focus on reducing the amounts of nutrients
entering the system over the long-term.
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KEY RECOMMENDATION 2:

Review of 2005 Risk Assessment Key Recommendation 2 (combine with recommendation 8)
Baseline monitoring be conducted to gather more information on the current condition of the
estuary, particularly the aquatic and riparian vegetation communities, as they play a major role in
providing food and habitat for fish and bird species in the estuarine system.

Baseline monitoring is critical to determine the current condition of the Curdies River and estuary so
that the success or failure of targeted management actions can be assessed. Monitoring of
cyanobacterial populations and how species composition and abundance vary through time will
inform management actions, the likely negative effects of blooms when they occur and the steps
that might be taken in the short term to mitigate these negative effects. Current and historic
nutrient loads and the historic cyanobacterial populations in the estuary could, for example, be
assessed by analysis of sediment cores. Additionally, the contribution of nutrients from the lower
Curdies catchment remains unknown. An assessment of the contribution of the lower catchment
could be achieved by upgrading the gauge at the top of the Curdies estuary (#235268) to include
measures of nutrient concentrations, as recommended in the 2005 report. Ongoing monitoring of
water quality in the estuary would show how nutrient concentrations can be expected to change
over the course of a year. Additional assessments of the soils of the catchment; the net gain or loss
of nutrients from the system, nutrient pathways and the rate at which nutrients migrate through the
system would provide useful additional information, as would monitoring of populations of
cyanobacteria present in the estuary and how their species composition and volume vary over time.

Due to considerable overlap between recommendations, Recommendation 2 has
been combined with recommendation 8 (see comment, below).

Review of 2005 Risk Assessment Key Recommendation 8 (combine with recommendation 2):
Monitoring to assess whether targets are being achieved, should be viewed as an essential element
of the management program. This monitoring program relies on a long-term funding commitment at
least 2006-2011, if the funding can be secured, there is potential to use this catchment as a
monitoring trial for the Corangamite CMA region.

Ongoing monitoring is critical if the effects of management strategies are to be properly assessed.
Given that nutrient reduction strategies are, by nature, long-term, and that altered patterns of
nutrient enrichment and ecological benefits take many years to become apparent, it is important
that monitoring be conducted on an ongoing basis and that long-term funding be committed.

Key Recommendation 2:

Baseline monitoring be conducted to gather more information and provide a more holistic picture of
the current health of the river system. Monitoring should include assessments of the nutrient loads
of the estuary and the lower Curdies catchment. Ongoing monitoring to assess whether targets are
being achieved should be viewed as an essential element of the management program.
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KEY RECOMMENDATION 3:

Review of 2005 Risk Assessment Key Recommendation 3 (combine with recommendation 5):

A nutrient reduction program should be implemented for this catchment. Further monitoring will be
required to fill information gaps, test assumptions and gather more information about the nutrient
transport pathways (e.g., How important is the role of sub-surface flow?).

Recent cyanobacterial blooms in the Curdies estuary have highlighted the urgent need for nutrient
reduction measures to be undertaken in the Curdies River catchment. Whilst our results show a
decrease in concentrations of phosphorus in the Upper Curdies River under low flow conditions,
levels under high flow conditions have not shown a reduction, levels of nitrogen under high flow
conditions are increasing and CRS objectives are not being achieved. The data strongly indicate that
elevated nutrient levels are associated with turbidity and, therefore, that a primary source of excess
nutrients within the catchment is erosion, potentially associated with steep slopes and eroding
gullies, though other likely sources should not be ignored.

Ongoing monitoring will be required so that measures can target the major sources of
nutrients, particularly within the Scotts Creek sub-catchment, though the upper and lower Curdies
sub-catchments should not be ignored. Surveys should be conducted to identify features that reduce
the effect of mitigation measures, such as drainage lines that bypass or cut through riparian barriers,
or intermittent drains that are unfenced. The pathways by which standing water enters the system
at times of high flow should also be identified, so that methods, such as fenced constructed
wetlands at confluence points to filter nutrients can be implemented.

Due to considerable overlap between recommendations, Recommendation 5 from the 2005
Ecological Risk Assessment (see comment below) has been combined with recommendation 3.

Review of 2005 Risk Assessment Key Recommendation 5 (combine with recommendation 3):
The major focus of the management effort should be invested in addressing diffuse source nutrients
from grazing land (particularly dairy farming).

Diffuse sources continue to be the major source of nutrients in this system. Given the proportion of
the catchment given over to dairy farming and its intensive nature, a focus on this industry is
advisable to reduce the levels of nutrients entering the Curdies River system. The association of high
nutrient concentrations with high levels of turbidity in the upper catchments indicate that erosion is
likely a major source of nutrients, though other potential sources should not be ignored.
Consequently, areas of high erosion should be identified, potentially through the use of satellite
imagery and drone surveys of smaller tributaries. Identified areas should be targeted for fencing and
revegetation and other erosion control measures. Given the steeper profile of the Scotts Creek
catchment, and the contribution it makes to the nutrient loads of the system, this region should be a
focus of these measures, especially those tributaries that have not yet been surveyed.

Key Recommendation 3:

A nutrient reduction program should be implemented for this catchment to lower the levels of
nutrients entering the Curdies River system. Monitoring and surveys should be conducted to identify
the most important nutrient transport pathways that should be targeted for management. The
major focus of the management effort should be invested in addressing diffuse source nutrients
from grazing land.
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KEY RECOMMENDATION 4:

Review of 2005 Risk Assessment Key Recommendation 4 (retain with modification):

As a first step in launching the management program, the community and the various land and
water management agencies in this catchment need to review these targets and clearly state
whether they support them and intend working towards them.

It is important that management authorities, landholders and the broader community be involved in
and support any management program that is introduced. A coordinating body should be
established to ensure that any planned actions can be organised among responsible management
organisations as a unified strategy, so that measures put into place as a result of this report, prior
reports and future reports are recorded and so that these measures are assessed and reviewed
frequently, taking into account management actions taken by other responsible organisations and
changes that might affect how the management plan is implemented and assessed.

Key Recommendation 4:

As a first step in launching the management program, the community and the various land and
water management agencies in this catchment need to review these targets and clearly state
whether they support them. A coordinating body should be established to ensure that any planned
actions can be organised among responsible management organisations as a unified strategy.

KEY RECOMMENDATION 5:

Review of 2005 Risk Assessment Key Recommendation 6 (retain):
Monitoring of land-use changes in the Curdies catchment should be incorporated as part of an
adaptive management program.

It is important that any management strategies be adapted to changing conditions to increase their
chances of achieving desired outcomes. Alterations in land use and other factors that might affect
nutrient inputs or cycling, such as stocking densities or fertiliser application practices, need to be
considered when assessing or reviewing management strategies, or when planning new measures.
For example, increased stocking densities might result in increased nutrient inputs and,
consequently, to increases in nutrient loads in the river system, which could offset the effects of
nutrient reduction strategies. In the absence of this information, strategies might be wrongly
considered as having limited effect, even if they have reduced nutrient loads compared to those that
would have been observed had no mitigation measures been put into place. To the extent that it is
practicable, stocking densities, feed imports, the timing, methods of, and amounts of fertiliser
application and land-use changes should be estimated periodically (e.g., at 5- to 10-year intervals),
so that information provided to landholders, management strategies and assessments of strategies’
success or failure can take these factors into account and can be adapted as they change.

Key Recommendation 5:

To the extent that it is practicable, monitoring and/or estimation of land-use changes and other key
factors in the Curdies catchment should be incorporated as part of an adaptive management
program, so that information provided to landholders, management strategies and assessments of
strategies’ success or failure can take these factors into account and can be adapted as they change.
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KEY RECOMMENDATION 6:

Review of 2005 Risk Assessment Key Recommendation 7 (retain with modification):
Extension programs should be specifically designed and implemented to continue improving nutrient
management practices within ‘other land uses’.

Changed practices must be driven by individual landholders and extension programs should focus on
alternatives to current practices that have the potential to reduce nutrient inputs into the Curdies
River system. Existing and emerging alternatives to current products and practices should be
explored as they arise in light of new evidence and research and, if promising, be the subject of
extension programs to encourage adoption.

Key Recommendation 6:

Extension programs should be specifically designed and implemented to continue improving nutrient
management practices and should highlight both economic and environmental benefits. These
should be frequently updated in the light of new research.

BAYESIAN NETWORKS:

Review of 2005 Risk Assessment Key Recommendation 9 (remove):

The use of Bayesian Networks should be further explored for application in a future- ‘risk analysis
phase’ of this project. Implementation of the Curdies Nutrient management program should seek to
include research that will progressively test the current assumptions over the next 10 years. This is
important to continue building up the information to better direct management effort in the future.

Comment:

The use of Bayesian Networks, or other methods, remains a viable option as a mechanism for
incorporating new knowledge as it is developed. However, it is likely that current data are
insufficient to enable this to be done effectively. Many of the required parameters are largely
unknown and catchment-specific processes are poorly understood. Studies to better characterise
these processes and the current state of the catchment, such as further investigations of nutrient
sources and downstream monitoring are required for this option to be pursued.

Because the current state of knowledge of key processes and parameters is poor, we do not
currently recommend that this strategy be pursued in the short term. However, once more data are
available, following implementations of the recommendations above, techniques such as Bayesian
networks may be worthwhile to pursue. Consequently, this recommendation should be periodically
reconsidered as a potential method of risk analysis for this system.
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PART 5: CASE STUDIES

Below, we briefly describe some of the proposed techniques for addressing eutrophication and/or
cyanobacterial blooms in estuarine systems in the short-term. Where possible, we provide an
example of a system in which the proposed technique has been trialled and possible negative effects
of their implementation. This list is not comprehensive, rather we discuss the short-term strategies
that are most frequently suggested. To minimise the risk of these or other proposed strategies, such
as diatom seeding, monitoring of cyanobacterial and other phytoplankton communities in the
Curdies Estuary, especially over the summer to autumn period, would enable a better understanding
of the successional and other ecological processes taking place in the estuary and the proximate
environmental factors that lead to blooms. This may allow a better assessment of the viability of the
various strategies.

CASE STUDY 1: CLAY FLOCCULATION

Hydrotalcite is a natural clay that is modified to have positively charged properties. Hydrotalcite
reduces nutrient release from sediments and, therefore, the nutrient availability for algal growth. In
addition to nutrient reduction, hydrotalcite clay bonds to cyanobacteria to form large aggregates in a
process called ‘flocculation’. These aggregates can either be removed or incorporated into the
sediment (sequestration), preventing the release of toxins and/or nutrients.

In 2016, trials began in the lower Vasse River, Western Australia, where hydrotalcite was applied
during an active algal bloom. Within approximately 3 hours, the thick algal surface scum had
successfully been sequestered and phosphorus and phosphate levels had also declined to levels
below target guidelines set by the Australian and New Zealand Environment Conservation Council.
Long-term results showed that, after 5 months, algal growth was low, sediment release of
phosphorus was much reduced, and water quality had improved. The trials proved a success, though
concerns were raised by the community regarding the potential for adverse effects for non-target
organisms.

Hydrotalcite is considered an environmentally friendly option for algal bloom management, though
its application may negatively impact benthic (bottom-dwelling) communities within a system. In the
Vasse River, decades of low water quality had already shifted benthic invertebrate communities to
highly pollutant-tolerant species. Therefore, the effects of the addition of the hydrotalcite were
negligible. Application to other river systems would require further research to assess the potential
effects on invertebrate communities. In addition, in shallow systems such as the Curdies estuary,
resuspension of sediment by wind may limit the longer-term effectiveness of hydrotalcite
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CASE STUDY 2: ULTRASOUND

The use of ultrasound to control cyanobacterial blooms has been studied extensively due to its low
environmental impact potential. In water, ultrasound radiation causes ‘cavities’, or bubbles, to form
that then collapse due to rapid fluctuations in pressure. When these cavities collapse, they cause
sudden increases in temperature and pressure in a small area which causes the collapse of gas
vacuoles in cyanobacteria. These vacuoles are structures that control buoyancy. When the vacuoles
collapse, the bacteria sink, and their photosynthetic ability is inhibited. Additionally, ultrasound can
destroy the cell walls of cyanobacteria, leading to a decrease in algal biomass.

The effectiveness of ultrasound has been demonstrated in laboratory settings and it has proven
successful in small, enclosed waterbodies, such as dams and reservoirs. For example, in the Auckland
Dam in New Zealand, annual summer blooms of cyanobacteria decreased water quality, making it
unfit for human consumption. In 2016, ultrasound was used to reduce the amount of cyanobacteria
present. Water quality monitoring found that there was a 90 % reduction in overall biomass when
compared to the previous year. By monitoring continuously, managers were able to identify the
water quality changes that enabled proliferation of cyanobacteria and then adjust the frequency of
ultrasound to mitigate bloom potential. Ultrasonics have, however, yet to be trialled in large-scale
waterbodies such as rivers or estuaries. The applicability of the method in larger waterbodies or
those with varying environmental factors (e.g. flow, salinity, nutrient levels), is unknown and the
associated costs may be much higher than in smaller systems.

CASE STUDY 3: BIOFLOCCULATION

Bioflocculation has been proposed as a novel, environmentally safe and cost-effective method to
control cyanobacterial blooms. Bioflocculation is the use of auto-flocculating (clumping) algae or
bacteria to act as a medium to capture non-clumping, harmful cyanobacteria. The method has the
potential to allow for the control of blooms without the use of chemicals that can cause
environmental damage. It may also offer a cost-effective approach when compared to expensive
alternatives, such as ultrasonics or clay flocculants. Studies have found that some species of bacteria
can act on the common cyanobacterial bloom species Microcystis aeruginosa and laboratory trials
have suggested the potential for auto-flocculating species to produce a rapid sediment sequestering
rate of target species. Bioflocculation has, however, yet to be trialled outside the laboratory.
Consequently, its effectiveness in natural settings has not been demonstrated.

CASE STUDY 4: COPPER SULPHATE

Historically, the algaecide copper sulphate has been the primary method used to control
cyanobacterial blooms and has been widely used in lakes, dams, and reservoirs across the world.
Through its addition into a water body, the copper sulphate breaks down the cell membrane,
causing destruction of the algal or cyanobacterial cell. Copper sulphate is highly effective at reducing
algal biomass, especially when used on cyanobacterial species, such as Nodularia, though it is
considered a short-term solution for bloom control. Whilst it is highly effective in controlling
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cyanobacteria, copper sulphate can cause substantial environmental damage through its effects on
other organisms, such as fish, other bacteria, aquatic plants and invertebrates. In addition, the rapid
breakdown of cyanobacterial cells can cause the release of toxins into the water column, which can
cause death in livestock, wild mammals, fish and birds. As a consequence of these effects, copper
sulphate is no longer recommended as a control for cyanobacteria in Australia.

In May 2000, at Courtille Lake, France, copper sulphate was used in response to a cyanobacterial
bloom, so that the lake could be available for public use over summer. Whilst the cyanobacterial
bloom was successfully controlled in the short term, the blooms returned two months post-
treatment. Copper concentrations within the lake were elevated during the two months after
application and had toxic effects on aquatic macroinvertebrates. Copper levels returned to non-
lethal concentrations within two months.

CASE STUDY 5: ARTIFICIAL OXYGENATION

Anoxic (low oxygen) conditions can weaken the bonding of phosphorus to sediments making it more
available to organisms, such as cyanobacteria. Anoxia is also a consequence of cyanobacterial
blooms because oxygen is consumed when dead cyanobacteria sink and decay. Anoxic conditions
arising from cyanobacterial blooms are the major cause of mass fish deaths when they occur.
Aeration techniques that introduce oxygen into the water are not a strategy intended to control
blooms directly. Instead, they are aimed at mitigating the effects of deoxygenation on fish and
macroinvertebrates by providing refugia in which they can survive. Aeration techniques, however,
often also have the effect of breaking down stratification (distinct layers) in water bodies, which can
have negative consequences for some fish and invertebrate species.

Since European settlement, the Swan-Canning Estuary has suffered severe eutrophication due to
land clearing and the addition of nutrient inputs from farmland. As a consequence, cyanobacterial
blooms have become a significant social and ecological problem. Several strategies have been
employed to combat the effects of low-oxygen water arising from cyanobacterial blooms and other
factors in the Swan-Canning estuary. In 1997, a bubble curtain, or vertical aeration, was installed
with the aim of de-stratifying the water column and directly oxygenating the water. However, this
attempt was unsuccessful due to inadequate mixing. In 2009, side-stream supersaturation
oxygenation systems were trialled. These have had the effect of increasing dissolved oxygen
concentrations across the Swan-Canning estuary over the past decade

Despite the success of the side-stream supersaturation oxygenation system in increasing oxygen
concentrations, the Swan-Canning estuary is still experiencing extensive algal blooms. External
inputs of nutrients are still entering the system at high rates, leading to frequent cyanobacterial
blooms. Consequently, a multifaceted management approach is now being delivered, which includes
restrictions on fertilisers in surrounding farmland, use of flocculating clays, reconstructing wetlands
and community education.
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CASE STUDY 6: DREDGING

Dredging has been identified as a potential way to mitigate the effects of high nutrient loads from
sediment, though studies regarding its efficacy in estuaries are limited. Whilst dredging does have
the potential to remove nutrients from the environment, there are substantial risks associated with
its use. Dredging is very likely to affect fish and other aquatic organisms, through loss of habitat and
refuge zones and direct disturbance and has the potential to allow the establishment of invasive
species. Dredging may, indeed exacerbate nutrient enrichment, even in the short-term by increasing
erosion. For example, in the Swan-Canning estuary, dredging led to higher nutrient levels through
the increased flooding and the erosion of banks. Furthermore, by stirring up the sediment, dredging
has the potential to re-suspend buried nutrients sequestered below the surface, making them
available for organisms, such as cyanobacteria.

CASE STUDY 7: FERTILISER REGULATION

In recent years, New Zealand has imposed regulations on fertiliser, with strict limitations placed on
the concentrations of phosphorus and nitrogen they may contain. Similar to Australia, soils in New
Zealand are naturally phosphorus poor, though runoff from the application of fertilisers has
increased concentrations entering aquatic environments. In response, the New Zealand Government
imposed regulations to reduce phosphorus that originated from land sources on 145 catchment
areas. A reduction in phosphorus was observed in 57 % of these catchments while 15 % increased
and 29 % had no change. Observed reductions cannot be directly linked to the introduction of
regulations and the impact of fertiliser is not immediately measurable due to lag time between the
introduction of the regulations and any expected resultant impact. As a result, it is not yet known
whether regulations have had a positive impact. The observed reductions may have been due to a
number of factors including land use changes, changed land management, decreased phosphorus in
the form of fertiliser, change in fertiliser form, increase of education and the introduction of policies
on fertilisers. At the same time as these regulations were imposed, there was an observed increase
in nitrogen concentrations in catchments, though the cause of this increase is unknown, and this rise
was not an expected outcome of the measures.

CASE STUDY 8: ARTIFICIAL ESTUARY OPENING

Opening the mouth of estuaries to flush cyanobacteria from estuarine systems during blooms is an
option often proposed, but which has several potential drawbacks. Estuaries on active coastlines,
such as the Curdies estuary are often intermittently closed. Generally, estuary mouths in such
systems close over the summer—autumn period, when discharge from rivers feeding the estuary
drops and wave action and deposition creates a sandbar separating the estuary from the sea.
Regular closure is an important process for many species of fish, invertebrates, and birds in areas
where that is the norm. Following closure of an estuary mouth through natural processes, the water
within the estuarine lagoon ceases to flow and stratifies, forming distinct layers with warm, higher-
oxygen, less salty water at the surface and cooler, salty, lower-oxygen water below. In the absence
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of sufficient incoming water from upstream, it is very likely that any opening will be short-lived, and
that the estuary mouth will quickly close again. Opening an estuary mouth before there is sufficient
incoming flow from rivers can have severe environmental consequences. Less salty, higher-oxygen
water in the surface layer is generally lost first, leaving only the saltier, low-oxygen, high-nutrient
water below. As the water level in the estuary drops, this may be replaced by oxygen-poor, high-
nutrient water filling the lagoon from fringing wetlands. The resulting poorly oxygenated water that
remains can lead to mass fish kills. If the estuary mouth re-closes, as is likely without sufficient
incoming flow from upstream, this creates ideal conditions for another bloom to occur. A possible
method for avoiding this that has been used in some cases is to create a permanent channel from
the estuary to the sea. Doing so, however, is very difficult or impossible to achieve on high-energy
coastlines, has extreme negative effects on the ecology of the estuarine environment and may only
provide temporary reprieve from blooms occurring.

The Peel Inlet and Harvey Estuary in Western Australia, have historically experienced toxic
cyanobacteria blooms. The Peel Inlet and Harvey Estuary are susceptible to blooms because they are
wide and shallow, have limited flushing and have high nutrient loads resulting from agricultural
activities upstream. In 1994, to combat the concerning rise in algal blooms, the Dawesville Channel
was artificially opened to allow for connectivity between the Peel Inlet and Harvey Estuary, creating
the Peel-Harvey estuary. The opening increased flushing through the exchange of ocean water,
increased oxygenation of the water and lowered turbidity, leading to a decrease in bloom
occurrence.

Though preliminary success was seen, this was short-lived because nutrient inputs to the estuary
were not reduced. Continued nutrient enrichment from the rivers feeding into the estuary resulted
in continued eutrophication. Consequently, cyanobacterial blooms have become a common
occurrence within the estuary once again.
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PART 6: COMMUNITY QUESTIONS AND ANSWERS

WHY HAS THE CURDIES RIVER GOTTEN WORSE OVER THE PAST 5 TO 10 YEARS?

Without further information, it is difficult to state that the cyanobacterial blooms experienced in the
Curdies estuary are the result of continued deterioration of the health of the river and estuary, or
whether they are primarily the result of environmental conditions favourable to cyanobacteria
occurring more often in recent years by chance, especially given that climate change means that
favourable conditions are very likely to become more frequent into the future. Whilst the specifics of
what factors trigger a cyanobacterial bloom in a particular year and in a particular system are highly
complex, fundamentally, the chance of a bloom occurring increases because of eutrophication
(excess nutrients). Our understanding of nutrient transport processes and sources means that we
can be very confident that management measures, such as riparian revegetation and excluding stock
from waterways, can reduce nutrient inflows. However, because the soils and sediments of the
Curdies catchment are nutrient enriched due to historic practices, many of these measures will take
a long time (possibly decades) before their effects are apparent. Indeed, without a clear idea of
whether nutrient inputs to the system exceed outputs, it is impossible to determine whether
management strategies are resulting in a reduction of nutrient levels in the Curdies estuary, or
whether they are only slowing how quickly those levels are increasing.

WHAT IS THE ROLE OF RIPARIAN VEGETATION AS A FILTRATION METHOD?

Riparian vegetation acts as a buffer between terrestrial and aquatic systems, especially during rain
and flooding events. This helps to reduce nutrients entering the river. There are multiple methods of
nutrient and contaminant removal that are facilitated by riparian vegetation and other organisms.
Nitrogen and phosphorus are removed via biotic uptake (direct uptake by living organisms), physical
sorption, and denitrification, a process whereby microbial communities convert nitrate (NOs’) and
nitrite (NO3’) into gaseous forms, thus removing bioavailable nitrogen from the system. Riparian
vegetation also acts to trap soil, to which nutrients adhere, preventing it from entering waterbodies
and helps to stabilise riverbanks, reducing erosion. Deep-rooted trees can also remove nutrients
from groundwater during low-flow periods when groundwater can be a major source of nutrient
inputs.

WHAT VEGETATION SPECIES SHOULD BE SELECTED?

When restoring riparian areas, vegetation should be chosen based on the naturally occurring species
within the area. This can be ascertained by reference to nearby remnant riparian vegetation, or
consulting species planting lists for the region. Each will provide an understanding of what species
are well suited to the environmental conditions in the area.
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WHAT BUFFER WIDTH SHOULD THE REVEGETATED RIPARIAN ZONE BE?

In general, the larger the buffer area the better, though the allocation of large areas of land may be
impractical, due to its economic value. It is recommended that, for nutrient removal, a riparian zone
be between 10 to 20 metres with a grass filter strip of 5 metres. It is important to note that, for
effective nutrient removal, a minimum riparian width of 20 metres is strongly recommended.

DO BLUE-GREEN ALGAE CONSUME MORE OXYGEN THAN THEY PRODUCE?

All photosynthetic organisms, including cyanobacteria, store light energy as carbohydrates during
the day via photosynthesis, producing oxygen as a by-product. To free this energy for growth,
movement and reproduction, organisms respire, consuming oxygen in the process of breaking down
carbohydrates, freeing carbon dioxide. Overall, these processes balance because the same amount
of oxygen is consumed to break down carbohydrates as is released when they are created. While
they are alive, cyanobacteria produce more oxygen than they consume because, like other
organisms, they also use carbohydrates as a structural component of cells. Oxygen produced via
photosynthesis, however, is produced at the water surface (where there is available light) while it is
consumed at night deeper in the water. Furthermore, when an organism dies and sinks,
decomposing bacteria break carbohydrates down via respiration, consuming oxygen. Fish kills
resulting from cyanobacterial blooms are generally caused, not by toxicity, but by water becoming
anoxic as billions of cyanobacteria decompose.

WHAT DOES HIGH NITROGEN AND PHOSPHORUS REALLY MEAN?

There is no absolute definition of what nutrient levels would be considered as ‘high’, within a given
waterbody. However, in Victoria, environmental targets (ERS objectives) are determined for
waterways based on a range of criteria. With respect to levels of nitrogen and phosphorus, these
targets are set with the explicit aim of preventing an increase in the frequency, duration, or spatial
extent of harmful algal blooms, though the degree to which the river has been disturbed historically
is taken into account. In the Curdies River, which is classed as ‘slightly to moderately disturbed’ the
environmental targets are <60 ug/L for total phosphorus and <1,100 pg/L for total nitrogen. The
relevant threshold values recommended are shown on the figures in this report as red dotted lines.

WHAT ARE THE NATURAL NITROGEN AND PHOSPHORUS LEVELS IN THE SYSTEM?

Natural levels of phosphorus and nitrogen in Australian waterbodies are often not able to be
determined, given the lack of measurements prior to European settlement drastically changing the
landscape and therefore adjacent water bodies. Though exact levels are not known, research has
shown that temperate Australian waterbodies are naturally limited in phosphorus and nitrogen and
predominantly rely on the input of external nutrients, e.g., riparian leaves and soil, to fuel the
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nutrient cycle. When previous knowledge is limited, a reference (or control) site is commonly used
to determine baseline information. These sites are chosen to be similar to, and near the site of
interest. Their use has limitations due to natural variation from waterbody to waterbody in, for
example, filtering capacity and vertebrate and invertebrate community composition.

HOW MUCH NUTRIENT IS IN THE WATER VS. THE SEDIMENT?

Levels of nutrients in water and sediments vary depending on a range of physical, biological and
physical factors. For example, phosphorus is chemically bound to sediments, but can be released
into the water column when high flow conditions occur. Many of the factors that lead to runaway
cyanobacterial growth occur because of positive feedback loops (see Figure 21), whereby changes
initiated by the bloom cause chemical changes that release additional nutrients from the sediment.
For example, anoxic (low oxygen) conditions and low pH caused by decomposing algae both weaken
the strength with which phosphorus is bound to sediment releasing nutrients that can continue to
feed the bloom.

ARE THERE SHORT-TERM STRATEGIES FOR ALGAL BLOOMS?

When blooms occur, they can cause a host of social, economic and ecological impacts that need to
be remediated quickly. Short-term strategies to limit impacts include physical removal of the bloom,
the addition of algaecides such as copper sulphate and the implementation of barriers to restrict
bloom movement. Each of these have significant costs and/or ecological disadvantages and none are
a long-term solution (see Case Studies provided above). The best course of action to address the
underlying cause of cyanobacterial blooms is via the implementation of long-term preventive
measures, as these limit the occurrence of future blooms.

WHAT ARE THE DENSITY LEVELS OF CATTLE ALONG THE CATCHMENT OVER TIME?

We were unable to determine whether stocking rates have substantially increased in the Curdies
River catchment. Whilst anecdotal evidence suggests that there has been an increase in stocking
rates, especially on larger farms, we were unable to find data demonstrating whether this is the
case. One of our recommendations is that data be gathered so that this question can be answered.

IS THE NUMBER OF DAMS CONTRIBUTING TO ALGAL BLOOMS?

Favourable conditions that increase risks of algal booms include times of low flow where retention
time of water in the estuary is longer and times when turbulence is minimal. Within the Curdies
River catchment, water flow has been modified by the introduction of dams. This facilitates the
extraction of water for irrigation and stock use and decreases flow velocity within the catchment.
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This alteration to flow is a contributing factor to bloom occurrences, along with other major
contributing factors such as nutrient enrichment and other factors that affect flow, such as changing
climatic conditions, deforestation, flood mitigation structures, roads and other built infrastructure.
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APPENDICES

APPENDIX 1: HOW TO READ QUANTILE REGRESSIONS

Quantile regression is a statistical technique, similar to linear regression, that allows us to estimate
how two variables are related to each other at different levels (quantiles) of the response variable.
Traditional linear regression fits a line to data that describes how the mean (average) value of one
(the ‘response’ or ‘dependant’ variable) varies with the other (the ‘predictor’ or ‘independent’
variable; for example, how the average concentration of phosphorus changes over time.

Linear regression has several drawbacks, however. First, there are a number of assumptions
that, if not met, may mean that the fitted relationship does not describe the observed data very
well. Quantile regression does not have the same assumptions and is, therefore a useful tool when
the assumptions of linear regression are not met. Quantile regression also allows us to see if
different levels (quantiles) of the response variable respond differently to each other. Rather than
estimating the mean response, in quantile regression, the median (middle) response, or any other
‘quantile’ of the response can be estimated. The median (50" percentile) quantile regression line
estimates a line through the centre of the data so that half are below, and half are above the line at
any level of the predictor variable. The 25 percentile line estimates a line where 1/4 (25 %) of the
data are below the line and 3/4 (75 %) are above it, and so on. This allows us to see how patterns at
high and low proportional values of the response may differ from each other. For example, in the
graph below (Figure 7 of this report), 1/4™" of measured values of total nitrogen are above the
uppermost black line, which represents the 75" percentile, at any given time. This shows that the
highest recorded concentrations are increasing over time. In contrast, the lowest 1/4% of recorded
concentrations are below the lowest black line (which represents the 25" percentile) at any time and
shows that the lowest recorded concentrations are not changing.

Concentration of Total Nitrogen over time in Scotts Creek
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Figure Al: Change in measured total nitrogen (TN) concentrations (mg/L) from 1990 to 2022 in Scotts Creek
(gauge #235237). The Red dashed line shows the environmental objective concentration of TN for this region.
Black lines are quantile regressions fit to the Low (25%), Median (50%), and High (75%") percentiles. Red circles
represent data from 1990-2001, when the Cobden WWTP discharged into the river. Blue circles represent data
collected after the change in practice.
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