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1. Executive Summary
Background

The Marne Saunders Prescribed Water Resource Area (PWRA) covers an area of ~743 km?
across the Eastern Mount Lofty Ranges (EMLR), in the lower reaches of the Murray Darling
Basin in South Australia. The Marne Saunders PWRA is comprised of two catchments: the
Marne River and Saunders Creek catchments with the major waterway being the Marne River.
The Marne Saunders PWRA is largely divided into two zones, the higher elevated Hills Zone
and the lowland Plains Zone; headwater streams originate in the higher rainfall Hills Zone
before flowing downstream to the eastward Plains Zone. Annual rainfall for the Marne
Saunders PWRA is not uniform throughout the catchment, with most of the catchment’s
rainfall occurring in the Hills Zone. Generally, the status of rainfall and associated streamflow
in the Marne Saunders PWRA is significantly lower than other catchments of the region. The
prescription of water resources through the licensing of water usage for specific purposes was
implemented to provide sustainable management in the Marne Saunders PWRA.
Formalisation of the Water Allocation Plan (WAP) for the Marne Saunders PWRA was achieved

in 2010 with revision taking place in 2019.

Over 2002-2021, a total of 21 freshwater fish species (15 native; six alien) have been sampled
across the Marne Saunders PWRA. Knowledge of fish communities within the Marne Saunders
PWRA has been gained through an initial inventory and surveys as part of projects across the
broader EMLR. During 2007, fish communities of the EMLR, including the Marne Saunders
PWRA were reviewed, with the fish-related assets identified and the development of an
annual monitoring plan to evaluate the condition of these fish-related assets, annual fish

monitoring has occurred since 2007.
Aims and Methods

This project aimed to review of the status of water resources and fish communities within the
Marne Saunders PWRA. Three main objectives were to:
e Evaluate trends in water quality and flow regime data (including flow metrics);

e Review the long-term fish monitoring dataset and provide a summary of fish
community condition and trends; and
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e Assess the effectiveness of water management and provide recommendation to assist
with further refining of the environmental water requirements and water allocation
planning.

The objectives of this report were achieved through the collation and evaluation of existing
data including, fish survey and water quality data collected throughout the Marne Saunders
PWRA over a 20-year period from 2002-2021; rainfall, ground water and surface flow data

collected from gauging stations strategically placed throughout the catchment.
Key findings

The findings of the present review revealed a picture of substantial decline across the Marne
Saunders PWRA. Namely, the review highlights that over 2002-2021 the Marne Saunders
PWRA experienced, the:

e Decline in rainfall and runoff;

o Reduced surface flow and groundwater levels;

e Reduction of flow days at gauged sites;

e Reduced water quality, specifically an increase in salinity.

e EWRs for fish related assets not being delivered; and
e Shift in fish communities with reduction and likely future loss of fish-related assets.

The demonstrated decline in condition at most sites, indicate that environmental water
requirements (EWRs) are not being supplied for the support of fish-related assets of the
Marne Saunders PWRA. The primary factor contributing to decline is reducing rainfall and
runoff that as resulted in the lack of surface flow and deterioration of groundwater and
surface water quality. Unless the natural flows of the Marne Saunders PWRA can be restored
(or replicated), further decline in the condition of waterways and fish communities can be

expected.
Recommendations

For the mitigation of further decline of fish-related assets of the Marne Saunders PWRA, it is
recommended that, where possible considering climatic pressures, WAP principals are
followed to ensure that the environmental water provisions are provided for each of the fish-

related assets within all reaches of the Marne Saunders PWRA.
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Table 2-2. List of fish species recorded in the Marne Saunders PWRA. Functional groups are: FS = freshwater specialists; FG = freshwater generalist; FP = freshwater generalist,
which is potamodromous; A = alien species.

Functional .
Status Common name Scientific name Notes on occurrence

Group

Fs Obscure Galaxias Galaxias oliros Marne: Dominant species in upper and mid pool-riffle reaches; Saunders: not
documented
ES River Blackfish Gadopsis marmoratus Marne: historically common across lowland reach; now restricted to limited number
of pools; Saunders: not documented
FG Australian Smelt Retropinna semoni Marne: terminal wetland only; Saunders: not documented
FG Bony Herring Nematalosa erebi Marne: terminal wetland only; Saunders: not documented
FG Carp Gudgeon Hypseleotris sp. Marne: lowland reach and terminal wetland; Saunders: lowland reach
FG Dwarf flathead Gudgeon Philypnodon macrostomus | Marne: lowland reach and terminal wetland; Saunders: not documented
FG Flathead Gudgeon Philypnodon grandiceps Marne: terminal wetland only; Saunders: not documented
Native FG Unspecked Hardyhead Craterocephalus fulvus Marne: terminal wetland (last recorded in 2002); Saunders: not documented
FG Murray Rainbowfish Melanotaenia fluviatilis Marne: terminal wetland only; Saunders: not documented
FP Golden Perch Macquaria ambigua Marne: terminal wetland only; Saunders: not documented
FS . . - Marne: terminal wetland (last recorded in 1983); Saunders: not documented
Olive Perchlet Ambassis agassizii
(wetland)
FS Murray Hardyhead Craterocephalus fluviatilis Marne: terminal wetland (last recorded in 1983); Saunders: not documented
(wetland)
DI Common Galaxias Galaxias maculatus Marne: terminal wetland (last recorded in 1980s); Saunders: not documented
. - - Marne: lowland and terminal wetland (last recorded in 1980s); Saunders: not
DI Congolli Pseudaphritis urvillii
documented
DI Silver perch Bidyanus bidyanus Marne: terminal wetland (last recorded in 1950s); Saunders: not documented
FG Brown Trout Salmo trutta Marne: lowland reach (last recorded in 1910s); Saunders: not documented
FG Common Carp Cyprinus carpio Marne: lowland and terminal wetland; Saunders: not documented
Al FG Eastern Gambusia Gambusia holbrooki Marne: UPR, MPR, lowland, terminal wetland; Saunders: not documented
ien
FG Rainbow Trout Oncorhynchus mykiss Marne: lowland reach (1990s); Saunders: not documented
FG Redfin Perch Perca fluviatilis Marne: lowland reach (2002); Saunders: not documented
FG Tench Tinca tinca Marne: lowland reach (1950s); Saunders: not documented
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Table 2-3. Functional groups represented in the Marne Saunders PWRA.

Functional group

Obligate freshwater specialist
(stream)

Description
Species that reside in freshwater habitats
permanently (i.e. obligate), and that have
particular stream habitat or environmental
requirements. Are often found as the only
species in a reach but are restricted to
specific habitats.

Example fish species

Obscure Galaxias and River
Blackfish

Obligate freshwater specialist
(wetland)

Species that require particular habitats or
environments for survival. Are often found
as rare species in diverse fish assemblages,
being restricted to specific habitats within
lowland or terminal stream reaches

Murray Hardyhead

Freshwater generalist

Have generalised environmental
requirements, often in association with
other species and occupy multiple habitat
types. The community composition (and
therefore the water requirements) is
determined by the types of habitats
present.

Carp Gudgeon, Dwarf
Flathead Gudgeon and
numerous  species  from

terminal wetlands.

Diadromous species

Require migration to and from the sea or
estuary.

Congolli, Common Galaxias,
and Lampreys (not yet
recorded from Marne PWRA)

Potamodromous species

Known to make movements within
freshwater systems to complete lifecycle.

Golden Perch

12
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Table 2-4. Fish-related assets across reaches of the Marne Saunders PWRA.

Fish-related asset Monitored location Management objective EWR Table
Marne River
Little or no aquatic habitat present, so permanent fish .
. . . . . Restore self-sustaining
Headwaters | communities absent (Obscure Galaxias may be opportunistically Not actively monitored . Table 2-5
. . population
present but unlikely to be sustainable)
Marne River — Vigars Road Maintai t If-
UPR Obscure Galaxias - § aln'a.m orres org ase Table 2-5
Marne River — Jutland Road | sustaining population
No permanent populations present due to lack of summer refuge
P . pop p . g North Rhine River — Pine Restore self-sustaining
MPR connectivity and water quality (but Obscure Galaxias occurs . Table 2-5
. . Hut Road population
intermittently)
. . Maintain or restore a self-
Gorge Obscure Galaxias Marne River - Gorge . . Table 2-5
sustaining population
River Blackfish Marne River — Black Hill MamFa.ln °r restorz.a a self- Table 2-6 & 8
. . sustaining population
Springs (b) & Marne River — —
Lowland . Maintain diversity,
. . . Three sisters pool (2017 .
Lower Marne diverse fish community onwards) demographics and Table 2-8
composition of fish community
. ) . Maintain diversity and
. Lower Marne/Murray backwater diverse fish community . ! I. . WV |.y . Table 2-9
Terminal Marne River — Marne composition of fish community
wetland Potential for diadromous fish species (Congolli, Common Galaxias, | Mouth Restore community of
) . . . Table 2-9
Lamprey) to colonise lower Marne River diadromous/rare species
Saunders Creek
No permanent populations present due to lack of summer refuge, - .
Headwaters | . P . Pop . P . 8 . . Restore self-sustaining Table 2-5 if Obscure
isolation and water quality (but Obscure Galaxias may have been Not actively monitored . . .
and UPR . population Galaxias discovered
present historically)
No permanent populations present due to lack of summer refuge, L .
. . . . Saunders Creek — Saunders | Restore self-sustaining Table 2-5 if Obscure
Gorge isolation and water quality (but Obscure Galaxias may have been . . B
. Creek Gorge population Galaxias discovered
present historically)
. Saunders Creek — Lenger Maintain or restore self- Table 2-7 & Table
Lowland Isolated population of Carp Gudgeon " 8 : . I .
Reserve sustaining population 2-8
Terminal ) S . . Restore diversity and
! Lower Saunders/Murray backwater fish community (if present) Not actively monitored . .N ! y . Table 2-9
wetland composition of fish community

13



Review of Marne Saunders PWRA 2021 AQUASAVE - NatureGlenelgTrust

Environmental water requirements for fish-related assets

For the fish-related assets identified across the Marne Saunders PWRA accompanying
environmental water requirements (EWRs) have been defined (Table 2-5 to Table 2-9). These
EWRs have been described in terms of the dominant species (as part of functional groups) or
according to the fish community groupings. Summary tables detailing these EWRs highlight:
(1) the natural processes required to support environmental objectives, (2) the parts of the
water regime linked to those natural processes, and (3) the monitoring approach and
indicators used to assess whether these natural processes are being supported. Note that
several of the objectives or water requirements implicate monitoring of environmental
variables and habitat condition; fish specific techniques only are mentioned but other
relevant environmental data is also routinely collected (e.g. water quality, pool depth, habitat
availability), with some techniques employed that are specific to other functional groups (e.g.

indicators for vegetation health).

14
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Table 2-5. Working environmental water requirements and relevant monitoring methods for Obscure Galaxias

(obligate freshwater, stream specialist) in the Marne Saunders PWRA.

Environmental objective:
Maintain or restore self-

sustaining populations of
Obscure Galaxias
Habitat processes

Water requirements

Fish monitoring methods
necessary at key nodes
within river reaches (with
indicator in brackets)

Habitat availability

Persistence of water in pools
throughout the Low Flow Season (base
flow ideal). Freshes during the Low Flow
Season that refill pools are important.
Maintain smaller habitats and
tributaries especially when exotic
predators occur.

Mapping distribution at key
nodes during low flow
seasons (population extent).

Water quality

Freshes during the Low Flow Season
that refresh water quality.

Assessing survivorship
through a snapshot of
demographic structure
(length data).

Deep pool structure

Bank full channel forming flows that
occur at a frequency and duration to
maintain channel form. Prevent
vegetation encroachment.

Mapping distribution at key
nodes during low flow
seasons (population extent).

Clean substrate for egg
deposition following
spawning

Freshes during the Low Flow Season.

Assessing recruitment
through a snapshot of
demographic structure

(length data), with studies of

fish biology (larvae).

Biodiversity processes

Recolonisation of vacant
habitats and mixing of extant
populations

Sustained low-high flows that allow
movement between pools over
relatively long distances.

Mapping distribution at key

nodes in river reaches during
low flow seasons (population

extent) over time (temporal
monitoring). Studies of fish
biology (movement).

Successful spawning

Increase in flows over transitional
period between Low and High Flow
Season in June/July triggers spawning,
oxygenates riffles and allows access to
new habitats (spawning sites).

Assessing recruitment
through a snapshot of
demographic structure
(length data). Studies of fish
biology (spawning and
larvae).

Habitat complexity and
resistance to the impacts of
exotic fishes

Low flows and base flow to maintain
shallower sub-optimal habitats and pool
margins when exotic predatory fishes
(trout and redfin) occur.

Mapping distribution at key
nodes in reaches during low
flow seasons (population
extent) over time (temporal
monitoring).

Riparian and edge vegetation
(macroinvertebrate food
resources, shading, cover)

Low flows and overbank flow to
maintain shallow margins and banks to
encourage emergent and riparian
species (e.g. sedges, amphibious woody
species, River Red Gums).

Standardised environmental
measures.

Suppression of exotic species

Variable flows and zero flows
discourage colonisation by exotic fish
and favour natives. High flow
disturbances can flush exotics like
Gambusia.

Assessing fish community
composition (species
inventory/presence),
snapshot of demographic
structure for exotic species
(length data).

15
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Table 2-6. Working environmental water requirements and relevant monitoring methods for River Blackfish

Environmental objective:
Maintain or restore self-

sustaining populations of
river blackfish
Habitat processes

(obligate freshwater, stream specialist) in the Marne Saunders PWRA.

Water requirements

Fish monitoring methods
necessary at key nodes
within river reaches (with
indicator in brackets)

Habitat availability and
quality

Permanent water in pools throughout the
year (via baseflow). Maintain shallow
pool margins or shelves for juvenile and
young fish.

Determining that fish remain
in the reach (presence),
assessing survivorship
through a snapshot of
demographic structure
(length data). Studies of fish
biology (spawning and
health).

Water quality

Cool and well oxygenated conditions
(extended low flows or permanent
baseflow).

Determining that fish remain
in the reach (presence),
assessing survivorship
through a snapshot of
demographic structure
(length data). Studies of fish
biology (spawning and
health).

Deep pool structure

High channel forming flows that occur at
a frequency and duration to maintain
channel form.

Mapping distribution during
low flow seasons (population
extent).

Minimal siltation of
underwater surfaces to allow
feeding and successful egg
hatching

Freshes during the Low Flow Season.

Assessing survivorship
through a snapshot of
demographic structure
(length data). Studies of fish
biology (spawning and
larvae).

Biodiversity processes

Recolonisation of vacant
habitats and mixing of extant
populations

Low flows or occasional freshes that allow
movement between pools over relatively
short distances.

Mapping distribution during
low flow seasons (population
extent) over time (temporal
monitoring). Studies of fish
biology (movement).

Spawning success

Spawning and recruitment require
maintenance of shallows (larval habitat)
during spring and sustained into early
summer (low flows and raised pool
levels); probably also below a salinity
threshold (<4000 EC) required for
successful recruitment (i.e. freshes).
Spawning occurs in hollows or cavities
with a long incubation time. Freshes and
sustained flows in late spring will assist
recruitment.

Assessing recruitment
through a snapshot of
demographic structure
(length data). Studies of fish
biology (spawning and
larvae).

16
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Table 2-7. Working environmental water requirements and relevant monitoring methods for Carp Gudgeon

Environmental objective:
Maintain or restore self-

sustaining populations of
gudgeons
Habitat processes

(freshwater generalist) in the Marne Saunders PWRA.

Water requirements

Fish monitoring methods
necessary at key nodes within
river reaches (with indicator in

brackets)

Habitat availability

Persistence of water in pools throughout
the Low Flow Season (base flow ideal).
Freshes during the Low Flow Season that
refill pools are important.

Mapping distribution at key
nodes during low flow seasons
(population extent).

Water quality.

Freshes during the Low Flow Season that
refresh water quality.

Assessing survivorship through
a snapshot of demographic
structure (length data).

Deep pool structure.

Bank full channel forming flows that occur
at a frequency and duration to maintain
channel form.

Mapping distribution at key
nodes during low flow seasons
(population extent).

Biodiversity processes

Recolonisation of vacant
habitats and mixing of extant
populations.

Sustained low-high flows that allow
movement between pools over relatively
long distances.

Mapping distribution at key
nodes in river reaches during
low flow seasons (population
extent) over time (temporal
monitoring). Studies of fish
biology (movement).

Spawning success.

Low flows and warmer temperatures
during the Low Flow season, low flows to
stabilise water levels.

Assessing recruitment through
a snapshot of demographic
structure (length data). Studies
of fish biology (spawning and
larvae).

Habitat complexity and
resistance to the impacts of
exotic fishes.

Low flows and base flow maintain
shallower habitats and pool margins when
exotic predatory fishes (trout and redfin)
occur.

Mapping distribution at key
nodes in river reaches during
low flow seasons (population
extent) over time (temporal
monitoring).

Discourage colonisation and
establishment of exotic
species (negative impacts of
predation, competition and
disease)

Variable flows and zero flows discourage
colonisation by exotic fish and favour
natives. Larger disturbances can flush
exotics.

Assessing fish community
composition (species
inventory) or specific
investigation for species of
concern (presence), snapshot
of demographic structure for
exotic species (length data).

17
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Table 2-8. Working environmental water requirements for fish communities (generalist, diadromous,
potamodromous and wetland specialist functional groups) in the lowland reaches of the Eastern Mount Lofty

Ranges

Environmental objective:
Maintain or restore diversity

and composition of fish

Water requirements:

Fish monitoring methods
necessary at key nodes within
river reaches (with indicator in

community

Habitat processes

brackets)

Habitat availability

Permanent water in channel,
anabranches and refuges (e.g.
billabongs) throughout the year.

Assessing fish community
composition across habitat types
(species inventory), determining
that species diversity is
maintained in a reach (presence),
mapping distributions during low
flow seasons (population extent).

Water quality.

Cool and well oxygenated conditions
(extended low flows or permanent
baseflow). Minimise salinity impacts
on the tolerance (lethal and sub-
lethal) of adult or juveniles stages of
native fish — freshes and flushing
flows.

Determining that fish remain in
the reach (presence), assessing
survivorship through a snapshot
of demographic structure (length
data). Studies of fish biology
(spawning and health).

Habitat diversity (prevent
encroachment of emergent
vegetation, maintain submerged
vegetation)

High flows that occur at a frequency
and duration to prevent vegetation
encroachment, shape channels, and
provide water quality and flow
requirements for plant species.

Mapping distribution during low
flow seasons (population extent),
assessing survivorship through a
snapshot of demographic
structure (length data).

Deep pool structure and
availability of off channel
habitats

High channel forming flows that
occur at a frequency and duration to
maintain form and diversity of
channel and off-channel habitats.

Assessing fish community
composition (species inventory).

Biodiversity processes

Provide spatial and temporal
variability

Flow related disturbance to provide
a variety in the types of habitats
present (mosaic) to allow species co-
existence or cater for the
requirements of multiple species
(including Southern Purple-spotted
Gudgeon). Provision of contrasting
habitat to that of wetlands
associated with the Murray River
and Lower Lakes

Assessing fish community
composition (species inventory),
determining that species diversity
is maintained in a reach
(presence), mapping distributions
during low flow seasons
(population extent).

Attractant flows for
diadromous/ migratory fish
species from the Murray River.

High flows at natural time of year
(winter-spring) for
diadromous/migratory fish.

Assessing fish community
composition (species inventory),
with studies of fish biology
(movement).

Suppress exotic species

Variable flows and continuous
flowing cool water discourage exotic
fish and favour natives, larger flows
dislodge/flush exotics.

Assessing fish community
composition (species inventory),
assessing survivorship through a
snapshot of demographic
structure (length data). Studies of
fish biology (habitat use).
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Table 2-9. Working environmental water requirements and relevant monitoring methods for fish communities
including diadromous species (e.g. Congolli) and potamodromous species (e.g. Golden Perch) in stream habitats
and terminal wetlands of Marne Saunders PWRA.

Environmental objective:

Maintain or restore
populations of
diadromous species

Water requirements

Fish monitoring methods
necessary at key nodes within
river reaches (with indicator in

brackets)

Habitat processes

Habitat availability

Persistence of water in stream pools and
wetlands during Low Flow. Maintenance
of permanent water in slow flow areas
(larval lampreys). Encourage diversity of
habitat types.

Assessing fish community
composition, determining that
species diversity is maintained in
a reach (presence), mapping
distributions during low flow
seasons (population extent).

Water quality

Freshes during the Low Flow Season that
refresh water quality, particularly around
partial barriers to dispersal that can act as
population bottlenecks. Maintenance of
connectivity between stream, terminal
wetland and receiving water body
(Murray River).

Assessing survivorship through
population structure. Studies of
fish biology (movement and
environmental tolerances).
Evaluation of fish community
composition.

Deep pool structure

Bank full channel forming flows that occur at
a frequency and duration to maintain
channel form.

Mapping distribution at key
nodes during low flow seasons
and assessing fish community
composition

Connectivity.

Large flows to provide physical disturbance
and improve pool connectivity along the
stream corridor to the Murray River.

Mapping distribution at key
nodes during low flow seasons
(population extent).

Habitat diversity (prevent
encroachment of
emergent vegetation,
maintain submerged
vegetation).

High flows that prevent vegetation
encroachment and provide water quality
and flow requirements for plant species.

Evaluate population extent and
assess persistence through
population structure using length
data.

Biodiversity processes

Attractant flows and fish
movement.

Provide spatial and
temporal variability

Attractant flows. Sustained low-high flows
that allow inter and intra habitat
movements. Requires appropriate timing
and duration for different species.

Flow related disturbance to provide a
variety in the types of habitats present
(mosaic) to allow species co-existence or
cater for the requirements of multiple
species.

Temporal monitoring of
population extent during low
flow seasons and community
composition. Studies of fish
movements. Assess dispersal
barriers.

Spawning success.

Increased water levels to allow access to
emergent vegetation, appropriate water
quality, permanence and connectivity.

Assessing recruitment through
length data. Studies of fish
biology (spawning and larvae).

Habitat complexity and
resistance to the impacts
of exotic fishes.

Low flows and base flows maintain
shallower habitats and pool margins when
exotic predatory fishes (trout and redfin)
occur.

Mapping species distribution at
key nodes in river reaches during
low flow seasons over time.

Suppress exotics

Variable flows and zero flows (if natural
part of flow regime) to discourage
colonisation by exotic fish and favour
natives. High flows can flush out or
suppress exotics.

Assessing fish community
composition (species inventory)
or species presence, snapshot of
demographic structure for exotic
species, studies of fish biology.

19
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2.3 Review objectives

This project aimed to review of the status of water resources and fish communities within the

Marne Saunders PWRA. The specific objectives were to:

e Evaluate trends in water quality and flow regime data (including flow metrics);

e Review the long-term fish monitoring dataset and provide a summary of fish
community condition and trends; and

e Assess the effectiveness of water management and provide recommendation to
assist with further refining of the environmental water requirements and water
allocation planning.

The outcomes of this project will provide updated knowledge of the current status of aquatic
habitats and fish communities, which will inform review of the WAP for the Marne Saunders

PWRA.

20
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Table 3-2. List of sites sampled for as part condition monitoring of fish-related assets across Marne Saunders PWRA in the period 2002—2021. Reach types are upper pool—
riffle (UPR), mid pool—riffle (MPR), gorge, lowland and terminal wetland (TW) reaches

[} < LN (o} N~ (o] (o)} (@] — o on < n (e} N~ (o0] (o)} o —

o o o o o o o — — — - i - — i i — o o

o (@] o (@] o (@] o o (@] o (@] o (@] (@] o (@] o (@] o
Waterway Location o (V] (o] (V] o (] o (o] N (o] ('] o (] (V] (o] N o ('] (o]
Marne River Vigars Rd UPR 4 ViIivIiIvIivVvI IivVvIVIVIVIVI IV I IVIVI IV I IV IV IV | I|IV]|V
Marne River Jutland Road UPR 4 VIV VvIiIvVvIVvI|IVI IVvIV IV IV IV IV |V ]|V viiv |V
North Rhine River | Pine Hut Road MPR 4 VI iIvVvI|IiVvIivVvIVvI VI IiIvVvIVI|IVI IVIV IV I IV |V |V |V
Marne River Marne Gorge Gorge v VIVvI|IVvIVIVI|IVI IVIVIVIVIV IV IV IV IV |V ]|V ]V
Marne River Black Hill Springs (b) Lowland Vi ivIiIvIivVvI IiIvVvIV IV IVIVI IV IV VI VIV IV I IVI|VI V| I|IV]|V
Marne River Three sisters pool Lowland vV ivi|iv|Iv |V
Marne River Marne Mouth T™™W 4 v v v v
saunders Creek Saunders Creek Gorge Gorge v vl v v

(upper)

Saunders Creek Lenger Reserve Lowland 4 vV IV Vv | Vv |V v v v
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Figure 3-1. Fish sampling of the Marne Saunders PWRA (clockwise from top left): fyke netting in the Marne River
— Marne Gorge; setting fyke nets by kayak in the Marne River — Three Sisters Pool; fyke netting in the Marne
River — Marne Mouth; measuring water quality in the Marne River — Marne Gorge; preparing to seine net in the
Saunders Creek — Saunders Creek Gorge; and visually inspecting the dry North Rhine River — Pine Hut Road.

3.3 Flow metric assessment

To assess change in the flow regime over the review period, established flow metrics were
evaluated (Table 3-3). This evaluation was based on the annual ‘flow year’, which reflects the
flow regime over the preceding flow year (e.g., the 2020 flow year encompasses December

2019 to November 2020).

24
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4. Results
4.1 Regional climate

An overall pattern of rainfall throughout the Marne Saunders PWRA indicates that elevated
areas of the region (represented by Keyneton rainfall) receive greater annual rainfall than the
lowland plains areas (represented by Black Hill rainfall) (Figure 4-1). The temporal trend over
2002 to 2020, suggest that mean annual rainfall has reduced in the upper reaches of the
Marne Saunders PWRA; however, there is little difference between long-term and review
period mean annual rainfall for the lower reaches (Figure 4-1). Specifically, the mean annual
rainfall of 483.3 mm for the upper reach over the review period was lower than the long-term
(1908-2021) mean annual rainfall (of 528.8 mm). For the lowland reach, the mean annual
rainfall over the review period (299.25 mm) was slightly higher than the long-term (1936-
2021) mean (284.8 mm).
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Figure 4-1. Total annual rainfall (mm) at Keyneton (a) and Black Hill (b) South Australia for years 2002-2020.
Following years were not included due to insufficient data (a): 2004, 2005, 2007, 2008; (b): 2007, 2008, 2012 and
2013 (Bureau of Meteorology, unpublished data). Black dashed line indicates 20-year mean rainfall for all data
included.
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Figure 4-3. Water levels (mAHD) Murray Group Limestone aquifer monitoring located in between Cambrai and
Black Hill in the Plains Zone. Data from Marne Gorge gauge (station ANG014).

4.3 Surface flow

Overall summary

Across the review period (2002-2021), the characteristic variability and episodicity of the flow
in the Marne Saunders PWRA was evident (Figure 4-4 to Figure 4-6). There were long periods
of zero flow at all gauging stations and when flows occurred, they were not uniform
throughout the PWRA. For example, the lowest peak flow recorded in the Marne Saunders
PWRA was observed in Saunders Creek Gorge reach, occurring during July 2014, whereas the
greatest peak flow recorded in the Marne Saunders PWRA was observed at the upper lowland
reach (Redbank Crossing) of the Marne River during July 2005. The greatest flows occurring
within the upper and mid reaches of the Marne River Catchment during early spring reflects
rainfall patterns of the Marne Saunders PWRA, where rainfall is greatest in elevated regions
of the catchment during winter and spring seasonal periods. Flows generally increase
throughout winter and spring periods as the catchment area becomes wetter and
groundwater discharges into watercourses, some higher flows have been recorded into early
summer which is likely to be due to saturated ground and full water storages (such as farm
dams) from spring rains allowing for a maximum surface runoff. Large differences in flow can
also observed between differing sites within the same reach (e.g., Vigars Road and Jutland

Road). Although flow data at these sites was recorded over variable time periods, the
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maximum flows were recorded only one day apart (e.g., Vigars Road: 29 September 2016;

Jutland Road: 30 September 2016).

Even though the magnitude of flow is variable between reaches and sites across the PWRA,
the 20-year trend in flow is broadly consistent (Figures 4-4 to 4-6). Flow data throughout the
years of recording shows a trend at all sites within the Marne River Catchment for peak flows
to occur every 4-6 years with peak years of flow generally preceded and followed by one or
two years of above average flow. The Saunders Creek Gorge reach shows a differing flow
pattern to sites within the Marne River Catchment, with maximum flows throughout the
Marne Catchment being largely recorded during 2016, whereas maximum flows were
recorded in the Saunders Gorge during 2014. The observed differences in the maximum daily
flows and their period recorded in the two catchments is likely to be due to variation in rainfall
patterns within the Marne Saunders PWRA. Variation in flow within the Saunders Catchment
was also evident; three gauging stations within Saunders Creek showed differing patterns and
magnitude of flow indicating a lack of connectivity of flow throughout the system or variability

in localised rainfall and surface runoff.
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Marne River - Vigars Road (A4261231)
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Figure 4-4. Total daily flow (ML Day™) for the Marne River UPR reach: (top) Marne River — Vigars Road
(A4261231); (middle) Marne River — Jutland Road (A4261030); and (bottom) Marne River MPR reach: North
Rhine River — Kappalunta (A4261014).
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Marne River - Marne Gorge (A4260605)
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Figure 4-5. Total daily flow (ML Day™) for (top) Marne River — Marne Gorge (A4260605); (middle) Marne River —
Redbank Road ford crossing (A4261007); and (bottom) Marne River — Black Hill Springs (A4261011).
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Saunders Creek - Saunders Creek Gorge (A4261100)
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Figure 4-6. Total daily flow (ML Day™) for the Saunders Creek: (top) Saunders Creek — Saunders Creek Gorge
(A4261100); (middle) Saunders Creek —Gorge (A4261174); and Saunders Creek — Lenger Reserve (A4261029).
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Metrics of the flow regime

The metrics of the flow regime at sites across the Marne Saunders PWRA reinforce the overall
summary provided above (Figure 4-7 to Figure 4-9; Table 4-1). Namely, it is evident there is a
declining trend in the number of flow days at all sites (except for Saunders Creek — lower
Saunders Creek Gorge) over the review period (Figure 4-7). For instance, the (combined) total
flowing period at Marne River — Jutland Road over the period of 2018 to 2020 was just 52
days (2018: 16 days; 2019: zero days; 2020: 36 days), whereas prior to 2012, flow was
experienced for more than 100 days in most years (Table 4-1). Further, some sites across
MPR (North Rhine River — Kappalunta), gorge (Marne River — Gorge; Saunders Creek —
Saunders Creek Gorge) and lowland (Marne River — Redbank Road ford crossing) did not flow
at all during the period 2018 to 2020. Further, considerably fewer flow days are experienced
under the current flow regime at all sites when compared to what is expected under the ‘no
dams’ scenario (Figure 4-7; Table 4-1). For instance, at the Marne River — Marne Gorge, the
‘no dams’ scenario predicts between 136 to 228 flow days each year over 2002 to 2010
whereas there were 73 to 157 actual flow days over this period. The discrepancy even more
stark over 2018 to 2020, with no flow days experienced through the Marne Gorge with the
‘no dams’ scenario predicting 85 (2018), 120 (2019) and 199 (2020) flow days. Despite this,
flow regimes associated with both the actual and ‘no dams’ scenario experienced declining
trend over time, with a flowing period likely to be considerably diminished over recent years

regardless of dam abstraction.

The number of days of freshes in the LFS and T1 (HFS > LFS) seasons was zero at most sites
over the review period and declined for the remaining sites that did experience period of
freshes (Figure 4-8; Figure 4-9). Whilst under the ‘no dams’ scenario, the number of days of
freshes in the LFS and T1 (HFS > LFS) seasons was higher at the start of the review period,

these metrics declined over time (Figure 4-8; Figure 4-9).

35



Review of Marne Saunders PWRA 2021 AQUASAVE - NatureGlenelgTrust

Table 4-1. List of sites and their number of flow days sampled per year for as part condition monitoring across Marne Saunders PWRA from 2002 to 2021.

Gauging
Location station
A4261232 124 | 271 | 101 | 266 | 313 | 87
Vigars Road | UPR Modelled
o dame | 202 | 148 | 219 | 195 | 177 | 144 | 222 | 171 | 212 | 158 | 159 | 168 | 192 | 209 | 124 | 90 | 107 | 210 | 202
A4261013 | 1 | 149 125 | 53 | 129 | 108 | 281 | 122 60 16 | 0 | 36
Jutland Road | UPR Modelled
o dams | 128 | 218 | 157 | 227 | 221 | 184 | 152 | 222 | 182 | 238 | 167 | 162 | 185 | 204 | 209 | 137 | 95 | 115 | 211
A4261014 | 21 110 | 46 | 0 | 90 | 109 | 100 | 35 | 77 | 90 | 7 | 125 0 0 0
Kappalunta MPR Modelled
o dame | 98 | 183 | 152 [ 217 | 207 | 143 | 104 | 213 | 141 | 212 | 118 | 141 | 165 | 128 | 188 | 113 | 44 | 115 | 136
Marne Combined | 104 | 157 | 126 | 185 | 73 | 103 145 | 99 121 | 99 10 82 | 0 0 0
Gorge Modelled
Gorge o dame’ | 136 | 221 | 158 | 228 | 227 | 182 | 152 | 221 | 184 | 250 | 164 | 157 | 191 | 203 | 207 | 138 | 85 | 120 | 199
Ei‘:ga”ks Lowland |\ 161007 | 0 | 66 o | o | o |4 |97|26| 8 |35]4 | 0 230 0 o0
. A4261011 | O | 13 | 18 | 13 | © 0 0 0 | 23|13 ] o 0 0 0 0 0 0 0
Black Hill Lowland Modelled
Springs vocelled -5 1 16 | 16 | 28 | 1 | 6 | 1 |12 17| 3 | 1 |11 |10]| 2 | 28| 4| 0| 4| 4
no dams
Saunders
Creek Gorge | Gorge A4261174 57 | 45 | 161 | 158 | 91 | 162 | 136 | 126 | 122 | 62 | 26 | ©
(upper)
Lower
Saunders Gorge A4261100 0 0 0 0 4 1 36 1 22 0 0 0
Gorge
Lenger Llowland | A4261029 35 19 o | o | o ol o | o] 1
Reserve
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Figure 4-7. Comparison of the number of flowing days observed across the flow gauging network of the Marne Saunders PWRA compared to modelled flow data for the same

sites. Some sites only have one type of data due to constraints of the data.
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Figure 4-8. Comparison of the number of days with flow above the low flow season fresh threshold observed across the flow gauging network of the Marne Saunders PWRA
compared to modelled flow data for the same sites. Some sites only have one type of data due to constraints of the data.
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Figure 4-9. Comparison of the number of days with flow above the transition 1 season fresh threshold observed across the flow gauging network of the Marne Saunders PWRA
compared to modelled flow data for the same sites. Some sites only have one type of data due to constraints of the data.
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Figure 4-12. Mean annual salinity (as Electrical Conductivity EC) for years 1973-1997 (Jolly et al. 2000; Marne
River at Cambrai, station A426529) and 2001-2021. Years 2019 and 2021 Marne Gorge gauge (station
A4260605) omitted due to lack of data.
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Figure 4-13. Dissolved oxygen across all sites sampled during 2008-2021.
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Figure 4-14. pH recorded across all sites sampled during 2001-2021.
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Figure 4-15. Mean annual salinity for representative Plains Zone groundwater (as Electrical Conductivity EC) over
time (2001-2019; years 2002,2003,2004,2006,2015,2016 not included due to insufficient data) (station RILO15)
located near Blac Hill Springs.
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Figure 4-17. Freshwater fish recorded in the Marne Saunders PWRA over the review period (2002-2021):
(clockwise from top left): Obscure Galaxias; River Blackfish; Carp Gudgeon,; and Dwarf Flathead Gudgeon.
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Table 4-3. Freshwater fish abundance and distribution throughout annual monitoring sites within the Marne Saunders PWRA between 2002 and 2021.

Native

c
o
g 3
3 2 £
o 8 = 3 5 s G “
c g - i= = o © & F a 4
o ] 5 & 2 £ = T 8o T £ = =
(9} = = © : v o= Lo} £ = S ﬁ
o0 - [ (G} 5] c © = (G © O 9
° ) a @ © -4 o = et O c [
=] w g = = > 3] - @ c o 0
® «“ o 5 @ © m© L7} I L] = € 2
g S 2 2 § % 5 @ £z = g £ s
Waterway Location & g 8 o) g 2 s S = = 8 S a2
Marne River Vigars Road UPR 0 0 0 766 0 0 0 0 0 0 0 0 1
Marne River Jutland Road UPR 0 0 0 493 0 0 0 0 0 0 100 0 2
North Rhine River | Pine Hut Road MPR 0 0 0 22 0 0 0 0 0 0 0 0 1
Marne River Marne Gorge Gorge 0 0 0 279 0 0 0 0 0 0 0 0 1
Marne River Black Hill Springs Lowland 222 25 0 6 9 0 0 0 0 0 37 0 5
Marne River Black Hill Springs (b) Lowland 113 40 0 67 81 0 0 0 0 0 140 2 6
Marne River Three Sisters Pool Lowland 1808 65 0 2 0 0 0 0 0 20 0 4
Marne River Marne Mouth Terminal wetland 1934 22 2 0 31 | 110 | 126 | 43 43 1600 8 10
Saunders Creek Saunders Creek Gorge | Gorge 0 0 0 0 0 0 0 0 0 0 0 0
Saunders Creek Lenger Reserve Lowland 547 0 0 0 0 0 0 0 0 0 11817 0 2
Total | 4624 | 152 2 374 92 | 31 | 110 | 126 | 43 43 13614 10 12
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During the period from 2014 to 2021, the population of Obscure Galaxias at Vigars Road has
experienced fluctuations (Figures 4-19 - Figure 4-26). The years 2014 and 2016 saw no fish
recorded, whereas 2015, 2017 and 2018 showed an increase in the species abundance and
the presence of multiple size classes (35—-115 mm) including evidence of recent recruitment
in all three years. The abundance of Obscure Galaxias sampled during 2018 was also the
greatest catch (141 fish) recorded since conducting the annual monitoring. Despite this, more
recently low numbers of the species have been recorded (2019: 13 fish; 2020: 3 fish; 2021: 2
fish). The Jutland Road site exhibited less variable abundance of Obscure Galaxias in recent
years, with an overall decline in the abundance of the species since 2013. The small number
of fish that have been recorded since 2013 have largely been small fish in the 50-60 mm size

range, indicating a lack of adults persisting at the site.
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Figure 4-19. Length structure for Obscure Galaxias at Vigars Road, Marne Catchment (UPR reach) from 2004 to

2008.
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Figure 4-20. Length structure for Obscure Galaxias at Vigars Road, Marne Catchment (UPR reach) from 2009 to

2013.
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Figure 4-21. Length structure for Obscure Galaxias at Vigars Road, Marne Catchment (UPR reach) from 2014 to

2017.
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Figure 4-22. Length structure for Obscure Galaxias at Vigars Road, Marne Catchment (UPR reach) from 2018 to

2021.
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Figure 4-23. Length structure for Obscure Galaxias at Jutland Road, Marne River Catchment (UPR reach) from
2004 to 2008.
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Figure 4-24. Length structure for Obscure Galaxias at Jutland Road, Marne Catchment (UPR reach) from 2009 to

2013.
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Figure 4-25. Length structure for Obscure Galaxias at Jutland Road, Marne River Catchment (UPR reach) from

2014 to 2017.
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Figure 4-26. Length structure for Obscure Galaxias at Jutland Road, Marne Catchment (UPR reach) from 2019 to

2021 (note: not sampled in 2018).

Marne River - MPR reach

Obscure Galaxias are the only species of fish recorded at Pine Hut Road site on the North
Rhine River and are the only fish-related ecological asset throughout the North Rhine River
(Figure 4-27). The recolonisation of adult Obscure Galaxias was recorded in this reach in
autumn 2006 after extended seasonal flow conditions and/or a high flow event in November
2005 (Figure 4-4). Monitoring on five occasions between 2006 and 2009, however, failed to
detect the species; this result was not unexpected, given the major decline in water
availability experienced over this period (i.e., in autumn 2009 only a small pool with depth 0.3

m remained and had a salinity of >10,000 EC). Despite greater water availability and improved
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habitat condition from 2010 to 2014, the species was not observed to have recolonised the
Pine Hut Road site. Similarly, high flows were observed during the 2015-2017 period (Figure
4-4); however, no fish were recorded during or after this period. During monitoring in 2021,

the Pine Hut Road site was completely dry, and fish remain absent.

Figure 4-27 North Rhine River - Pine Hut Road, with water during autumn 2013 (left) and when dry during 2021.

Marne River - gorge reach

Obscure Galaxias are the fish-related ecological asset for the Marne Gorge and this site
represents a key measure of Obscure Galaxias population resilience across the Marne
Saunders PWRA (as it relies on flows and fish from upstream) (Figure 4-28). It is evident that
the species experiences local extirpation followed by recolonisation events when conditions
are favourable. For instance, a pulse of juvenile fish (0+ age class) and potentially some 1+
age class adult fish was recorded in autumn 2008, yet a year later (autumn 2009) conditions
for survival were poor (i.e., heavily concentrated shallow pool with salinity >25,000 EC) and
the species was not detected (Figure 4-29; Figure 4-30). During 2010-2013, the population
did not exhibit the characteristic boom and bust in numbers, but rather local extirpation in
2011 and again in 2013 was interspersed with small peaks in numbers (2010, 7 fish; 2012, 2
fish), perhaps indicating a period of sustained decline in upstream population resilience. From
2014 to 2021, the Marne Gorge population largely appears to be declining, with the species
not detected in the majority of the years (i.e., not detected from 2014 to 2016 and from 2019
to 2021) (Figure 4-29; Figure 4-32). Fish were detected in low abundance (4 fish) during 2017
before a boom in being experienced in 2018 (99 fish which were predominately recruits). The
observed reappearance of the species in 2017 and high catch in 2018 followed a period of

high and average rainfall (2016-2017) (Figure 4-1) in the Marne Saunders PWRA, which
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