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1. Introduction

The Mary River catchment is a very important aquatic ecosystem in South East Queensland,
with high fish diversity levels, habitat complexity and a number of rare and unique fish species.
Modification to the landscape to improve agricultural production and increase access to
hinterland communities has led to many barriers to fish migrations being constructed. All fish
species move among habitats, and movement is a key life-history trait that ensures high
survival of young, dispersal of adults and juveniles, and re-colonisation areas that are affected
by drought (McDowall 1996). These barriers limit the migration of fish species, thus affecting
the successful completion of life cycles and leading to the extinction of diadromous species
where complete barriers block these migrations.

This report outlines information collected for the five stage Mary River Catchment Barrier
Prioritisation Project. The aim of this study is to identify and prioritise all potential barriers to
fish migration within the Mary River catchment for future investigation of high priority sites.
This will assist in the informed investment in barrier rehabilitation to be undertaken by NGO'’s
and government organisations.

1.1.  Mary River Catchment

1.1.1. Environment

The Mary River is located in southern Queensland and stretches 307 km from its headwaters
in the Conondale Range west of the Sunshine Coast, to its mouth at River Heads in the Great
Sandy Strait (Figure 1). The Mary River catchment covers an area of 9,595km2 and is sub-
tropical, with warm wet summers and cool dry winters. The wettest areas of the catchment,
along the eastern coastal ranges, receive over 1500mm of rain each year. The western section
of the catchment in generally dryer with rainfall of around 1000mm per year common.

Prominent land uses in the catchment include grazing, cane cropping, forestry and rural
residential areas. Cane cropping is generally restricted to the alluvial flats around
Maryborough, while grazing is undertaken throughout the catchment. Along the river valleys,
intensive grazing of dairy cattle is undertaken. Forestry activities are strong in the region, with
several state forests in the catchment. These forests favour plantation pine; however, there
are several native timber plantations also present. Forestry activities are generally found in
the mid to upper reaches of the catchment. The two major urban areas found in the catchment
are centred on the cities of Maryborough and Gympie. There are several other significant rural
towns in the catchment supporting a significant rural residential population; these include
Kenilworth, Imbil, Kandanga, Widgee and Kilkivan.

1.1.2. River Conditions

There are several sub-catchments within the Mary River Catchment; these include Tinana
Creek, Kandanga Creek, Munna Creek, Wide Bay Creek, Yabba Creek and Glastonbury
Creek. The Mary River has a mean annual discharge of 2.58x10° megalitres per year (DNRM
data) and perennial flow in almost all years. Peak flow is mostly recorded over the wetter
summer/autumn months; however, it is not unusual for flow events to occur throughout the
year (Figure 2).
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Figure 1. Map of the Mary River catchment.
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Figure 2. Flows from 2011-2015 showing the peak flows through the summer/autumn months.

Sixteen stream gauging facilities are operated by the Department of Natural Resources and
Mines (DNRM) in the Mary River Catchment. Five stream gauging facilities are located in the
mainstream Mary River from:

o Home Park at 90.8 km AMTD and upstream of Tiaro;

e Miva at 126.0 km AMTD at Miva;

e Fishermans Pocket at 170.4 km AMTD and downstream of Gympie;

e Gympie Gauging Weir at 179.9 km AMTD in Gympie (owned by Seqwater)
e Moy Pocket at 243.9 km AMTD at Moy Pocket;

e Bellbird Creek at 269.9 km AMTD and upstream of Kenilworth.

With the exception of the Gympie Gauging Weir, the above facilities rely on a natural riverbed
level control rather than utilising a Crump type weir, and as such do not constitute barriers to
fish migration.
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1.1.3. Fish Communities

Barriers can affect fish community condition by preventing movement of diadromous and
potamodromous species that require connectivity among habitats to fulfil a number of key life

stage requirements, free fish passage is essential to:

1. Allow adults to reach spawning habitats

2. Allow juveniles to reach nursery habitats
3. Ensure adults and juveniles reach feeding areas

4. Promote downstream dispersal of drifting phases

5. Promote upstream dispersal of returning adults and juveniles

6. Maintain genetic diversity by preventing isolation and fragmentation of fish populations

The Environmental Impact Statement (EIS) for the proposed Traveston Crossing Dam (SKM,
2007) provided a literature review of studies of the fish fauna of the Mary River and associated
tributaries. Field sampling in 2006-2007 for the Traveston Crossing Dam EIS also detailed the
fish fauna in the river reach and tributaries upstream of Gympie (Table 1).

Table 1. Species detailed in the Traveston EIS (SKM, 2007) and from Berghuis (2001) and
Berghuis and Piltz (2005). ® exotic species @ translocated native species

Species
Diadromous

Anguilla reinhardtii [Anguillidae]

Common Name

long-finned eel

Anguilla australis [Anguillidae]

short-finned eel

Arius graeffei [Ariidae]

blue catfish

Acanthopagrus australis [Sparidae]

yellow-fin bream

Lates calcarifer [Centropomidae]

barramundi

Macquaria novemaculeata [Percichthyidae]

Australian bass

Mugil cephalus [Mugilidae]

striped mullet

Myxus petardi [Mugilidae]

freshwater mullet

Elops australis [Elopidae]

giant herring

Megalops cyprinoides [Megalopidae]

ox-eye herring

Lutjanus argentimaculatus [Lutjanidae]

mangrove jack

Arrhamphus sclerolepis [Hemirhamphidae]

snub-nosed garfish

Pseudomugil signifer [Pseudomugilidae]

Pacific blue-eye

Notesthes robusta [Scorpaenidae]

bullrout

Ambassis marianus [Ambassidae]

estuary perchlet

Hypseleotris compressa [Eleotridae]

empire gudgeon
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Gobiomorphus australis [Gobiidae] striped gudgeon

Redigobius bikolanus [Gobiidae] bug-eyed goby
Favonigobius sp. [Gobiidae] estuarine goby
Potamodromous

Neoceratodus forsteri [Ceratodidae] Queensland lungfish
Leiopotherapon unicolor [Teraponidae] spangled perch
Bidyanus bidyanus [Teraponidae] silver perch
Tandanus tandanus [Plotosidae] freshwater catfish
Maccullochella peelii mariensis [Percichthyidae] Mary River cod
Craterocephalus marjoriae [Atherinidae] Marjorie’s hardyhead

Craterocephalus s. stercusmuscarum [Atherinidae] fly-specked hardyhead

Melanotaenia duboulayi [Melanotaeniidae] Duboulay's rainbow fish
Retropinna semoni [Retropinnidae] Australian smelt
Nematalosa erebi [Clupeidae] bony herring
Hypseleotris klunzingeri [Eleotridae] western carp gudgeon
Philypnodon grandiceps [Eleotridae] flatheaded gudgeon
Glossamia aprion [Apogonidae] mouth almighty
Ambassis agassizii [Ambassidae] olive perchlet
Neosilurus hyrtlii [Plotosidae] Hyrtl's catfish
Porochilus rendahli [Plotosidae] Rendahl’s catfish
Macquaria ambigua [Percichthyidae]® golden perch
Scleropages leichardti [Osteoglossidae]® saratoga

Gambusia holbrooki [Poeciliidae]® Gambusia

Xiphorus helleri [Poeciliidae]® sword tail

TOTAL SPECIES (39)

The freshwater fish fauna of the Mary River is similar to that of the Burnett Catchment to the
north and the Brisbane Catchment to the south. However, there is a unique overlap of the
biogeography of some fish species. The catchment supports tropical species such as
barramundi that spawn on summer flood flows and temperate species such as Australian bass
that spawn on winter flood flows. In the estuarine reaches, the Mary River supports a
commercial harvest of barramundi and striped mullet. No commercial harvest is permitted in
the freshwater reaches; however, the majority of large bodied fish species are targeted
recreationally.
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Priority Species

The priority species for consideration are the Mary River cod (Maccullochella peelii mariensis),
the Queensland lungfish (Neoceratodus forsteri) and the freshwater mullet (Myxus petardi).
The Mary River cod is listed as endangered under the EPBC (Environment Protection and
Biodiversity Conservation) Act, 1999. The Queensland lungfish is a nationally threatened
species under the EPBC Act and is protected from fishing under the Queensland Fisheries
Act 1994,

Although not listed as threatened and still relatively abundant in the Mary River the freshwater
mullet has declined in other river systems particularly in the northern limit of its distribution,
which extends from the Georges River in NSW to the Burnett River in Qld (Allen et al. 2002).
All three of the above species are priority fishes in the stakeholder led Mary River Threatened
Species Recovery Plan.

There are three areas within the Mary River system where natural populations of cod are
relatively abundant. These are Tinana-Coondoo Creek upstream from Tinana Barrage, Six
Mile Creek downstream from Lake Macdonald, and upper Obi Obi Creek (Figure 2) (Simpson
1994, and personal observation, R. Simpson). Cod have also been reported from Widgee,
Glastonbury, Amamoor, and Yabba Creeks, and parts of the Mary River since 1990. However,
surveys conducted by DPI Fisheries suggest that numbers are very low (personal
observations, R. Simpson). Cod are very rare or absent in many areas where they were once
common.

Simpson (1994) described the optimum habitats occupied by cod in the Mary River system as
containing abundant instream timber and heavily shaded by overhanging vegetation with
streambed substrates of fine sand or mud. Six Mile Creek and Tinana-Coondoo Creek, are
representative of this type of habitat and considered the best remaining areas for cod,
Conversely, cod habitats in Obi Obi Creek are deep and rocky, with little instream timber or
overhanging vegetation. Therefore, cod may inhabit a variety of broad habitat types; however,
they have a strong preference for areas that provide heavy cover.

A draft survival strategy for the Queensland lungfish was provided to the Queensland
Coordinator General in response to the Traveston Dam proposal (Kind et.al. 2008). It is likely
that in recent years only small numbers of young lungfish are growing-up into adult fish.
Changes to the quality and extent of breeding habitat appear to be reducing the likelihood of
successful spawning. The flooding of suitable spawning sites and physical barriers that block
the movement of adult lungfish to the remaining breeding sites are affecting the recruitment of
adult lungfish.

In order to breed, Lungfish require shallow waters combined with dense macrophyte cover.
Water storage infrastructure has resulted in the loss of breeding habitat with habitat in
impoundments sub-optimal for lungfish breeding. Loss of breeding habitat has the potential to
impact on recruitment levels and the capacity for lungfish to increase in numbers (Kind et.al.
2008).
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1.1.4. Barriers

Within systems such as the Mary River catchment hundreds of instream structures have been
built to support communities and to provide irrigated agriculture. As most of the fish, population
within the Mary River catchment is reliant on free movement to maintain populations, these
barriers negatively, affect the productivity of these systems. Migration barriers within these
systems have negative impacts on the fish communities of the catchment by restricting the
free movement of fish throughout the migration season. The impact of individual barriers varies
dependent on how they are constructed and their mode of operation. The main structure types
affecting migrations include:

Weirs

Weirs are fixed crest structures (Figure 3) contained within the banks of the stream that
provide a permanent pool during dryer seasons. During the wetter periods, unregulated flow
is discharged over the crest. A wide variety of weirs have been constructed throughout the
system. They generally consist of a fixed crest structure that stores water for delivery off-
stream via irrigation pumps or for the gauging of flow within the system. The weirs within the
system vary in size dramatically, from very small structures (<1.0m) that supply water to single
properties to large structures (>6m) that are used for storage to multiple users or communities.

Figure 3. Talegalla Weir on Tinana Creek, South of Maryborough.

Dams

Dams are generally larger structures that create a large reservoir. Most were constructed to
provide either potable water supply or to permanent water for irrigation. They are generally
greater than 10m high. A small number of dams (Figure 4) have been built in the Mary River
catchment, usually in the upper reaches of the catchment, where they are used to deliver
water to urban areas via pump stations, or to downstream customers via the natural river
channel.
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Figure 4. Large water supply dam (Lake MacDonald) located in the upper Mary River
catchment (Source: http://www.onthehouse.com.au/)

Road Crossings

The Mary River catchment is criss-crossed by an extensive network of roads, indicative of a
highly developed rural landscape. Road crossings are the most common type of barrier
encountered during the survey of barriers in the region. Road crossings can be constructed in
a number of ways, with some creating significant barriers (culverts and causeways (Figure 5),
while others may form a lesser or no barrier (bridges and fords, Figure 6)

c

Figure 5. Causeway barrier on Glastonbury Creek.
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Figure 6. A bridge that does not form a barrier to fish migration (Source:
http://www.tripmondo.com/australia/queensland/tiaro/).

1.2. Need for Prioritisation

Within the Mary River catchment there are thousands of barriers that are negatively affecting
the fisheries productivity of the system. Many fish species within the catchment undertake
significant migrations that have been prevented by these barriers. Fortunately, the remediation
of fish passage at barriers is possible and will allow migrating fish the opportunity to complete
their life-cycles.

Remediation, either by the removal of a barrier or construction of an appropriately designed
fishway, is one of the most effective management tools utilised by government agencies and
river managers. Remediation increases the number of fish that are able to reach maturity,
reproduce, enter the fishery, maintain biodiversity and benefit local communities (Clay 1995).
However, the cost of remediation of fish passage at all of the barriers in the Mary River
catchment is likely to be high and there are limited funds available for barrier remediation
projects.

As a result, not all barriers can be rehabilitated, making it necessary to identify and prioritise
the most important and best value barriers to remediate. This ensures that any investment
made with the limited funds available for rehabilitation has the greatest impact on re-
establishing fish communities. To do this, a fish barrier prioritisation process that objectively
ranks each barrier based on its location and the impact it has on migratory fish communities
is undertaken. This process has been completed numerous times throughout Australia and
has a proven track record of providing river managers with the appropriate tools to progress
fish passage restoration projects that have highest impact on fish communities.
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2. Methods

The barrier prioritisation process used in this study was developed to ensure limited resources
are efficiently utilised to identify barriers having the greatest impact on fish migration that were
suitable candidates for remediation. The prioritisation is run over a comprehensive five-stage
process that identifies barriers and evaluates the fishery and ecosystem improvement,
economic cost and social benefit of barrier repair. These five stages include:

a) Identification — using available information and satellite imagery

b) Remote Assessment — GIS analysis of five attributes of the potential barrier
c) Field Appraisal — record physical attributes of high priority potential barriers
d) Biological Assessment — GIS analysis of five properties of the barrier and site
e) Socio-economic Assessment — consideration of five socio-economic factors

The Migratory movements of fish are described by two broad classifications; potamodromy
and diadromy. Potamodromous species migrate solely within the freshwaters of a river
system. Diadromous species migrate between freshwater and seawater and are further
classified into catadromous, amphidromous and anadromous species. Catadromous species
migrate to the sea for breeding and back to freshwater to feed and grow. Amphidromous fishes
migrate between freshwater and the sea but not for breeding. Anadromous species migrate
into freshwater to spawn, with adults generally being resident in marine waters.

The prioritisation system takes into consideration the importance of migration patterns and the
likelihood of localised extinctions created by the barrier. Accordingly, the process is designed
to favour barriers located close to the sea that will exclude diadromous species from accessing
freshwater habitats. A large portion of recruits to a population can be lost if adults cannot
access suitable spawning habitat and juveniles are unable to access upstream nursery
habitats. If fish passage is prevented over multiple seasons, fish populations can be severely
diminished and over time lead to localised species extinction (Larinier 2001).

The restoration of barriers affecting diadromous fish communities is therefore considered
more critical than the effect of barriers on the smaller fish communities in the headwater
streams. Additionally, headwater streams have much greater gradients that can create natural
barriers to fish movement; therefore, fish communities in these areas are more capable of
negotiating barriers.
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Within the prioritisation process, an initial desktop study employs the efficiency and unique
decision-making capabilities of an automated GIS system to assess wide-ranging temporal
and spatial habitat characteristics associated with each potential barrier. This efficient
approach allows limited resources to be directed towards assessing the highest-ranking
potential barriers after the initial GIS stage, rather than a more arbitrary approach of visiting
unknown and often less critical barriers based on limited local knowledge.

This barrier prioritisation process was undertaken in the Mary River catchment in south central
Queensland (Figure 1) between June and August 2016. Through the several stages of
analysis (Figure 7), a list of the top ranked barriers to fish passage in the Mary River
Catchment has been created.

2.1. Identify All Potential Barriers

The first stage of the process requires the identification of all fish migration barriers to include
in the barrier prioritisation. It is critical that all barriers are included at this stage as any barrier
not included may render provision of fish passage at other barriers useless. To this end, the
prioritisation process aims to identify each structure that could potentially affect fish passage
within a catchment, even if at a later stage it is proven not be a barrier.

To identify potential barriers raster data in the form of Google Earth imagery was analysed for
any structure that intersected waterways. Vector data in the form of weir, dam, rail and road
network shapefiles were then also interrogated to identify any further potential barriers that
were not visible on imagery.

In both ArcGIS and Google Earth, a potential barrier waypoint was created at the intersection
of road and stream network data files. Waypoints were also created at the intersection of
waterbodies and roads that were not part of the data set but easily identified using the imagery.
Waypoints were assigned to obvious barriers such as dams and road crossings and likely
potential barriers such as small weirs that were identified using the imagery. In-addition to
potential barriers identified using raster and vector data sets; further potential barrier
information was obtained from a range of sources, including government departments, water
board authorities and local communities.

These potential barriers are all included in the analysis process during the initial stages to
allow a refined list to be created for the field assessment stage. This enables a more efficient
use of on-ground resources during the field assessments.

Y
2

Fisheries Collective

(



Barrier Assessment Procedure

Prioritisation Stages

Identify all Potential Barriers

Barrier Attributes
Does Potential bamier score
O et B above threshold for Field N o—»
Ll
Yes
|
Conduct Field Appraisal Is the Potential Barrier an L o
of the P otential Barrier Actual Barrier
=

Does barrier score above

Conduct Biological Assessment threshold for Socic-economic —MNo—ue

of the Barrier

Appl"fliﬁal
‘r’t?s
Conduct Socio-economic Does barner score above  No—
Assessment of the Barrier threshold for high prionty site
|
Yes
l |
Site of high prionty and Site of low priority and not
should hawve plans for rehabilitation considered further. Information  ——
implemented retained for future reference
Barrier Outcome
Figure 7. Flow chart representing the various stages of the prioritisation process.
-
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2.2. Remote Barrier Assessment

The remote assessment of the barrier prioritisation incorporates a desktop GIS process to
investigate spatial and temporal habitat characteristics associated with each potential barrier
on a whole of catchment basis. The initial utilisation of GIS enables the prioritisation process
to assess thousands of potential barriers and systematically rank them. All sites identified are
potential barriers until they have been evaluated in the field and their impact determined.

This initial GIS process allows the prioritisation to set an achievable target of potential barriers
to be assessed in field appraisal stage of the process. The availability of resources typically
determines the size of this inventory, if resources are unlimited than all potential barriers could
be assessed. However, due to the large catchment size, high numbers of barriers and limited
funding for fisheries based riverine restoration projects this is rarely achievable. Consequently,
the ability of GIS to rapidly assess large amounts of geospatial vector data for each potential
barrier and produce a list of the top ranked barriers after the remote assessment is invaluable.

The remote assessment used a desktop computer installed with Google Earth Pro and ArcGIS
10.3 GIS software. Each potential barrier waypoint created in ArcMap and Google Earth was
assigned a unigue georeferenced identification number that remained with the barrier
throughout all stages of the process. Each identification number links to its own geospatial
database that stores location and geometry data for each individual potential barrier.

Identified potential barriers were then assessed against five geospatial metrics relating to the
barriers position in the catchment, type and amount of available upstream habitat, size and
area of stream and number of barriers downstream. Each potential barrier was then assigned
a score (i.e. 1 - 5) depending on how well the criteria was answered for each of the geospatial
metrics. Scores for all metrics were combined and totalled and the final rank after the remote
assessment was determined, i.e. highest total score becoming the highest-ranking barrier in
the remote assessment.

The following attributes were fundamental for a potential in-stream barrier to score well in the
remote assessment stage of the selection criteria process:

a. Barrier located in the lower reaches of the river system, i.e. close to the sea.

b. Large area of available upstream habitat (amount of habitat opened up above the barrier
to the next barrier or top of catchment if the barrier is remediated).

c. Located on a large stream with a high steam order,
d. Good stream water quality condition,

e. Minimal to no barriers located downstream,
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2.2.1. Remote Assessment Selection Criteria Questions

Question 1 - Sub-Catchment Characteristics

What is the waterbody length (km) downstream of the potential barrier to the mouth of the
entire catchment?

This question assigns more points to potential barriers that are located close to the mouth of
the catchment. Barriers located close to the mouth of the catchment block a greater proportion
of the catchment than barriers further upstream. They are therefore more likely to affect a
wider range of species, particularly those that require movement to the sea to maintain
populations. The first barriers low down in the catchment with the greatest area of upstream
habitat score well.

a. <25km

b. 24 — 50km

. 50 — 100km
d. 100 — 150km

Length of stream to the mouth of the entire catchment —‘
5
4
3
2
e. 150 — 200km 1

Question 2 - Upstream Habitat (waterbody length in km)

This step looked at the waterbody length (km) opened up by remediation, upstream of the
barrier to the next barrier or top of catchment. To account for the large area but generally low
quality habitat of headwater tributaries two points were taken off the most upstream barrier
provided there were barriers in the system downstream (lowest score possible is 0).

Total length of stream upstream from the potential barrier to the next barrier or top of
catchment was calculated in ArcMap. Stream length was then plotted and divided into scoring
categories based on the frequency of occurrence. Barriers with larger areas of available
upstream habitats received a higher score.

Waterbody length Upstream (kilometers) Score

a. = 10km 5
b. 5.0 — 10km 4

c. 1.0 = 5.0km 3

d. 0.5 —1.0km 2

e. 0—0.5km 1
Fisheries Collective *:*.
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Question 3. - Stream Size

This question determined the waterway barrier works risk level as per the Queensland
Fisheries waterway barrier works GIS layer. Barriers on major rivers that constitute the
greatest risk to fish communities and were scored higher. Smaller streams progressively have
a lower risk as they progress upstream and were scored lower for this question.

Stream size is a powerful habitat proxy. Large streams generally contain a greater complexity
of habitats, higher diversity and abundance of fish species than small streams.

Waterbody Category Score
a. Grey WWBW Risk Category (estuary) 7

b. Purple WWBW Risk Category (very large freshwater stream)
c. Red WWBW Risk Category (large freshwater stream)

d. Orange WWBW Risk Category (moderate freshwater stream)
e. Green WWBW Risk Category (small freshwater stream)

= N W O

Question 4 — Water Quality

This question determined the water quality score for the sub-catchment in which the barrier is
found to determine the quality of the habitat that would be available for fish if fish passage was
remediated on the potential barrier. Data from the Waterwatch initiative; a citizen science
partnership utilising the resources of State, Commonwealth, local governments and local
communities was utilised to determine stream condition.

Waterwatch scores are determined from a wide range of physical and biological criteria and
are widely used in Queensland to demonstrate the condition of aquatic habitats within the
stream network.

Stream Condition Score

a. Waterwatch Score 5 Very High Quality Habitat 5
b. Waterwatch Score 4 High Quality Habitat 4
c. Waterwatch Score 3 Good Quality Habitat 3
d. Waterwatch Score 2 Moderate Quality Habitat 2
e. Waterwatch Score 1 Poor Quality Habitat 1

Question 5 - Number of Barriers Downstream

What is the total number of potential barriers downstream in a direct path to the mouth of the
Mary River? The number of barriers score was attributed to each barrier during the remote
assessment stage and used to determine the highest priority barriers for field assessment.
After the field assessment, the number of barriers downstream metric was recalculated for
each barrier include only those barriers that were actual barriers. This changed the score for
some barriers in the second stage of the prioritisation.
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Total Number of Barriers Downstream

a. 2 or fewer potential barriers downstream
b. 2 to 5 potential barriers downstream

c. 5to 10 potential barriers downstream

d. 10 to 15 potential barriers downstream
e. 15 or 20 potential barriers downstream

= N W 01 N

2.3. Field Appraisal

The next stage of the prioritisation process involved undertaking field appraisals of the 100
highest ranked potential barriers after the remote assessment. This determined if the site was
an actual barrier and defined the characteristics of the barrier that could not be determined
remotely. Non-barriers (i.e. those determined to have no impact on fish passage at any stage
of the hydrograph) were identified and no further information was collected at these sites.

If identified as an actual barrier, field teams recorded a variety of attributes of the site to be
used in subsequent stages of the prioritisation process. Important barrier information gathered
included:

o Barrier dimensions — all relevant dimensions that will inform the later stages of the
prioritisation and help with determining suitable fish passage options;

e Headwater and tailwater levels and variation — critical for determining fish passage
options and if/when the structure drowns out and passes fish;

e Observed fish species - to determine whether this is an important site for the fish
community and if passage past the site is critical for these fish;

e Structure owners — owner/operators will need to be consulted on what, if any, repairs
will be acceptable at the site given the current usage of the structure;

e Structure condition and use — The condition the structure is currently in and how it is
used will affect the fish passage options available to remediate the site;

e Access for heavy machinery — if rehabilitation were to take place, is the site readily
accessible for work crews to easily access.

¢ Additional information such as the assessor’'s name, date of assessment, photos and
video details, stream and barrier name, date and coordinates of the barrier are also
recorded

This data was recorded on field datasheets at every site that was determined to be a barrier.
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2.4. Biological Assessment

Once field appraisals had been conducted on the 100 highest priority sites a further refinement
of the biophysical characteristics of each of the barriers was undertaken. All barriers were
assigned a score based on ‘how well’ they answered the criteria for each of a further four
guestions. All scores were collated and added to the remote assessment score to determine
a refined list of barriers after the biological assessment. The following attributes are
fundamental for in-stream barriers to score well in the second stage of the selection criteria
process:

a. High transparency of the barrier to migrating fish
b. Natural, permanent and non-polluted flow,

c. Diverse and abundant in-stream habitat,

d. Important site to local fish communities

e. Presence of endangered species

The barrier with the highest combined score became the highest-ranking barrier.

2.4.1. Biological Assessment Selection Criteria Questions

Question 6. - Transparency of barrier to fish passage

The transparency of a barrier to fish passage reflects what proportion of the fish community is
able to pass the barrier when migrating upstream. The transparency of a barrier is determined
by the size of the barrier and the flows that occur in the stream it is built on. High barriers such
as dams without fishways are not considered transparent, even on large streams, as fish are
not able to migrate upstream past them on any flow condition.

Weirs have varying levels of transparency depending on their height and the size of the stream
they are built on. A low weir on a large stream will drown out more frequently than a large weir
on a small stream, allowing greater upstream migration opportunities and therefore much
higher transparency levels.

Culverts are generally more transparent as fish can pass these barriers on all but the lowest
of flows. Barriers were categorised by their size and type, with the higher the transparency of
the barrier the lower the score

Barrier type Score

a. Dam or Weir 2 3 m high 5
b. Dam or Weir or Wetland Regulator 1.5 - 3 m 4
c. Dam or Weir or Wetland Regulator < 1.5m or Culvert or Pipes <50% 3
of stream width

d. Culverts or pipes = 50% of stream width 2

e. No Barrier — DO NOT SCORE REMAINING CRITERIA -

»
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Question 7 — Stream Flow and Waterhole Permanence.

Streams that maintain water flow and waterholes throughout the year have greater year-round
carrying capacity and therefore greater long-term fisheries productivity. This question
identifies those sites with the greatest potential for high value fisheries, with sites with year
round good quality water scoring higher.

Water Supply/Quantity Score

a. Natural permanent flow 5
b. Mostly permanent or augmented permanent flow
c. Stream occasionally dries up with refuge pools
d. Stream dries seasonally with refuge pools

e. Stream dries seasonally with no refuge pools

= N W s

Question 8 - Instream Habitat for Migratory Fish Species Upstream of Barrier Site

The presence of good quality instream habitat upstream of the barrier will improve the
productivity of the fisheries in that stream. The presence of weed beds, woody debris and
contiguous riparian vegetation provide food and shelter for fish and improve the likelihood of
there being healthy and productive fish communities. Streams that had high levels of instream
habitat scored higher.

Instream Habitat Score

a. Excellent. Diverse and abundant in-stream fish habitat 5
b. Good. Reasonable amount of suitable in-stream fish habitat
¢. Moderate amount of suitable in-stream fish habitat

d. Poor. Little suitable in-stream fish habitat

e. Very poor. Little or no suitable in-stream fish habitat

P N W b

Question 9 — Fisheries Importance

The impact of a barrier to the local fish community was intrinsically linked to the number of fish
that were being negatively affected by the barrier during their migrations. Barriers that have
the potential for large aggregations of migrants have the highest negative impact on fish
communities. This question prioritised sites that could result in increased productivity if
rehabilitated. This provided an indication of where the rehabilitation of fish passage would
have the greatest benefit to the fish community.
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Fisheries Importance

a. Very High — High fish numbers and many migratory species
b. High — Moderate fish numbers and some migratory species

c. Moderate — Moderate fish numbers and few migratory species
d. Poor — Few fish and few migratory species

e. Very Poor — Few fish and no migratory species

P N W b

Question 10 — Endangered Species

Within the Mary River catchment there are a number of endangered species that require
specific habitats for their survival. Mapping of key habitats for Mary River cod and lungfish was
undertaken to determine the river reaches best suited to these species. In general the larger
riverine habitats were favoured by lungfish, while Mary River cod had several strongholds
within the Tinana Creek, Six Mile Creek and Obi Obi Creek systems. Other smaller systems
contained some habitats suitable for these species.

Endangered Species Score

| a. Critical habitat — Important refuge location for endangered species 5 |
| c. Moderate — Less favored habitats of endangered species 3 |
| e. Poor — endangered species not known to use these habitats 1 |

2.5. Social and Economic Assessment

The final stage of the prioritisation process involves further analysis of data collected during
the field appraisals that determine the social and economic benefits of remediating each
barrier. This step is extremely important in determining whether the cost of construction is
justified by the social and biological benefits the fishway will generate for both local community
and the environment. In this stage the refined list of barriers is further analysed after the
biological assessment. Like the other stages, barriers in this stage are assigned a score based
on ‘how well’ they answer each of the five selection criteria questions. The following attributes
were fundamental for in-stream barriers to score well in the third stage of the selection criteria
process:

a. Low cost to remediate barrier,
b. Simple fishway design with minimal engineering required,
c. Resultant highly effective fishway design that can pass many fish

d. Reasonable structure condition for construction
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A very important aspect of this stage of the process was considering the net benefits of fixing
the barrier versus the economic cost of the remediation. In addition, reliability, robustness,
longevity, maintenance costs, operating costs and criticality of asset for other functions need
to be factored in to the cost/benefit the fish passage remediation works over the long term.
This stage of the prioritisation is important in understanding which barrier can be affordably
fixed in line with resources and operational commitments.

Social and Economic Assessment Selection Criteria Questions
Question 11 — Estimated Cost of Construction

As funds for fishway construction are generally limited, it is important to ensure that the best
value is achieved with each fishway. To ensure this, fishways that are lower in cost score
higher points than those that are expensive to build.

Estimated Cost Score
a. Low cost small/low nature-like fishway or short culvert baffles 5
(<$80K)

b. Low cost high nature-like fishway or low height technical fishway 4
($80K-$150K)

c. Moderate cost technical fishway ($150K - $500K) 3

d. High Cost technical fishway ($500K - $2M) 2

e. Very high cost large/high technical fishway (> $2M) 1

Question 12 — Design Complexity

How easy it is to build a fishway has a large impact on the viability of the project. If fishways
are located on sites that are far from services and in rugged terrain, their construction can be
difficult to manage. Sites that are easy to build at and fishway designs that require minimal
engineering therefore score a higher score.

Technical Viability Score

a. Simple installation of current design, with easy access and limited 5
engineering required (e.g. low rock ramp < 0.5m or culvert baffles)

b. Modest installation of current design, with easy access and limited 4
engineering required (e.g. rock ramp fishway > 0.5m)

c. Moderately complex installation and engineering (e.g. low vertical 3
slot/cone fishway)

d. Complex installation and engineering (e.g. high vertical slot fishway) 2
e. Very complex installation and engineering (e.g. lock fishway) 1
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Question 13 — Attraction Efficiency of Fishway

The attraction of fish into a fishway greatly determines of the success of the fishway design.
As most fishways in this prioritisation will be retrofitted onto existing structures, the placement
of the entrance of the fishway may be controlled by that structure. As such, a score is attributed
to the barrier dependant on the ability to place the entrance of the fishway in a good position.
Barriers that can have fishways built that span the full width of the channel and cannot be
missed by fish score highest in this metric, while barriers that require the entrance to be well
away from zones of fish accumulation will score lower.

Attraction Efficiency Score
a. Dual bank or full width fishway on large stream or partial width 5 ‘
fishway on small stream
| b. Single entrance or partial width fishway on a wide stream 3 |
| c. Difficult to locate or located far downstream 1 |

Question 14 — Structure Condition

The condition of the barrier structure will have a large impact on the ability to retrofit fish
passage to the site. If the site is dilapidated and unmaintained, works are often needed to
stabilise the structure before passage remediation can be undertaken. This can significantly
increase the cost of the remediation. In addition, if a structure has heritage protection the
installation of fish passage at the site may be prohibited, or at least be very complex.
Conversely well maintained structures are usually simpler to install fish passage solutions
onto, however, structures owned by utility companies usually have high standards of
construction and longer approval timeframes, making them more difficult to negotiate
successful low cost remediation solutions.

Productivity Benefits Score

a. Good condition structure 3
b. Utility/Council owned structure
c. Fair condition structure

b. Old dilapidated structure

c. Heritage site

= N W b

A score was assigned to each answer in each of the stages of the prioritisation, once all the
barriers had been scored; scores were collated together across all the stages. Scores for all
stages were then collated, with the highest scoring barrier becoming the top priority ranked
barrier to fish migration in the Mary River catchment. The result of the third stage is a list of
the top 30 barriers to fish migration in the Mary River catchment in order of highest priority
(see Appendix 1).
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3.Results

3.1. Remote Assessment

A total of 3009 potential in-stream barriers to fish migration were identified in the Mary River
catchment. An initial elimination process removed 34 potential barriers that could be positively
identified as bridges. This process left 2075 potential barriers to be analysed further in the
remote assessment. The highest score achieved in the remote assessment was 24 (Table 2).
This was achieved by the first potential barrier located on the Tinana Creek upstream from the
Mary River estuary.

Table 2. Number of potential barriers at each scoring level from highest to lowest

Score No. of potential barriers Score No. of potential barriers

24 1 17 40

23 2 16 69

22 2 15 120
21 4 14 156
20 14 13 182
19 8 12 194
18 22 11 or less 1261

The highest ranked barriers were generally clustered around the lower Mary River near
Maryborough (Figure 8); however, there were a number of barriers on mainstream channels
higher in the system that also ranked highly in the prioritisation.

Table 3. The top ten barriers in Mary River catchment after stage 1 of the prioritisation.

Balr[r)ler Stream name Barrier Type
1 Bar2932 Tinana Creek Medium Weir
2 Bar2848 Mary River Likely Bridge
3 Bar2914 Mary River Medium Weir
4 Bar2846 Tinana Creek Medium Weir
5 Bar2943 Grahams Creek Likely Bridge
6 Bar2590 Mary River Causeway
7 Bar2725 Gutchy Creek Road Crossing
8 Bar2741 Scrub Turkey Creek Road Crossing
9 Bar3064 Saltwater Creek Rail Crossing
10 Bar2623 Lawson Creek Road Crossing

Fisheries Collective
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3.2. Biological Assessment

One hundred potential barriers were validated in the field (Figure 9) during the second stage
of the prioritisation. Of the validated potential barriers, 30 (30%) were identified as barriers to
fish migration, while 60 potential barriers (60%) were identified as non-barriers. The 30 barriers
to fish migration were then priority ranked (Table 4) in accordance with the ecological and
physical criteria set out for the Biological Assessment, before advancing to the socio-economic
stage of the prioritisation process.

Table 4. The top 30 confirmed barriers and their rank in order of priority after the Biological
Assessment stage of GIS Prioritisation process.

Biological Biological
Barrier Ref No. Barrier Name Stream Name Assessment Assessment
Score Rank
Bar2914 Mary Barrage Mary River a4 1
Bar2590 Gundiah Crossing Mary River 44 1
Bar2932 Tinana Barrage Tinana Ck 43 3
Bar3076 Teddington Weir Causeway Tinana Ck 42 4
Bar1829 Gympie Gauging weir Mary River 41 5
Bar2673 Gauging weir Tinana Ck 39 6
Bar2846 Teddington Weir Tinana Ck 39 6
Barl746 Council Weir Mary River 39 6
Bar2738 Talegalla Weir Tinana Ck 39 6
Bar1917 Greendale Rd Glastonbury Ck 38 10
Bar2855 Teddington Rd Minni Minni Ck 38 10
Bar2771 Road Crossing Orramerra Ck 36 12
Bar2892 Road Crossing Jumpo Ck 36 12
Bar2936 Dunford Rd Grahams Ck 35 14
Bar2311 Road Crossing Wide Bay Ck 34 15
Bar2928 Dunford Rd Grahams Ck Trib 33 16
Bar2731 Deborah Rd Oakey Ck 33 16
Bar2951 Road Crossing Six Mile Ck 33 16
Bar2575 Road Crossing Munna Ck 31 19
Bar2822 Road Crossing Logging Ck 31 19
Bar2883 Road Crossing Jumpo Ck 31 19
Bar2698 Road Crossing Scrub Turkey Ck 31 19
Bar2938 Woongool Rd Bidwill Ck 30 23
Bar2921 Road Crossing Dry Ck 30 23
Bar2847 Road Crossing Sandy Ck 30 23
Bar3029 Road Crossing Beaver Rock Ck 30 23
Bar2957 Road Crossing Six Mile Ck 30 23
Barl1417 Lake McDonald Six Mile Ck 30 23
Bar2814 Mungar Rd Unnamed Ck 28 29
Bar3027 Beaver Rock Rd Beaver Rock Ck 28 29
Fisheries Collective :’3«
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assessment stage of the barrier prioritisation process

Fisheries Collective

9}0

.V




3.3. Socio-Economic Assessment

The final stage of the barrier prioritisation process involved analysing the top 30 barriers after
the biological assessment stage of the process with a number of economic, social and
technical criteria. Each of the 30 barriers were prioritised in accordance with the scoring
system set out for the socio-economic stage of the process. The end product of the
prioritisation process is a priority list of the top 30 ranked barriers to fish passage in the Mary
River catchment requiring future remediation (Table 5 and Figure 10). The final ranking had a
number of barriers with equal scores, as such, the list of the top 30 barriers is grouped around
these equal scores and hence the ranking can miss individual ranks.

Table 5. Final ranking when considering socio economic factors for the top 34 priority barriers
in the Mary River Catchment.

Socio- Socio-
Barrier Ref No. Barrier Name Stream Name SCONOMIE - ECOROMIC
Assessment Assessment
Score Rank
Bar2914 Mary Barrage Mary River 83 1
Bar2590 Gundiah Crossing Mary River 82 2
Bar3076 Teddington Weir Causeway Tinana Ck 79 3
Bar2932 Tinana Barrage Tinana Ck 78 4
Bar2771 Road Crossing Orramerra Ck 74 5
Bar2892 Road Crossing Jumpo Ck 74 5
Bar2936 Dunford Rd Grahams Ck 74 5
Bar1829 Gympie Gauging weir Mary River 72 8
Bar2673 Gauging weir Tinana Ck 72 8
Bar1917 Greendale Rd Glastonbury Ck 72 8
Bar2928 Dunford Rd Grahams Ck Trib 72 8
Bar2846 Teddington Weir Tinana Ck 71 12
Bar2855 Teddington Rd Minni Minni Ck 70 13
Bar2311 Road Crossing Wide Bay Ck 70 13
Bar2731 Deborah Rd Oakey Ck 70 13
Barl746 Council Weir Mary River 69 16
Bar2738 Talegalla Weir Tinana Ck 69 16
Bar2575 Blowers Rd Munna Ck 67 18
Bar2938 Woongool Rd Bidwill Ck 66 19
Bar2822 Road Crossing Logging Ck 65 20
Bar2883 Road Crossing Jumpo Ck 65 20
Bar2921  Maryborough —Biggenden Rd Dry Ck 65 20
Bar2951 Mungar Rd Six Mile Ck 64 23
Bar2698 Forestry Rd Scrub Turkey Ck 63 24
Bar2847 Road Crossing Sandy Ck 63 24
Bar2814 Mungar Rd Unnamed Ck 63 24
Bar2957 Pohlmann Rd Six Mile Ck 62 27
Bar3029 Road Crossing Beaver Rock Ck 62 27
Bar3027 Beaver Rock Rd Beaver Rock Ck 59 29
Bar1417 Lake McDonald Six Mile Ck 52 30
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4.Discussion

Barriers to fish migration are one of the major factors that has contributed to the decline of
diadromous and freshwater fish in the Mary River catchment, as has been observed elsewhere
in Australia (Harris et al. 2016). These impacts were most readily observed at the estuarine-
freshwater interface where diadromous fish were largely unable to complete their obligatory
migration to freshwater before the vertical-slot fishways were installed on the Mary and Tinana
Barrages. However, the cumulative impacts of the large number of additional barriers
throughout the Mary River catchment has also significantly fragmented and degraded the
diversity of native fish.

In the Mary River catchment, we identified 2075 potential stream barriers. It is not possible to
address fish passage at all of these barriers; hence, prioritisation is required to restore
catchment connectivity. The strength of the barrier prioritisation model used here is in its
transparent ranking system, which accounts for ecological impact, investment return and
social aspects of barrier remediation. We present a simple but effective method that is based
on considering all of the barriers holistically whilst also considering the basic ecology of
diadromous fish, which prioritises the most downstream of the barriers. However, the inclusion
of factors that take into account endangered species and social and economic impacts provide
a more balanced outcome for catchments such as the Mary.

The process identified all potential barriers and then short-listed these via a combination of
rapid remote and site based evaluations. The final recommendations, therefore, represent
objective priorities that provide a solid ecological return on investment.

For each of the priority barriers identified for fish passage restoration there are a range of
options available. These include barrier removal, bridge replacement and retrofitting fishways.
A strength of the current study was that the team included fish passage experts with a wealth
of knowledge on established fish passage solutions (e.g. vertical-slot and rock fishways) along
with innovative solutions (e.g. pre-cast cone and bypass fishways). Directly linking the fish
passage priorities with a range of practical solutions potentially provides more efficient
allocation of resources to fish passage solutions.

Strengths of the Prioritisation Model

The GIS prioritisation model was efficient at reducing the initial number of barriers down from
the 2075 identified. The GIS program prioritised these potential barriers to fish migration in
accordance with the biological criteria set out for the remote assessment stage of the process
and this produced a priority list of potential barriers to be field assessed. All of the top 100
ranked potential barriers chosen for field validation were assessed, with 30 of these being
actual barriers to fish migration, while 70 did not affect fish passage, as these were bridges or
non-barriers that provided sufficient fish passage opportunities.
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Refinements and Limitations of the Prioritisation Model

A generic limitation of remote barrier identification is that some barriers are inevitably missed
and need to be added during the field validation stage. Hence, the short list of barriers that
require a field visit (100 sites in the present case) is unlikely to capture every barrier, especially
in a large catchment such as the Mary River catchment with many informal and unlicensed
barriers.

The prioritisation model was originally developed for northern Australia but was relatively
easily adapted and refined to accurately reflect the biological and investment priorities for fish
passage restoration for a large coastal river in south-eastern Australia (Moore and Marsden
2008, O’Brien et. al. 2010). The major areas where the model was refined were included:
firstly, there was greater emphasis placed on the importance of providing fish passage for
diadromous fish in the lower catchment. Secondly, there were refinements to adequately
reflect the importance of habitats for endangered species. Lastly, due to the intermittency of
flow in many areas of the catchment there needed to be greater importance attached to
tributaries or reaches with perennial flow.

The Way Forward for Fish Passage in the Mary River Catchment

Through the prioritisation process, potential barriers were ranked according to the impact that
they are presently having on the fish communities of the Mary River catchment and the cost
and technical feasibility of rehabilitation of fish passage at the site. A list of the top 30 priority
barriers according to the multi-stage process has been developed from this ranking. This list
(See Appendix 1) provides a strategic guide to targeted rehabilitation of fish passage for the
greatest benefit to the fisheries and local communities of the region. The list contains many
significant barriers in the region, as well as a number of smaller barriers that while having less
impact are cost-effective and simpler to fix.

With the Mary River catchment prioritisation completed and a list of recommended sites for
rehabilitation of fish passage (Appendix 1). Seqwater can use this prioritisation to consider an
investment program to source funds to implement options outlined for structures in the priority
list.

The priority list is a guide only and other factors may make some sites more or less achievable.
For example, some of the structures may have funding for fish passage infrastructure already
secured, or in progress, and will be completed first, regardless of their ranking in the present
prioritisation. Hence, over the next decade as on-ground actions begin, the priority barrier list
should not be considered prescriptive.

In all cases, the feasibility of rehabilitation of a site should be investigated thoroughly prior to
any design or construction investment being undertaken, to ensure that providing passage at
the barrier maximises improvements for the fish community and provides the most cost
effective remediation for investors.
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41. Six Mile Creek System

In addition to a whole of catchment assessment Seqwater requested a specific investigation
of barriers along Six Mile Creek, a major tributary in the southeast of the catchment. Six Mile
Creek is a recognised stronghold of the endangered Mary River cod, with free movement
within this system identified as necessary to ensure the long-term survival of the species.

Due to its location in the upper Mary River Catchment, the initial analysis did not list Six Mile
Creek as a priority stream. However, due to the presence of natural populations of Mary River
cod and the ongoing community interest in conservation of the species any barriers identified
in the system potentially have a greater negative impact than in other upper catchment
tributaries.

Sixteen barriers identified from the remote assessment and one further new potential barrier
identified in the field were inspected. From this field assessment it was determined that Lake
MacDonald dam formed the only barrier within the system. All other potential barriers were
either bridges or non-barriers (Table 6). Lake MacDonald dam was constructed in 1965 and
raised to 15.7m high in 1980; it is owned and operated by Segwater. An upgrade to modern
standards and the performance requirements of the Queensland dam safety regulations are
proposed for the dam.

Table 6. Potential barriers inspected in the Six Mile Creek system.

Barrier ID Status Site description

1729 Bridge

high level railway

1665 Bridge minor road low-level
1645 Non-barrier no evidence of crossing
1618 Bridge minor road low-level
1594 Non-barrier no evidence of crossing
1565 Non-barrier powerline crossing
1523 Bridge minor road low-level
1504 Bridge major road high-level
1488 Non-barrier no evidence of crossing
1491 Bridge major road high-level
1498 Low level ford stock access crossing

1490 Bridge minor road low-level
1494 Non-barrier no evidence of crossing
1492 Bridge minor road low-level
Possum Lane Bridge minor road low-level
1492 Bridge major road high-level
1417 Barrier Lake MacDonald Dam
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Lake Macdonald was added to the list of barriers assessed in the prioritisation and despite
and initially low ranking it has ranked highly, indicating its importance in the overall Mary River
catchment. Although the barrier only isolates 10% of the Six Mile Creek catchment, it is the
only significant barrier in the system. A visual assessment of Lake MacDonald and upstream
tributaries indicates suitable fish habitat is available. However, the extent to which migratory
fish communities will benefit from access to the upper reaches should be assessed.

4.2. Lower Barrages

The Mary River barrage and to a slightly lesser extent the Tinana Creek barrage represent the
highest ecological and socio-economic fish passage restoration priorities in the Mary River
catchment. This ranking is slightly counter-intuitive because both barriers have functioning
vertical-slot fishways constructed in the early 2000’s. The logic behind considering these sites
as high priority barriers despite the presence of the fishways include:

o The tidal barrages are the closest barrier to the estuary and hence affect the greatest
diversity of fish species attempting to migrate into freshwater.

e The barrages block the greatest biomass of fish, including juvenile life-stages of
diadromous fish, such as freshwater and striped mullet, empire gudgeon and elvers.
Evaluation of the vertical-slot fishway has shown many thousands of fish migrating per
hour; however, accumulations of fish still occur at the site during peak migration
periods.

¢ Not all fish can be expected to find the entrance of the vertical-slot fishway as the river
channel is relatively wide and the downstream conditions can distract fish away from
the fishway due to the location of the fishway entrances.

Due to these factors, the two barrages are still considered barriers, as even with functioning
fishways they still do not provide unhindered passage through this critical section of the river.
If the opportunity arose to investigate fish passage options at the site, the installation of a new
vertical slot or cone fishway on the opposite bank to the existing fishways would provide an
improved outcome for fish passage.

4.3. Low Actual Barrier Count

The number of actual barriers as a proportion of potential barriers in the Mary River catchment
is low compared to other prioritisations undertaken. This is due to large timber spans being
common in the region due to the availability of local materials. Many of the creeks in the system
are relatively small and have deep channels that are easily spanned by timber bridges.
reducing the number of instream barriers present. The future development of road crossings
in the system as the old bridges degrade may follow that of other areas and increase the
installation of concrete culvert structures, which could have detrimental impacts on fish
passage. However, the proper implementation of the Waterway Barrier Works culvert self-
assessable codes should ensure that passage is maintained (Figure 11).
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Figure 11. Correct implementation of the WWBW culvert code, such as this example on Jumpo
Creek, maintains adequate fish passage.

4.4. Suitable Fish Passage Options

A number of remediation options are available to provide fish passage at existing barriers.
Removal of the barrier is the best option to restore fish passage. However, as many of the
structures are still actively managed to benefit the community it is not always practical to
remove them and fishways can assist in making a barrier more transparent. There are two
functional components in attaining an effective fish passage design:

i) Guiding and attracting biota to the fishway entrance, and
i) Ascent /descent through the fishway.

The successful passage of fish is the most obvious outcome of a fishway project but success
is completely dependent on first component; that is fish locating the entrance.

The hydraulic characteristics of the site that influence how migrating biota respond and
aggregate include depth, velocity, recirculation patterns (vector) and the scale and intensity of
turbulence. The physical factors that influence these hydraulic parameters include the
structure shape, abutments, training walls and rock protection. If required suitable flow
patterns and velocities can be manipulated in design by using physical models, 3-D computer
modelling (Computational Fluid Dynamics) or both.
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Mechanically operated fishway designs such as the fishlock or fishlift have been proven
effective for a range of small and large native fish and would be suitable for higher dams and
weirs in the catchment. However, mechanical fishways require very detailed design,
substantial maintenance programs and operational commitment from the infrastructure owner
to be successful over the longer term and so are only suitable for actively managed structures.

Designs that can be used to rehabilitate fish passage at existing structures include:

Rock Ramp Fishway

Rock ramp fishways are commonly used for low barriers up to a maximum of two metres high
and are effective at passing a wide variety of fish species and size classes. They are
essentially a series of rock ridges placed immediately below a barrier, creating a low slope
pool and step that simulates a rocky streambed (Figure 12). Larger boulders are placed in
ridges across the rock ramp, creating pools of low flow and low turbulence. Each of the ridge
rocks has a gap between it and the ridge rock beside it, through which the water flows, allowing
fish to move from pool to pool and over the weir.

Figure 12. Rock Ramp fishway on the Campaspe River Victoria.

Cone Fishway

Cone fishways use a similar principle to the rock ramp fishway, but uses concrete to create
the ridges. This design is particularly suitable for sites where the supply of rock is limited or
weeds may be an issue. The concrete cones create a series of ridges that provide small steps
and pools of low turbulence and velocities through which fish can ascend (Figure 13). This
design has recently been installed on the Fitzroy (QLD) and Maribyrnong rivers. Initial
sampling of the Fitzroy Barrage fishway of species similar to those found in the Mary River
indicates that the design is successfully passing fish as small as 12mm.
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Figure 13. Concrete cone fishway constructed Fitzroy Barrage in Queensland.

Culvert Baffle Fishway

Culvert baffle fishways consist of a set of vertical protrusions from the walls of a culvert that
break up the water flow, slow the water down adjacent to the culvert walls and provide resting
areas and migration pathways for fish (Figure 14). The baffles are usually made of steel or
aluminium and fixed to the wall with suitable materials. They work on the same principal as
other fishways in that they break up the fast flow in to a series of small steps with manageable
velocities for fish. They are most suitable for application at road crossings, bridges or other
sites where little or no pool is created.

W LI [

Figure 14. Culvert baffle fishway constructed on Marion Creek Queensland.

Vertical Slot Fishway

This design consists of a concrete channel extending from the top of the weir (headwater) to
the base of the weir (tailwater). Within the channel baffles are inserted at regular intervals
along the length of the channel to slow the velocity of the water. Within each baffle there is a
vertical slot through which water is transferred to the next pool downstream (Figure 15). This
creates a series of pools and small steps, with low velocities that fish are able to swim through
easily. This is one of the most successfully applied design worldwide, but can have high capital
costs.
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Figure 15. Vertical slot fishway constructed on the Mary River Barrage, Queensland.

Trapezoid Fishway

This design consists of a concrete channel extending from the top of the weir (headwater) to
the base of the weir (tailwater) and is suitable for structures up to 2 m high. Within the channel,
baffles are inserted at regular intervals along the length of the channel to slow the velocity of
the water. Within each baffle there is a “vee” notched weir and a vertical slot through which
water is transferred to the next pool downstream (Figure 16). This creates a series of pools
and small steps.

Figure 16. Trapezoid fishway constructed on Wyong Weir, NSW.
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Bypass Fishway

The bypass fishway is an innovative non-mechanical design that can be constructed to deliver
hydraulic conditions suitable for the swimming abilities and behaviour of large and small fish.
These are rock-lined channels on low gradients with strategic placement of rocks and pools
to mimic natural pools and riffles. The natural slope of lower catchment creeks and rivers is
generally less than 0.01%; a bypass channel around a structure that replicated the natural
slope of the river channel would therefore be extremely long. Accordingly in bypass structures
for lowland areas the channel slope is increased to a maximum slope of 3% and the resultant
increase in energy is dissipated through a series of riffles that reduce velocity and turbulence
interspersed with strategically located resting pools (Figure 17). Very large volume resting
pools have the potential to permit the bypass design to be used on high structures, provided
there is sufficient space to incorporate the channel length required.

Figure 17. Bypass fishway constructed on Bundaberg Creek, Qld.
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5.Conclusion

The current prioritisation study has demonstrated that whilst there are thousands of barriers
within the Mary River catchment, remediation of a small number of the highest priority barriers
will significantly increase the habitat available to migratory fish. A strategic restoration
approach will greatly aid in restoring access to the different aquatic habitats of the Mary River
catchment for migratory fish.

The barrier prioritisation process employed in the present report was refined and adapted to
the uniqueness of the Mary River catchment and this was important for recommending
ecological, social and resource-efficient priorities. Appendix A provides detail of the 30 priority
sites and potential fish passage options. Although each site has a ranking indicating its
importance, options for rehabilitation must be reviewed on a case-by-case basis. Greater
benefit may result from concentrating on a single sub-catchment at a time or on numerous
lower ranking barriers when forming a business case to take forward.

The barrier data set represents a valuable resource for evaluating fish population recovery
and progress toward the goal of restoring connectivity in the Mary River catchment. However,
there are other critically important factors associated with barriers, particularly larger barriers
that need to be addressed. Factors such as changes to flow frequency and duration, altered
water quality from impoundment discharges and changes in channel morphology can all affect
fish survival and should be factored into assessments.

Fish passage rehabilitation works have mostly been undertaken by community or government
bodies with public money from grants or environmental initiatives. Most of the construction of
fishways on major barriers has been on new structures and required under the Fisheries Act
1994 as condition of the development. In some cases, it may be of greater advantage to accept
the outcome of not providing fish passage on a high structure in an upper catchment location
with limited benefit to fish. The funds saved by not constructing a single high cost fishway
could then be diverted into numerous high priority sites and achieve a greater net benefit for
fish. The Environmental Offsets Act 2014 coordinates the delivery of environmental offsets
across jurisdictions and provides a single point-of-truth for offsets in Queensland. Some of the
priority sites listed in the current document may be suitable beneficiaries for environmental
offset funds.
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6.Recommendations

An investment strategy should be developed for the priority sites listed in the current
document; potential support and funding streams include Regional Councils, DAF Fisheries,
SunWater and Mary River Catchment Coordinating Committee, Burnett-Mary Regional Group
and Federal and State Government Departments.

Once funding is identified:

a) Detailed sites surveys should be undertaken at each site to provide information for
fishway designers

b) Suitably qualified companies/individuals should be contracted to produce concept
designs for each of the fishways and relevant approvals sought

c) Suitable local contractors should be employed to construct the fishway under
supervision of the fishway designer

d) Ongoing maintenance agreements should be drawn up with the structure owners

e) Monitoring programs should be established to ensure the success of any fishway
installed.
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Glossary

Arcmap — The main component of Esri's ArcGIS suite of geospatial processing programs, it is
used primarily to view, edit, create, and analyse geospatial data.

BMRG — Burnett Mary Regional Group

Diadromous — fish species that must undertake migrations between freshwaters and the sea
for breeding and other purposes.

Fish passage - everything related to the movement of fish in their environment.

Fishway - a construction allowing upstream and/or downstream passage of fish past a barrier.
Georeferenced - Geographic/spatial data that identifies a specific location on earth.
Geospatial - Relating to or denoting data that is associated with a particular location.

Google Earth — A virtual globe, map and geographical information program that maps the
Earth by the superimposition of images obtained from satellite imagery, aerial photography
and GIS 3D globe.

Potamodromous - fish species whose migrations occur wholly within freshwater for breeding
and other purposes.

Shapefile - is a popular geospatial vector data format for geographic information system
software. It is developed and regulated by Esri as an open specification for data interoperability
among Esri and other GIS software products.

Vector Data - A data model based on the representation of geographical objects by Cartesian
co- ordinates, commonly used to represent linear features. Each feature is represented by a
series of co- ordinates which define its shape, and which can have linked information.

Waypoint - A set of coordinates that identify a point in physical space.

WWBW — Waterway Barrier Works, part of Queensland Fisheries fish passage legislation.
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Appendix 1: Top 30 barriers

B L Biological Rank 1 (equal)
Barrier Id number BAR2590
Stream Name Mary R
Barrier Name grl:)r;(iii%g

Barrier Type Disused _Road
Crossing
Barrier Height 1.0m
Fishway Option Removal
Approximate cost $100,000
Cost/Benefit Rank 2
Biological Rank 1 (equal)
Barrier Id number BAR2914
Stream Name Mary R
Barrier Name Mary Barrage
Barrier Type Weir
Barrier Height 2.0m

2" fishway on

Fishway Option left bank
Approximate cost $4,000,000
Cost/Benefit Rank 1

- ';' Biological Rank 3
Barrier Id number BAR2932
Stream Name Tinana Ck
Barrier Name ;’;r;;r;ae
Barrier Type Weir
Barrier Height 2.0m

Fishway Option

2" fishway on

Fisheries Collective

left bank
Approximate cost $4,000,000
Cost/Benefit Rank 4
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Biological Rank 4
Barrier Id number BAR3076
Stream Name Tinana Ck
Teddington
Barrier Name Weir
Causeway
Barrier Type Causeway
Barrier Height 1.0m
Fishway Option %ﬁgliﬁﬁgg
Approximate cost $500,000
Cost/Benefit Rank 3
Biological Rank 5
Barrier Id number BAR1829
Stream Name Mary R
Barrier Name Gal(fgirr?g?i\?Veir
Barrier Type Weir
Barrier Height 1.0m
Fishway Option T{gﬂ?fgd
Approximate cost $2,500,000
Cost/Benefit Rank 8
Biological Rank 6 (equal)
o Barrier Id number BAR1746
Stream Name Mary R
Barrier Name Council Weir
Barrier Type Rock Weir
Barrier Height 1.0m
Fishway Option Rﬁgﬁ\gr;p
Approximate cost $300,000
Cost/Benefit Rank 16 (equal)
Fisheries Collective =,
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" ; Biological Rank

6 (equal)

——

W4 Barrier Id number BAR2673
' Stream Name Tinana Ck
Barrier Name Gauging Weir
Barrier Type Weir
Barrier Height 0.3m
. . Trapezoid
Fishway Option Fishway
¥ Approximate cost $200,000
> " Cost/Benefit Rank 8 (equal)
Biological Rank 6 (equal)
L Barrier Id number BAR2738
Stream Name Tinana Ck

Barrier Name

Talegalla Weir

Barrier Type Weir
Barrier Height 8.0m
. . Removal or
Fishway Option Vertical Slot
‘| Approximate cost | $1,000,000
16g I"" Cost/Benefit Rank 16 (equal)
Biological Rank 6 (equal)
Barrier Id number BAR02855
Stream Name Tinana Ck
Barrier Name Teddmgton
Weir
Barrier Type Weir
Barrier Height 4.0m
. . Vertical Slot
Fishway Option Fishway
Approximate cost $3,000,000
Cost/Benefit Rank 12
-
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Biological Rank

10 (equal)

Barrier Id number BAR1917
Stream Name Glast((:)Ebury

Barrier Name

Greendale Rd

Barrier Type Road Crossing
Barrier Height 1.5m
Fishway Option Replace with
culverts
Approximate cost $100,000
Cost/Benefit Rank 8 (equal)
Biological Rank 10 (equal)
Barrier Id number BAR2855
Stream Name Minni Minni Ck

Barrier Name

Teddington Rd

Barrier Type Road Crossing
Barrier Height 0.5m
Fishway Option IRepIace with
arger culverts
| Approximate cost $200,000
_ Cost/Benefit Rank 13 (equal)
Biological Rank 12 (equal)
Barrier Id number BAR2771

Stream Name

Orramerra Ck

Barrier Name

Road Crossing

o Cost/Benefit Rank

Barrier Type Causeway
Barrier Height 1.0m
., Fishway Option Rock Ramp
« Approximate cost $50,000
5 (equal)
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Biological Rank

12 (equal)

Barrier Id number

BAR2892

Stream Name

Jumpo Ck

Barrier Name

Road Crossing

Barrier Type Culverts
Barrier Height 0.2m
. . Baffles in
Fishway Option outside barrels
Approximate cost $10,000
Cost/Benefit Rank 5 (equal)
Biological Rank 14
Barrier Id number BAR2936
Stream Name Graham’s Ck
Barrier Name Dunford Rd
Barrier Type Pipes
Barrier Height 0.3m
Fishway Option Baffles
Approximate cost $10,000
Cost/Benefit Rank 5 (equal)
Biological Rank 15
Barrier Id number BAR2311
Stream Name Wide Bay Ck

Barrier Name

Road Crossing

Barrier Type Culverts
Barrier Height 0.2m
Fishway Option lRepIace with
arger culverts
Approximate cost $100,000
Cost/Benefit Rank 13 (equal)
=
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Biological Rank 16 (equal)
Barrier Id number BAR2731

Stream Name Oakey Ck

Barrier Name Deborah Rd
Barrier Type Causeway
Barrier Height 0.5m

Fishway Option Rock Ramp

~._> Approximate cost $50,000
f#;é‘ Cost/Benefit Rank 13 (equal)

:-.L. i“?; i & 4 Biological Rank 16 (equal)
A 2 g B A - -8
%: = WAL o 11 0% Barrier Id number BAR2928
< Stream Name Grahams Ck
Tributary
Barrier Name Dunford Rd 2
Barrier Type Pipes
Barrier Height 0.3m
Fishway Option Baffles
Approximate cost $10,000

o

< -7 L ;3:_; Cost/Benefit Rank 8 (equal)

Biological Rank 16 (equal)
Barrier Id number BAR2951
Six Mile Ck
Stream Name (Maryborough)
Barrier Name Mungar Rd
Barrier Type Culverts
Barrier Height 0.3m
. . Low flow
Fishway Option channel

Approximate cost $100,000
Cost/Benefit Rank 23 (equal)
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Biological Rank

Fisheries Collective

19 (equal)
Barrier Id number BAR2575
Stream Name Munna Ck
Barrier Name Blowers Rd
Barrier Type Pipe
Barrier Height 0.5m
Fishway Option Replace with
culvert
Approximate cost $100,000
Cost/Benefit Rank 18
Biological Rank 19 (equal)
Barrier Id number BAR2698
Stream Name Scrub Turkey
Ck
Barrier Name Forestry Rd
Barrier Type Culverts
Barrier Height 0.5m
. . Rock Ramp
Fishway Option and baffles
Approximate cost $70,000
Cost/Benefit Rank 24 (equal)
Biological Rank 19 (equal)
Barrier Id number BAR2822
Stream Name Logging Ck

Barrier Name

Road Crossing

Barrier Type Pipe
Barrier Height 0.5m
Fishway Option Baffles
Approximate cost $5,000
Cost/Benefit Rank 20 (equal)
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Biological Rank

19 (equal)

Fisheries Collective

Barrier Id number BAR2883
Stream Name Jumpo Ck
Barrier Name Diagonal Rd
Barrier Type Pipes
Barrier Height 0.2m
, . Replace with

Fishway Option box culverts
% Approximate cost $70,000
Cost/Benefit Rank 20 (equal)
Biological Rank 23 (equal)
Barrier Id number BAR1417
Stream Name Six Mile Ck
. Lake
Barrier Name MacDonald
Barrier Type Weir
Barrier Height 15.7m
. . Bypass
Fishway Option Fishway
Approximate cost $2,000,000
Cost/Benefit Rank 30
Biological Rank 23 (equal)

Barrier Id number BAR2847

Stream Name Sandy Ck

Barrier Name

Road Crossing

Barrier Type Pipes
Barrier Height 0.2m
. . Rock Ramp
Fishway Option and baffles
Approximate cost $30,000
Cost/Benefit Rank 24 (equal)
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Biological Rank

23 (equal)

. Barrier Id number BAR2921
Stream Name Dry Ck
. Maryborough —
Barrier Name Biggenden Rd
Barrier Type Pipes
Barrier Height 0.1m
Fishway Option Baffles
‘f" Approximate cost $5,000
~{ Cost/Benefit Rank 20 (equal)
Biological Rank 23 (equal)
Barrier Id number BAR2938
Stream Name Bidwill Ck
Barrier Name Woongool Rd
Barrier Type Culverts
Barrier Height 0.1m
Fishway Option Baffles
Approximate cost $10,000
Cost/Benefit Rank 19
Biological Rank 23 (equal)
Barrier Id number BAR2921
Six Mile Ck
Stream Name (Maryborough)
Barrier Name Pohlmann Rd
Barrier Type Culverts
Barrier Height 0.3m
Replace with
Fishway Option larger box
culverts
Approximate cost $200,000
8| Cost/Benefit Rank 27 (equal)
R
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Biological Rank

23 (equal)

Barrier Id number BAR3029
Stream Name Beav(e:rkRock

Barrier Name

Private Road

Barrier Type Pipes
Barrier Height 0.2m
Fishway Option Baffles
Approximate cost $5,000
Cost/Benefit Rank 27 (equal)
Biological Rank 29 (equal)
Barrier Id number BAR2814
Stream Name Unnamed Ck
Barrier Name Mungar Rd
Barrier Type Pipes
Barrier Height 0.2m
Fishway Option Baffles
Approximate cost $5,000
Cost/Benefit Rank 24 (equal)
¥ :( ™~ Biological Rank 29 (equal)
| ‘; Barrier Id number BAR3027
Stream Name Beaver Rock
Ck
Barrier Name Beaver Rock
Rd
Barrier Type Pipes
Barrier Height 0.1m
. . Replace with
Fishway Option box culverts
Approximate cost $200,000
Cost/Benefit Rank 29
Fisheries Collective -
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