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1.Introduction

In January 2024, Australasian Fish Passage Services (AFPS) conducted a fish survey
of the Upper Billabong Catchment surrounding Holbrook, NSW, (Figure 1) in
association with ongoing rehabilitation projects by Holbrook Landcare Network. The
aim of the survey was to identify the diversity and abundance of fish species in the
Upper Billabong catchment, with particular attention on the populations of southern
pygmy perch (Nannoperca australis).

Works undertaken by the Holbrook Landcare Network aim to improve aquatic
biodiversity within the Holbrook area by restoring terrestrial and aquatic habitat, with a
focus on the endangered southern pygmy perch, other native fish species and
amphibians.

The Holbrook area supports one of only a few remnant populations of the endangered
southern pygmy perch in NSW (Mercier et al 2012). The species has experienced
substantial range contraction post European settlement (Kuiter et al. 1996) and has
only been recorded by DPI Fisheries at various locations within the upper Billabong
Creek catchment upstream of Morven, with records from locations in Mountain Creek,
Ten Mile Creek, Yarra Yarra Creek, and Billabong Creek (Mercier et al 2012).

This report outlines the results of the monitoring and the status of southern pygmy
perch within the upper Billabong catchment.

Figure 1. Electrofishing in Spring Creek at Tiverton.



2. Methods

2.1. Sites

Twenty-nine sites upstream of Morven were selected for survey. These sites were
distributed across three of the tributaries of the Upper Billabong; Spring Creek, 10 Mile
Creek and Mountain Creek (Figure 2). All sites were able to be sampled and had ample
water, however some access was hindered by the presence of impassable fences.
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Figure 2. Site locations as supplied by Holbrook Landcare Network.

2.2. Sampling Methods

Sampling was conducted via of backpack electrofishing using a Smith Root Model 20B
electrofisher. Sampling durations varied based on habitat diversity, wetted area, and
accessibility within each site.

Backpack electrofishing is conducted in shallow/wadable pools and streams.
Electricity is provided from batteries then transferred into the water, as a pulsed DC
waveform, via a back-pack unit which is carried by the operator, with portable
electrodes. Immobilised fish were dip-netted from the water by an assistant and placed
in a bucket of water for recovery. Any fish observed, positively identified, but not
collected, was also recorded and included in any fish counts. Backpack electrofishing
was carried out in 150 second replicates or "shots" unless the site was too small for a
150 second shot, then all habitats within the site were sampled and the effort levels
was recorded.
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All fish captured during netting and electrofishing surveys were identified to species
level, counted and southern pygmy perch were measured to the nearest millimetre
(fork length length). Fish were then released into the area from which they were
captured.

Figure 3. Electrofishing at Fairbairn Road Bridge on Mountain Creek

2.3. Rapid Appraisal of Riparian Condition

To assess the health of the riparian vegetation of each river system, a score based on
a standardised Rapid Riparian Assessment questionnaire was used at each location.
Drone footage and on-the-ground analysis assisted in the identification of vegetation
and the extent of coverage in the surrounding area. As per the author of this RARC
questionnaire Rivers of Carbon, intensely grazed land adjacent to waterways often
correlated strongly with a lower RARC score. RARC scores were kept at each site to
provide a general overview of the local condition of each site to find correlations with
data associated with southern pygmy perch.

This particular questionnaire was supplied by Rivers of Carbon and was chosen for its
specificity for the southern tablelands of NSW. This questionnaire can be accessed
from their website, a URL is included in the references.
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Figure 4. Drone images of the landscape surrounding sites at Annandayle Road Bridge
(above) and Annandayle (below) which gave a good overview of the riparian zone to
allow RARC scoring.
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3.Results

Fish Community Sampling

A total of 1,188 native freshwater fish comprising five species were recorded during
sampling at all sites, with a further 450 non-native fish of three introduced species also
recorded. The site at Moombril within Spring Creek catchment and the site at Spring
1 on Spring Creek yielded numbers of invasive fish that were too high to accurately
count, both within larger pools within the creek. Site catch numbers have been
presented in their respective catchments within Billabong Creek (Table 1, Table 2,
Figure 5).

Southern Pygmy Perch were the most abundant species recorded (685), followed by
Mosquitofish (395), Boofhead Carp Gudgeon (299), and River Blackfish (202). 10 Mile
Creek had the highest number of Southern Pygmy Perch, while River Blackfish and
Boofhead Carp Gudgeon were mainly found in Spring Creek. Low numbers of galaxiid
species were also found within Spring Creek, with a single Galaxias oliros occurring
at Spring 6 and a single Galaxias olidus at Fish Creek sites. Southern Pygmy Perch
were present at all sites except for Fish Creek, Spring 5, Fish Creek wetlands, and
Spring 7.

The site at Moombril within the Spring Creek catchment recorded the highest fish
numbers of all sites with a total of 238 individuals sampled, mostly through clouds of
invasive mosquitofish (Gambusia holbrooki). The site at Hicks on Ten Mile Creek
recorded the highest numbers of southern pygmy perch, with 170 individuals caught.

TP TN

Figure 5. Species found during sampling, clockwise from top right. Gambusia, Goldfish,
Common Galaxias, Southern Pygmy Perch, River Blackfish, Boofhead Carp Gudgeon,
Obscure Galaxias, Carp.
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Table 1. Species encountered during sampling.

Mountain Creek Ten Mile Creek Spring Creek
Southern Pygmy Perch |Nannoperca australis 49 582 54
River Blackfish Gadopsis marmoratus 25 4 173
Boofhead Carp Gudgeon |Hypseleotris bucephala 0 0 299
Mountain Galaxias |Galaxias olidus 0 0 1
Obscure Galaxias Galaxias oliros 0 0 1

Mosquitofish Gambusia holbrooki 0 164 231

Goldfish |Carassius auratus 4 1 36

Common Carp Cyprinus carpio 11 3 0

Fish Per Catchment 89 754 795

Table 2. Summary of southern pygmy perch catch and RARC score by site.
[ Number of SPP| Average Size (mm)| RARC Score (/50)
Mountain Creek
51 15 46.87 36.25
Wilsons Creek 11 44.27 18.25
Fairbairn Road Bridge 4 51.75 21.75
Mountain Creek E 57.67 34.75)
S2A & 71.50 24.00]
Dunraven 2 63.67 32.50
Woomargama Station 5 46.00 25.25
Ten Mile Creek
Upper 10 4 58.75 20.75)
Annandayle Rd Bridge 99 41.67 13.50
Annandayle A7 37.00 36.25|
Gull Foss Spring 7 47.83 13.25
Hicks 170 32.24 35.75
Yard Dam 21 35.52 35.00
Hicks Dam 108 28.84 10.50
Plunkets 93 42.38 23.00]
Yarra Glen 12 44.83 8.50
Moombril Swamp 8 22.50 30.50
Moombril Dam 13 44,77 13.25
Spring Creek

Moombril B 33.00 16.25
Fish Creek 0 - 21.50
Spring 2 8 48.25 27.00]
Spring5 0 - 21.75)
Fish Creek Wetlands 0 - 8.75
Spring 3 21 46.62 24.00]
Spring 4 5l 36.80 21.00]
Spring 1 8 43.25 18.25
Tiverton 6 58.17 18.00
Spring 6 1 §3.00 19.00
Spring7 0 - 5.50

Australasian Fish Passage Services
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Rapid Assessment of Riparian Condition (RARC)

Stream reach sites were scored on a variety of biotic and abiotic factors known to
correlate with stream health, including native vegetation cover, debris, and plant
regeneration present. Within the RARC classification scheme, the assessment scores
a given site out of 50. The study area lies within a region with land use dominated by
agriculture and grazing, having been historically cleared and developed for these
industries. This history is reflected in the impacted state of many of the stream sites
within the Upper Billabong catchment.

The majority of sites that were visited were classified as Very Poor, with 20 out of 29
sites scoring 20 or less (Table 3). The highest score was observed at site S1 at 36.25
points. The lowest scoring site was Spring 7, at 5.5 points (Table 2). Average scores
of the sites along the three sub-catchments also varied. The sites on Mountain Creek
had an average score of 27.54. Sites along Ten Mile Creek averaged a score of 21.84.
Spring Creek sites had the lowest average score of 18.27.

Table 3. Classification of RARC scores observed at survey sites within the Upper
Billabong Creek catchment.

Classification Score Range Number of Sites
Very Poor <25 20
25-30
Average 30-35
35-40
>40

oON BN

In general, lower scores were driven by low canopy cover, predominance of invasive
species, a lack of in stream debris, and evidence of livestock grazing. The scores
observed within this study serve as an indication of the largely degraded nature of the
landscape through generations of specific land use practices. Despite these generally
lower scores, evidence of rehabilitation work was present at many sites and has
markedly improved certain aspects of stream health in ways that are not readily
reflected in this scoring system.

When analysing the RARC scores it is apparent that there was little correlation
between the size or abundance of southern pygmy perch and the scores generated
by the appraisal method (Figure 8 and Figure 9). Fish lengths exhibited considerable
variability across the entire range of habitat scores, with no discernible relationship
between habitat quality and fish size (R?> = 0.0786). Furthermore, there was no
observable correlation between the abundance of southern pygmy perch (R? =
0.0387), or all species combined (R? = 0.0155) and the habitat score).

Australasian Fish Passage Services QEK
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Size of SPP vs. RARC Score
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Figure 8. Comparison of size of southern pygmy perch and RARC score at each site.
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Figure 9. Comparison of catch numbers and RARC score at each site.
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4.Discussion

Increase in Southern Pygmy Perch Populations

Native fish populations have seen a great increase in the years since the previous
survey in this catchment in 2018. This survey captured hundreds of southern pygmy
perch across all but 4 of the sites. Other native fish like blackfish and carp gudgeons
have also increased in numbers. Previous surveys captured 29 and 7 blackfish
(Gadopsis marmoratus) across 5 and 3 sites respectively, while this survey found 202
between our 29 study sites. Boofhead carp gudgeons (Hypseleotris bucephalus) were
also present in several sites in the Spring Creek catchment, having not been captured
in the 2018 survey. Invasive fish were present in some study sites, with locally
significant populations of carp, goldfish and mosquitofish found.

The changes to fish communities are most likely attributable to the weather conditions
that have been encountered in the area in the years since the previous survey. Stream
flow data suggests that the years leading up to the current survey represent a period
of notably wet conditions within the upper Billabong Creek catchment (Figure 1). These
years were marked by prolonged La Nina conditions which correlated with increased
precipitation across the region. Additionally, landowners reported consecutive years
in which they observed filled refuge pools and frequent flow events between these
pools during this time, leading to the conditions encountered during sampling in late
2023. By contrast, previous surveys in in Wantagong, Yarra Yarra and Little Billabong
encountered large stretches of river without water. Previous studies’ sites that
contained water in the 2018 surveys are likely to have been seen as deep pools in this
2024 survey.

Stream Discharge of Ten Mile Creek 2017-2024

Dizcharge (m*/=)
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Figure 6. Daily stream discharge from January 2017 to February 2024, measured on
Ten Mile Creek in Holbrook, NSW (BOM Water Data Online — Station No. 410187).

The size distribution of southern pygmy perch caught suggests a population on the
rise, with late sub-adult to adult sizes prevalent (Figure 7). The low numbers of large
fish may signify the surving adults from the prior dry period who have contributed to

Australasian Fish Passage Services QEK
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this recovery. Additionally, the abundance of juvenile-sized fish indicates successful
reproduction during the recent wet period associated with “La Nina”, which has
produced widespread permanent water within the catchment.

The predominence of younger adults is set to strengthen the population initially
established by mature individuals, adding to the growth trajectory. This growth could
be maintained by either continued wet periods or enhanced management of the
catchment area, ensuring water retention in the landscape and safeguarding refuge
pools within the river system. Such measures would guarantee suitable habitats for
breeding and survival, thus supporting the continuous expansion of the population.

Distribution of size of SPP catch (mm)
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Figure 7. Histogram of size distribution of southern pygmy perch catch in 5 mm bins.

Habitat Conditions

The RARC habitat scores across all sites were generally poor with only a limited
number of sites (6) having average and good scores. Despite this southern pygmy
perch were found at nearly all sites even those with poor scores. The lack of correlation
between the RARC score and southern pygmy perch is likely a reflection of the types
of vegetation examined in the RARC.

Our study found that southern pygmy perch were largely found hiding amongst
instream and emergent vegetation, and that by and large bank vegetation had little
effect on their numbers or sizes. Annandayle Road Bridge produced one of the larger
numbers of southern pygmy perch catch, while scoring particularly low on the RARC.
However, it should be noted that healthier riparian habitats are likely give rise to
healthier instream habitats for perch, and so recovery efforts should focus on these
bank recovery projects, among other methods. In future, it would be worth investigating
a more specific appraisal for instream habitat to find more data driven correlations
between this factor and southern pygmy perch numbers.

Rehabilitation Options

In terms of rehabilitation, projects that improve the permanence of water within the
creek systems, such as leaky weirs, cross vane weirs, willow removal and stream
corridor revegetation, would be beneficial in this landscape. The areas within the
Upper Billabong that had been rehabilitated with bankside vegetation and instream
habitat were the only sections of the creek that retain limited refuge habitat throughout
the dry period (Pers Comm landholder). Over time, it would be expected that this will
benefit fish communities in the creek by allowing continuous habitat throughout
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prolonged drought conditions rather than the small number of refuge holes that existed
in the last drought.

Instream Habitat

Improvement in the style of rehabilitation to those that create the greatest quantity of
shaded deeper water habitats will further increase the habitat values of rehabilitated
sections of the creeks and provide the vital dry period refuge for fish communities.
Pygmy perch were found to primarily inhabit the mid-column regions of a deeper pool,
and so these efforts should focus on creating pools that are around 1 — 1.5 m deep.
Habitat rehabilitation styles that could be considered include reduced=size LUNKERs
a style of undercut bank stabilisation suitable for small creeks. This system uses
hardwood timber boxes (Figure 10a) to create an undercut bank, favoured by fish. This
study often found larger pygmy perch hiding in undercut banks which were also
secured by instream vegetation. On top of the LUNKER the bank is reprofiled,
stabilised and planted (Figure 10b). This creates a shaded deep-water refuge habitat
and with the addition of some rock would provide and ideal habitat for blackfish.

Other styles of rehabilitation that could be considered include the cross-vane weir
(Figure 11) and deep-water logjams. Both structure styles can create deeper holes
favoured by species in these creeks.

Figure 10. LUNKER box prior to installation within the stream bank (left) and several
units installed under a stabilised bank (right).

Australasian Fish Passage Services QEK
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Figure 11. Cross vane weir that creates a central deep-water pool.

Retaining Water in the Landscape

Creating greater levels of dry period refuge habitat, will over time improve fish
populations. Leaky weirs have emerged as a valuable water management strategy,
particularly in arid and semi-arid regions such as the upper reaches of the Billabong
Creek catchment. These structures serve to retain water within the landscape, slowing
down water flow, enhancing groundwater recharge, and increasing surface water
availability. This, in turn, creates and improves habitats for aquatic life, supports
biodiversity, controls erosion, and enhances water quality. However, their success
depends on careful design and placement, regular maintenance, ensuring fish
passage, and engaging local communities and stakeholders.

Integrating leaky weirs into the landscape not only retains water but also provides dry
period refuge habitats, crucial for improving fish populations over time. The creation of
such habitats fosters greater linkage between isolated fish populations in the creek,
enhancing genetic diversity and the persistence of populations. Efforts to rehabilitate
riparian habitats have already shown promising results, with improved habitats
contributing to the growth of fish communities. To build on this success and ensure
greater resilience against persistent drought conditions, further rehabilitation efforts
are essential. These should aim to connect existing pockets of rehabilitated habitat,
creating a more resilient and cohesive system that supports the overall health and
diversity of aquatic life in the Billabong Creek catchment.

Australasian Fish Passage Services QFK
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Co-ordinated Rehabilitation

The site at Annandayle Road Bridge provides a good example of how rehabilitation
works could be used to improve the continuity of deep pools and habitats for pygmy
perch during drought conditions. This area located within a grazing property, where
banks have been heavily cleared and instream habitat is purely dependant on
emergent reeds. A slight scour pool downstream of the road bridge contains water,
however there is no connectivity between this small pool and the larger, deeper pool
upstream. At present the refuge is quite tenuous, as the waterhole is quite small and
passage to the upstream refuge would be difficult, if not impossible in drier conditions.

To improve this situation, modification of the waterway could be considered to increase
the permanence of the waterhole and to increase the amount of refuge habitat within
the reach. Through installation of cross vane structures, a rock ramp fishway and large
woody debris, a larger stable pool could be formed with greater habitat area for SPP.

Through augmenting the downstream control, by potentially installing a rock ramp
fishway, more water would be allowed to flow between these pools, allowing passage
for fish seeking refuge. To further enhance this extra water, construction of cross
vanes that provide bed scour during flow events and the installation of large woody
debris would increase water depth and habitat diversity within the pools, providing
ideal refuge habitat for SPP. Complimentary riparian vegetation plantings would
further reduce water evaporation and bank erosion and hence increase protection of
SPP habitats.

Australasian Fish Passage Services QEK
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5.Conclusion

The revitalisation of fish habitats within the Upper Billabong Creek catchment has
already shown promising results, significantly benefiting fish communities, particularly
the southern pygmy perch. Recent rehabilitation efforts have led to a remarkable
increase in the numbers of this species, outpacing the presence of many other fish
species across all surveyed creeks. Such positive outcomes underscore the
importance and effectiveness of targeted habitat rehabilitation in fostering healthier,
more resilient aquatic ecosystems.

Further enhancements to the creek system, including revegetation efforts, the
strategic installation of leaky weirs, and the addition of LUNKER structures, hold the
potential to create even more substantial refuge habitats. These improvements are
vital for ensuring the long-term persistence of fish populations, especially in the face
of ongoing or future drought conditions. By increasing the availability of refuge areas,
these interventions can provide a buffer against environmental stressors, thereby
supporting more stable and diverse aquatic communities.

The discovery of significant numbers of southern pygmy perch across the three
surveyed creeks also opens new avenues for research and conservation. Expanding
the scope of surveys to more extensive sections of the Billabong Creek could reveal
broader distributions of this species and others, offering further insight into the overall
health and biodiversity of the catchment's aquatic habitats. Such expanded monitoring
efforts are essential for informing targeted conservation strategies and ensuring the
continued success of rehabilitation initiatives.

Historically, the waterways within the Billabong Creek catchment have been heavily
altered by surrounding land use practices, impacting the natural habitats and the
species that rely on them. The observed benefits of recent rehabilitation activities
highlight the significant potential for positive ecological outcomes through cooperative
conservation efforts. Engaging all landholders in the region in these rehabilitation
efforts is crucial for the widespread recovery and protection of small-bodied fish
populations and the aquatic ecosystems they inhabit. Encouraging participation and
investment in habitat restoration and conservation practices among local landowners
and stakeholders is essential for the sustained health and resilience of these vital
waterways, benefiting both the local environment and the communities that depend on
it.
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